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RCA Solid State
Total Data Service System

The RCA Solid State DATABOOKS are supplemented throughout
the year by a comprehensive data service system that keeps you
aware of all new device announcements and lets you obtain as much
or as little product information as you need — when you need it.

New solid-state devices and related publications announced during
the year are described in a newsletter entitled “What's New in Solid
State’”. If you obtained your DATABOOK(s) directly from RCA,
your name is already on the mailing list for this newsletter. If you
obtained. your book(s) from a source other than RCA and wish to
receive the newsletter, please fill out the form on page 4; detach it,
and mail it to RCA.

Each newsletter issue contains a “pingo”’-type fast-response form for
your use in requesting information on new devices of interest to you.
If you wish to receive all new product information published
throughout the year, without having to use the newsletter response
form, you may subscribe to a mailing service which will bring you all
new data sheets and application notes in a package every other
month. You can also obtain a binder for easy filing of all your
supplementary material. Provisions for obtaining information on the
update mailing service and the binder are included in the order form
on page 4.

. Because we are interested in your reaction to this approach to data
service, we invite you to add your comments to the form when you
return it, or to send your remarks to one of the addresses listed at
the top of the form. We solicit your constructive criticism to help us
improve our service to you.



Order Form for “What’s New in Solid State"’
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(c) from United Kingdom, Europe, Middle East, and Africa:

RCA Limited RCA s.a.
Sunbury-on-Thames or 4400 Herstal
Middlesex TW16 7HW, England Liege, Belgium

O Piease add my name to the mailing list for “What’s New in Solid State”’

O Please send me details on obtaining update mailings for my DATABOOKS
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and Junction Temperature . . ... ... ...

Microwave Amplifiers and Oscillators
Using the RCA3000-Series Transistors ... ................ .. .. ..



.dex to RF Power Devices

2e No.

918

1491
1492
1493
2631

2857
2876
3118
3119
3229

_3262

3375
3478
3563

3600
3632
3733
3839
3866

4012

4427
4440
4932

4933
3016
5070
5071
5090

5102
5109
5179
5180
5189

5262

5470
5913
5914

5915
5916
5917
5918
5919A

5920
5921
5995
6093

6104
6105
6265
6266
£267

Page

18
22
22
22
26

26

42

49

49

18
49
59

67
n

75
80
84

84

92
96
100

104
108
114
19
123

127

132
137
142

142
148
148
153
157

162
168
175
179

184
184
190
195
200

Output Power (W)
or

Noise Figure (dB)
or

Power Gain (dB)

NF=6
0.01
0.1
05
75

NF =45
10
1
1
15

NF =4.5
25

NF =45
135
10
NF =39
1

25

1
5
12

20
15
25(PEP)
24
1.2

15
NF=3
NF =45
NF =25

NN FONNOD NN

75(PEP)

30
30
2
5
10

Frequency
(MHz)

High-speed

switching
400
200
175

200
175
400
450
400

1000
(tripler)
175
400
88

88
400
30
76
400

136
200
200
200
High-speed
switching
High-speed
switching
2000
470
470

470
400
400
400
400

2000
2000
175
30

400
400
2000
2000
2000

Supply
Voltage (V)

615(Vcg)
20
30
50
28

6-15(VcE)
28

28
28
50

28
6-15(VcE)
28

6-15 (VcE)
28

28
6-15(VcE)
28

28

12
28
135

24
28
28
24
28

24
15
6(Vce)
8(VcEg)

12
12

12
28
28
28

28

125
28

28
28
28
28
28

File
No.

83
10
10
10
32

61

42

50

386
77
386

83
386
72
229

20

228
217
249

249
255
268
269
270

279
281
288
289
296

313

350
423
424

424
425
425

505

427
454

504

6545

Type No.

2N6268
2N6269
2N6389
2N6390
2N6391

2N6392
2N6393
40080
40081
40082

40280
40281
40282
40290
40291

40292
40340
40341
40446
40581

40582
40608
40637A
40665
40666

40836
40837
40893
40894
40895

40896
40897
40898
40899
40909

40915
40934
40936
40940
40941

40953
40954
40955
40964
40965

40967
40968
40970
40971
40972

40973
40974
40975
40976
40977

Page

206
206
216
220
223

227
227
231
231
231

234
234
234
237
237

237
241
241
231
231

231

244
248
49
49

251
251
256
260
260

260
260
265
265
272

276
280
283
287
291

295
295
295
299
299

302
302
305
305
310

310
310
313
313
313

Output Power (W)
or
Noise Figure (dB)

or
Power Gain (dB)

2
65
NF =6
3
5

10
10
0.1
04

w N =
wBPo MNT A w

35

35
NF=3
0.1
135
3

05

15

15
Gpg=15
Gpe =15
Gpg=15
Gpg =18

2

6

2
NF =25

2
20(PEP)

5

1

1.75
10
25

04

05

2
6
30
45
1.75

10
25
0.05
0.5
6

Frequency
(MHz2)

2300
2300
890
2000
2000

2000
2000
27
27
27

175
175
175
135
135

135
50

27
27

27
200
175
175
400

2000
2000
470
200
200

200
200
2300
2300
2000

450
470
30
400
400

156
156
156
470
470

470
470
470
470
178

175
175
118
118
118

Supply
Voltage (V)

10

28

28
28
12
12
12

135
135
135
125
125

125.
135

125
125
125
125
125

125
125
125
125
125

File
No.

617
626
627

628
301
301
301

70
70

70
74
74
301
301

301
356
655
386
386

497
497
514
548
548

6548
538
538
547

574
550
551
553
554

579
579
579
581
581

596
596
656
656
597
597
597

606
606



Index to RF Power Devices (cont’d)
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RF Power Transistors for Operation at 28 V or 50 V
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RF Power Transistors for Operation at 22 V or 28 V
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RF Power Transistors for Operation at 9 V or 125V
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Types For Microwave Applications

) Min. Collector- Min.

Operating Output = Supply Power Collector Package

Type Frequency | poyer Voltage Gain Efficiency Type
(GHz) w) (v) (dB) (%)

Lead
41024 1 1 28 5 35 TO-39
41038 1.68 0.75 20 (0sC) 20 TO-46
Stripline
41027 1 3 22 6 50 HF-41
41025 1 3 28 7 50 HF41
41028 1 10 22 5.5 50 HF-41
41026 1 10 28 6 50 HF-41
2N6265 2 2 28 8.2 33 HF-28
2N6266 2 5 28 7 33 HF-28
2N6267 2 10 28 7 35 HF-28
2N6268 2.3 2 22 7 33 HF-28
2N6269 23 6.5 22 5 32 HF-28
2N6390 2 3 28 8 30 HF-46
2N6391 2 5 28 7 30 HF46
2N6392 2 10 28 5 33 HF-46
2N6393 2 10 28 7 35 HF-46
RCA2001 2 1 28 7 30 HF-46
RCA2003 2 25 28 7 30 HF-46
RCA2005 2 5 28 7 30 HF-46
RCA2010 2 10 28 5 33 HF-46
RCA2310 2.3 10 24 8.2 30 HF-46
RCA3001 3 1 28 7 30 HF-46
RCA3003 3 2.5 28 5 30 HF46
RCA3005 3 45 28 5 30 HF46
41044 4.36 0.4 20 (0sc) 15 HF-56
Coaxial
40836 2 0.5 21 (0sc) 20 TO-215AA
2N5470 2 1 28 5 30 TO-215AA
40837 2 1.25 28 {osc) 20 TC-215AA
2N5920 2 2, 28 10 40 TO-215AA
40909 2 2 25 (0sC) 20 TO-201AA
2N5921 2 5 28 7 40 TO-201AA
40898 2.3 2 22 7 35 TO-215AA
40899 23 6 22 6 35 TO-201AA
GIGAMATCH Broadband Transistors with Internal Matching
RCA0610-30 | 0.6-1.0 30 I 28 8 l 55 I HF-55
RCA2023-12 2.0-2.3 12.5 22 40 HF-50

PIN=03 W N
4200

I 7
Pour=9W

BLOCK DIAGRAM OF A 9-WATT 1.7-GHZ AMPLIFIER FOR MICROWAVE

RELAY LINK WITH Vg =23 VOLTS.

Piy=0. W

Poyt=6 W
300 ouT®

BLOCK DIAGRAM OF A 6-WATT 2.3-GHz AMPLIFIER THAT OPERATES

FROM A 22-VOLT SUPPLY.

PN=O5W

92CS- 24925

»ﬂw

BLOCK DIAGRAM OF A 12.5-WATT 20-2.3 GHz

AMPLIFIER.

92Cs-24927




Types For UHF Military Applications

i Min. Collector- Min.
Operating | Qutput | Supply Power Package
Type Frequency | Power ‘| Voltage Gain Type
(MHz) (w) (V) (dB)
2N3866 400 1 28 10 TO-39
40941 400 10 HF-31
2N5916 400 10 TO-216AA
2N5917 400 10 HF-31
40940 400 5.2 TO-216AA
2N5918 400 8 TO-216AA
2N5919A 400 6 TO-216AA
2N6104 400 5 HF-32
2N6105 400 5 TO-216AA
BLOCK DI, AG;AM OF A 100-WATT 225-400 MHz AMPLIFIER.
92C5-24929
Types For UHF Mobile-Radio Appl ications
) Min. Collector- Min.
Operating | Qutput | Supply Power Package
Type Frequency | power Voltage Gain Type
(MHz) (W) v) (dB)
41008 470 0.5 9 5.2 HF-47
41008A 470 0.5 9 5.2 HF-41
41009 470 2 9 6 HF47
41009A 470 2 9 6 HF-41
41010 470 5 9 4 HF-41
40964 470 04 12 6 TO-39
40965 470 0.5 12 7 TO-39
2N5914 470 2 125 7 TO-216AA
40934 470 2 125 7 HF-31
40967 470 2 125 7 HF-44
40968 470 6 125 48 HF-44
2N5915 470 6 125 48 TO-216AA
40893 470 15 12.5 5.2 HF-36
40970* 470 30 125 5 HF-40
409714 470 45 125 4.8 HF-40
BLOCK DIAGRAM OF 9-V, 5-W, 440-470 MHz AMPLIFIER FOR
HAND-HELD MOBILE EQUIPMENT.
92CS-24931

A |nternal input matching

13



Types For VHF Mobile-Radio Applications

. Min. Collector- Min.
Operating | Output Supply Power Package
Type Frequency | power Voltage Gain Type
(MHz) w) v) (dB)
2N4427 175 1 12 10 TO-39
40280 175 1 135 9 TO-39
2N5913 175 1.75 125 12.4 TO-39
40972 175 1.75 12,5 124 TO-39
40281 175 4 135 6 TO-60
2N5995 175 7 125 9.7 TO-216AA
40973 175 10 12,5 7.6 HF-44
40282 175 12 13.5 4.8 TO-60
40974 175 25 125 45 HF-44
BLOCK DIAGRAM OF A 25~WATT AMPLIFIER FOR 148-175 MHz
MOBILE APPLICATION.
92Cs-24932
Types For Aircraft-Radio Applications
) Min. Coiiector- vin.
Operating Output Supply Power Package
Type Frequency | power | Voltage Gain Type
(MHz) (w) (v) (dB)
40975 118—-136 0.05 125 10 TO-39
40976 118-136 0.5 125 10 TO-39
40977 118-136 6 125 10.8 HF44
2N5994 118—-136 15 125 7 TO-216AA
40290 118-136 2 125 6 TO-39
40291 118-136 2 12,5 6 TO-60
40292 118-136 6 125 4.8 TO-60
2N5102 118—136 15 24 4 TO-60

BLOCK DIAGRAM OF A 6-WATT AMPLIFIER FOR 118-136 MHz
AIRCRAFT ~RADIO APPLICATION.

92€s-24930

*New product - coming soon

14




Types For Marine-Radio Applications

] Min. Collector- Min.
Operating | OQutput | Supply Power Package
Type Frequency | Power Voltage Gain Type
(MHz) (W) v) (dB)
40953 156 1.75 125 124 TO-39
40954 156 10 12.5 76 HF-44
40955 156 25 12.5 45 HF-44
BLOCK DIAGRAM OF A 25-WATT AMPLIFIER FOR 56-162 MHz
MARINE APPLICATION.
BLOCK DIAGRAM OF A 10-WAT T AMPLIFIER FOR 156-162 MHz
MARINE APPLICATION.
92C5-24933
Types For Si ngle-Sideband Applications
and For Military Communications
i Min. Collector- Min.
Operating | Output | Supply Power Package
Type Frequency | Power Voltage Gain Type
(MHz) (w) (V) (dB)
40082 30 2.5(PEP) 125 10 TO-39
2N5992 30 15(PEP) 125 10 TO-216AA
40936 30 20(PEP) 28 13 TO-60
2N5070 30 25(PEP) 28 13 TO-60
2N6093 30 75(PEP) 28 13 TO-217AA
2N5071 76 24 24 9 TO-60

BLOCK DIAGRAM OF A I00-WATT SSB AMPLIFIER FOR
2-30 MHz OPERATION.

BLOCK DIAGRAM OF A 24-WATT AMPLIFIER FOR
30-76 MHz OPERATION. '

92Cs-24928

15
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Types For CATV/MATYV and Small-Signal
Low-Noise Applications

) ) Collector- Min.
Operating | Noise | to_-Emitter | Power Package
Type Frequency | Figure| "voltage Gain Type
(MHz) (dB) (V) (dB)
2N918 60 6 13 TO-72
2N3478 200 4.5 6—15 115 TO-72
2N5179 200 4.5 6 15 TO-72
40894 200 12 15 TO-72
40895 200 12 15 TO-72
40896 200 12 15 TO-72
2N3600 200 4.5 15 17 TO-72
40897 200 - 12 18 TO-72
40915 450 25 10 14 TO-72
2N2857 450 45 6 12,5 TO-72
2N3839 450 39 6 125 TO-72
2N5109 200 15 11 TO-39
40608 200 15 11 TO-39
2N6389 890 10 15 TO-72
41039 200 3.2 15 8 TO-39
Types For CB-Radio Applications
E Min. Coliector-
requenc Output Suppl! Package
Type Geein) v Pom'l)er Voftgg}; Typg
(w) (v)

40080 TO-5

40081 TO-5

40082t TO-39

4058171 TO-39

BLOCK DIAGRAMS OF 3-WATT AND 3.5 ~WATT OSCILLATOR/
AMPLIFIER CHAIN FOR CB-RADIO APPLICATIONS.

92CS-24926

T Available with flange
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File No. 83

[(R@G/

Solid State
Division

RF Power Transistors

2N918
2N3600

RCA-2N918 and RCA-2N3600 are double-diffused
epitaxial planar transistors of the silicon n-p-n type.
They are extremely useful in low-noise-amplifier, oscil-
lator, and converter applications at VHF frequencies.

These devices utilize a hermetically sealed four-
lead JEDEC TO-72 package. All active elements of
the transistor are insulated from the case, which may
be grounded by means of the fourth lead in applications
requiring minimum feedback capacitance, shielding of
the device, or both.

MAXIMUM RATINGS, Absolute-Maximum Values:
2N918 2N3600

COLLECTOR-TO-BASE

VOLTAGE, VCBQ- - -+« « =« v v .. 30 30 max. V
COLLECTOR-TO-EMITTER

VOLTAGE, VCEQ: + + + + -+« - . 15 15 max. V
EMITTER-TO-BASE

VOLTAGE, VEBQ: « + + -+« + - . . 3 3 max. V
COLLECTOR CURRENT, Ic--... 50 *  max. mA
TRANSISTOR DISSIPATION, P

For operation with heat sink:

300 max. mW

At case up to 25°C . ... 300
above 25°C ... Derate at 1.71 mW/°C
For operation at ambient

temperatures**

temperatures:
At ambient uwpto 25°C . ... 200 200 max. mW
temperatures above 25°C . .. Derate at 1.14 mW/°C

TEMPERATURE RANGE:
Storage and Operating (Junction). . .

LEAD TEMPERATURE
(During Soldering):
At distances > 1/16 inch from
seating surface for 60 seconds
MaX.. . .o oo L 300

-65 to +200 °c

300 max. °C

* Limited by transistor dissipation.
** Measured at center of seating surface.

SILICON N-P-N
EPITAXIAL PLANAR
TRANSISTORS

For VHF Applications
In Military, Communications,
and Industrial Equipment

FEATURES
® high gain-bandwidth product

JEDEC
TO-72

® hermetically sealed four-lead package

® low leakage current

® high 200-MHz power gain

2N3600

e low noise figure
NF =4.5 dB max. at 200 MHz

® low collector-to-base time constant
rp’'Ce =15 ps max.

® high power gain as neutralized amplifier

Gpe =17 dB min. at 200 MHz

COMMON—EMITTER CIRCUIT, BASE INPUT;
OUTPUT SHORT ~CIRCUITED.

] FREQUENCY (f) = 100 MHz

] COLLECTOR-TO-EMITTER VOLTS (VcE)=6

[] AMBIENT TEMPERATURE (Tp )=25° C [

117

2. I

URRENT

e) _

TRANSFER RATIO (hs,

1
o 10 15 20 25 30
COLLECTOR MILLIAMPERES (I¢)

92CS-12845R|
Fig.1 - Small-signal beta characteristic for types 2N918
and 2N3600.
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File No. 83 2N918, 2N3600

ELECTRICAL CHARACTERISTICS

TEST CONDITIONS LIMITS
A oc | DC | pc | pc | DC
. Ambient | Frequency | CoMtector Collector- | eritter | Collector | Base Type Type .
Characteristics Symbols | Temperature to-Base | to-Emitter| cyrrent| Current | Current 2N918 IN3600 Units
Voltage | Voltage
TA f Ve | Ve | IE Ic '8
oc MHz \ v mA mA mA | Min. | Typ. | Max. | Min. | Typ. | Max.
Collector-Cutoff Current IcBO 12:0 ;g g 0'?1 A 0'?1 ﬁ
Collector-to-Base BV % 0 0.001 ol -] -f30l-]-1vV
Breakdown Voltage €80 ’
Collectp{-to-Emiltet BVCEQ(suS) 2 3 o |15 - | -|[w]-]-1V
Sustaining Voltage
Emitter-to-Base BVERD 25 0.01 0 3l - -3y -1-1V
Breakdown Voltage
Colleclo!-to{mitter VeE(sat) 2% 10 1 St - toal -] -]oal v
Saturation Voltage
Base-to-Emitter VgE(sat) 25 10 1 - - iy -t-11]v
Saturation Voltage BE(sa)
Static Forward Current- hFE 2% 1 3 20l - ol -]
Transfer Ratio
Small-Signal Forward % 100 10 4 L I 8. T C
Current-Transfer Ratio® e 11331 g ; ) 405 ° 2150
Common-Base Output Cob 2% 0ltol 10 0 B R W I - - | pF
Capacitance® 0 0 P T TR R N R
[ Collector-to-Base C 5 0ltol 10 0 P T S P O R Y
Feedback Capacitance® cb 2 110 ’
Common;Base Input Cib 2% 0.1tol 0 R P 2 O I W R 1
Capacitance® (Vgg=0.5V)
Collector-to-Base 1’ Ce 2% 40 6 2 -] 18t - -1 - -] ps
Time Constant® 319 6 5 N I B B A I
Small-Signal Power Gain
in Neutralized Common- Goe 2% 200 12 6 slaf -] -|-]-|d
Emitter Amplifier Circuit® pe 6 5 - - -l - 4] dB
(See Fig.2 & Fig.3)
Small-Signal Power Gain
in Unneutralized Common-| Gpe 2% 200 10 5 R N kT S I B
Emitter Amplifier Circuit®) P
(See Fig.4)
Power Qutput in Common-
Emitter Oscillator Cir- Po 2% 2500 10 12 | - -{2) -] -] W]
cuit® (See Fig.5)
Nose Figure® (See Fig.2) NF 25 200 6 15 bl -y - as)dB
Noise Figure®: NF 25 60 6 1 - e] - -f 3]
@ Lead No.4 (case) grounded. € Lead No.4 (case) floating.
b Three-terminal measurement of the collector-to-base capacitance d Generator Resistance (Rg) = 400 ohms.

with the case and emitter leads connected to the guard terminal.
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2N918, 2N )
, 2N3600 File No. 83
|- 3 TURNS +
il No. 22 WIRE Ve
T~
CN
T EXTERNAL REC,
2 TURNS 0.01uF
No. 18 WIRE
PO
H IDx z LONG
< 0.001 uF
LOAD
VIN 1000 IMPEDANCE
oF % =50 OHMS
F<1.5—7.5pF
L3; 1000 pF
SOURCE
IMPEDANCE 3-12 pF 74
=50 OHMS T L 0.01F
I
-V OHMS
EE +Vee 1L
1000 I°’°"‘F
92CS-11930R2 OHMS L
NOTE: (Neutralization Procedure): (a) Connect a 50-) rf voltmeter —Veg 92C5-12847RI

to the output of a 200-MHz signal generator (Rg = 50 {)), and adjust
the generator output to 5 mV. (b) Connect the generato« 'to the input
and the rf voltmeter to the output of the amplifier, as shown above.
(c) Apply VEE and V( and adjust the generator output to provide
an amplifier output of ?mv (d) Tune C2, Cg, and C7 for maximum
amplifier output, readjusting the generator output, as required, to
maintain an output of 5 mV from the amplifier. (e) Interchange the
connections to the signal generator and the rf voltmeter. (f) With
sufficient signal applied to the output terminals of the amplifier,
adjust CN for a minimum indication atthe amplifier input. (g) Repeat
steps (a), (b), (c), and (d) to if gis

Q = Type 2N3600

Fig.2 - Neutralized amplifier circuit used to measure
power gain and noise figure at 200 MHz for type 2N3600.

QUTPUT
0.05 uF
INPUT ?———{ -
= L 1pF 52 —4!59F
IN3063 7
| |
Ll gl
1000 pF
It sma > 5R08
LAY *
F.C. =
£ =200 MHz
0.05 uf ~VEE
DC.
= CcOMM
92CS~12848RI

L1 - 1 loop #12 AWG wire; lD =13/16"
Lz' 1/2 1oop #12 AWG wire; 'D =1-3/16"

Q =2N918

Fig.4 - Circuit used to measure 200-MHz unneutralized
power gain for type 2N918.

20

Ly - 3.5 turns No.16 tinned copper wire; 5/16 " dia.; 7/16 " long;
turns ratio 2~ 4:2

L, - 8 turns No.16 tinned copper wire; 1/8" dia.; 7/8" long;
turns ratio ~ 8:1

L3 - MILLER #4303 (0.4 - 0.65 uH) or equivalent

Q =Type 2N918

Fig.3 - Neutralized amplifier circuit used to measure
power gain at 200 MHz for type 2N918.

NOTE 2
RFC
50p

75 pF
L

7\
NOJE A
- %ff e

L
2200 J_ NOTE2 J—IOOO
OHMS :]:"320 RFC I oF

VEE Vee

ouUTPUT
O

SEE NOTE |

92CS-12849R2

Note 1 - Coaxial-Line output network consisting of:
2 General Radio Type 874 TEE or equivalent
1 General Radio Type 874-D20 Adjustabie Stub or equivalent
1 General Radio Type 874-LA Adjustable Line or equivalent
1 General Radio Type 874-WN3 Short-circuit termination or equivalent

Note 2- RFC = 0.2 uH Ohmite #2-460 or equivalent
Note 3 - Lead Number 4 (case) floating

Ly - 2 tuins ¥16AWG wire, 3/8 inch OD, 1-1/4 inch long
Q = 2N918 or 2N3600

Fig.5 - Circuit used to measure 500-MHz oscillator
power output for types 2N918 and 2N3600.



File No. 83 2N918, 2N3600
TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF
COLLECTOR CURRENT (ic) FOR RCA TYPES 2N918 AND 2N3600
HHH COMMON-EMITTER CIRCUIT, ansz INPUT; COMMON-EMITTER CIRCUIT;
! OUTPUT SHORT- CIRCU INPUT suon‘r-cmculrzo
FREQUENCY (f)=200 1)=200
SETT] AMBIENT TEMPERATURE 25 AMBIENT TEMPERATURE (TA)=25'C
PR e HE FEFFFAE R
4 ERSRAN WS T Ge 58 - SITT
xQ LR ?— 6 Y °z M T T T
52 ILo \\cﬁ.; i H 3% [ Rl LT b,
3 s e & Hi COLLECTOR75
2210 5 e ws 2 EMITTER VOLTS ¢ !
H T T uT Ve
WY il S4 E)sis
Q~ 1 6t g0
“z 2 1 I - =8
) ] T 5
o H- =
24 H 15 g2g
S22 H oF
52 sH oF |
ofF °¢ - &'
o 0 4 VCE=6
28 52
g2 4 3 mamsas 11 9oe
I T T 15
T 11 1
1 I 1T BRI T
o 15 20 10 15
COLLECTOR MlLLIAMPERES (1) COLLECTOR MILLIAMPERES (Ic)
92CS-12757R2 92CS -12758R2
Fig.6 - Input admittance (yje)- Fig.7 - Output admittance (yq)-
T S ssSSEiRasan sy s AR s s S aas anunnad:
3 PO ENEEEERESREN IR H NOTE-gre IS NEGLIGIBLE AT THIS FREQUENCY (200 MHz)
Veg=61d
5 50 £=6 T
5 1 Gte ]
wd 15! N
=33 0
=2<2s <]
42 Iz
25 z Il
o2 =2 COMMON-EMITTER CIRCUIT;
3= frije] INPUT SHORT - CIRCUITED.
2L © T u S05) F Y ()2200 MHz
2 LT 21 AMBIENT TEMPERATURE (Ta)=25°C
2 COMMON-EMITTER CIRCUIT, BASE INPUT; 25
w25 OUTPUT SHORT— CIRCUITED. (=
h2 [T ()=200 MHz . w1
Z2 H AMBIENT TEMPERATURE (=25 k]
o T T TTIT wi g
= W-50) > -l =t
2 N e, COLL o A ! we COLLECTOR—TO 0o
53 77'6/9 ToR-To M H T o g EMITTER VOLTS (v ary
= -75 t VOLTS (VcE):! T - 2 T T re
2 ST Ha Hbre 1 T T sHHH
T T 16 Hbfe T T T
=100 T T T T T T T b & 11T T T
o 10 15 20 5 10 5 20
COLLECTOR MILLIAMPERES (I¢) COLLECTOR MILLIAMPERES {Ic)
92CS-12759R2 92CS ~12760R2

Fig.8 - Forward transadmittance (y o).

Fig.9 - Reverse transadmittance (y,e).

TERMINAL CONNECTIONS

LEAD 1- EMITTER
LEAD 2 - BASE
LEAD 3- COLLECTOR

LEAD 4 - CONNECTED TO CASE
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File No. 10

U—Q@ ﬂﬂ RF Power Transistors

> 2N1491
Solid State 2N1492

Division 2N1493

RCA-2N1491, 2N1492, and 2N1493 are triple-diffused transistors of the VHF
silicon n-p-n type. These transistors are intended for a wide variety of appli-
cations in industrial and military electronic equipment. They are particu- Amplifier &
larly useful in large-signal power-amplifier, video-amplifier, and oscillator A
circuits operating in the HF and VHF regions over wide ranges of ambient Oscillator
temperature.

Service
RATINGS JEDEC
Maximum Ratings, Absolute-Maximum Values: EDEC
2N1491 2N1492 2N1493
COLLECTOR-TO-BASE VOLTAGE . .. V. ‘30 60 100 max. V e High Vep Ratings — up to 100 V
COLLECTOR-TO-EMITTER VOLTAGE: CBO igh Vcp Ratings - up to 10
With emitter-to-base reverse biased. . Vegv 30 60 100 max. V ® High Transistor -Dissipation
EMITTER-TO-BASE VOLTAGE. . . . . . VEBO 1 2 45 max. V Rati 3
COLLECTOR CURRENT . ......... Ig 500 500 500 max. mA atings — up to 3 watts

EMITTER CURRENT 500 500 500 max. mA

TRANSISTOR DISSIPATION, See Fig.3: Py, o High Typical f1 ot Ic = 25 mA ~

Operation in free air: o up to 380 MHz
Ambient temperature = 25° C . .. 0.5 0.5 0.5 max. W

opeAmbient tf;fﬁerature: 1000C... 0.25 0.25 0.25 max. W o High Typical Power Gain at
ration with heat sink:
Case temperature = 25°C .. ... 3 3 3 max. W 70 MHz - up to 12 db at
Case temperature = 100°C, ., .. 1.5 1.5 1.5 max. W 500-mW output

AMBIENT TEMPERATURE RANGE:
Operating and storage « . ........ —65 to +175 °c o JEDEC TO-39 Package

ELECTRICAL CHARACTERISTICS, Ambient Temperature = 25° C

TEST CONDITIONS LIMITS
Characteristics Symbol | Collect pc pc Type Type Type Units
aracteristic T olecior | Collector | Emitter | 2N1491 2N1492 2N1493 i
(vol's’) Current Current
(mA) (mA)
VCB VCE Min. | Max. | Min. | Max. | Min. | Max.

O asctor Breakdown BVgo 0.1 0o | 30 60 100 volts
C(();l;fr?.f: Cutofl Ico 12 0 10 10 10 HA
Epitter Sutoft Igpo ‘;Egi 0 100 100 100 | pa
Collector-to-Base

and Stem Capacitance - 30 0 5 5 5 pF
Small-Signal Current

Transfer Ratio: hy 20 15 15 200 | 15 | 200 | 15 | 200

at 1 KHz €
Power Gain at 70 MHz

Power Output (mW)

See Fig.11

=10 PG 20 -15 13 dB

=100 30 -15 13 dB

= 500 50 25 10 dB
Thermal Resistance o

Junction-to-case R']‘ 50 50 50 C/W.
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File No. 10

PERFORMANCE CHARACTERISTICS

2N1491-2N1493

DISSIPATION DERATING GRAPH

CB= COMMON~BASE CIRCUIT,EMITTER INPUT. 39
CE= COUMON-EMITTER CIRCUIT, BASE INPUT. P
LECTOR—TO-EMITTER vous-zs E
CRFTTER WLL IAMPERES o g 25
POWER OUTPUT (MILI.IWATTS)'IO =
AMBIENT TEMPERATURE (°C)s25 |
0 I~ | 3 \C
1 1 g2 A%
40 MCE % X
g ™ & K
| " \\ 5 1.5 % %
z I LA
a @ A
o ca z f okt
« \
Z\
% = . :
10 2
H
=
0
[ ) 0% 103 iRk SHRIEE
FREQUENCY — MHz
92CS—10517RI
Fig. 1 92CS~10806R2
9 Fig. 3
S
TYPICAL COLLECTOR CHARACTERISTIC TYPICAL CHARACTERISTICS
COMMON EMITTER CIRCUIT, BASE INPUT. HH —EMITTER CIRCUIT, BASE INPUT
AMBIENT TEMPERATURE = 25°C LLIHH coLLECTOR-TO-EMITTER VOLTS=30
60 ] AMBIENT TEMPERATURE (°C)=25
3 1
3
W
S 40 I
<
-4
4 r i
=z
g i
52
Q2
3
1T
11
1Tl
1T
iasm 0 0.2 0.4 0.6 0.8
BASE ~-TO-EMITTER VOLTS '
92Cs-10508

SE MILLIAMPERES =0

-

-

COLLECTOR-TO-EMITTER VOLTS

FENE

80

o
<

@
COLLECTOR MILLIAMPERES

Fig. 2

o
~

©

92LM-1497

Fig. 4

TYPICAL DC BETA CHARACTERISTICS

COLLECTOR-TO-EMITTER VOLTS (VcE) =10
FREE-AIR TEMPERATURE (TFA)= 2!
T 100] -
& A
o d
= 8 A
S 4
© /]
& /
/
K3 /
g
5 a1
E T
5 A
:
£ -
$ T
H
3
8 o
0.0! []] 1.0 10 100 1000

COLLECTOR CURRENT (Ic) — MILLIAMPERES

Fig. 5

92Cs-12280
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2N1491-2N1493 File No. 10

TYPICAL SMALL-SIGNAL OPERATION CHARACTERISTICS

CASE TEMPERATURE (Tc)=25° C [COLLECTOR—TO—EMITTER VOLTS (VCg) =28]
FREQUENCY =50 MHz ICASE TEMPERATURE (Tc) = 25°C
» FREQUENCY = 50 MHz
£ T H
& [[e]e] T T
= I"I 1T
a4 x
3 P z
=2 7| -
H 320. & H
L ,/ 380 = N
O
S ™~ < 340 3 HH
[ @
z I 360 o
£ ) z
3 380 2
z 2 OWIDTH PRODUCT fr (Mc)=360] H
e —
g 340 Z 1o
3 —— 320 3 ™
3 trt
0 5 10 15 20 25 30 35 40 a5 50 0o 20 3 4 % e 7o e 00
COLLECTOR-TO-EMITTER VOLTS (Vcg) COLLECTOR CURRENT (I¢)— MILLIAMPERES
92Cs-12286 92Cs —~ 12287
Fig. 6 Fig. 7
FREQUENCY -1 Mitz - PR COLLECTOR-TO-EMITTER VOLTS (VCE)*28 ! PR
- .
] ¢ CRRRIERRYEE (rc)-2se ¢
I 4 f T
g
& 53
O s 173
z 2,
' ot 8 <]
-~ ann w
< g 5
4 |
2 3 5 a
£ 3
] 4
a E
) L 4 T
x k3 }
i 3 =
B M
[} [ [ 20 25 30 35 44 : :
COLLECTOR-TO-BASE VOLTS (Vcg) o 20 0 60 100
COLLECTOR CURRENT (Ic)—MILLIAMPERES
Fi 8 92CS-12283R1
9. 92Cs-12284
Fig. 9
NF - yo— w—
E$ /Y22(rean) Cob €0 1200 | 1/¥22 rgq) === Cobmmomm 1200
FEB S FR, e (reql) — Vee = 28V [ ——— Vee = 28V

®(re|
CASE TEMPERA- CASE TEMPERATURE (T¢)=25° C

URE (Tc)=25° Clso

8

[}
¢ =
glooo H o g z
. = 5 '
; P-4 M- & £%
C="800& § 4058003 §
L3 9% 408 %
= 'S H o e
g2 &I Hg: 55
o §- t 25 £
o wy Oy it g ¥
Hord o2 52 w ‘$g 62
2 S F Sn I
§"’ et zg =0 %9 =3 £8
22 Heo & a00% § £ S8 ac0g b
£z ! i oz 13 og ag H
Qu 2 a a8 - 4= o
o L 43 a0 (. akE
o = > oa = Q: ¥z
3a L 14 ML g
Z 200" & s L o 2 200 5
| £ 3 38 3
2% £3
Speits s | |
3e + HH O o ) HEH o (]
o 20 40 60 80 100 50 70 9C 110 130 50
COLLECTOR CURRENT (I¢)—MILLIAMPERES FREQUENCY —Mc
92C5-12289R!1 92Cs-12288R1
Fig. 10 Fig. 11

24



File No. 10

POWER GAIN TEST CIRCUIT

OUTPUT
(LOAD=500.)

INPUT
(SOURCE=50.0) T!

COLLECTOR
SUPPLY
92L.S-1498

CI: 3-20 pF variable
Cy, Cg: 0.01 uF
C3: 3-20 pF variable
C g 7-100 pF variable
Cg: 3-20 pF variable
:  All Types
T1: 8 turns No.24 wire tapped at 1 turn
Tzz 8 turns No.24 wire tapped at 2.5 turns

Fig. 12

TERMINAL CONNECTIONS

Lead No. 1 — Emitter
Lead No.2 — Base
Case, Lead No.3 — Collector

2N1491-2N1493
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I_TQ(E Z)T_l RF Power Transistors

Solid State 2N2631
Division 2N2876

RCA-2N2876 and 2N2631 are triple- For Large-Signal,
diffused planar transistors of the silicon
n-p-n type. These devices are intended
for applications in AM, FM, and CWservice
at frequencies up to 150 Mc.

High-Power,

VHF Applications in
The 2N2876 utilizes a stud-mounted
TO-60 package which is electrically iso- pp:p:
lated from all the electrodes and is de- M|||tary and
signed to provide excellent performance at
very high frequencies. The 2N2631 TO-39 Industrial
package is identical to the JEDEC TO-5

package except for shorter leads (0.5 inch). Communications

RF SERVICE Equipment

JEDEC T0-60

Maximum Ratings, 4bsolute-Maximum Values:

2N2876  2N263) ® High Power Output, Unneutralized (Poyt):

COLLECTOR-TO- BASE 10 w min. at 50 Mc } 2N2876

VOLTAGE, Vcpp. - - - 80 80 max. volts 3 wmin. at 150 Mc
OOLLECTOR- TO- EMITTER 7.5 w min. at 50 Mc |

VOLTAGE: 3w min. at 150 e | 202631

With base open, Vero- 60 60 max. volts

With VBg = -1.5 ® High Voltage Ratings:

volts, Vepy. . . . 80 80  max. volts Vego = 80 volts max.

M\'glr,%ﬁﬁg? 53;’;‘ . 4 4 max. volts VCEO = 60 volts max.
COLLECTOR CURRENT, Ic. 2.5 1.5 max. amp ® 100 per cent tested to assure freedom from second
TRANSISTOR DISSI- breakdown in class A operation at maximum ratings

PATION, Pp:

At case }up to 25°C  17.5 8.75 max. watts RCA-2N2876 Features:

temperatures)above 250C 1Det‘at.f lDeratia
100mw/ ot 50 muy ot ® Low Thermal Resistance (6y.¢c)—
TEMPERATURE RANGE: high-thermal-conductivity ceramic insulation between
Storage. . . . . . . -65t0+200 -65t0+200 °c collector and mounting stud
Operating (Junction) -65to+200 -65t0+200 °c
LEAD TEMPERATURE ® |solated Stud Package:
(During soldering): all three electrodes electrically isolated from case
At distances > 1/32" —for design flexibility
g‘;mlge::?cm:ifef 230 - max. oc heavy copper mounting stud—for effective contact
. > . with heat sink
At distances > 1/32 . . wo . .
from seating surface pin terminals arranged on a.200" pin-circle diameter
for 10 sec. max. . - 230 max, °c —fit commercially available sockets
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File No. 32 - 2N2631, 2N2876

TO AVOID SECOND BREAKDOWN THE BIAS POINT T0 AVOID SECOND BREAKDOWN THE BIAS POINT
— FOR CLASS A OPEEEEON MUST BE LOCATED IN REGION A FOR CLASS A OE‘ERATION MUST BE LOCATED IN REGION A
1. 0.8
~ 0.5]
g i
@ 19 @ od
N Zo
z A ‘é 555554
E 0! Al §02 AN
)
é § o L
g’
AT
o 0 ‘20 30 40 50 60 D10 20 30 40 50 60
_ COLLECTOR-TO-EMITTER VOLTS (Vce) COLLECTOR-TO-EMITTER VOLTS (Vcg)
92CS~12038 92C5-12039
Fig.1- Region of Safe Operation (Without second Fig.2 - Region of Safe Operation (Without second
breakdouwn) in Class A Service for Type 2N2876. breakdoun) in Class A Service for Type N2631.
ELECTRICAL CHARACTERISTICS
Case Temperature = 25° C Unless Otherwise Specified
TEST CONDITIONS LIMITS
DC DC DC
Characteristic Symbol  |Collector| Base Current 2N2876 2N2631 Units
Volts | Volts |(Milliamperes)
Ve | Vee! Vee | IE | I8 | T¢ | Min. | Max. | Min. | Max.
Collector-Cutoff Current 1¢Bo 30 0 - 0.1 - 0.1 ua
Col lector-to-Base
Breakdown Voltage BVcao 0 0.5) 8 - 80 = |volts
Collector-to-Emitter
Breakdomn Voltage (Sustaining) | BVCE0(sus) 0 | 500" 60 - 60 | - |volts
Col lector-to-Emitter
Breakdown Vol tage BVeev -1.5 0.1} 8 | - 80 | - |volts
Emi tter-to-Base Breakdown Vol tage BVERO 0.1 0 4 - 4 - | volts
300 1.5 - - - I volt
Collector-to-Emitter (sat - | amp
Saturation Voltage Veg(sat) 500|2.5| - 1 - - volt
amp
Feedback Capacitance
(Measured at 140 Kc) Cb'c 30 0 - 20 - 20 of
RF Power Output, Unneutralized Pout
see Fig.3): u
Measured at 50 Mc 28 500 | 102 - o watts
50 Mc 28 375 - - 7.5 - watts
150 Mc 28 s | | - 3| - |watts
Gain-Bandwidth Product fT 28 250 | 200 (typ.) 200 (typ.) Mc
Base Spreading Resistance
(Measured at 400 Mc) Mbb' 28 250 | 6.0 (typ.) | 6.0 (typ.) | ohms
Col lector-to-Case Capacitance Cc - | 6 - | - pf

* Pulsed. Pulse duration é 5 wsec; duty factor _é 1%.
2 For Pyy = 2 watts.
For Ppy = 1 watt.
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2N2631, 2N2876

NOTE |I:

TYPES ¢
2N2876 (NOTE 1)
2N2631

Ly
Pout
(NOTE 3)

+Vee

92€5-12040

COLLECTOR GROUNDED TO CASE IN TYPE 2N263 1;

SEE TERMINAL DIAGRAM.

NOTE 2:
NOTE 3:

Fig.

GENERATOR IMPEDANCE = 50 OHMS.
LOAD IMPEDANCE = 50 OHMS.

For 50-Mc Operation

File No. 32

For 150-Mc Operation

C1C2C3C4 8-60 pf C}C2C3Cyq 4-40 pf
C5Cq 0.005 pf €5 G 0.005 pf
Ly 8 turns No. 16 Ly 1 turn No. 16
wire, 3/8" ID x wire, 1/4" ID x
9/16™ long 3/16" long
Ly Ferrite choke Ly Ferrite choke
Z= 750 (£20%) Z'= 750 (+20%)
ohms ohms
L3 10 ph L3 1.5 uh
Ly 7 turns No. 14 Lg 3 turns No. 14
wire, 1/2" ID x wire, 3/8" ID x
7/8" long 3/4" long
tap 2 turns from tap 1-1/2 turns
ground end from ground end
Ry 5000 ohms R; 50 ohms

TYPICAL OPERATION CHARACTERISTICS FOR TYPE 2N2876

3-Circuit of Unneutralized Amplifier Used to Measure Power Output of Types 2N2876 and N2631.

28

COMMON—EMITTER CIRCUIT, BASE INPUT. H COMMON-EMITTER CIRCUIT, BASE INPUT. I
COLLECTOR-TO-EMITTER VOLTS (Vcg)=28 COLLECTOR-TO-EMITTER VOLTS (Vcg)=40 I
CASE TEMPERATURE (Tc)=25° C ! CASE TEMPERATURE (T¢)=25° C = !
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Fig.4 Fig.6
COMMON-EMITTER CIRCUIT, BASE INPUT, COMMON-EMITTER CIRCUIT, BASE INPUT,
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File No. 32 2N2631, 2N2876

TYPICAL OPERATION CHARACTERISTICS FOR TYPE 2N2631

COMMON-EMITTER CIRCUIT, BASE INPUT. COMMON—EMITTER CIRCUIT, BASE INPUT.
COLLECTOR-TO-EMITTER VOLTS (Veg)=28 COLLECTOR-TO-EMITTER VoLTs (VCE"“O i
FREE—-AIR TEMPERATURE (TFa)=25°C FREE—AIR TEMPERATURE (Tgp)=25
15| H s 15|
2 g
i £ H b
- H N (MC)22,
l H ] < = hu NG,
’:_ 10| T S
2 WENG] <]
2 H FREQ 3 I
= [
5 H 1 2 BE= H
3 T I 5 \
3 s : sam 150 S 4
5 - « e
@ Lt w
w M 1 E3
z2 K o
g a
w &
¢ T
1T
0.5 o 2 1.5 2
RF POWER INPUT (P.N)—WATTs RF POWER INPUT (P y)— WATTS
92CS -12049 92C5-12048
Fig.8 Fig.10
COMMON-EMITTER CIRCUIT, BASE INPUT. COMMON—-EMITTER CIRCUIT, BASE INPUT.
COLLECTOR-TO-EMITTER VOLTS (Vcg)=28 COLLECTOR-TO-EMITTER VOLTS (ng)-«w
{FREE—AIR TEMPERATURE (Tfa)=25° C FREE-AIR TEMPERATURE (Tgp)=25
& Ry ! i
« pho‘?l ! ﬂ " ﬁppo“,
E e &, 5 %%,
; 8 h‘/r 2 A p‘/’
7 IG'W\“, J- * iy
5 ™~ s, 3] N 7.
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3 4 N 3 4
«
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2 3 5
2 | o Nl 00 D g
& T ] Lo
30 40 50 70 80 90 100 150 200 30 40 50 60 70 80 90 100 150 200
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Fig.9 Fig.11
TERMINAL DIAGRAMS
(Bottom View)
2N2876 2N2631
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OLLECTOR
CONNECTED
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Solid State
Division

File No. 61
RF Power Transistors

2N2857

RCA-2N2857 is a double-diffused
epitaxial planar transistor of the silicon
n-p-n type. It is extremely useful in
low-noise-amplifier, oscillator, and con-
verter applications at. frequencies up to
500 MHz in the common-emitter configuration,
and up to 1200 MHz in the common-base
configuration.

The 2N2857 utilizes a hermetically
sealed four-lead JEDEC TO-72 package. All
active elements of the transistor are insu-
lated from the case, whichmay be grounded
by means of the fourth lead in applications
requiring shielding of the device.

Maximum Ratings, 4bsolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE, VcBo. . 30 max. \
COLLECTOR- TO- EMITTER VOLTAGE, VCgo 15 max. \
EMITTER- TO- BASE VOLTAGE, VEBp. . . 2.5 max. v
COLLECTOR CURRENT, I e 0 max. mA

TRANSISTOR DISSIPATION, Pr:
At case tegn-{u to 25D C. . . . . 300 max.
peratures anve 25% C. . Derate at 1.72 mW/
At ambient qup to25°C . . . . . 200 max. oW
temperatures anve 25°€. . Derate at 1,14 mW/°C

TEMPERATIRE RANGE-

torage and Operating (Junction) -65to+200 °C

LEAD TEMPERATURE (During soldering):

At distances 2 1/32 inch from
seating surface for 10
seconds max . C

W
WC

265 max. °c

* Measured at center of seating surface.

| Bl =
o] PINOTE 2)

fe—NOTE 3
'

03-5 A,
(note ) T2

Ly
VIN | (NOTE 2) 500

0.3-5

C4 Vout

{09-8

= %1/2 TURN. Mo.I6 WIRE: LOCATED
/4" FROM AND PARALLEL TO L2
1000
('_1 RESISTANCE VALUES IN ONMS.
- CAPACITANCE VALUES IN pF.
Vgg=7.5 V

T 92cs-14112

Q = 2N2857

NOTE |: (NEUTRALIZATION PROCEDURE): (A) CONNECT A
450-MHz SIGNAL GENERATOR (WITH RG = 50 ) TO THE
INP&T TERMINALS OF THE AMPLIFIER. (B) CONNECT A
50-() RF VOLTMETER ACROSS THE OUTPUT TERMINALS OF
THE AMPLIFIER. (C) APPLY VEg, ANDWITH THE SIGNAL
GENERATOR ADJUSTED FOR 5 mV OUTPUT FROM THE AMPLI-
FIER, TUNE C1, C3, AND C4 FOR MAXIMUM OUTPUT.

SILICON N-P-N
EPITAXIAL PLANAR |4
TRANSISTOR |

JEDEC
T0-72

For UHF Applications
in Industrial and Military Equipment

FEATURES

® high gain-bandwidth product—
fr = 1000 MHz min.

® high converter (450-t0-30 MHz) gain—
Gc =15 dB typ. for circuit bandwidth of
approximately 2 MHz

® highpower gainasneutralizedamplifier—
Gpe = 12.5 dB min. at 450 MHz for circuit
bandwidth of 20 MHz

® high power output as uhf oscillator—
P 330 mW min., 40 mW typ. at 500 MHz

© =120 mW typ., at | GHz

® low device noise figure—

NE =;ll.5 dB max. as 450 MHz amplifier
7.5 dB typ. as 450-to-30 MHz converter
® low collector-to-base time constant —
rb'cc = 7 ps typ.

® low collector-to-base feedback capacitance—
Cep = 0.6 pF typ.

(D) INTERCHANGE THE CONNECTIONS TO THE SIGNAL
GENERATOR AND THE RF-VOLTMETER. (E) WITH SUF-
FICIENT SIGNAL APPLIED TO THE OUTPUT TERMINALS OF
THE AMPLIFIER, ADJUST C2 FOR A MINIMUM INDICATION
AT THE INPUT. (F) REPEAT STEPS (A), (B), AND (C)
TO DETERMINE IF RETUNING IS NECESSARY.

NOTE 2: L &L2 — SILVER-PLATED BRASS ROD, 1-1/2"
LONG x 1/4 IA. INSTALL AT LEAST 1/2" FROM
NEAREST VERTICAL CHASSIS SURFACE.

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE THE
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS.

Fig. | - Neutralized amplifier circuit used to
measure Y50 MHz power gain and noise figure
for type 2N2857.
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File No. 61

2N2857

ELECTRICAL CHARACTERISTICS, At an Ambient Temperature, T4 = 25° C, Unless Otherwise Specified

TEST CONDITIONS LIMITS
DC DC DC e oC DC
Characteristic ymboll F COHeg:atoer- Eglgﬁg;— El{\oit;eré- Enitter| Base (‘olt‘l:‘ec- Type Unit
al sti requenc 0-Bas - r| to-Bas r nits
wueneyl voi tage | Voltage | Voltage Current Current o, rent 2N2857
p Ves Vee Ves 3 ' Ic
MHz v v \ mA mA mA  |Min.|Typ.|Max.
Collector-Cutoff 255 15 0 10 | nA
Current oo |7AZ\Z006| I3 0 | T .0 A
Collector-to- Base
Breakdown Voltage BVcBo 0 0.001 | 30 | - | - v
Collector-to-Emitter
Breakdown Voltage ‘BVCEO 0 3 5] - - v
Emitter-t o-Base -
Breakdown Vol tage BVEBO 0.0! 0 25| - | - v
Static Forward-
Current Transfer hge I 3 30 | - | 150
Ratio
Smal1-Signal Forward- c
0.001 6 2 50 | - | 220
g:?ifgnt ransfer hte 100¢ 6 5 0l - |79
Collector-to-Base b
Feedback Capacitance Ccp (0.1 to | 10 0 - |0.6| 1.0 pF
Input Capacitance Cip |0-1 to 12 0.5 0 IR
OOIIector-to-Base r1C 31.9 6 -2 " 71151 ps
Time Constant b “c N
%al(lt-&gnal gomnon-
itter Power Gain in c
Neutralized Amplifier Gpe 450 6 1.5 (125 - | 19 | d8
Circuit (See Flg.li
Power Qutput as Qscil- a -
boer Quteut, 29 Po | 2500 10 -12 0 | - W
UHF Device Noise Figure| NF | u50c,d, f 6 1.5 - | 83.8h5 dB
UHF Measured Noise c,d
Figure NF 450™ 6 1.5 - - [5.0 dB
VHF Device Noise Figure| NF 60b, d 6 1 - 122 - dB

2 Fourth lead (case) not connected

Three-terminal measurement:

€ Fourth lead (case) grounded.

Generator resistance, Rg = 50 ohms.

€ Generator resistance, Rg = 400 ohms.

Device noise figure is approx1mate1y 0.
The difference is due to the insertion

contribution of the following stages in the test set-up (0.2

3 TURNS Mo
WIRE 3/8" 0.0

x =1/ LOIG

DOUBLE — STUB TUNER
(Zg = 50 Q)

16

CAPAC I TAKCE VA|

LUES IN pF.

92CS~1411

5 dB lower than the measured noise figure
loss at the inputof thde test circuit (0.25 dB) and the

Lead No.1 (Emitter) and lead No.4 (Case) connected to guard terminal.

Fig.2-0scillator circuit used to measure 500-MHz
power output for type 2N2857.
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fel)

. MAGNITUDE OF SMALL-SIGNAL
FORWARD CURRENT-TRANSFER RATIO (Ih;

8

COMMON EM!TTEF CIUR;:U!T. BASE INPUT;
FREQUENCY (f) =I00MHz

T TEMPERATURE (Tp)=25 °C
COLLECTOR -TO-EMITTER VOLTS (Vcg)=6

— = —— AMBIENT TEMPERATURE (Tp)

CASE TEMPERATURE (T()

7]

3
T

Q

o 10 [

20 30
COLLECTOR MILLIAMPERES (I¢)

35

92CS- 14169

Fig.3 - Small-signal ‘beta characteristic

for type 2N2857.

50 100 I
TEMPERATURE — °C

I
200

92C$-12483RI

Fig.4 - Rating chart for type 2N2857.

OUTPUT SHORT —CIRCUI

| FREQUENCY (f)= 450

INPUT CONDUCTANCE (g;e) OR

SUSCEPTANCE (bje)—MILLIMHOS

AMBIENT TEMPERATURE (TA)=25' [

COLLECTOR-TO-EMITTER VOLTS (Vg

{ COMMON—EMITTER CIRCUIT.EBASE INPUT;

g):6T0I5

3

3

o
>

Fig.5- Input admittance (y‘e

4 [
COLLECTOR MILLIAMPERES (Ic)

szcs 12I50R1

FORWARD TRANSFER CONDUCTANCE {gg,) OR

32

SUSCEPTANCE (bfe)—MILLIMHOS

COMMON-EMITTER CIRCUIT, BASE INPUT;
QUTPUT SHORT-CIRCUI E
FREQUENCY (f) =450 M|

AMBIENT TEMPERATURE (Tp)=25°C

COLLECTOR-TO-EMITTER VOLTS (Vgg)=6 TOI5|

COMMON—EMITTER CIRCUIT; INPUT & R
SHORT-CIRCUITED,
FREQUENCY (f) 450 MHz
AMBIENT TEMPERATURE (Ta)=25°C
T CE) =
58 !
-z *
s
~ =
81 s g
%
&g
2
28 2
83
e
S H
£g
3a [
HE i
o 2 4 6 8

COLLECTOR MILLIAMPERES (I¢)

Fig.6 - Output admittance (y,).

92CS-12i48RI

SHORT — CIRCUI

FREQUENCV (f) =450 MHz

T

3
n

o

v
n

1
o

4
COLLECTOR MILLIAMPERES (I¢)

14

92CS—12149R!

Fig.7 - Forward transadmittance (yg).

COMMON—EMITTER CIRCUIT; INPUT
RCUITED,

AMBIENT TEMPERATURE (Ta)=25°C
T

T
s

OR SUSCEPTANCE (bre)— MILLIMHOS

REVERSE TRANSFER CONDUCTANCE (g}

1
£y

o

10
COLLECTOR MILLIAMPERES (Ic)

92CS-12154R2

Fig.8 - Reverse transadmlttance (yre)



File No. 61 2N2857
COMMON “EMITTER CIRCUIT, BASE INPUT; 22| COMMON—EMITTER CIRCUIT; INPUT
PUT SHORT-CIRCUITED. SHORT—CIRCUITED.
cOLLECTOR-TO -EMITTER \(ours (Veg) =6 30| COLLECTOR=TO—EMITTER VOLTS (Veg)=§
COLLECTOR MILLIAMPERES (I¢) =15 COLLECTOR MILLIAMPERES (Lc)=L5 38
AMBIENT TEMPERATURE(TA) 25°C @ |AMBIENT TEMPERATURE (Tp) = 35°C e
24 x5 =
H 3
5 2
2'6 =
8% H |
Sz |14 5
25 3 2|
CER 32 =
wE S W
Q I w
2L :
582 < Q
82 8 2 2
ay o a
z I3 z
§ 2 8 @ 6 8
58 @ s
22 4, bie |11 / 59 “boe | E
2 V4 3 908,/ 5
2 50
ie 3 N /l’
o] T o 0
4 € 6 4 2
10 100 1000 10 100 , 1000
FREQUENCY (f) — MHz FREQUENCY (f)—MHz
92CS~12157RI 92CS—I2156R2
Fig.9 - Input admittance (yie) Fig. 10 - Output admittance (yoe)'
t HHH COMMON—EMITTER CIRCUIT; INPUT SHORT —CIRCUITED.
COMMON-EMITTER CIRCUIT BASE INPUT; jaaas ] |
SUYPUT SHORT-CIRC ol COLLECTOR—TO—EMITTER VOLTS (Vcg)=6
3 COLLECTOR-TO- T TER VOLTS(Veg) =6 COLLECTOR MILLIAMPERES (Ic)= x5
o COLLECTOR MILLIAMPERES (I¢) =1.5 B AMBIENT TEMPERATURE (Ta) = 25° C
2 AMBIENT TEMPERATURE (Tp) = 25°C L‘
2 aeeasnnssnanuRunsS: jaaeaanuas, T H iy
., 5 P FEE 1 3‘;0'; ° H 9re 1
Z0 = NN
Iz 4 we
EE g3
34 39 H 23
8%, g1
o B
e5 : H g N
by ! + © 2| IN
29 t ]
2Z o Be \N
s g N
o m 5 E
28 -0 H « -3
<2 H ]
25 -2 HH Ba
g i g
-3 29-4
-aoFHH T T T PR A ¢
200 600 800 1000 4
10 100 1000
*FReauenor -z FREQUENCY (F)—MHz
92CS-12I52RI 92CS—I2I5IR3

Fig. |l - Forward transadmittance (yfe).

TERMINAL DIAGRAM

Bottom View

LEAD 1—-EMITTER
LEAD 2 - BASE
LEAD 3 - COLLECTOR

LEAD 4 — CONNECTED
TO CASE

Fig. 12 - Reverse transadmittance (yre)'
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NG

Solid State
Division

RF Power Transistors

2N3118

RCA-2N3118 is a triple-diffused planar
transistor of the silicon n-p-n type in-
tended for use inRF amplifiers in military
and industrial HF and VHF communication
equipment. It is designed especially for
large-signal Class-C and small-signal
Class-A service.

Maximum Ratings, Absolute-Maximum Values:

Collector-to-Emitter Voltage:
Reverse bias (VCEX)

ForVBg=—-15volts ............ 85 max volts
With base open (VCEQ) ««vevunnn... 60 max volts
Emitter-to-Base Voltage (VEBO) ....... 4 max. volts
Collector Current (IC) ............. 0.5 max ampere
Transistor Dissipation (PT):
At case temperatures
upto25°C ... 4 max watts
At free-air temperatures
upto25°C ... 1 max watt
At temperatures above 25°C See Fig, 1
Temperature Range:
Storage . ....ieiiiiiit i —65 to +200 °c
Operating (Junction) —65 to +200 oc

For Large-Signal VHF
Class-C and Small-Signal
VHF Class-A Amplifier
Service

® High power dissipation —
4 watts at case temperature of 25° ¢
® High output power —
Class-C service; 28-volt operation: JEDEC TO-5
| watt minimum at 50 Mc; 0.4 watt minimum at 150 Mc
® High collector-to-emitter voltage ratings —
VCEX = 85 volts; VcEo = 60 volts
® High gain-bandwidth product —
380 Mc typical
® High power gain — Class-A service, neutralized:
25 db at 50 Mc, 200 mw output

ELECTRICAL CHARACTERISTICS

TEST CONDITIONS
Case DC DC oc DC bc DC LIMITS
Tempora-| F Collector-(Collector- | Emitter- | Collector |Emi tter| Base
Characteristics Symbols {'e7pe re- | to-Base |to-Emitter|to-Base| Current |Current Current Units
ture fquency| yoytage ‘(’o!tage ?’o‘:tage Min. [Max
(Te) (volts) | (volts) |(volts)| (ma) (ma) | (ma) . .
oc Mc ves VeE VEB ic IE g
Collector-Cutoff I 25(7,:5: 30 0 0.1  4a
Current 0 sy 30 0 100[  ua
Emitter-to-Base BV,
Breakdown Voltage EBO 25 0 0.1 4 volts
(blligtor-\tlni&nitter Voo ( ) s 60 .
Breakdown Voltage B! sus 2 10 0 volts
(Sustaining) CEO pulsedD
Reverse Collector-to-
Emitter Breakdown BVCEX 25 1.5 0.1 85 volts
Voltage
Feedback Capacitance Cp'c 25 1 28 0 6 pf
rbhb' Cb’c Product rhh!Ch’ ¢ 25 50 28 25 60} psec
DC Forward-Current
Transfer Rati hrg % s 25 S0 215
Small-Signal Forward-
Current %ransfer Ratio hfe 25 50 28 25 5
Real Part of Short- hy
Circuit Input Impedance| *€(real) 25 50 28 25 25 75| ohms
Real Part of Short-
Circuit Output Inpedance W22 eay] 25 50 28 25 500 | 1000] ohms
Qutput Power "
Class-C Service P 25 50‘ 28 1.0 watt
Pin = 0.1 watt out 25 150! 28 0.4 watt
(with heat sink)
gower (Aiaisn . "
lass- ervice
pooeezh STt PG 25 50 28 25 18 db
(with heat sink)
A Tpp= free-air temperature DPuIse duration, 300 usec; duty factor, less than 1.8% * See Fig.5 “See Pig.3 *See Fig.13
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2N3118

RATING CHART

MAXIMUM TRANSISTOR
DISSIPATION—WATTS

HHH
50 100 200

TEMPERATURE—°C

s2cs— 12281
Fig.1

TYPICAL LARGE-SIGNAL OPERATION, CLASS-C SERVICE, 150 MC

COMMON -EMITTER CIRCUIT, BASE INPUT.

CLASS-C SERVICE, IS0 Mc

CASE TEMPERATURE (T()=25° C
T

TTT

TR 1

T

HT

Y

2 BeTTyE

o

o
3

RF POWER OUTPUT (PouT)—WATTS
&

50 75 100 125
POWER INPUT (Pjy)—MILLIWATTS

RI

Fig.2

50

92¢s- 12273

INPUT
(SOURCE=50 OHMS)
Cs = +
COLLECTOR
SUPPLY
= = Vee 92C5-12269

Cy,Cp: 1.5-20 pf Ly: 0.1 ph, 4 turns, No.18 wire,
C3: 440 pf 1/4" 1D, closely wound
.Cy: 7-100 pf Lp: 750~ohm ferrite choke

. L3: 0.075 ph, 4 turns, No.16 wire,
Cs: 1800 pf ? 1/4" 1D x 3/8" long
Ce: 0.01 pf

Ly: 0.055 wh, 3 turns, No.16 wire,
1/u" 1D x 1/4" long

Fig.3

R: 100 ohms, variable

TYPICAL LARGE-SIGNAL OPERATION, CLASS-C SERVICE, 50 MC

COMMON-EMITTER CIRCUIT, BASE INPUT.

CLASS-C SERVICE, 50 Mc

CASE TEMPERATURE (T¢)=25°C

7 T

RF POWER OQUTPUT (PoyT)—WATTS

40 60 80
POWER INPUT (Pyy)—MILLIWATTS

Fig.4

120

92Cs-12272

o

OHMS)
s M
92Cs-12268
Cq: 70-350 pf Lq: 0.13 ph, 4 turns, No.18 wire,
G . G 2100 pf 14 10] closely wound
C3: 0.01 uf Lp: 2.4 wph, choke,
C3j 0002 uf Miller Part No.4606
5. K Lg: 0.6 uh, 10 turns, No.18 wire,
€yt 0.02 pf 3/8" iD, closely wound

Lyt 0.6 ph, 10 turns, No.18 wire,
3/8" 1D, closely wound

Fig.5

R: 1000 ohms, variable
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TYPICAL SMALL-SIGNAL OPERATION CHARACTERISTICS

CASE TEMPERATURE (Tc)=25° C LECTOR-TO—EMITTER VOLTS (VCg) =28]
FREQUENCY=50 Mc [FReGumeY = gome ¢ "2%°C
£ T
g HH
3 100 ]
< x
pl [
2 7 ] =
= / 320. = a
1 380 5
K3 [ S 3 o
Rs) - 34 “ug
e T N By g
N Y 360 >
3 \ 380 E:
P IN-BANDWIDTH PRODUCT f1 (Mc)=360:
: 23,
g 3404 z
3 I e 320 8
S 1o IT T
0 5 1o 15 20 35 30 35 40 45 50 0 © 20 30 40 5 6 70 8 50 i00
COLLECTOR-TO-EMITTER VOLTS (Vcg) COLLECTOR CURRENT (I ) — MILLIAMPERES
92CS-12286 92CS—~ 12287
Fig.6 Fig.7

EREQUENGY<I Mz COLLECTOR-TO-EMITTER VOLTS (VCE1=28
CAGE TENeRATURE (Toreas® ¢ TR (rereese ¢

8 s

i

$ 2

z g

| = S

4 § st

2

e s

ur I

2 3 5 4

g é .

3 ° 5 47

§ o

34

2 G

w

E L1

o o 20 25 30 o 20 40 60 80 100
COLLECTOR-TO-BASE VOLTS (Vcg) COLLECTOR CURRENT (I¢)—MILLIAMPERES
92CS-12283R1
Fig.8 Fig.9 92Cs-12284

T pryp— ——160 I 7] T 1200 |
T V22 rean Cop—+—[60 1200 (727 T — 1200
S lie (reql) ——— Ve = 28V hie(req) = Vce = 28V "
CASE TEMPERA— CASE TEMPERATURE (T¢)=25° C H
JURE (T¢)=25° Clso 21000 g TURE (o) 1000 &
=t [ [
5 = 5 5
8| 3= 3| o3
F i % & x e
: 40G="600E § S Ha0G=8005 B
2 V% H L8 U]
as v & H o EQ
oL > 3 >
5 EE = q 9F 25
"*—‘eoog'-— 305 600"
3] <] Fr i ul <}
88 W8 e g 52
g8 &8, &3 s £ &R
1 "}
Zg 10 i‘§ 4005g §g 88 400g ¢
gt , 3 e 8 7 & d3s
& k| (Wi % .0
T 2 200t 5| AILLIAMPERE o 2 200 5
sl 3 23 3
13 3,2- "ég 2.
3= [ o HH '
° 0 100 50 70 90 10 0 150
COLLECTOR CURRENT (I¢)—MILLIAMPERES FREQUENCY—Mc
Fig.10 92¢5-12269R1 Fig.11 92C5-12288RI
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TYPICAL CLASS-A-SERVICE-OPERATION, 50 MC, NEUTRALIZED

COMMON-EMITTER CIRCUIT, BASE INPUT,
CLASS—A SERVICE, 50 Mc
COLLECTOR-TO-EMITTER VOLTS (Vcg)=28
COLLECTOR MILLIAMPERES (Ic) =25
CASE TEMPERATURE (T¢)=25° C

T

S

°
9
A |
I

RF POWER OUTPUT (PoyT)—WATTS]

b O+
MITTER CTOR
o. PPy WY
- _ Vee Vee _ szcs-izer0
mumm Cq: 7-100 pf Ly: 0.12 ph, 3 turns, No.16 wire,
o. Cy: 8-60 pf 7/16™ 10 x 1/4" long,
Cq: 14-150 pf tap at 1 turn from ground
(:3: 6-80 pf Lp: 0.23 ph, 5 turns, No.16 wire,
° i 2 3 a u: p 7/16" 1D x 1/2" long,
RF POWER INPUT (Pjy)—MILLIWATTS Cs5,Cq: 0.005 pf tap at 3 turns from collector
92cs- 12278 C7: 0.9-7 pf terminal
Fig.12 Fig.13
- '&Tmm‘-mm:n CIRCUIT, BASE INPUT
COMMON-EMTTER CIRCUIT, BASE INPUT. i Stvee e
COLLECTOR-TO-EMITTER VOLTS (Vcg)=28 T POWER M =
Tl COLLECTOR MILLIAMPERES u:clxz:icE CASE TEM’ERATURE (Tc)=25° ¢
H CASE (Tc)=25° T T
T SN NN
T NSNS EEEERENEE!
28| - i
g LR TR TS
o @ T T
e o -
s L Chaasaiat B (v
& g s P
z - H
é 10 3
g g
e §
;
T H
e 5640 S0 60 70 80 0 100
100 200 300 400 500 COLLECTOR CURRENT (Ic)—MILLIAMPERES
POWER OUTPUT (Poyr)—MILLIWATTS o2cs-12276
Fig.]‘ 92C$-12277 Fi"‘s

TERMINAL DIAGRAM

LEAD 1—EMITTER

LEAD 2 —BASE

LEAD 3 - COLLECTOR,
CASE
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RF Power Transistors

2N3119

Features:

® Fast rise time:

JEDEC TO-5 Ha30

RCA-2N3119 is atriple-diffused planar transistor of the silicon
n-p-n type intended for high-voltage high-frequency pulse

MAXIMUM RATINGS, Absolute-Maximum Values:

® High voltage ratings:
VCEX =100V, VCEO =80V

High-Power Silicon N-P-N
Planar Transistor

For Switching and Pulse-Amplifier Applications

10 ns with 50-V pulse, 1-K$2 load
= High power dissipation:
4WatTc=25°C

amplifiers and high-voltage saturated switches in military and
industrial equipment.

“COLLECTOR-TO-BASE VOLTAGE ...\t Veso 100 \"
COLLECTOR-TO-EMITTER VOLTAGE:
FWIth BaSE 0PN . .. i ettt VcEo 80 \%
With base-emitter junction reverse-
biased (VBE =—1.5V)...ooii it VCEX 100 \
"EMITTER-TO-BASE VOLTAGE .. ...utiiiee e e VEBO 4 \"
*COLLECTOR CURRENT: Ic
Continuous ......... ..t 0.5 A
*TRANSISTOR DISSIPATION: Pr
At case temperatures Up 10 25° C.. .. .eiuunee it 4 w
At free-air temperatures upt0 25° C ... ...ttt 1 w
At temperatures above 25° C See Fig. 1
*TEMPERATURE RANGE:
Storage & Operating (JUNCHON) .. ... .....oeeeeeiiee e, —65t0o +200 °C
*LEAD TEMPERATURE (During soldering):
At 1/16in. £ 1/32 in. (1.59 mm * 0.8 mm) from seating
Plane for T0SMax. ......uiinieinn it et 255 °c
*In accordance with JEDEC registration data format
38 8-72



File No. 44 - 2N3119

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25° C unless otherwise specified.

TEST CONDITIONS LIMITS
DC DC DC
CHARACTERISTIC SYMBOL | COLLECTOR EMITTER CURRENT miN. | MaX UNITS
VOLTS VOLTS (MILLIAMPERES) ) .
Ves | Vee VBE ‘e ' e
Collector-Cutoff Current
AtTppa= 25°C Iceo 60 (] - 50 nA
=150° C 60 [} - 50 HA
Reverse Collector Current Icev 60 -1.5 - 0.2 uA
%] Emitter-Cutoff Current (At Tga =25° C)| Iggo -3 [} - 100 nA
* Base Current Ig 60 -15 - 0.2 BA
*|  Collector-to-Emitter Breakdown
Voltage (Sustaining) BV golsus) 0 10*| 80| — v
*[  Reverse Collector-to-Emitter
Breakdown Voltage BVcEX -15 0.10 | 100 - \"
#|  Collector-to-Base Breakdown Voltage BVceo ] 0.10 ] 100 | —
* Emitter-to-Base Breakdown Voltage BVEggo 0.10 0 4 - \
10 10 40 | -
* DC Forward-Current Transfer Ratio hge 10° 100 50 | 200
10* 250 20 -
* Collector-to-Emitter Saturation
Voltage Vgglsat) 10 100 - 05 \Y
* Base-to-Emitter Saturation Voltage Vg glsat) 10 100 - 1.1 \"
* Base-to-Emitter Voltage (Pulsed) Vge 10° 100 — 1.1 v
Feedback Capacitance {At 1 Mc) ‘e 28 [\] - 6 pF
* C Base Output C:
(at 1 mC) Cob 28 0 - 6 pF
* Gain-Bandwidth Product (At 50 Mc) fr 28 25 | 250 - Mc
* Pulse-Amplifier Delay + Rise Time
(See Figs. 9 & 10) tgt+t, Vec =80 10 - 20 ns
Sat. Switch Turn-On Time
(delay time + rise time) ton Vec=28 1g,=10 | 100 | — 40 ns
(See Figs. 7 & 8)
Sat. Switch Turn-Off Time
(storage time + fall time) ot Veg=28 1gy=—10 100 - | 700 ns
(See Figs. 7 & 8)
Thermal Resistance:
(Junction-to-Case) Royc - 44 oc/w
*in with JEDEC regi data format
@Pulsed; pulse duration = 300 usec; duty factor = 1.8%
T T COLLECTOR -TO- EMITTER VOLTAGE (VCg)=28 V | T
CASE TEMPERATURE (Tc) CASE TEMPERATURE (T¢)=25°C ce
AMBIENT TEMPERATURE (Ta) I3 FREQUENCY (f)=50 MHz
i e o *
HHH T
HHE L
HHE =
i =
45+ i
T .
' o .| :
o S 3 e
2r H £ H
et H T
Ez 5 H 5 20001
8 I X z
- H a
2« z
=a o H &
g z " s
iz i g
T I
ol Essaaasn: H 5} 10 20 30 40 5 60 70 80 90 100
-50 0 50 100 150 200 COLLECTOR CURRENT (I¢)— mA 92CS — 12287
e TEMPERATURE—°C 920s-1228IRI Fig. 2—Typical gain-bandwidth product char-
Fig. 1—Rating chart acteristic
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2N3119 File No. 44

COLLECTOR-TO-EMITTER VOLTS (Vcs) 10 CASE TEMPERATURE (Tc)=25° C |  GAIN-BANDWIDTH PRODUCT IN
FREE AIR TEMPERATURE (TFA)= 25° FREQUENCY (f)=50 MHz MHz =f. ]
= 100 pn
% A
o / « 100
5 80 E 9
@ - 7] 7
5 g5 320.
2 60| SR 380
3 / = Yy
& / E af—] 340)
3 L]
z [ )Y 360]
¥ a0 t 3 i
3 d 380
? e & N \ ;
2 2 ! g - —'Tp3e0;
S 1 =] 340/
g 3 =
e 8 R R e MR 320
8 o 10
0.1 or 10 10 100 1000 0 5 10 15 20 25 30 35 40 45 50
COLLECTOR CURRENT (Ig) — MILLIAMPERES COLLECTOR-TO-EMITTER VOLTAGE (VCE)—V
92Cs-12280 5 92Cs-12286
Fig. 4—Typical variation of fr with collector
Fig. 3—Typical dc beta characteristic current and collector-to-emitter volt-
age
FREQUENCY-(f =1 WHz COLLECTOR-TO- EMOTTER VOLTAGE (Vcg1=28 V
£ TE NIPERATURE (1¢)=25° ¢ FREQUENCY (f) = 50 M|
yiia CASE TEMPERATURE (rcl 25°¢C
w §31E
a g
| = "
el 8 g
S 4 = o 5|
w a sol
O
£° g
g 3
o i
< O 48]
O 2 3
X o a7
[} rx
g, &
g ERNE i By e :
& asf= et il et [
10 26 25 30 35 aaFEEEEE L TP e e FE L e
COLLECTOR- TO BASE VOLTAGE (VeR)—V  92CS-i2283RI 0 20 40 60 80 00
COLLECTOR CURRENT (Ic)—maA 92C5-12284
Fig.5—Typical variation of feedback capaci- 5 5
tance vs. collector-to-base voltage Fig. 6-Typical rpp, Cpy, product vs. collector
current
RELAY OPEst
Vog =28V ON
90%
S
s OUTPUT TO 58
INPUT FROM 0SCILLOSCOPE e
MERCURY~ (NOTE 1) 4 0% TiME
RELAY PULSE 3o
GENERATOR
(Zg = 50 OHMS) [ - 15 |t
TYPE “TURN-OFF "
2N3119 e TIME
| | | QUTPUT WAVE FORM
| | |
1
M |
-
42 i | |
vagR -1V 92¢s-12275 k3 | TIME
= | T
° [
INPUT PULSE: NOTE 1: WITH C)y <1 pf I | I8y INPUT WAVE FORM
t, < 3nsec SHUNTED BY 5,000 OHMS; - ‘t—
t¢ < 10 nsec =1 nsec. 92Cs-12285
REP. RATE = 120 CPS
PULSE WIDTH = 300 usec
'81 = 10ma ton = 40 nsec
IB; = —10ma toff = 700 nsec
Ic = 100 ma
Fig. 7—Circuit used to measure ton and ty s for 2N3119 Fig. 8—~Waveforms for saturated switch circuit shown in Fig. 7

operating as a saturated switch
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File No. 44 - 2N3119

OUTPUT TO
0SCILLOSCOPE
(NOTE2)

TYPE
2N3119 20V ——
— OUTPUT VOLTAGE
RL f—20%
1060 20v
OHMS [INPUT VOLTAGE
X5y
¥ ° 60
a
o0 0% o
—— LOAD CURRENT
-Vee Ve = +80V
(NOTE 1) 10ma —
92Cs-12279
— ¢ ~
—  NOTE1: Vgg ADJUSTED FOR Ig =10 ma WITH NO INPUT. vk secsizee:
NOTE 2: WITH Cjy < 1 pf SHUNTED BY 100,000 OHMS;
t, = 1 nsec.
Fig. 9—Pulse-amplifier test circuit Fig. 10~Waveforms for pulse-amplifier test circuit shown in Fig. 9
TERMINAL CONNECTIONS

Lead 1 - Emitter
Lead 2 - Base
Case, Lead 3 - Collector

1
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Solid State
Division

File No. 50
RF Power Transistors

2N3229

RCA-2N3229 isa triple-diffusedplanar
transistor of the silicon n-p-n type.
This device is intended for applications
in AM, FM, and CW service at frequencies
up to 150 Mc.

The 2N3229 utilizes a new stud-mounted
package which is electrically isolated
from all the electrodes and is designed
to provide excellent performance at very
high frequencies.

RF SERVICE

Maximum Ratings, 4bsolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE, Vepo: - 105 max. volts
COLLECTOR-TO-EMITTER VOLTAGE:
With base open, Vogo . . . . . . 60 max. volts
With Vgg = -1.5 volts, VCgy. . . 105 max. volts
EMITTER-TO-BASE VOLTAGE, Vggy. 4 max. volts
COLLECTOR CURRENT, Ic. . . . . . . 2.5 max. amperes
TRANSISTOR DISSIPATION, Pr:
At case temperatures
up to 259°C. . . . . .. . 17.5 max. watts
At case temperatures
above 25°°C. . . . . .. . Derate linearly 100 mw/°C
TEMPERATURE RANGE:
Storage. . . . . . . ... ... -65 to 200 °c
Operating (Junction) . . . . . . -65 to 200 oc
LEAD TEMPERATURE
(During soldering):
At distances 1\ 1/32" from
ceramic wafer for
10 sec. max. . . . . ... ... 230 max. °c

REGION OF SAFE OPERATION (WITHOUT SECOND
BREAKDOWN) IN CLASS-A SERVICE FOR TYPE 2N3229

TO AVOID SECOND BREAKDOWN THE BIAS POINT
FOR CLASS A OPI ST

RATION MU! LOCATED IN REGION A
L5,
o
]
o LOFL55E
& 44 1
G ;17
a 444
=
<
% A
S 0.5 ‘
g N
o
771 1

© AAAA

A4

A

A4 N

% AA

0 20 30 40 50 60
COLLECTOR-TO~-EMITTER VOLTS (Veg)
92Cs-12038

Fig.1

For Large-Signal,

High-Power,
VHF Applications in

Military and Industrial

Communications

Equipment JEDEC T0-60
e High Power Output, Unneutralized (P
15 w min., at 50 Mc
5 wmin. at 150 Mc

out):

© High Voltage Ratings:
v = 105 volts max

8o max.
Veey = 105 volts max.
Vego = 60 volts max.

® |00 per cent tested to assure freedom
from second breakdown in class-A opera-
tion at maximum ratings

Low Thermal Resistance (6, ,)—

high thermal-conductivity ceramic insu-
lation between collector and mounting
stud

® Isolated Stud Package:

all three electrodes electrically iso-
lated from case—for design flexibil ity

heavy copper mounting stud—for effec-
tive contact with heat sink

pin terminals arranged ona.200" pin-
circle diameter—fit commercially,
available sockets ‘

42
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File No. 50 2N3229
ELECTRICAL CHARACTERISTICS
Case Temperature = 25° C Unless Otherwise Specified
TEST CONDITIONS
0¢ be pe LIMITS
Characteristic Symbol Collector Base Current Units
Volts | Volts | (Milliamperes)
Veg | VCE VBE Ig | Ig | I¢ | Min. | Max.
Collector-Cutoff Current IcBo 30 0 - 0.1 pa
Collector-to-Base
Breakdown Voltage BVceo 0 0.5 | 105 | - | volts
Collector-to-Emitter
Breakdown Voltage (Sustaining) BVcEo(sus) 0 | 500%| 60| - |volts
Collector-to-Emitter
Breakdown Voltage BVCEV -1.5 0.1 105 - volts
Emitter-to-Base Breakdown Voltage BVeBo 0.1 0 4 - | volts
Collector-to-Emitter v 500| 2.5 - 1| volt
Saturation Voltage CcE(sat) amp
Feedback Capacitance ,
(Measured at 140 Kc) Cp'e 30 0 - 20 of
RF Power Output, Unneutralized Pout
(See Fig.2.):
Measureg at 50 Mc 50 550 153 - | watts
150 Mc 50 250 5b| - | watts
Gain-Bandwidth Product fr 28 250 | 200(typ.) Mc
Base-Spreading Resistance
(Measured ag 400 Mc) Tbb' 28 250 | 6.0(typ.). | ohms
Collector-to-Case Capacitance Ce - 6 pf

* Pulsed. Pulse duration _Z_ 5 usec; duty factor é 1%.

2 For PIN = 2 watts
For PIN = 1 watt

CIRCUIT OF UNNEUTRALIZED AMPLIFIER USED TO MEASURE POWER OUTPUT OF TYPE 2N3229

For 50-Mc Operation For
: U-U0 pf C1,Cp:
: 7-100 pf C3,Cy:
: 1.5-20 pf Cg, Cy:
1 0.005 pf Ly:
5-1/2 tyrns No.18
wire, 1/4" 1D,
closely-wound
Ferrite choke, Lot
Z = 750(+20%) ohms
L3: 6 turns No.18wire, L3t
3/8" ID, wire Ly:
spacing = 1 wire
+Vog+SOV S dia. (s]ug—tuneq)
Ly: 8 turns No,18 wire, Rq:
3/8" ID,1c1ose1y—- o :
d (s tuned :
NOTE I: GENERATOR IMPEDANCE = 50 OHMS. o wound (stug-tuned) R
NOTE 2: LOAD IMPEDANCE = 50 OHMS. R;;
Fig.2

Lq:

Lot

1,000 ohms

3.9 ohms
{non—inductive)

150-Mc Operation
4-40 pf

1.5-20 pf

0.005 uf

1~1/2 turns No.16
wire, 1/4" 1D,
wire spacing =

1 wire dia.

Ferrite choke,
Z = 750(20%) ohms

2.4 ph

6 turns No.16
wire, 3/8" 1D,
closely-wound

100 ohms

=0 (Emitter con—
nected to ground)
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2N3229 File No. 50

TYPICAL-OPERATION CHARACTERISTICS TYPICAL-OPERATION CHARACTERISTICS
FOR TYPE 2N3229 FOR TYPE 2N3229
TTT — R i COLLECTOR-TO-EMITTER VOLTS (Vcg)=50
l_h A %2‘5‘5-5515"’,;5%5,“&}75’:,‘,’%12 WVee)=50 - eat "!’ CASE TEMPERATURE (T¢):25° ¢
1T T = 16
15 T L] A FEE
O P
4
':I:. § 2 \\ < ——
s HH e 2100 FHH
P o §%d by W l_“o NN
S -RE! ] 1 LN\
o 5 '?;" R ﬁrp0w>‘ ol NN
5 5 £ Q3 W% \§
E T = ° n.
2 I 6 X
E 5 A cxm m g g S0
g ,Lv e 4 >
o ]
& FR e L
T T 1 [)
o 05 ! 15 2 30 40 50 60_70 80 90 100 150 200
RF POWER INPUT (P;) —WATTS FREQUENCY —Mc
92¢s -12424 92¢s - 12427
Fig.3 Fig.4

TERMINAL DIAGRAM
BASE

EMITTER COLLECTOR
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File No. 56

NG/

Solid State
Division

RF Power Transistors

2N3262

RCA-2N3262 is atriple-diffused planar trans-
istor of the silicon n-p-n type intended for high-
voltage, high-frequency pulse amplifiers and high-
voltage saturated switches in military and
industrial equipment. The high-current switching
capability of the 2N3262 makes it especially
suitable for memory-core driver applications.

The 2N3262 utilizes the JEDEC TO-39 package
which is identical to the JEDEC TO-5 package
except its leads have a minimum length of 0.5".

® High Voltage Ratings —

@ Fast Rise Time at High Collector Currents—
20 nsec rise time (max.) at | ampere

For High-Voltage,
High-Speed

Switching and
Pulse-Amplifier Applications

JEDEC TO-39

@ High Power Dissipation —

® Low Collector to Emitter Saturation Voltage at
High Collector Currents—
0.6 volts (max.) at | ampere

Maximum Ratings, 4bsolute-Maximum Values’

Collector-to-Base Voltage, Vcpp -

Collector-to-Emitter Voltage
Reverse bias, VCEX
For VgB = 1.5 volts . . .

With base open (sustaining
voltage), Vcgo(sus)

Emitter-to-Base Voltage, VEBO

Collector Current, Ic . . . .
Transistor Dissipation, Py:
At case tegperatures

. . 100 max. volts
.« « . 100 max. wvolts
e e 80 max. volts
SR 4 max. volts

1.5 max. amperes

up to e e e e e e e s e o 875 max. watts
At case temperatures

above 250 C . . . . . . Derate linearly (50 mw/°C)

to 1759 C

At free-air temperatures

up to 250C . . . .00l 1 max. watt
At free-air temperatures

above 250 C . . . . .

Temperature Range:

StOTage « o o o s o o o o . 0o

Operating (Junction). . . .
Lead Temperature:

1/16" + 1/32" from seating

surface for 10 sec. max..

Derate linearly (5.71 mw/°C)
to 175°

C

.« -65t0+200 °C

.« « « =65t0%200 °c
e e e 230 °c

5-66
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2N3262 File No. 56

Electrical Characteristics, Case Temperature = 25° C Unless Otherwise Specified

TEST CONDITIONS LIMITS
DC nC [ |
Characteristic Symbol | Collector |Emitter Current Units
Volts | Volts | (Milliamperes) [Min.[Max.
Vea| Ve | Ves e [1s] Ic

Collector-Cutoff Current at Tpp = 25° C Icpo | 30 0 0.1 pa
Emitter-Cutoff Current Igpo 3 0 100 na
Collector-to-Emitter Sustaining Voltage with

External Base-to-Emitter Resistance (Rpgg)

= 10 ohms VcER(sus) 500* | 90 volts
Collector-to-Emitter Sustaining Voltage Vceo(sus) 0{500* | 80 volts '
Reverse Collector-to-ﬁmit;er Breakdown Voltage BVcEX 1.5 0.25 | 100 volts
Emitter-to-Base Breakdown Voltage BVEBD - 0.1 0] 4 volts
Base-to-Emitter Saturation Voltage ‘| vee(sat) 100 1000 1.4 |volts
Collector-to-Emitter Saturation Voltage Vce(sat) 100 {1000 0.6 |volts
DC Forward Current Transfer Ratio i hgg 4 500 | 40
Input Capacitance (at 1 Mc) Cip 3 0 300 pf
Feedback Capacitance (at 1 Mc) Ch' ¢ 28 0 20 pf
Pulse-Amplifier Rise Time (See Figs. 13&14) tr Vec=80 25 20 | nsec
S Loy Hine 3 Pioe Tim (See Figs. 8&10) ton 28 TgeTB2| 1000 40 | nsec
Sat. Switch Turn-Off Time— IB1=Tn2 ]

Storage + Fall Time (See Figs. 8&10) toff 28 =100 750 | nsec
Forward Current Transfer Ratio (at 50 Mc) hge 28 100 3

* Pulsed; pulse duration = 15 usec; duty factor = 0.15%,

TYPICAL TRANSFER CHARACTERISTICS TYPICAL OPERATION CHARACTERISTICS
COMMON—EMITTER CIRCUIT, BASE [NPUT. ] i OMMON—EMIT 2
FREE~AIR TEMPERATURE (Ta)=25°C [ 24(:)" EMTTET CROUT, BAs mrﬂ ! S lr! i
- H av,_Te
S T ) N
; : M ST
i 20 oL
_ i <811
G % W
H 8 8. = A
> : [ $,1°
£ : : T O S
% 6 T ; £ 120} O av, e
EREE : i o LN
o = i oE = 50
. | ; X ST
e . 0/ o $oe
] .. = N
3 H o 40|
3 o o o NN
g o S
[J! Zasss HHH A
2 10 100 000
[ 20 40 €0 80 00
COLLECTOR—TO—EMITTER VOLTS (VCE) COLLECTOR MILLIAMPERES (Ic) 920512450
_ Fig.2
Fig.] 92CS—-12454
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TYPICAL TRANSFER CHARACTERISTICS TYPICAL OPERATION CHARACTERISTICS
COMMON—EMITTER CIRCUIT, BASE INPUT. HE COLLECTOR—TO—EMITTER VOLTS (Vog)*28 e R
FREE—AIR TEMPERATURE (Tga)=25°C CASE TEMPERATURE (Tc)=25°C
zass: TR fesstansstans FREQUENCY =50 Mc H
G o
= ' t
a P o on 8
4 ¥ © t
g 8
3 : i
) z T
2 ! H glg -

'3 H as H z0
2 i 3
g 200 it [
2 He £
8 : i i i EEet: ;
el : 100| t SisEsaniiisini it
2 4 6 8 10 0 100 150 00 250 00
COLLECTOR—TO-EMITTER VOLTS (Veg COLLECTOR MILLIAMPERES (Ic)
92CS-12456 92CS—12457
Fig.3 Fig.4
COMMON—EMITTER CIRCUIT, BASE INPUT. CH T FREQUENCY =1 Mc 1
FREE-AIR TEMPERATURE (TFa) =25°C T CASE TEMPERATURE (Tg)=25°C
6 : —Ic 1 T i
i
— — 1T
G 5o -+ 50|
o i B u u
g L
& 40 w 40|
= g gg H
3 22 M
3 = o
2 30 1 o3
= 83
3 H - <2
S i oo
5 200 u H | 20 H
bl < Fary P
= @ 5
8 I i 32 T
© 10 HEY n o~ 10 T
IV :
0 1 j AN AN ) 1
02 04 08 08 [ 6 15 20 25 _ 30 35
BASE_TO-EMITTER VOLTS (Vag) COLLECTOR—TO—BASE VOLTS (Vcg)
92CS-12449 92CS—12453
Fig.5 Fig.6
TYPICAL SATURATED-SWITCHING CHARACTERISTICS AND TEST CIRCUIT
COMMON—EMITTER CIRCUIT, BASE INPUT. i CIRCUIT USED TO MEASURE 1, AND t,¢¢ FOR
COLLECTOR MILLIAMPERES (I¢)=1000,0R 500 fon o
OO o TEMPERATURE (Tra)-25°C HH OPERATION AS A SATURATED SWITCH
L HH i HHHHH T . WPUT FROM Vee 28V
= H ———RISE TIME (t,) R eE Q
& H DELAY TIME (td)
w i - (2 = 50 OHMS) QUTPUT TO
Y _k TITITI T OSCILLOSCOPE
= 440 T A i
BS H R ] HHHH
x O | } 1 T T 1
4130 EHHHH
[23 11 1
3,% T ma mEna; T
= 2000 LIAMPERESH(T
2| T A mmmmy
i ] N EEESEmaS 200 —Ves
% 10 . e -H000 sacs-izacs
< -
g T S INPUT PULSE:
Tt P H T tr < 3 nsec REP. RATE = 120 CPS
50 100 150 200 < -
TURN-ON BASE MILLIAMPERES (Ig,) tf 10 nsec PULSE WIDTH = 300 psec
92512458 Fig. 8
Fig.7
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TYPICAL SATURATED-SWITCHING CHARACTERISTICS AND TEST CIRCUIT

NN

COMMON-EMITTER CIRCUIT, BASE INPUT.
COLLECTOR MILLIAMPERES' (1C)= 00
FREE-AIR_TEMPERATURE (TFI% 25°

| T T
T

T
1T
Tt
100

[
|||v
AT 1
T
T
T

TITT

T
T
T

T
T
T
T
T

1s] OR
ANGSECoNDS

=N
T
1
T
T
1
T

Fy

FALL TiME (1,
™
Q

| INE RN TITTTT H
o 100 200
TURN—OFF BASE MlLLlAMPEREs 18. =Ig,

WAVE FORMS FOR SATURATED SWITCH CIRCUIT

ON
~90%

0% TIME

COLLECTOR
CURRENT

ta "r

TIME:
OUTPUT WAVE FORM

g
i
B

—>
_4 "TURN-OFF "
TIME
|
!
|

|
1
|
* |
|
|

TIME

—+-
!
INPUT WAVE FORM

BASE
CURRENT

—
-
@
~

92CS-12460
92Cs-12459 gy = 100 ma |ty 40 nsec
Fig.9 g, =-100 ma [ty = 750 nsec
Ic =1 amp
Fig.10
COWON_ETTIER CIRCUIT, BASE INPUT. COMMON~EMITTER CIRCUIT, BASE INPUT
ES R e H FREE-AIR TEMPERATURE (Trp) = 25° C
Eb R H T .
z S H R
2 il S
53 ool HH
53 HTH —_
RN £ g
5] Eie 2
el Y astasaaas: e
1 Z 0.4 ] I
&5 0. e E o
W T =
&2 i 3 s
e5 ESisa et HHH fiEs S f
&8 o T # 2 o aEE:
w EEE: & 0% s
3 43 - 3 e j :
R EEs L H | 07| Esu et Hi T HH
o 200 400 600 800 1000
COLLECTOR MILLIAMPERES (Ic] COLLECTOR MILLIAMPERES (Ic)
Fig.11 92Cs 12461 Fig.12 92¢s-12451
PULSE-AMPLIFIER TEST CIRCUIT WAVE FORM FOR PULSE-AMPLIFIER TEST CIRCUIT
QUTPUT TO 70V
OSCILLOSCOPE
OUTPUT VOLTAGE
INPUT PULSE
5u_SEC.
tr<2n SEC. 2 20v
R3
Sis
o
¢ 92CS-12462
3 Fig.14
—) 082
~VeE Ve = +80v
woE, TERMINAL DIAGRAM
92Cs-12464 8
NOTE I: Vg ADJUSTED FOR Ig = 35 ma WITH NO INPUT.
Fig.13 LEAD 1-EMITTER
‘ LEAD 2- BASE
LEAD 3 —~ COLLECTOR,
3 C, CASE CASE



File No. 386

m@m RF Power Transistors

Solid Stat ‘ 2N3375 2N3553 2N3632
| e

Division 40665 40666

RCA 2N3632, 2N3553, 2N3375, 40665 and 40666 are SIHCUN N_P_N BVERLAY
epitaxial silicon n-p-ntransistors of the ‘““overlay’’ emitter
electrode construction. They are intended for use in
class A, B, and C amplifiers, frequency multipliers and
oscillators. The 2N3375, 2N3553, and 40666 are es- TRANSIST“RS

pecially intended for VHF-UHF applications while the

2N3632 and 40665 are designed for use in VHF circuits.
All the pins of the 2N3632 and 2N3375 are electri- For -
cally isolated from the case. In the 40665 and 40666 . Re i
(variants of types 2N3632 and 2N3375, respectively), VHF_““F S
the emitter is connected internally to the case. { i
|
Maximum Ratings, Absolute-Maximum Values: . Y | =
2N 3553 2N3375 2N3632 Apphcatm“s H gaf
40666 40665 Wz o
COLLECTOR-TO-BASE 2N3553 IN3632
VOLTAGE . ....... Vego 65 6 65 V 2N3375
COLLECTOR-TO-EMITTER 40666
VOLTAGE: 40665
With base open . . . .. Vego 40 40 0 Vv JEDEC T0-39 JEDEC T0-60
With Vgg = —15V .. Vcgy 65 65 65 V
EMITTER-TO-BASE ® High Power Output, Class-C Amplifier:
VOLTAGE........ VEBO 4 4 4 VvV
COLLECTOR CURRENT: TYPE | 400 MHz| 260 MHz | 175 MHz | 100 MHz
Peak .......... ... 1.0 15 30 A IN3632 )
Continuous. .. ..... Ic 0.33 0.5 10 A 40665 10WTyp. [ 13.5W Min.
TRANSISTOR
DISSIPATION .... Py 2N3553 25WTyp. | 25 W Min.
At case temperatures
upto250C ... ... ... 7.0 116 23 W ig‘gggs 3 W Min. 7.5 W Min.
At case temperature above 25© C. Derate linearly to O watts
at 200° C
TEMPERATURE RANGE:
Storage & Operating @ High Power Output, Oscillator:
(Junction) .. ........... 65 to 200 oc 2.5W (Typ.) at 500 MHz, (2N3375)
LEAD TEMPERATURE 1.5W (Typ.) at 500 MHz, (2N3553)
(During soldering): : ;
At distances=1/32 in. (.793 mm) from ® High Voltage Ratings
insulating wafer (TO-60 ® Internally Grounded Emitter Types (40665 and 40666)
package) or from seating available.
plane (TO-39 package)
for 10 smax ...... 230 oc
TERMINAL DIAGRAMS For Types For Types
For Type 2N3553 2N3632 & 2N3375 40665 & 40666
(Bottom View) (Top View) (Top View)
FIN 1- EMITTER PIN 1 - EMITTER, CASE
LEAD 1- EMITTER PIN 2 - BASE PIN 2 - BASE
LEAD 2 - BASE PIN 3 - COLLECTOR PIN 3 - COLLECTOR
LEAD 3 - COLLECTOR, CASE STUD - NO CONNECTION STUD - EMITTER
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2N3375, 2N3553, 2N3632, 40665, 40666 File No. 386
ELECTRICAL CHARACTERISTICS: At Case Temperature (Te)= 25°C

TEST CONDITIONS LIMITS
DC DC DC 40665 40666
Characteristic Symbol Collector| Base Current 2N3632 | 2N3553 | 2N3375 |Units
Volts | Volts| {Milliamperes)
Ves|Vee|VBe [ e | B Ic Min. [Max. (Min. [Max.|Min. [Max.
Collector-Cutoff Current Iceo 30 0 - [025]- 01 |- JO.1 [mA
Collector-to-Base
Breakdown Voltage VisRICBO 0 0.1 R N R R 65| -
0 0.3 - - |65 - - - v
0 0.5 65 | - - - - -
Collector-to-Emitter V(BR)CEO 0 [0to2002 |a0b |- faob | . | aob] . |v
Breakdown Voltage V(BRICEV ~15 0 to 2002 |65P 650 65Y
Emitter-to-Base \ 0.1 0 - - 4 - 40 - v
Breakdown Voltage (BR)EBO 0.25 1] 4 |- - - - -
Collector-to-Emitter Vcelsat) 100 | 500 - 1 - - - 1y
Saturation Voltage 50 250 - - - 1 - -
Collector-to-Base Capacitance C, A -
Measured at 1 MHz obo 30 0 I AL N AL
RF Power Output
Amplifier, Unneutralized
At 100 MHz (See Fig. 24) 28 - B - 7.5€
175 MHz (See Fig.22 | p 28 1354 - 259 .
&27) OE w
260 MHz (See Fig.21, 28 10f (typ.
23, & 28)
400 MHz (See Fig. 25) 28 - - - . 3d
Gain-Bandwidth Product fr 28 100 - - 1500 (typ.) | - - |MHz
28 150 400 (typ.) | . 500 (typ.)
Base-Spreading Resistance
Measured at 100 MHz 28 G0 - - 12.0 (typ.)
200 MHz b’ 28 250 6.5 (typ.) | - - - - |ohms
400 MHz 28 250 - - 10.0 (typ.),
2Puised through an inductor (25 mH); duty factor = 50%. € For Pg = 3.5 W; minimum efficiency = 70%.
DMeasured at a current where the breakdown voltage is f For Pyg = 3.0 W; typical efficiency = 60%.
& minimum. gFor P\g = 1/4 W; minimum efficiency = 50%.
CFor PiE = 1.0W; minimum efficiency = 65%.
dFor P = 1.0 W; minimum efficiency = 40%.
COLLECTOR SUPPLY VOLTS (Vc() = 28 COLLECTOR SUPPLY VOLTS (Vgc) = 28
CASE TEMPERATURE (T¢) = 25° C CASE TEMPERATURE (T¢) = 25° C
40| 10]
- ]
- 20 [~ [~

[P S - -

5 —; — w ~l_ 2.0
< T %O S R ’”m ~ ~5
P o — . = WATT M~ I~
e 0 ~— (<P S (pl ) - Lo

8 g% 0,
3 Civegy 2 $ S Tloos
5 ATyt /.83 [ I
o St T 2 L
Ie)s -0 = ™~
2 Os 2
° N 1 52
w W
@ @
i ]
50 60 80 100 200 300 100 200 300 400
FREQUENCY (f) — MHz FREQUENCY (f) —MHz 92Cs-1257IRI
92Cs-12829R1

Fig.1 - Power output vs frequency for 2N3632 & 40665  Fig.2 - Power output vs frequency for 2N3375 & 40666
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File No. 386 2N3375, 2N 3553, 2N3632, 40665, 40666

o SUPPLY VOLTS (Voo) = COLLECTOR SUPPLY VOLTS (Vcc) = 28
| COLLECTOR SUPPLY VOLTS ( cc! =28 CASE TEMPERATURE (Tg) = 25° C
10[CASE TEMPERATURE (Tg)=25° C 55
Ed
\ | 7 I
w 8 -
&£ \ £ —
< = 500
o Q
= 2
5 s 1 8
.;. g 400
£ N | |E
3 ¢ KR NPUT WATT H
g (Pig) =05 Z 300
S~ $
22— ‘ < 375 < z
0.25 N ©
) \ 010 200
50 75 100 150 200 250 300 350 400 ) 50 100 150 200 250 300
FREQUENCY (f)—MHz . COLLECTOR MILLIAMPERES (I¢c)
925 -22858 92C5-12830RI
Fig.3 - Power output vs frequency for type 2N3553 Fig.4 - Gain-bandwidth product vs collector current for

types 2N3632 & 40665

LLECTOR Y
COLLECTOR SUPPLY VOLTS (V) = 28 by ,;3,,52‘;1"5;5(",‘31522’.0&’ *28
CASE TEMPERATURE (Tc)=26° C £ 1000
H
| 90
ge00 < 800)
L v
£ 500] S 700]
= °
Q o
2 [4
£ 600
g 400 = 1
4
T 2 500
5 z N
2 z
2 30 <
I D 4
H z
F 1
< o
o
300
200 20 36 60 80 100 200 200
0 0 100 150 200 250 300 COLLECTOR MILLIAMPERES (1)
COLLECTOR MILLIAMPERES (1¢) S2C5-12569R1 s255- 4112
Fig.5 - Gain-bandwidth product vs collector current for  Fig.6 - Gain-bandwidth product vs collector current
types 2N3375 & 40666 for 2N3553
COLLECTOR SUPPLY VOLTS (Vo) =28 ‘ COLLECTOR SUPPLY VOLTS (Ve =28
CASE TEMPERATURE (T(C)= 25° C CASE TEMPERATURE (Tg) = 25°C '
1 * l
" I—— .
o u
N C /7 % 4 \L 100
I \ 2 0l —
g2 | NI~ Ve £z 150820
=9 N ) ol 200
a,‘. NG TN > L
5% 10 S22
‘6-5» \\\__/ o ;:E "L"V
& 5 .
e u % o LecTOho 58
< N o cOM! M?“R
° a VN
8| 10} W g
2 N | | o 2
! o 2
w L COLLECTOR _ \«02/ | ]
] MILLIAMPERES(ES =
6 8 2 3 4
L 7
w 70 100 : ’ * 500 o e eFQREK;c\)JENCY () — MHz 50
FREQUENCY (f)— MHz 92C5-12843RI 92CS-12573R1
Fig.7 - Series input resistance vs frequency for Fig.8 - Series input resistance vs frequency for
type 2N3632 type 2N3375
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2N3375, 2N3553, 2N3632, 40665, 40666

File No. 386

COLLECTOR SUPPLY VOLTS (V, C’ =28 COLLECTOR SUPPLY VOLTS (VCC) =28
CASE TEMPERATURE (Yc)=25° 8 CASE TEMPERATURE (Tg)=25°¢C
‘ l
w
] 2 10
I ™~ 100 g
o W 8
w 12] T a
s | y=25 z
o2 COLLECTOR MILLIAMPERES (I¢ 52 g
23 | B
. | 4
w.® %‘u
oF EE
a ] ‘},-é 2|
£ £
>
2 ° E o COLLECTO
& 2
@ 2 5|
=
0 -4
5 7 8 3 4 7 8 9 3 4
40 100 500 40 100 500
FREQUENCY () — MHz FREQUENCY (f) — MHz
92CS-12732RI 92CS~1284IRI

Fig.9 - Series input resistance vs frequency for 2N3553

COLLECTOR SUPPLY VOLTS (Vo) = 28
CASE_TEMPERATURE () - 25°C
5
4 i2s /
H
g A4
: < /]
52 75 N 7 A
I
X WS
: l 5 LA /
O~ \4
& £ \A\\'\—‘h 0 //
£,
g™ co .LELC,_T 2 0
E o 00
< I —
z 1 L 50
2 25 =
E =
-5
30 100 500
FREQUENCY () — MHz ozcs-1287280

Fig.11 - Series input reactance vs frequency for 2N3375

COLLECTOR SUPPLY VOLTS (VCC) =28
CASE TEMPERATURE (Tg) = 25° ¢
0]
e
\le

we 30 o
83 N %
i ] My
Ea 4/4,1,
28 N Pe,
0 )?5
&2 20 S(zg
Sa C. =50
o1

>
g3 F~——250
20
°= 10

0 8 2
40 s 100 500
FREQUENCY (f) — MHz 92¢s-12832R!

Fig.13 - Parallel output capacitance vs frequency
for 2N3632

52

Fig.10 - Series input reactance vs frequency for 2N3632

COLLECTOR SUPPLY VOLTS (Veg) =28
CASE TEMPERATURE (T¢)=25° C

uw
Q
z
a
g 8 ,\Uo
e 5
5% & Y-
g0 <2
L <&
s 2 \’\V“‘V
EE N
aH o®
> \
g 9 S
z -
g 1
-4
2
40 100 500

FREQUENCY (f)— MHz
92CS-12733RI

Fig.12 - Series input reactance vs frequency for 2N3553

COLLECTOR SUPPLY VOLTS (Vccl =28
CASE TEMPERATURE (T¢):25° C

25

20—\
wen
29 9%
S {g
5 ),
o '5 0,
5“:&’ M’LLIAM
ol PERES(1c)=50 |
] 250 | [
3e

5

Jo)

40 100 500

FREQUENCY (f)— MHz 92CS-12576R1

Fig.14 - Parallel output capacitance vs frequency
for 2N3375
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2N3375, 2N3553, 2N 3632, 40665, 40666

COLLECTOR SUPPLY VOLTS (Ve ) =28
CASE TEMPERATURE (T¢)=25° C

N
o

\ 004

[
.
)
Y

OUTPUT CAPACITANCE
(Cobo) —PICOFARADS
5
/e
~
&
2
F

(lc);‘ 5

5
|
|

40 100 500

FREQUENCY (f)— MHz
92CS-12737RI

Fig.15 - Parallel output capacitance vs frequency

COLLECTOR SUPPLY VOLTS (V) =28
CASE TEMPERATURE (T¢) = 25° C
300

2 )
[ <
55 (0
a (3
Z | 200 2
2~ O,
oy \ <
e &
o% <
& <)
xS A,
s &
aw N B,
32 100 Sty
3 c/s

§ 2

z 33

0
\\
0]
40 100 4 500

FREQUENCY (f)— MHz
92CS-12840R2

Fig.16 - Parallel output resistance vs frequency

for 2N3553
COLLECTOR SUPPLY VOLTS (Vo) =28
CASE TEMPERATURE (Tc)=25° C
5

S

€ 400 ‘Po
[ o8
?—| ~ /o0 <
3ay a8, (/4
w2 %0 e,

= 50 Ao,
e S
= 7
&y 200 A
Prd
] o
=y

£ 100

o
40 4 s00

100
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92Cs-12574RI

Fig.17 - Parallel output resistance vs frequency
for 2N3375

for 2N3632
COLLECTOR SUPPLY VOLTS (Vg ) =28
CASE TEMPERATURE (T¢)=25° C
500 ‘

240 N (S
X V 0,

© <
2l $e
5 300 %
o N
S ¢ N @
Es N\
& 20 N 47»&?

]
.—;g w\e\? o
8 N 25

Y =

B
0 |1
9
30 100 3 500
FREQUENCY () — MHz seLsaesR

Fig.18 - Parallel output resistance vs frequency
for 2N3553

FREQUENCY {f} = IMHz 1
CASE TEMPERATURE (Tg)= 25°C

E)

]

»n

)

COLLECTOR-TO-BASE CAPACITANCE (Cobo)
—PICOFARADS

20 30 40 50 _ 60 70
COLLECTOR-TO-BASE VOLTS (Vcg)
92LS-1474R|
Fig.19. Collector-to-base capacitance vs collector-to-
base voltage for types 2N3632 & 40665

om

Y(f) = IMHZ
ASE TEMPERATURE (T¢)=25° C
15| I

5

— PICOFARADS

COLLECTOR-TO-BASE CAPACITANCE (Copo!

20 30 40 50 60 70
COLLECTOR-TO-BASE VOLTS (Vcg)

92Cs-12738RI
Fig.20 - Collector-to-base capacitance vs collector-to-

base voltage for 2N3553

53



2N3375, 2N3553, 2N3632, 40665, 40666

File No. 386

Pout
2| =50 OHMS

PIN
2G=50 OHMS

+Vgce28

92C5-12825R

#* Emitter in type 40665 is connected internally to case.

Cq: 3-35 pF Lg: Ferrite choke, Z = 450 ohms
Cy. C7: 8-60 pF L4: RF choke, 0.47 uH
Cz, Cg: 0.005 uF, Lg: 3-1/2 turns No. 16 wire,
disc ceramic 1/4in. ID, 7/16 in. long
C4: 1000 pF Lg: 1 turn No. 16 wire,
Cg: 1.5-20 pF 1/4 in. ID, 3/8 in. long

Lq: 3 turns No. 18 wire, Rq: 50 ohms
1/4in. 1D, 1/4 in. long

Lp: 3/16 in. wide copper
strip, 3/8 in. long

Fig.21 - 260 MHz amplifier test circuit for measurement
of power output for 2N3632 & 40665

= +Vce

92CS-12568R1

#* Emitter in type 40666 is connected internally to case.

05 and Ry: are not used for 40666 test
Cq:2.25 pF
Cy. C3, Cy: 4-40 pF
Cg: 50 pF, disc ceramic
Cg: 1500 pF
C7: 0.005 uF, disc ceramic
L4: 1 turn No. 16 wire, 1/4 in. ID, 1/8 in. long
Lo: Ferrite choke, Z = 450 (+20%) ohms
L3: 0.47-uH choke
L4: 2 turns No. 16 wire, 3/8 in. ID, 7/16 in. long
Ry: 1.35 ohms, non-inductive

Fig.23 - 260 MHz amplifier test circuit for measurement

of power output for 2N3375 & 40666

54

C3

Pin
2250 OHMS Pour

2| =50 OHMS

92LS~1472RI

* Emitter in type 40665 is connected internally to case.

Cq. Cg, C3, C4: 7-100 pF
Cg: 1000 pF
Cg: 0.01 uF, disc ceramic
Lq: 1.5 turns No. 16 wire, 3/16 in. ID, 5/16 in. long
L2: Ferrite choke, Z = 450 ohms
L3: 1 turn No. 16 wire, 1/4 in. ID, 3/8 in. long
L4: 2 turns No. 16 wire, 1/4 in. ID, 1/4 in. long

Fig.22 - 175 MHz amplifier test circuit for measurement
of power output for 2N3632 & 40665

TYPE
2N3375

PiN
2G=50 OHMS

Pout
2| =50 OHMS

+ Ve 28

92LS-1473RI

% Emitter in type 40666 is connected internally to case.

Cq. Cg, C3, C4: 7-100 pF
Cg: 0.005 uF, disc ceramic
CG: 1000 pF
C7: 0.01 uF, disc ceramic
L4: 2 turns No. 16 wire, 3/8 in. ID, 3/4 in. long
Lo, L3: 1.5 uH choke
Lg4: 7 turns No. 16 wire, 3/8 in. ID, 1 in. long
R4: 1000 ohms

Fig.24 - 100 MHz amplifier test circuit for measurement

of power output for 2N3375 & 40666
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92CS-12566R2

% Emitter in type 40666 is connected internally to case.

Fig.25 - 400 MHz amplifier test circuit for measurement
of power output for 2N3375 & 40666

For 50-MHz Operation:
Cq. Co: 24-200 pF

Ca: 32:250 pF

Cy: 7-100 pF

Cg: 1800 pF,
disc ceramic
2000 pF
0.01 pF,
disc ceramic

Ce:
Cq:

For 175 MHz Operation:

Cq:
Cy:
C3:
Cy:
Cg:

2-25 pF
4-40 pF
1.5-20 pF
1.5-20 pF
100 pF,
disc ceramic
2000 pF
0.01 uF,
disc ceramic

Ce:
Cy:

TYPE
2N3553

C7I
= 92CS-12739R2

+Vee

Ly

Lo:
La:
Lyt
Ryq:
Ly:

Lot
La:

Lg:

Ry

: 5 turns No. 16 wire,

1/4 in. 1D, 1/2 in. long
Ferrite choke, Z = 450 ohms
7-uH choke

coil form (slug-tuned),
1-1/8 in. long

1.35 ohms, non-inductive

1-1/2 turns No. 16 wire,
5/16 in. 1D, 1/2 in. long
Ferrite choke, Z = 750 ohms
4 turns No. 16 wire,

5/16 in. 1D, 1 in. long

7 turns No. 16 wire,

5/16 in. ID, 1-1/8 in. long

: 1.35 ohms, non-inductive

Fig.27 - Amplifier circuit for measurement of power out-
put for 2N3553 at 50 and 175 MHz

(0.15 W)

(25-30W)

92CS-12826R!

Fig.29 - Typical 175 MHz amplifier chain for Pog of
25 to 30 watts

6 turns No. 20 wire on 3/8 in.

+Vge=28 V
O

2N3375, 2N3553, 2N3632, 40665, 40666

o)
~Vgg=0-20 V

92CS-1274IR2

* Collector in type 2N3553 is internally connected to the case.

Fig.26 - 500 MHz oscillator circuit for measurement of
power output for 2N3553 & 2N3375

C1.Cq
C2.C3

Cq:

L

-

Ly:

L

Lg:

Lg:

.

+Vcc=28

92C$-12740R2

: 1520 pF

: 3-35 pF

: 1,000 pF

0.005 pF,

disc ceramic

: 4 turns No. 16 wire,
3/8 in. ID, 3/8 in. long
3/16 in. wide copper
strip, 7/16 in. long
Ferrite choke,

Z = 450 ohms

1/2 turn 3/16 in. wide
copper strip, 1/4 in. 1D
2 turns 3/16 in. wide
copper strip, 1/4 in. 1D,
1/2 in. long

Fig.28 - 260 MHz amplifier circuit for measurement of power
output for 2N3553

©1w)

(3w)
(ow)

92CS-12827R}

Fig.30 - Typical 260 MHz amplifier chain for Pog of

10 watts
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File No. 77

NG

RF Power Transistors

giol'idi State
vision
2N3478
og For VHF/UHF Applications
iy " in Industrial and Commercial Equipment
[ :. Features: ® high unneuvtralized power gain
A ® high gain-bandwidth product — Gpe = 11.5dB min. at 200MHz
fr = 900MHz typ. ® hermetically sealed four-lead package
b L": “°5i:°Bﬁ9'"° TOMH ® all active elements insulated from case
= . at
4.5";7:‘0:. at 20(“:"1 ® low collector-to-base feedback
JEDEC TO-72 H-1209 2.5dB typ. at 60MHz capacitance, C. 0.7 pF max.
RCA-2N3478 is an epitaxial planar transistor of I
the silicon n-p-n type with characteristics which make
it extremely useful as a general purpose rf amplifier H H
at frequencies up to 470MHz. These characteristics z
include an exceptionally low noise figure at high fre- E H
quencies, low leakage current, and a high gain-band- ,;g,g_,, H H
width product. %’.q. H
The 2N3478 utilizes a hermetically sealed four Bz
lead package in which active elements of the transistor 25
are insulated from the case. The case may be grounded 2|
by means of a fourth lead in applications requiring mini~ g:—
mum feedback capacitance, shielding of the device, §"
or both. H
H
-100 - 150 200

Maximum Ratings, Absolute-Maximum Values:

50 [
AMBIENT TEMPERATURE (Tp) —*C [——
Fig.1 - Rating chart for type 2N3478

Collector-to-Base Voltage, VCBO: + v vttt 30 max. \4 . S
- i HE N-| IRCUIT, PUT; T
Collector-to-Emitter Voltage, VCEO ,,,,, 15 max. \"2 ché'u:fgxi%rgg%ﬁmmész INPUT
Emitter-to-Base Voltage, VEBO:+++cvvnnrs 2 max. v E AMBIENT ~TEMPERATURE (T5) = 25°C i
Collector Current, I, . ........... limited by dissipation 'il i i
Transistor Dissipation, PT; .-JE i
at ambient up to 25°C .. ..... 200 max. mW 332
Cd <l T |
temperatures § above 25°C.............. See Fig. 1 é;é J H
322
Temperature Range: §§E t H
Storage and Operating (Junction) =65 to 200 oc '5’:_‘;§ !
824G 6
Lead Temperature (During Soldering): g%g
At distances not closer than 5;"‘ . H
1/32" to seating surface for §g H
10 seconds maX.. ... ovovvu.. ... 265 max. °c o H
2|
o 4 8 0
COLLECTOR MILLIAMPERES Ie)
92cs-12756R2
Fig. 2-Typical small-signal beta characteristics
for type 2N3478
9-74
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2N3478

ELECTRICAL CHARACTERISTICS, At an Ambient Temperature (T4) of 250C

TEST CONDITIONS LIMITS
DC DC
Collector-|Collector-| DC DC
Frequency| to-Base |[to-Emitter Emitter | Collector Type
Characteristics Symbols Voltage | Voltage | Current Current 2N3478 Units
Ves VcE 'e Ic
MHz v v mA mA Min. | Typ. | Max
Collector-Cutoff Current IcBO 1 0 - - 10.02] uA
Collector-to-Base BVcgo 0 0.001 30 - - \
Breakdown Voltage
Collector-to-Emitter BVcEO 0.001 15 - - v
Breakdown Voltage
Emitter-to-Base BVEBo -0.001 0 2 - - v
Breakdown Voltage
Static Forward-Current hpg 8 2 25 - 150
Transfer Ratio
Magnitude of Small-Signal
Forward-Current hiea 100 8 2 7.5 9 16
Transfer Ratio
b
Collector-to-Base Ceb 1 10 0 - - 1 pF
Feedback Capacitance
Small-Signal, Common-Emitter
Power Gain in Unneutralized Gpe" 200 8 2 11.5 - 17 dB
Amplifier Circuit (See Fig. 3)
Small-Signal, Common-Emitter
Power Gain in Neutralized Gpal, € 470 6 1.5 - 12 - dB
pe
Amplifier Circuit
UHF Noise Figure NF® ¢ 470 6 1.5 - 5 - dB
VHF Noise Figure (See Fig. 3) NF@ 200 8 2 - 4.5 dB
NFo. d 60 8 1 - | 25| - | 4B
9 Fourth lead (case) grounded. €Source Resistance, Rg = 50ohms.
bCCb is a three terminal measurement of the collector-to-base capacitance dSource Resistance, Rg = 400 ohms.
with the emitter and case connected to the guard terminal.
Cy, C4 = 510pF
Cg, C7 = 2300pF
Cy, C5 = 2-25pF
Cg = 10pF
Ry = 2000 ohms
Q = 2N3478
Ly = % Tum #14 Formvar® center
tapped
Lengd\l,ll = 2inches
Lg = Y% Turn # 14 Formvar.
Length2,l2 = 1% inches
Lg = 1 #H RF choke

92CS-12753

Rg=

Source (Generator) Resistance
50 ohms

Load Resistance Ry = 50 ohms

® Trademark, Shawindian Products Corporation.

Fig. 3-200MHz power gain and noise figure test circuit for type 2N3478
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2N3478
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Fig. 7-Reverse transadmittance (yre)

COLLECTOR MILLIAMPERES (I¢)
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m@m RF Power Transistors

Solid State
Division

2N3733

10-W, 400-Mc Silicon N-P-N
Overlay Transistor

For Large-Signal, High-Power
VHF/UHF Applications

Features:

= High power output, unneutralized Class C amplifier:
at 400 Mc 10 W min.
at 260 Mc 14.5 W typ.

= High voltage ratings:
Vego = 65 V max.
Veev = 65 V max.

JEDEC TO-60 [En

Vceo = 40 V max.
RCA-2N3733 is an epitaxial silicon n-p-n planar transistor = 100 per cent tested to assure freedom from second
intended for class A, B, and C amplifier, frequency- breakdown for operation in Class A applications
multiplier, or oscillator operation. The 2N3733 was de-
veloped for vhf/uhf applications. m Low thermal resistance
The transistor employs the overlay concept in emitter-
electrode design - an emitter electrode consisting of many a photo-etching technique. This arrangement provides the
microscopic areas connected by a diffused-grid structure and very high emitter-periphery-to-emitter-area ratio required for
an overlay of metal applied on the silicon wafer by means of high efficiency at high frequencies.

MAXIMUM RATINGS, Absolute-Maximum Values:

*COLLECTOR-TO-BASEVOLTAGE . .. .. -nvvvmvrre oo VcBeo 65 \
COLLECTOR-TO-EMITTER VOLTAGE:
With base-emitter junction reverse-biased (Vgg =-1.5 Voo Veew 65 Y
FWWith DaSE OPEN . . oo e oo e e VeEo 40 \Y
*EMITTER-TO-BASE VOLTAGE | . ... ... . .. VEBO 4 \Y
*COLLECTOR CURRENT:
CONEINUOUS . .\ ittt e ae e nie e Ic 1 A
PEAK  + v e 3 A
*CONTINUOUS BASE CURRENT ... ..o g 1 A
*TRANSISTOR DISSIPATION: Pt
At case temperatures up t0 25°C L ... 23 w
At case temperatures above 25%C s Derate linearly to 0 watts at
200°C
*TEMPERATURE RANGE: o
Storage and operating (JUNCLION) . .. .. oo -65 to 200 c
*LEAD TEMPERATURE (During soldering):
At distances = 1/32 in. (0.8 mm) from insulating wafer for 10 s max.. . 230 °c

*In accordance with JEDEC registration data

8-72
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2N3733 - File No. 72

ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C unless otherwise specified

TEST CONDITIONS
VOLTAGE CURRENT
CHARACTERISTIC SYMBOL Vdc mA dc LIMITS UNITS

Ve | Vee | VBe | e |1 Ic MIN.|MAX.

*

Collector Cutoff Current:

With base open Iceo 30 0 - 10.25
ith base-emitter junc-
::)T'n re::rsebiasedl Icev 65 -15 - 5 mA
At Tg = 200°C 30 15 " 0
With emitter open IcBo 65 - 0.5
* |Emitter Cutoff Current IEBO -4 - [0.25 mA
Collector-to-Base
Breakdown Voltage V(BR)CBO 0 05 65 - \'

Collector-to-Emitter
Breakdown Voltage:

With base-emitter junc- V(BR)CEV 15 0to 2008 | 65**] - v
tion reverse-biased

Emitter-to-Base
Breakdown Voltage

Collector-to-Emitter
Sustaining Voltage: Vceo(sus) 0 200 40 |-
With base open

V(BR)EBO 0.25 0 4 |- \%

With external base-to- v
emitter resistance VcER(sus) 200 40 -
(Rgg) =100 2
* |DC Forward Current L 5 1 5 I-
Transfer Ratio “FE 5 0.25 10 |150
* | Collector-to-Emitter
Saturation Voltage Veelsat) : 200 1000 - ! v
* | Base-Emitter Voltage VBE 5 1000 - 1.5
Magnitude of Common-
Emitter, Small-Signal, 28 250 25% |-
Short-Circuit Forward I hgel
Current Transfer Ratio 28 250 4.0 (typ.)
(f = 100 Mc)
* | Collector-to-Base Capacitance _
(F=0.1to 1 Mc) Cob 28 250 25 pF
* | Available Amplifier Signal
Input Power P _ 4 w
P, =10W,ZG =50, !
f= 400 Mc
* |Collector Circuit Efficiency
Po=10W, Zg=50%, nc 45 |- %
=400 Mc
Base-Spreading Resistance
|
Measured at 200 Mc bb 28 250 65 (typ.) | Q
Collector-to-Case Capacitance C, - 6 pF
Thermal Resistance B
(Junction-to-Case) F\'ch ] cw

®Pulsed through an inductor (25 mH); duty factor = 50%
**Measured at a currentwhere the breakd
'_ln accordance with JEDEC registration data

voltage is a
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COLLECTOR-TO-EMITTER vous (VCE) 28
CASE_TEMPERATURE (TC)=2
15]
o @
E B
T 12
by ™4
=l
3 4
S0 A % 3
5 e
a 9 /
= 4%
2
3 9» 2
[: 4 8 rp
uw A,
H s,
g7 4
w ))‘
&
s |
200 250 300 350 400 450 500 600 700. 800

FREQUENCY — Mc

Fig. 1—Power output vs. frequency.

92Cs ~13134

2N3733

COLLECTOR SUPPLY VOLTS (Vgg) =28
CASE TEMPERATURE (T¢) =25° C

—

700]

o
o
o

500

Ve

AN

30

GAIN—BANDWIDTH PRODUCT {f1)—MHz
3
<3

200

[ 50 100 150

200 250 300

COLLECTOR MILLIAMPERES (I¢)

92CS~12830RI

Fig. 2—Gain-bandwidth product vs. coilector

current.

COLLECTOR SUPPLY VOLTS (Vpc) =28 COLLECTOR SUPPLY VOLTS (Voc) =28
CASE TEMPERATURE (T¢)= 25° C CASE TEMPERATURE (T¢) = 25° C
w
w g ©
2 / 3 /
< w
g o oS 74 g s
g % \ N %0 2, IS
- 2 6
=9 (¢) 3 v
2l NN / =7 & Ao D
g2 5 ¢ A
£
wg ~N—— o % \
¢ o EE ‘A3 ®
- e 3E 2 o > ®°
g N o L
a % OLLE c10
a9 £ 0 C
< N 60 z |+
u ™N COLLECTOR /¥ e [
MILLIAMPERESZS : T =
6 T —4 b
40 °100 z 5% s00 40 100 ¢ 500
FREQUENCY (f)— MHz FREQUENCY (f)—MHz
92CS-12843RI 92Cs~1284IR1
Fig. 3—Series input resistance vs. frequency. Fig. 4—Series input reactance vs. frequency.
COLLECTOR SUPPLY VOLTS (V¢ ) =28 COLLECTOR SUPPLY VOLTS (V) =28
CASE TEMPERATURE (T¢) = 25° C CASE TEMPERATURE (Tg) = 25° C
20 300
%o, w L
e, I &
wa 30 N, 55
29 21 % My 2 | 200]
g 2~
] *<\>1 g 33 N 3
a9 Ry 5= Z
& o ST s I &,
32 C)=50 £< “u,
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54 aw N 6\4
a2 250 12 100 S
Eo a3 7
58 wo cls
°~ 10 w 50
L H 255 ~
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40 100 500 a0 100 4 500
FREQUENCY (f)— MHz FREQUENCY (f)— MHz
92s-12832R| 92C5-12840R2

Fig. 5—Output capacitance vs. frequency.

Fig. 6—Output resistance vs. frequency.
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FREQUENCY = I Mc .
CASE TEMPERATURE (Tg) = 25° C

TTT

H +Vge=28V

1T n O
3 39 H
e BIAS
8 b H !TE
§ 25 H Z,.=50
[~ YPE OHMS
88 N3T73:
320
] e
32 15 ] 1
21 =
&
E 10 =
5 -
g €),C2=78-17pF R}=0.56 ohm sacs-ismz
8 s I I
0 0 15 20 25 30 35 40
COLLECTOR-TO-BASE VOLTS (Vcg)
92Cs-12831
Fig. 7—Variation of col, to-base capaci- Fig. 8—RF amplifier circuit for power output test at 400 Me.

tance.

Pout
Ls C7  Ca (2 =50 OHMS)

Pin
(2g=50 OHMS)

+Vec=28V 92¢5-13139
Cq: 3-35 pF LS: Ferrite choke, Z = 450 ohms
C,.C4.Cg: 8-60 pF Lg: RF choke, 0.47 uH
C3.Cg: 0.005 uF, Lg: 3-1/2 turns No. 16 wire,
disc ceramic 1/4in. (6.35 mm) ID,
Cg: 1,000 pF 7/16in. (11.11 mm) long
Cg: 1.5-20 pF Lg: 1 turn No. 16 wire,

1/4in. (6.35 mm) ID,
3/8 in. (9.52 mm) long
H1: 50 ohms
Ry: 0.56 ohm

Lq: 3 turns No. 18 wire,
1/4in. (6.35 mm) ID,
1/4in. (6.35 mm) long

Ly: 3/16 in. (4.76 mm) wide
copper strip,

3/8 in. (9.52 mm) long

Fig. 9—RF amplifier circuit for power output test at 260 Mc.

TERMINAL CONNECTIONS
Pin No. 1 — Emitter
Pin No. 2 — Base
Pin No. 3— Collector
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NG

Solid State
Division

RF Power Transistors

2N3839

RCA-2N3839* is a double-diffused epitaxial planar
transistor of the silicon n-p-n type. It is extremely use-
ful in low-noise-amplifier, oscillator, and converter
applications at frequencies up to 500 MHz in the com-
mon-emitter configuration, and up to 1200 MHz, in the
common-base configuration.

The 2N3839 is mechanically and electrically like
the 2N2857, but has a substantially lower noise figure.

The 2N3839 utilizes a hermetically sealed four-
lead JEDEC TO-72 package. All active elements of
the transistor are insulated from the case, which may
be grounded by means of the fourth lead in appli-
cations requiring shielding of the device.

Maximum Ratings, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE, Vcpo - - 30 max. v
COLLECTOR-TO-EMITTER

VOLTAGE, VCEQ + -+ -+ [T 15 max v
EMITTER-TO-BASE VOLTAGE, VEBO- - - - - 2.5 max. V
COLLECTOR CURRENT, Ig .. ... ... 40 max. mA
TRANSISTOR DISSIPATION, Pr:

For operation with heat sink:

1 300 max. mW

At case up to 25°C . .
temperatures**i above 25°C
For operation at ambient temperatures:
At ambient wpto 25°C. . ...
temperatures {above 25°C
TEMPERATURE RANGE:
Storage and Operating (Junction)
LEAD TEMPERATURE (During Soldering):
At distances > 1/32 inch from seating

surface for 10 seconds max. . . . ..« ..+ - 265 max. °C
* Formerly Dev. No. TA-2363
** Measured at center of seating surface.
.
03-5
(NOTE 1) /] fe—NOTE 3 0.3-5
Yy 3 i
VIN | (NOTE 2) 590 Q ¢ Ca VOUT
o) o8 4

500
=
Rg=508 =
#1/2 TURN. No. 16 WIRE: LOCATED
1/4” FROM AND PARALLEL TO L2
500 1000
(*—:l RESISTANCE VALUES IN OHMS.
= _ L CAPACITANCE VALUES IN pF.
= Vge75V
EE
Q = 2N3839 +; 92¢5-14112

Fig.1 - Neutralized amplifier circuit used to measure
450-MHz power gain and noise figure for type 2N3839.

SILICON N-P-N :
EPITAXIAL PLANAR
TRANSISTOR

For Low-Noise UHF Applications
in Industrial and Military Equipment

FEATURES

® very low device noise figure —
NF =3.4 dB max. as 450-MHz amplifier

® high gain-bandwidth product —
f1 = 1000 MHz min.

® high converter (450-t0-30 MHz) gain —
Gc =15 dB typ. for circuit bandwidth of approximately
2 MHz

@ high power gain as neutralized amplifier —
Gpe = 12.5 dB min. at 450 MHz for circuit bandwidth
of 20 MHz

® high power output as UHF oscillator —
P, =30 mW min., 40 mW typ. ot 500 MHz
=20 mW typ. at 1 GHz

® low collector-to-base time constant —
' Ce =7 ps typ.

® low collector-to-base feedback capacitance —
Ceh -0.6 pF typ.

NOTE 1: (NEUTRALIZATION PROCEDURE): (A) CONNECT A
450-MHz ‘SIGNAL GENERATOR (WITH Rg = 50 OHMS) TO THE
INPUT TERMINALS OF THE AMPLIFIER‘ (B) CONNECT A
50-OHM RF VOLTMETER ACROSS THE OUTPUT TERMINALS OF
THE AMPLIFIER. (C) APPLY VEE, AND WITH THE SIGNAL
GENERATOR ADJUSTED FOR 5 mV GUTPUT FROM THE AMPLI-
FIER, TUNE Cj, C3, AND C4 FOR MAXIMUM OUTPUT. (D)INTER-
CHANGE THE CONNECTIONS TO THE SIGNAL GENERATOR AND
THE RF VOLTMETER. (E) WITH SUFFICIENT SIGNAL APPLIED
TO THE OUTPUT TERMINALS OF THE AMPLIFIER, ADJUST C2
FOR A MINIMUM INDICATION AT THE INPUT. (F) REPEAT

STEPS (A), (B), AND (C) TO DETERMINE IF RETUNING IS
NECESSARY.
NOTE 22 L & Lo—SILVER-PLATED BRASS ROD, 1-1/2"LONG

x 1/4"DIA. INSTALL AT LEAST 1/2"FROM NEAREST VERTICAL
CHASSIS SURFACE.

NOTE 3 EXTERNAL INTERLEAD SHIELD TO ISOLATE THE
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS.

10-66
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File No. 229

ELECTRICAL CHARACTERISTICS, At an Ambient Temperature, TA, of 259C, Unless Otherwise Specified

TEST CONDITIONS LIMITS
COLLI;%TOR COLLECTOR: EMIPI'('i'ER e be be
g 3 “|EMITTER| BASE |COLLECTOR TYPE .
CHARACTERISTICS | SyMBOL | FREQUENCY|  T0.BASE | TO-EMITTER | To-BASE CURRENT|CURRENT| CURRENT |  anigms  |UNITS
VOLTAGE | VOLTAGE |VOLTAGE
f Ves VeB i3 'B lc
MHz v v mA mA mA Min. | Typ. | Max.
Collector-Cutoff Current
Ta = 25°C | 15 0 - 10 nA
Tp = 1509C €8O 15 0 10| uA
Collector-to-Base BV 0 0.001 0] - - v
Breakdown Voltage €8O
Collector-to-Emitter BY, 0 3 15 v
Breakdown Voltage CEO
Emitter-to-Base BV 0.01 0 25 R v
Breakdown Voltage EBO
Static Forward Current- h 3 0] - | 150
Transfer Ratio FE
Small-Signal Forward h 0.001¢ 2 50 - 20
Current-Transfer Ratio fe 100¢ 5 0] -2
Collector-to-Base. Cyp | OltoLgb 10 0 - 06|10 pF
Feedback Capacitance ¢
Input Capacitance Cip 0.1t0 1.0 0.5 0 - | L4 - pF
Collector-to-Base , 19¢ 5 7115
Time Constant 'l [ 3 2 ! P
Small-Signal, Common-
Emitter Power Gain in < 15 e n | oan
Neutralized Amplifier Coe 0 - - e B
Circuit (See Fig.1)
Power Qutput as Oscillator 3 >5009 10 12 0 - -] mw
(See Fig 2) ° -
UHF Measured Noise Figure NF g50ed 15 - - 139 a8
(See Fig.1)
UHF Device Noise Figure NF 450df 15 -] - |34 aB
VHF Measured Noise Figure | NF 60¢-¢ 1 - 21 - dB

a

Lead No.4 (case) not connected.

3-terminal measurement with emi

terminal.

© Lead No.4 (case) grounded.
Generator resistance, Rg = 50 ohms.

~VEE

Q = 2N3839

tter and case connected to guard

3 TURNS No. 16
WIRE 3/8" 0.0,
x 1=1/8" LONG

CAPACITANCE VALUES IN pF.

92CS - 14111

€ Generator resistance, Rg = 400 ohms.

Device noise figure is approximately 0.5 dB lower than the meas--
sured noise figure. The difference is due to the insertion lossat
the input of the test circuit (0.25 dB) and the contribution of the
following stages in the test setup (0.25 dB).

Fig.2 . Oscillator circuit used to measure 500-MHz
power output for type 2N3839.



File No. 229 2N3839
COMMON-EMTTER CIRCUIT, BASE INPUT; = — — = AMBIENT TEMPERAmRE (Ta)
OQUTPUT SHORT-CIRCUI CASE TEMPERATURE (T¢)

_ | FREQUENCY () =I00MHz TT

% | AMBIENT TEMPERATURE (T)=25°C 3 T

£ | COLLECTOR-TO-EMITTER VOLTS (Vcg)=6 !

(=]
_=
35
gx
o5
%
<
FH
oE
Oy b
sz
EE o]
F3=1
S.U
zg N .
R

] N

1T
0 0 20 25 30 35 50 0 50 00 i50 200
COLLECTOR MILLIAMPERES (I¢) TEMPERATURE — °C
92CS- 14169 92CS-12483RI

Fig.3 - Small-Signal Beta Characteristic for Type 2N3839.

Fig.4 - Rating Chart for Type 2N3839.

TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF COLLECTOR CURRENT (i¢)

COMMO# EMITTER CIRCUIT BASE INPUT;

UT SHORT — CIRCU
; FREQUENCY (f)= 450 Mi

INPUT CONDUCTANCE (g;e) OR

SUSCEPTANCE (bje)—MILLIMHOS

I~ AMBIENT TEMPERATURE (TAl 25°C

COMMON — EMQTTER CIRCUIT INPUT

AMBIENT TEMPERATURE (Tp) = 2!

)=6TOIS

F.COLLECTOR-TO-EMITTER VOLTS (

N
o

&

3

MILLIMHOS
+

OUTPUT CONDUCTANCE (goe) OR

SUSCEPTANCE (boe)

i

2 4 8
COLLECTOR MILLIAMPERES (Ic)
92CS ~12150R)

Fig.5 - Input Admittance (yje).

o 2 4 6 8 0 12
COLLECTOR MILLIAMPERES (Ic)
92CS-12148RI

Fig.6 - Output Admittance (yoe)-

FORWARD TRANSFER CONDUCTANCE (g¢e) OR

SUSCEPTANCE (bfe)—MILLIMHOS

COMMON-EMITTER URCUIT,BASE INPUT;

COMMON — EMITTER CIRCUIT INPUT
SHORT — CIRCUIT]

OUTPUT SHORT~CIRCU T
FREQUENCY (1) =450
AMBIENT TEMPERATURE (Tp)=25°C
COLLECTOR-TO-EMITTER VOLTS (Vcg)=6 TOIS

n

o

N

T

FREQUENCY (f) = 450 MHz
AMBIENT TEMPERATURE (Tp) = 25° C

23

o

1
~

OR: SUSCEPTANCE (bre)— MILLIMHOS

REVERSE TRANSFER CONDUCTANCE (ge)

ot

2 4 8
COLLECTOR MILLIAMPERES (L¢)

92CS-12149R|

Fig.7 - Forward Transadmittance (yfe).

6
COLLECTOR MILLIAMPERES (Ic)

92CS-12154R2

Fig.8 - Reverse Transadmittance (y,e).
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TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF FREQUENCY (f)

COMMON-EMITTER CIRCUIT, BASE INPUT, COMMON—EMITTER CIRCUIT; INPUT
OUTPUT ~ SHORT~CIRCUITED. 22) " SHORT—CIRCUITED.
COLLECTOR-T TER VOLTS (Vce) =6 | COLLECTOR—TO—EMITTER.VOLTS (vg)=§
COLLECTOR MILLIAMPERES (I¢) =1.5 20/COLLECTOR MILLIAMPERES (Lg)=1.5 a
C: O
AMBIENT TEMPERATURE(Ty) < 25°C 8 |AMBIENT TEMPERATURE (Tp) = 25°C I
xt =
23 i :
T 2
2 b3
9 20 d
g T 3
o4
23 3 g
wE / 2 Y
21 4 W z2
E 2 12 Y, 219 =
ga 2 1
gy & c 2
g2, 8 AL s 8
£k / 3 A=
g %; bje - / 59 b X g
[ »
2 4 V4 E, = [ S 13
Jie 3 /"I’
o T o o
10 & 850 2 1000 10 100 1000
FREQUENCY (f) — MHz FREQUENCY (f)—MHz
92CS - 12I57RI 92CS~12156R2
Fig.9 - Input Admittance (yje). Fig.10 - Qutput Admittance
y S COMMON—EMITTER CIRCUIT; INPUT SHORT — CIRCUITED]
S T TER CIRCUIT, BASE INPUT;  [7i] COLLECTOR—TO—EMITTER VOLTS (Veg)=6
P COLLECTOR-TO-EMITTER VOLTS (Vgg) =6 COLLECTOR MILLIAMPERES (Ic)=1.5
S COLLECTOR MILLIAMPERES (Ic) 1.5 A T_TEMPERATURE (Tp) = 25° ¢
E] AMBIENT TEMPERATURE (Ta) = 25°C — | Ny i
2 $20 re ~Ire-TH
28 =z (L N
3 wZ N »
£ E
zZ5 Q
8% E ,L N
K 2%
g2 g A,
[ =2 ——t
gg B8 AN
iz 55 —A—— \
Fa zZe I
oy 203 | ]
£2 Eg |
i H -
[ €y _,
&
-aof: a | |
3 200 400 600 800 1
FREQUENCY (f) —MHz o FREQUENCY 14— Mz 1000
92CS ~12152R1 92CS—12I5IR3
Fig.11- Forward Transadmittance (yfe). Fig.12 - Reverse Transadmittance (yre).
TERMINAL CONNECTIONS

LEAD 1- EMITTER

LEAD 2- BASE

LEAD 3- COLLECTOR

LEAD 4 - CONNECTED TO
CASE



File No. 80

NG

Solid State
Division

RF Power Transistors

2N3866

Features

H-1381

JEDEC TO-39

MAXIMUM RATINGS, Absolute-Maximum Values:

* COLLECTOR-TO-BASE VOLTAGE. ..VcBO 55 A\
COLLECTOR-TO-EMITTER
VOLTAGE:
With external base-to-emitter
resistance (Rgg) =100 ......... VCER 55 A
*  With base open . 30 \
* EMITTER-TO-BASE VOLTAGE - -- - VEBO 35 \
* CONTINUOUS COLLECTOR
CURRENT ...ovvvnnensnnnnnnn 0.4 A
* CONTINUOUS BASE CURRENT 0.4 A
* TRANSISTOR DISSIPATION
At case temperature up to 25°C ... 5 w
At case temperatures above 25 Cc... See Fig. 4
* TEMPERATURE RANGE:
Storage & Operating (Junction). .. ... —65 to +200 ©C
* LEAD TEMPERATURE
At distances 2> 1/16 in. (1.58 mm)
from seating plane for 10 s max. .... 230 ocC
* |n accordance with JEDEC registration data format JS-6 RDF-3.
COLLECTOR SUPPLY VOLTAGE (Vcc) =28V
CASE TEMPERATURE (T¢) = 25°C
=
1
o
2
<
=
2
=
3
4
W
=
o
4
uw
o
06
100 200 400 600 800
FREQUENCY (f)— MHz
92CS-I3146RI

Fig. 1 - Power output vs. frequency

Silicon N-P-N Overlay Transistor

High-Gain Driver for VHF/UHF Applications
in Military and Industrial Communications Equipment

= High Power Gain, Unneutralized Class C Amplifier
1 W output at 400 MHz (10 dB gain)
1 W output at 250 MHz (15 dB gain)
1 W output at 175 MHz (17 dB gain)
1 W output at 100 MHz (20 dB gain)

= Low Output Capacitance
Cobo = 3 pF max.

RCA-2N3866 is an -epitaxial silicon n-p-n planar transistor
employing an advanced version of the RCA-developed
“overlay’’ emitter-electrode design. This electrode consists of
many isolated emitter sites connected together through the
use of a diffused-grid structure and a metal overlay which is
deposited on a silicon oxide insulating layer by means of a
photo-etching technique. This overlay design provides a very
high emitter periphery-to-emitter area ratio resulting in low
output capacitance, high rf current handling capability, and
substantially higher power gain.

The 2N3866 is intended for class-A, -B, or -C amplifier,
frequency-multiplier, or oscillator circuits: it may be used in
output, driver, or pre-driver stages in vhf and uhf equipment.

Pour
(=50 @)
Pin
(Zg=50 Q) C2
v /
L ce
+ €

L s2cs-13145
Cq: 3-35 pF
Cy, Cs: 8-60 pF
C3: 12 pF Vgg=-28V
Cg4: 1,000 pF, feedthrough
Cg: 0.9-7 pF

L3, L4: RF choke, 0.1 uH

Lg: 2-1/2 turns, No. 18 wire,
1/4" ID, 3/16" long

R1:6.62,1W

L1: 2 turns No. 18 wire,
1/4 1D, 1/8" long
Lo: Ferrite rf choke,
1 turn, Z = 45092

Fig. 2 - RF amplifier circuit for power output test (400-MHz
operation)

974
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2N 3866 File No. 80
ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 250C
STATIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Voltage Current LIMITS UNITS
V) (mA)
VCE VEB e |'Is | lc Min. | Max.
*[Collector-Cutoff Current:
Base-emitter junction reverse biased ICEX 55 1.5 — 0.1 mA
Tc =2000C 30 15 = 5
Base open ICEO 28 0 - 20 MA
*|Collector-to-Base Breakdown Voltage V(BR)CBO 0 0.1 55 - \"
*1Collector-to-Emitter Breakdown Voltage:
With base open V(BR)CEO 0 5 30 — v
With base connected to emitter through
10-0hm resistor V(BRICER 0 5 | 85 -
*|Emitter-to-Base Breakdown Volitage V(BR)EBO 0.1 0 35 — \
*|Emitter-Cutoff Current IEBO 35 - 0.1 mA
*|Collector-to-Emitter Saturation Voltage VcE(sat) 20 | 100 — 1.0 \'
*IDC Forward-Current h 5 360 5 -
Transfer Ratio FE 5 50 | 10 | 200
Thermal Resistance:
(Junction-to-Case) 8y.c - 35 oc/W
DYNAMIC
LIMITS
TEST & CONDITIONS SYMBOL | FREQUENCY UNITS
MHz MINIMUM_| MAXIMUM
Power Output (Voe = 28 V):
PlE=0.1W Poe 400 1.0 - VY
Large-Signal Common-Emitter Power Gain (V¢ = 28 V):
PlE=0.1W Gpg 400 10 - dB
*| Collector Efficiency (Vo = 28 V): o
PIE = 0.1 W, POE = 1 W,Source Impedance = 5092 c 400 45 B *
* Magnitude of Common-Emitter, Small Signal, Short-Circuit
Forward-Current Transfer Ratio |hte | 200 25 -
Ic=50mA, V=15V
*|Available Amplifier Signal Input Power, POE = 1 W, Source; .
Impedance = 5082 (See Fig. 2) Pi 400 B 0.1 w
*lc Base Output Capaci (ve=28V) Cobo 1 - 3 pF
*in with JEDEC data format JS-6 RDF-3
1000 CASE TEMPERATURE (T¢)s25°C
| —_
" = CoLLECTOR Thgm ~NY
- CTOR- 4
. A RN |E
2 ol 2 b1
° 23
& 1
£ ot
g s 3z,
H EH H
a ) HH
$#
z® '
g .
0 20 40 60 80 100 _‘,‘m ~50 ° 80 100 150 200
COLLECTOR CURRENT (I)—mA CASE TEMPERATURE—°C
92Cs- 13158 92C5—10446R2

Fig. 3 - Gain-bandwidth product vs. collector current
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File No. 80
7000 FREQUENCY (7 = THHz
8| CASE TEMPERATURE (Tc)= 100°C CASE TEMPERATURE (T¢) = 25° C
< 1c MAX. %8
< iy
I N 3
:0 HOT SPOT TEMPERATURE Y
= (T,g) = 200°C E
I =
z =
o 2
€ 100 1 k) \
o 8—NOTE: TJS IS DETERMINED BY V y 4 A
g e USE OF INFRARED - 3
2 SCANNING TECHNIQUE \ 8 ~
g g — |
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Fig. 5 - Safe area for dc operation Fig. 6 - Variation of coll -to-base cap
DESIGN DATA
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Fig. 7 - Typical S parameters vs. frequency
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COLLECTOR-TO-EMITTER VOLTAGE (Vcg) = 15 V COLLECTOR-TO-EMITTER VOLTAGE (VCE) = IS V
CASE TEMPERATURE (T¢) = 25°C CASE TEMPERATURE (T¢) » 25°C
s 6
a ¢ /)
3.
i 3 §\\ E 8
] \\ 8 o
z N zZ 4 AS)
g o g PRI
g 50 g o o CURRE! %
x e~ 5 & COLLE CcT
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Z 20 YRRE ;- P —
w {I¢)=100 mA w
B 5 -
w
15 -i2 :
50 100 4 s00 S0 100 500
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92CS-I13150RI 92CS-13ISIRI
Fig. 8 - Typical series input resistance vs. frequency Fig. 9 - Typical series input reactance vs. frequency
COLLECTOR=TO-EMITTER VOLTAGE (VcE) =I5V COLLECTOR-TO-EMITTER VOLTAGE (V) = ISV
CASE_TEMPERATURE (T¢) = 25°C CASE TEMPERATURE (T¢) = 25°C
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«© ['4
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Fig. 10 - Typical parallel output resistance vs. frequency Fig. 11 - Typical parallel output capacitance vs. frequency
TERMINAL CONNECTIONS
Lead 1 — Emitter
Lead 2 — Base

Lead 3 — Collector, Case
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File No. 90

RGN

Solid State
Division

RF Power Transistors

2N4012

Features

JEDEC TO-60

H1307

u Freedom from

High-Power Silicon N-P-N
Overlay Transistor

For Applications as a Frequency Multiplier
Into the UHF or L-Band Range

® 2.5 W output with 4 dB conversion gain (n_\in.) as tripler to 1 GHz
= 3 W output with 4.8 dB conversion gain (typ.) as doubler to 800 MHz
= High voltage ratings

d breakd

RCA-2N4012 is an epitaxial silicon n-p-n planar transistor of
the “overlay’”” emitter electrode construction. It is especially
designed to provide high power as a frequency multiplier into
the uhf, or L-band, frequency range for military and
industrial communications equipment.

Frequency multiplication — with power amplification — is
possible with the overlay structure because the variable
collector-to-base capacitance becomes the nonlinear element
of a harmonic generator. The collector-to-base capacitance
acts like a variable-capacitance diode, or varactor, in parallel
with the amplifier section of the transistor.

In the overlay structure, there are a number of individual
emitter sites which are all connected in parallel and used in

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE:

With baseopen ......... .. -VcEO 40 v

With Vgg =—15volts. ........ .. VCEV 65 \
COLLECTOR-TO-BASE VOLTAGE . Veeo 65 A\
EMITTER-TO-BASE VOLTAGE . .. VEBO 4 \
COLLECTOR CURRENT . . . ...... ic 15 A
TRANSISTOR DISSIPATION: PT

At case temperatures up to 25°C ... 11.6 w

At case temperatures above 25°C ... See Fig. 12
TEMPERATURE RANGE:

Storage & Operating (Junction) .. ... —65 to +200 °C
LEAD TEMPERATURE (During soldering):

At distances > 1/32 in. (0.8 mm) from

insulating wafer for 10 s max. .... 230 oc

conjunction with a single base and collector region. When
compared with other structures, this arrangement provides a
substantial increase in emitter periphery for higher current or
power, and a corresponding decrease in emitter and collector
areas for lower input and output capacitances. The overlay
structure thus offers greater power output, gain, efficiency,
and frequency capability.

The 2N4012 pellet is mounted in a JEDEC TO-60 package
electrically isolating all three electrodes from the case for
design flexibility and features low lead inductance and
thermal resistance. The heavy copper mounting stud provides
effective contact with a heat sink.

CASE TEMPERATURE (Tc) = 25°C f
CURVE A: DOUBLER £

CURVE B: TRIPLER
CURVE C: QUADRUPLER

T N

A

AT
T
O

P=as

HHH s

EEiEEs
0. 0.9 i ll. Lt 12 B
OUTPUT FREQUENCY (fouf) — Ge/!

92CS-13465

Fig. 1—Output power vs. output frequency
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2N4012 File No. 90
ELECTRICAL CHARACTERISTICS, Case Temperature = 250C
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector | Base Current LIMITS |UNITS
Volts Volts (Milliamperes)
VeB | Vee | VBE | IE I Ic Min. | Max.
Collector-Cutoff Current IcEO 30 0 - 101 |mA
Collector-to-Base Breakdown
Voltage BvcBo 0 0.1 65 | — |volts
Collector-to-Emitter BVcEO 0 0 to 2002 40b [ — Tvoits
Breakdown Voltage BVCEV -1.5 0 to 2002 65b [ — volts
Emitter-to-Base BVEBO 0.1 0 4 | — Jvolts
Breakdown Voltage
Collector-to-Emitter VcE(sat) 100 500 — 1 volt
Saturation Voltage
Collector-to-Base Capacitance Cob 30 Q — |10 | pF
(See Fig. 4)
RF Power Output
Tripler At 1002 Mc/s (See Fig. 2) PouT 28 2.5¢
Doubler At 800 Mc/s (See Fig. 3) 28 3.0d (typ.) | watts
Pulsed through an inductor (25 mH); duty factor = 50%. e Cutoff frequency is determined from Q measurement at 210 Mc/s.

Measured at a current where the

Q o T o

TRIPLER CIRCUIT FOR

breakdown voltage is a minimum.

For Py = 1.0 W; at 334 Mc/s; minimum collector efficiency = 25%.
For Py = 1.0 W; at 400 Mc/s; typical collector efficiency = 35%.

POWER OUTPUT TEST

INPUT FREQUENCY +28V
fin =334 Me/s
Cg=

——voE—-

| (:4—{ c7

I R 71

| L3gRFC2

Irec, L

I &

| Ly L4

: ce () 3(06

| IR [S=s

OUTPUT FREQUENCY
fouT= 1002 Mc/s
92C5-13442
Ci1= 09~ 7pF L3 = 2 turns, 3/8" diameter,
Cz= 1-10pF No. 18 wire
Lg = 1-1/2 turns, 3/8" diameter,

€3, C4. C5, Cg = 0.8 - 10 pF 1/16 copper strip
C7 = 1000 pF R = 27 ohms
08 = 02uF Output Cavity =1-1/4" x 1-1/4"
RFCy = 0.22uH X« 2-1/a"

RFC2 = 0.33 ohms, W.W. Resistor

L1 = 2 turns, 3/8" diameter,
No. 16 wire

Lp = 1/16" width copper strip,
3/8" tong

Center Conductor = 1/4" OD tube

Output direct couple = 1/2 from
shorted end

Fig. 2

72

The cutoff frequency of the collector-to-base junction of the trans-

istor, fc = Q x 210 Mc/s.

DOUBLE CIRCUIT FOR POWER OUTPUT TEST

INPUT FREQUENCY +28V
fiN =400Mc/s
cr =
= = 72 |ez=z
Ce
R Cq,
: < L3 gRFC2
:Rsc, L
1 Cs
I L2
L -
OUTPUT FREQUENCY
fouT=800Mc/s
92CS- 13443
Ci= 09~ 7pF Ly = 1/16" width copper strip,
Cp= 1-10pF 3/8" long
C3,C4,Cs5 = 0.8 — 10 pF L3 = 2 turns, 3/8" diameter,
No. 18 wire
Cg = 1000 pF
Output Cavity =1-1/4" x 1-1/4"
C7= 0.2uF utpu ity

RFCy = 0.22uH
RFC2 = 0.33 ohms, W.W. Resistor
= 2.7 ohms

Ly = 1 turn, 3/8" diameter,
No. 16 wire

Fig. 3

x 2-1/4"

Center Conductor = 1/4” OD tube
Output direct couple = 1/2" from

shorted end




File No. 90

COLLECTOR-TO-BASE CAPACITANCE vs.
COLLECTOR-TO-BASE VOLTAGE

2N4012

POWER OUTPUT vs. POWER INPUT

R —
_— TRIPLERCIRCUIT eac CURVE B: CIRCUIT TUNED AT 1=WATT
70| CURVE A: CIRCUIT RETU INPUT LEVEL ONLY.
w ° FREQUENCY = I Mc/s | NPUT POWER LEVEL. S
i CASE TEMPERATURE (T¢) =25°C 0 PR E2 22542 e T R s s e
L G 2 = & e
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= I o
¢ 59 N { H 8
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1620 ~ 30 40 50 60 9 o 0. 04 06 08 1.
COLLECTOR—TO—BASE  VOLTS (VcB) RF POWER INPUT (Pin)—WATTS (334 Mc/s)
Fig 4 92CS 13441 F"g 5 92C5— 13444
POWER OUTPUT vs. COLLECTOR SUPPLY VOLTAGE GAIN-BANDWIDTH PRODUCT vs.
COLLECTOR CURRENT
TRIPLER CIRCUIT A T R e N
T WERT | WATT e o COLLECTOR SUPPLY VOLTS (V) = 28
e e = CASE TEMPERATURE (Tc) = 25° C
S ; 23
F4
P £ 12eoc
£ 200 T I
3 i i e £500
~ : HE 5
§ : T T } l} 2
L8 : i gaoc
5 s i
z : i £
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COLLECTOR SUPPLY VOLTAGE () — VOLTS COLLECTOR MILLIAMPERES (1) 95CS-12569R1
Fig. 6 92¢5-13445 Fig. 7

SERIES INPUT RESISTANCE vs. FREQUENCY

SERIES INPUT REACTANCE vs. FREQUENCY

COLLECTOR SUPPLY VOLTS (V¢ ) =28
CASE TEMPERATURE (T¢) = 25°C

COLLECTOR SUPPLY VOLTS (Vo) =28
CASE TEMPERATURE (T¢) =25°C

‘Ts 5
u
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§ \\\ g /
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g% N T —— 1508 ; 2 2 2 ///A
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Fig. 8

Fig. 9
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PARALLEL OUTPUT CAPACITANCE vs. PARALLEL OUTPUT RESISTANCE vs.
FREQUENCY FREQUENCY
COLLECTOR SUPPLY VOLTS (Vg1 =28 COLLECTOR-T0-EMITTER VOLTS (Vce)=28
CASE TEMPERATURE (Tg)25° C CASE TEMPERATURE (Tc)=25° C
25 500]
=
20— I\ 2 400 L,
N - 3 o)b
88 %o, ECI’ 2,
zZq 4 l/
2z 5 eo 3% 300 %0 NFs,
28 %, Py ORI~
{L";_) MILL 14y, 55 \% Q&-/
39 FERES(ICF 50 =3 200 35
5~ 10 = &w 200 N 2
&3 250 22
3¢ @3
xw
5 £ 100
o o
40 100 4 s00 40 100 4 500
FREQUENCY (1) — MHz FREQUENCY—Mc/s
92CS-12576R1
F,'g‘ 70 Fig. 11 92CS-i2574R1

DISSIPATION DERATING CURVE

2T T ‘fll‘\}ly“vll‘i““"l

@

o

MA XIMUM TRANSISTOR
DISSIPATION ~WATTS
i
1

OH
-100 -50 [ 0 00 150
CASE TEMPERATURE —°C

Fig. 12 92cs-13446

TERMINAL CONNECTIONS
Pin No. 1 — Emitter
Pin No. 2 — Base
Pin No. 3 — Collector
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IR/

Solid State
Division

RF Power Transistors

2N4427

Silicon N-P-N
Overlay Transistor
High-Gain Driver for VHF-UHF

Features:
® 1 W output with 10 dB gain (min.) at 175 MHz

JEDEC TO-39 Vec=12V
m 0.4 W output with 5 dB gain (typ.) at 470 MHz
H-1281

Vee=12V
RCA-2N4427 is an epitaxial silicon n-p-n planar transistor of single base and collector region. When compared with other
the “overlay” emitter electrode comstruction. It is intended structures, this arrangement provides a substantial increase in
for class A, B, or C amplifier, frequency-multiplier, or emitter periphery for higher current: or power, and a
oscillator circuits; it may be used in output, driver, or corresponding decrease in emitter and collector areas for

pre-driver stages in vhf and uhf equipment.

In the overlay structure, a number of individual emitter sites
are connected in parallel and used in conjunction with a

Jower input and output capacitances. The overlay structure
thus offers greater power output, gain, efficiency, and
frequency capability.

MAXIMUM RATINGS, Absolute-Maximum Values:

* COLLECTOR-TO-BASE VOLTAGE ... ... .. .t Veeo 40 Vv
* COLLECTOR-TO-EMITTER VOLTAGE:
With DaSE OPEN . . .« ¢ e vv st evaea e ae e s e s s n s st VcEO 20 \

* EMITTER-TO-BASE VOLTAGE. ...t iitn et VEBO 2 \
* CONTINUOUS COLLECTOR CURRENT ...ttt Ic 0.4 A
* CONTINUOUS BASE CURRENT .. 1. iittiiiiiii e Ig 0.4 A
* TRANSISTOR DISSIPATION: Pt

At case temperatures up to E 1010 2 o3 R 2 w

At case temperatures above 100%C ot ettt See Fig. 14
* TEMPERATURE RANGE:

Storage & Operating (JUNCHION) . . ..+« oo v revnnuunineiieraeie e —65t0200 °C
* |LEAD TEMPERATURE (During soldering):

At distances > 1/32 in. (0.8 mm) from insulating wafer for 108 ™a%.. ... 230 °c

* |n accordance with JEDEC registration data format JS-6 RDF-3.

11-71
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2N4427 File No. 228

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C.
TEST CONDITIONS

DC DC
Characteristic Symbol Voltage Current Limits Units
(V) (mA)

Vee [VEB | Vee |Vce |'e |18 |lc | Min. [ Max.

*

Collector-Cutoff Current:
With base open ICEO 12 0 - 0.02

With base-emitter junction
reverse-blased° ICEV -1.5 40 _ 0.1
Tc=150"C -1.5 12 - 1 5
Emitter-Cutoff Current IEBO 2 - 0.1 mA

mA

*

{ Collector-to-Base Breakdown

Voltage V(BR)CBO 0 0.1 40 - \

*

Collector-to-Emitter Sustaining
Voltage:
With base open VCEOQ(sus)| o 5 20 -

With external base-to-emitter

resistance (RBg) = 102 VCER(sus) 5 40 -

Emitter-to-Base Breakdown

Voltage V(BR)EBO)] 0.1 01 2 - v

*

Collector-to-Emitter
Saturation Voltage

* | DC Forward Current h 5 360 5 -
- Transfer Ratio FE 5 100| 10 | 200

Vceflsat) -1 20 100 - 0.5 Vv

*

Magnitude of Common-Emitter
Small-Signal, Short-Circuit
Forward Current Transfer !hfe H
Ratio ( f = 200 MHz)

Collector-to-Base Capacitance
(f =1 MHz)

RF Power Output
Class C Ampilifier,
Unneutralized ( f = 175 MHz, 12
PIE = 0.1W, ng > 50%) PoEe Vee) 1
See Fig. 2

Available Amplifier Signal
Input Power (f = 175 MHz, I’ 12 01 w
POE=1W,ZIN=50%) (Vee)
See Fig. 2

*

*

*

Coltector Efficiency 12
(f=1756 MHz, Pog = 1 W, nc Vel 50 - %
ZIN =50 Q) See Fig. 2 cc

Thermal Resistance
Junction-to-Case RgJyc - 50 °c/w|

* In accordance with JEDEC registration data format JS—6 RDF-3.
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File No. 228

175 MHz OPERATION

o
<]

N
1}
1
1
X

244273 €3 La

|
“CG

Cy
COLLECTOR SUPPLY VOLTAGE (Vgc) =12 V
FREQUENCY(f)= 175 MHz
71
gt i :

oE )—W

2
S

RF POWER OUOTPUT P
N

vV,
ce 92L5-1759

Cq,C2,C3, & C4: 3-15 pF trimmer, ARCO 403 or equivalent

Cs:
Cg:

1,000 pF feedthrough
0.01 uF disc.

0.5 L1: 2 turns No.16 wire, 3/16 in. (4.76 mm) ID,
1/4 in. (6.35 mm) long
0.25) Lo: Ferrite choke, Z = 450
L3: 2 turns No.16 wire, 1/4in. (6.35 mm) ID,
. 1/4 in. (6.35 mm) long
0 20 40 60 80 00 120 40 160 180 L4: 4 turns No.16 wire, 3/8-in. (9.52 mm) ID,
RF POWER INPUT (Pg)—mW 3/8 in. (9.52 mm) long
92L5-1758
Fig.1— Power output vs. power input. Fig.2—175-MHz rf amplifier circuit for power-output test.
470 MHz OPERATION
T (2g = 500
COLLECTOR SUPPLY VOLTAGE (Vcc)=12V T
FREQUENCY(f)=470 MHz =
04

=
1
w
o
< o3
- .
=
z '=L + J)VCC =12v 92L5-1798
3025
« R A C4,C2, Cs, & Cg: 0.9—7 pF trimmer, ARCO 400, or equivalent
w ] 1.¢2.Cs 6
2 o2 C3: 1000 pF feedthrough
& Ca: 0.02 uF disc.
H os L4: 1 turn No .20 wire,3/16 in. (4.76 mm) ID,
: Space wire diameter
0.1 Lp: 0.47 uH Nytronics Corp., or equivalent
26~ 50 60 70 80 30100 10 120 130 L3: 2 turns No41'8 wire, 1/4 in. (6.35 mm) 1D,
RF POWER INPUT (Pg)—mv Space wire duamgter CAT,.
92L8-1796 L4: 2 turns No.20 wire,3/16 in. (4.76 mm) 1D,
Space wire diameter
Fig.3— Power output vs. power input. Fig.4—470-MHz rf amplifier circuit.
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2N4427 File No. 228
COLLECTOR-TO-EMITTER VOLTAGE (VGg)-15v
e o
=] cl= I cogo,
< ] CASE TEMPERATURE. (1) - 557¢ 5000 CASE TEMPERATURE (Tg)=25°C
= 40r 20 4{ N
£ & —
N N (=1
;‘; 30 -él5 — Re (Zin) ,-'. T‘
8 20f Wio 5 2 oo
H Z & e
= 2 = M
b0l 5 s u 8
F4 <
EoLE £ o] §
= 0l 0O \) ® b3
2 2 (VAL 2 o &
g E e & o
= - - =
a g° 1 2 ef 2 T
E x E E 0\
W @ -0 ) ° ——
Y @ 2 oA 5
] ¢
-1 = é‘ %22,
50 100 500 § g
FREQUENCY (f )—MHz 200) 2
92LS-1799 50 100 500
e ies i ; FREQUENCY (f)— MH
Fig.5— Series input impedance vs. frequency. EQUENCY (f)—MHz s2L5-1800

COLLECTOR-TO-EMITTER VOLTAGE Vep) =15 v
CASE TEMPERATURE (Tg) = 25°C

Fig.6—Parallel output resistance & capacitance vs. frequency.

COLLECTOR-TO-EMITTER VOLTAGE (Veg) =15V
CASE TEMPERATURE (T¢) = 25°C
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Fig.9— Series input reactance vs. frequency.

Fig.10—Parallel output capacitance vs. frequency.

S 5000
o I 4 l
| w
= g
N 2|
= ] €
E <]
[ Z
g & 1000 0L,
= g S50 10,
2 e v URpg,
& —J ~J SNy . ]
@ = T Tir |
- — g 4—i00_T—— Cls
=3 — = 25
g S 3 mq
g g
& i
@ <
15 H 100
r
s0 °© 160 2 500 5 100 500
FREQUENCY (f)—MHz 92CS-13150R| FREQUENCY(f)—MHz 92¢s-13I54R2
Fig.7—Series input resistance vs. frequency. Fig.8—Parallel output resistance vs. frequency.
COLLECTOR-TO-EMITTER VOLTAGE (V) = IS v COLLECTOR-TO-EMITTER VOLTAGE (Vcg) = I5V]
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6 w1
i Le
sl X
] T
T Z
M8 ] 2
8 o g N\
4 £
< 3 * % S o
= 3C 1 I
o) Nt o C
g 1 oA CURRE! 75 g s 0Ly, £
N — 5 % ¢
. . ) —— R
=) — L) 6 RE,
g, —— g M iTc)- 25 ma
Py =1 a4
g o 100
w -8 -] S — —
g
-2, L)
4 ) 4
50 100 500 5 100 500
FREQUENCY (f}—MHz FREQUENCY (f)—MHz
92CS-13I5IRI 92CS-13I55R!



File No. 228 - 2N4427

O SuppLY Vg‘;‘;‘;\gg,“écc)"z v [[case_TEMPERATURE (T¢)=25°C
16
14 k § 8 < ~ s
E P~ | COLLECTOR 3 L
R s T L 033 N
B RN e h& NN
o N o 60 Ry
a LO s N "
- SNONRON », =1 (4 2 0
5 NN, g N
g 08 J %, < b,
306 NN g o e,*%
« E3
‘%‘ 04 NN '§
\ N . 3 20
& 02 NE 3
(] 40
50 100 200 300 300 500 600 |
FREQUENCY (f)—MHz ° 20 £cToR c::“m , S:A 80 100
92LS-1757 (xC 92L5-1801
Fig. 11— Power output vs. frequency. Fig.12—Gain-bandwidth product vs. collector current.
FREQUENCY () = 1 MHx
|CASE TEMPERATURE (T¢) = 25° C
%
\
3 e :
g 6|
= I+
£ 83 2
I
w4 E- I @
g B S5 s, &
g o Ef NG
E! 23 M, %
8 T4 3 I
° HER
[s) Tt
° 10 20 30 100 -50 ©0 50 100 150 200
COLLECTOR-TO-BASE VOLTAGE (Vcg) —V TEMPERATURE—°C
92CS-13157R2 92CS-19173
Fig.13—Variation of collector-to-base capacitance. Fig.14— Dissipation derating curve.

TERMINAL CONNECTIONS

LEAD 1 — EMITTER
LEAD 2 — BASE
LEAD 3 — COLLECTOR, CASE
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Solid State
Division

File No. 217
RF Power Transistors

2N4440

Features:

JEDEC T0-60 Ha%7

RCA-2N4440°® is an epitaxial silicon n-p-n planar transistor
of the overlay emitter-electrode construction. It is intended
for Class A4, B, and C rf amplifier, multiplier, or oscillator
operation for military and industrial communications service
(175 to 400 MHz). .

In the overlay structure, 2 number of individual emitter sites
are connected in- parallel and used in conjunction with a

common collector region. When compared with other struc-
tures, this arrangement provides a subsiantial increase in

MAXIMUM RATINGS, Absolute-Maximum Values:

Silicon N-P-N Overlay Transistor

For Class A, B, or C VHF/UHF
Military and Industrial Communications Equipment

= 5 W output min. at 400 MHz
= 6.5 W output typ. at 225 MHz

emitter periphery for higher current or power, and a corre-
sponding decrease in emitter and collector areas for lower
input and output capacitances. The overlay structure thus
offers greater power output, gain, efficiency, frequency capa-
bility, and linearity.

—_—
®Formerly RCA Dev. No. TA2875.

"COLLECTOR-TO-BASEVOLTAGE ................. ... ... . Veeo \
*COLLECTOR-TO-EMITTER VOLTAGE:

With base-emitter junction reverse-biased (VBE) =-1.5 V . .. .. ... ... . Veev 65 v
T Withbaseopen .............. .. ... . .. .. Vceo 40 v
"EMITTER-TO-BASE VOLTAGE .................... ... .. . VEBO 4 \
“CONTINUOUS COLLECTOR CURRENT ................. ... Ic 1.5 A
"CONTINUOUS BASE CURRENT .................... ... .. . Ig 0.2 A
*TRANSISTOR DISSIPATIONA: Pr

Atcase temperatures upt0 25°C .. .............. ... ... .. 11.6 w

Atcase temperatures above 25°C ... .............. .. ... . . .. See Fig. 2
*TEMPERATURE RANGE:

Storage and operating (junction) . ... ..., .. ... . .. -65 to 200 °c
LEAD TEMPERATURE (During soldering):

At distances > 1/32 in. (0.8 mm) from insulating wafer for 10 s max .... 230 °c
*In accordance with JEDEC registration data
Ag, dary br iderati limit i dc
conditions. . .contact your RCA Representative for specific data.
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File No. 217

ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 25°C unless otherwise specified

2N4440

CHARACTERISTIC SYMBOL

TEST CONDITIONS

VOLTAGE

Vde

CURRENT
mA dc

LIMITS

UNITS

Veg | Vce

Ve

Ic

MIN.

MAX.

Collector Cutoff Current:
With base open ceo

30

With base-emitter junction
reverse-biased

reverse e o

|
At Tg = 200°C CEV

65

mA

* Emitter Cutoff Current 'eBO

0.1

Collector-to-Base
Breakdown Voltage V(BRICBO

0.1

65

Collector-to-Emitter
Breakdown Voltage:
With base-emitter junction V(BR)CEV
reverse-biased

0 to 200®

65+*

Emitter-to-Base

Breakdown Voltage V(BRIEBO

0.1

Collector-to-Emitter
Sustaining Voltage:

With base open Vego fsus)

40

With external base-to-
emitter resistance VCEH(sus)
(Rgg) = 1002

* DC Forward Current

Transfer Ratio hrE

o

1350
125

200

Collector-to-Emitter

Saturation Voltage Veglsat)

250

* Magnitude of Common-
Emitter, Small-Signal,
Short-Circuit Forward lhfel
Current Transfer Ratio
(f =100 MHz)

28

125

* Collector-to-Base Capacitance c
{f =1 MH2) ob

28

125

pF

* Available Amplifier Signal
Input Power

Py =5 W, Zg = 509, P
f = 400 MHz)

* Collector Circuit Efficiency
(Po =5 W, Zg =509, nc
f = 400 MHz)

45

%

Collector-to-Case Capacitance C,

pF

Thermal Resistance R
(Junction-to-Case) 6JC

o

Cc/w

®Fuised through an inductor (26 mH); duty factor=50%

++Measured at a current where the breakdown voltage is a minimum

*In accordance with JEDEC registration data.
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2N4440 - File No. 217

COLLECTOR-TO-EMITTER VOLTS (Vcg)=28
CASE TEMPERATURE (T.) = 25°C
RF POWER INPUT WATTS= Py
» 10
t 9
a 8
T 7 Eo
I ~1~2o cEs
5 N EH]
O s 15 S Z0
< 2=
[ =9 g
d =
a N =4
= Be 24
3 3 AN N B
o« <3,
u =
o H
a IEE
W 431
@ o)
s
i
' T L
100 2 4 3 8 1000 0 100 2
OUTPUT FREQUENCY (four)-MHz CASE TEMPERATURE —°C
92LS-I57IRI 92CS~13446
Fig. 1—-Typical power output vs. frequency Fig. 2-Dissipation derating chart
COLLECTOR SUPPLY VOLTAGE (Vgc)=28 v COLLECTOR -TO- EMTTER vou's (ch)=28
= 260 CASE TEMPERATURE (T¢) = 2!
CASE TEMPERATURE (T¢) = 25°C COLLECTOR - mArTc ' €
15 25
g 125
a w 20
g w0 o N
a z0
= g 2 \\
.5 75 5] 5
za a5
2 %S NN
K I s =3 bt > S0
= S,
£E oR C\_ﬂﬁe“AK tis 0 =
g€ ? 'CoLLEC 23
=] L
N e g e 5
@ [} ]
; [ —— S
H — I 50
g -25
H . °
. o5 00 0 5 6 7 8 SF'IROEOQUENC N 2 3 4 500
- Y - MHz
FREQUENCY (f) ~ MHz s2cs-12572R2 92L5-1356
Fig. 3—Typical series input resctance vs. Fig. 4—Typical output capacitance vs. fre-
frequency quency
COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V
COLLECTOR -TO- EMITTER VO .
CASE TEMPERATURE (ETC) R (VCE) 28 CASE TEMPERATURE (Tg)=25° C
16 | COLLECTOR ma-T¢
w
g Ao £ 60
F E
3 \\ 1
£, = £500
H ~ 100 — I et
i N T S
55 N 50850 —
2L ™ L — % 40
u 212 200
cE £
T 1|5
& ™~ 2 30
<
i " N 3
o n F
3 Ic =250 z
o
8 200
40 5 6 7 8 90 2 3 4 500 ) 50 100 150 200 250 300
FREQUENCY-MHz
o2L5-1355 COLLECTOR CURRENT (Ig)—mA 920s-12569R2
Fig. 5-Typical series input resistance vs. fre- Fig. 6—Typical gain-bandwidth product vs.
quency collector current
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COLLECTOR-TO- EMITTER  VOLTS (Vcg) =28
Egss TEMPERATURE (Tg)=25°C
500| COHLECTOR mA= T¢

(2]

E
55
&1 400
&
[ N
e foly 1N
5% 300 220ge N

13
£ BN
3 K\::
a \
Y 200
Iz
g2
=8

g 100

o 92CS-12566R3
4 5 6 7 8 9100 2 3 4 500
FREQUENCY - MHz
92LS-I357
Fig. 7—Typical output resistance vs. fre- Fig. 8—RF amplifier circuit for power output test at 400
quency MHz

2N4440

92CS-12568R2
C1: 2-25 pF Lp: Ferrite choke,
Cg, Cg, C4: 4-40 pF Z =450 (+20%) ohms
Cg: 50 pF, disc ceramic Lg: 0.47-uH choke
Ce: 1500 pF L4: 2 turns No. 16 wire,
Cy: 0.005 uF, disc ceramic 3/8in. (9.52 mm) 1D,
Lq: 1 turn No. 16 wire, 7/16in. (11.11 mm) long
1/4in. (6.35 mm) ID, Rq: 1.35 ohms, non-inductive

1/8 in. (3.17 mm) long

Fig. 9—RF amplifier circuit for power output test at 225
MHz

TERMINAL CONNECTIONS
Pin No. 1 — Emitter
Pin No. 2 — Base

Pin No. 3 — Collector
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File No. 249

RG]

Solid State

Division

RF Power Transistors

2N4932
2N4933

RCA-2N4932* and RCA-2N49334 are epitaxial silicon
n-p-n planar transistors of the ‘‘overlay’ emitter elec-
trode construction. They are especially intended to pro-
vide high power as class C rf amplifiers for International
VHF Mobile and Portable Communications service (66 to
88 MHz). The 2N4932 is designed to operate from a 13.5-
volt power supply; the 2N4933, from a 24-volt power sup-
ply.

The transistors feature protection against load mis-
match.

In the overlay structure, there are a number of indivi-
dual emitter sites which are all connected in parallel and
used in conjunction with a common collector region.
When compared with other structures, this arrangement
provides a substantial increase in emitter periphery for
higher current or power, and a corresponding decrease in
emitter and collector areas for lower input and output
capacitances. The overlay structure thus offers greater
power output, gain, efficiency, frequency capability, and
linearity.

* Formerly RCA Dev. No.TA2828
4 Formeriy RCA Dev. No.TAZ792

JEDEC T0-60

For International VHF Mobile and Portable Communication,
66 to 88 MHz

Operation From a Power Supply of —

13.5 volts (2N4932)

24 volts (2N4933)
Power Output (Min.) at 88 MHz

12 watts (2N4932)

20 watts (2N4933)
Load Protection

High Voltage Ratings

RATINGS

Maximum Ratings, Absolute-Maximum Values:

DISSIPATION DERATING CURVE

2N4932  2N4933 @
COLLECTOR-TO-BASE
VOLTAGE ........... Vepo 50 70 Vv 100
COLLECTOR-TO-EMITTER HH
VOLTAGE:
With base open 25 B v g o :
With Vpp= —1.5V cgy 50 70 Vv ]
EMITTER-TO-BASE VOLTAGE Vgpo 4.0 v £l
COLLECTOR CURRENT: kS 60
Peak ..ottt 10 A =5
Continuous . ...... PN 3.3 A 22
RF INPUT POWER........ P; 43 40
AtBBMHZ . ..ovvennennnnnnnn.. 3.5 W =
Below88 MHZ . .............0.n.. See Fig.7
TRANSISTOR DISSIPATION. . Pp 20
At case temperatures up to 25° C. ... .. 70 w
At case temperatures above 25° C .. ... See Fig.1 o
TEMPERATURE RANGE: -00  -50 o 50 100 150 200
Storage & Operating (Junction) . ... —65to 200 °C CASE TEMPERATURE — °C
LEAD TEMPERATURE (During soldering): 92Ls-1314
At distances X 1/32 in. from
insulating wafer for 10 s max. .. . ... 230 °c Fig.1
84 12:66



File No. 249 — 2N4932, 2N4933

ELECTRICAL CHARACTERISTICS FOR 2N4932
C

Case Temperature = 25°

TEST CONDITIONS
DC DC DC
Characteristic Symbol Collector Base Current Limits Units
Volts Volts (Milliamperes)
Ves Vce VBE g g Ic Min. | Max.
IcEO 15 0 1.0 mA
Collector-Cutoff Current
16BO 40 0 10 mA
Collector-to-Emitter VoEy(sus) -1.5 200° | 50 v
Breakdown Voltage VCEO(sus) 0 200° | 25
Emitter-to-Base
BV 10 0 4 A\
Breakdown Voltage EBO
Collector-to-Base c 15 0 120
Capacitance ob P
RF Power Output P 19¢ W
(See Fig.2) out
ELECTRICAL CHARACTERISTICS FOR 2N4933
Case Temperature = 25°
TEST CONDITIONS
DC DC DC
Characteristic Symbol Collector Base Current Limits Units
Volts Volts (Milliamperes)
Vce Vce VBE Ig Ig Ic Min. | Max.
Icro 30 0 1.0 mA
Collector-Cutoff Current
IcBo 50 0 10 mA
—1. a
Collector-to-Emitter Vepytsus) 1.5 200° | 70 v
Breakdown Voltage Vegotsus) 0 2000 | 35 v
Emitter-to-Base
Breakdown Voltage BVEBoO 10 Y 4 v
Collector-to-B:
Cs eCA or-to-Base Cob 30 0 85 pF
pacitance
RF Power Output P b
(See Fig.3) out 20 w

9pulsed through an inductor (25mH), duty factor = 50%
bFor P;, = 3.5 W, at 88 MHz; V= 24V, minimum efficiency = 70%
€For Pi,=3.5W,at 88 MHz; Vcc = 13.5V, minimum efficiency = 70%
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2N4932, 2N4933 File No. 249

RF AMPLIFIER CIRCUIT FOR POWER OUTPUT TEST
(66 to 88 MHz Operation)

2N4932 2N4933
5+j37n L2 7iizon R4
Pin) s (Pour Piy) cr7#2  (Pour)
(zg=500) (z=500) Zg=s00) Ly lTHUuG (2 =500
# L3 4
ci . El
71 cerr Az ca2
_J_ c5
92LS-13I5RI n
—(L 24v AJ+ 92LS-1316RI
Cy = 7-100 pF Ly = 1 turn, No.16 wire, 1/4"ID, 1/8'" long C1= 7-100 pF Lj = 1 turn, No.16 wire, 1/4"ID, 1/8" long
C2 = 14-150 pF Ly = Ferrite Choke, Z = 450 Q Cy = 14-150 pF L2 = Ferrite Choke, Z = 4500,
Cg = 1000 pF Ferroxcube #VK200 01-3B* Cg, C5 = 1000 pF Ferroxcube #VK200 01-3B*
Cyq= .05 uF Lg = 2 turns, No.16 wire, 174" ID, 3/8'" long C4» Cg = .05 uF Lg = 3.5 turns, No.16 wire, 1/4"ID, 1/2"long
Cg = 70-350 pF L4 = 2 turns, No.10 wire, 1/2"ID, 1/2" long Cq = 70-350 pF L4 = 3 turns, No.10 wire, 1/2"ID, 3/4" long
Cg = 32-250 pF  Q = 2N4932 CS = 32-250 pF Q 2N4933
* N -
Ferroxcube Corp. of America =0.33Q *Ferroxcube Corp. of America
Saugerties, N.Y. Saugerties, N.Y.
Fig. 2 Fig. 3
TYPICAL POWER OUTPUT vs POWER INPUT
2N4932 2N4933
COLLECTOR- SUPPLY VOLTS (vu) 13.5v T J COLLECTOR- SUPPLY VOLTS (vcc)s 24v :
CASE TEMPERATURE (To)=2 HEES CASE TEMPERATURE (To)- 2 e
OPERATING FREQUENCY = es MHz —— GPERATING FREGUENGY - 66 Mz
OPERATING FREQUENCY - 88 MHz ——— | i OPERATING FREQUENCY :88 MHz ——=—
T i E
e g
& 20 7 20
E: p
1 2
E &
S5 H s
E &
2 =
e__ 3
S . 10
g 2 :
F-4 8
a5 w3
0 3 ! 5
€ :
o 0 t T
o. 10 X 2.0 3.0 3. o. 10 15 0 2. 3.0 3.5
RF POWER INPUT (Py)- WATTS N RF POWER INPUT (Pjy) = WATTS
s2Ls-1317 s2Ls-1318
Fig. 4 Fig. 5

BLOCK DIAGRAM FOR MISMATCH TEST

SPECIAL PERFORMANCE DATA

The transistor can withstand any mismatch in load, RFFER
i i i . AMPLIFI
which can be demonstrated in the following test: ORIVER CIRCUIT
1. The test is performed using the arrangement in Fig.6. SEE FIG.2, 2N4932

OR FIG.3, 2N4933

2. The tuning stub is varied through a half wavelength, which
effectively varies the load from an open circuit to a short
circuit.

3. Operating conditions: Ve =13.5V (2N4932), 24V (2N4933);
RF input power = 3W @ 66 MHz.

4. Transistor Dissipation Rating must not be exceeded.
During the above test, the transistor will not be damaged o2LS-1319RI
or degraded. Fig. 6

86



File No. 249 2N4932, 2N4933

INPUT DERATING CURVE

N aak :

RF POWER INPUT (Pin)-WATTS
w

60 70 80 80

INPUT FREQUENCY (fin) -MHz
92L5-1320

Fig. 7

TERMINAL CONNECTIONS

Case, Mounting Stud, Pin No.1 - Emitter
Pin No.2 - Base
Pin No.3 - Collector
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Solid State
Division

2N5016

File No. 255

I_TQ(E[)T_I RF Power Transistors

High-Power Silicon N-P-N
Overlay Transistor

For VHF/UHF Communications Equipment

Features:

® For class B or C vhf/uhf military and industrial communications
= 15 W output (min.) at 400 MHz
= 23 W output (typ.) at 225 MHz

JEDEC TO-60 H-1307
® Emitter grounded to case
RCA 2N5016™ is an epitaxial silicon n-p-n planar transistor 40 T S T
of the “overlay” emitter-electrode construction. It is inten- . = e ;'5 e i}l :
ded for large-signal, high-power, class B and C rf amplifiers g? 3 f‘ ; H
for military and industrial communications service (200 to %g— = S s et
700 MHz). gz [ S
In the overlay structure, a number of individual emitter sites ;E 2op o
are connected in parallel and used in conjunction with a 25 e T
common collector region. When compared with other struc- gg 10 e t
tures, this arrangement provides a substantial increase in == e e S ‘:" :
emitter periphery for higher current or power, and a o e e FR
corresponding decrease in emitter and collector areas for -loo  -50 9 50 100 150 200
lower input and output capacitances. The overlay structure CASE TEMPERATURE (Tc)— cgz|_s-]35|n2
thus offers greater power output, gain, efficiency, frequency Fig. 1—Dissipation derating curve.
capability, and linearity.
* Formerly RCA Dev. Type TA2675.
MAXIMUM RATINGS, Absolute-Maximum Values:
"COLLECTOR-TO-BASE VOLTAGE . . .. .................. . . . ... .. VcBO 65 \"
COLLECTOR-TO-EMITTER VOLTAGE:
With base-emitter junction reverse-biased Vgg =~15V . . . . ... .. ... VCEV 65 \
With external base-to-emitter resistance, RRE =30 . . . ... . ... ... ... ... ... . VCER 40 \
TUOWIthDase OPEN . . . .. ... ... VCEO 30 \
YEMITTER-TO-BASEVOLTAGE . . . .. ... oo VEBO 4 \
"CONTINUOUS COLLECTOR CURRENT . . . . . . oo Ic 45 A
*CONTINUOUS BASE CURRENT . . . ... ..o g 1.5 A
*TRANSISTOR DISSIPATION: PT
At case temperatures up 0 650°C . . ... ... 30 w
At case temperatures above 50°C . . . .. ... See Fig. 1
*TEMPERATURE RANGE:
Storage & Operating (Junction) . . . ... .......... .. ... ... .. .. . . —651t0 200 ©C
*LEAD TEMPERATURE (During soldering):
At distances 21/32 in. (0.8 mm) from insulating
waferfor 10smax. ... ... 230 °c
*In accordance with JEDEC registration data.
9.71
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File No. 2565 2N5016
ELECTRICAL CHARACTERISTICS, Case Temperature (T¢) = 25°C
STATIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL COLLECTOR OR BASE CURRENT LIMITS UNITS
VOLTAGE — V mA
ves VcE VBE 13 I3 ic MIN. MAX.
Collector-Cutoff Current
| 30 0 -
With base open CEO 10
* With base-emitter junction 60 15 ~ 10 mA
reverse-biased ,
«|  T1g=180°C CEV 30 | -15 — 10
*| Emitter Cutoff Current
— A
Ve =4V 'EBO 5 m
Collector-to-Emitter
Sustaining Voltage Vceolsus) o | 2007 30 -
* With base open
* With external base-to-emitter
resistance VCER(sus) o |200% 40 - \
(Rgg) =30 2
With base-emitter junction a
reverse-biased Veevisus) 15 200 65 B
Emitter-to-Base Breakdown
4 -
Voltage V(BR)EBO 5 0 v
Collector-to-Emitter Saturation Ve (sat) 400 | 2000 _ 1 v
Voltage
*| DC Forward Current Transfer h 4 4500 3 -
Ratio FE a 500 10 200
Thermal Resistance: o
Junction-to-Case Ros.c B 5 cw
DYNAMIC
*| Available Amplifier Signal
Input Power
(POg = 15W, Zjn = 50 &2, P; - 5 w
Vee = 28 V, f = 400 MHz2)
See Fig. 3
*1 Collector Efficiency
(Plg =5W,PoE =15 W, 2| =502, o
f = 400 MHz) nc 50 - *
See Fig. 3
*| Magnitude of Common-Emitter,
Small-Signal, Short-Circuit,
Forward Current Transfer lhfel 15 500 1.25 —
Ratio
(f = 400 MHz)
*| Collector-to-Base Capacitance
(f =1 MH2) Cob 30 0 - 25 PF
TYPICAL APPLICATION INFORMATION
RF Power Output
Amplifier, Unneutralized P
At 225 MHz (See Fig.2) OE 28 23° (typ.) w
400 MHz (See Fig.3) 28 15°
Dynamic Input Impedance at . I c
400 MHz {See Fig.3) 2N % 25+is :‘V”" 2

3pulsed through an inductor (25 mH); duty factor = 50%.

PEor Pig = 5.0 W; minimum efficiency = 60%.
CFor Pig = 5.0 W; minimum efficiency = 50%.
*In accordance with JEDEC registration data.
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2N5016

File No. 255

Pout
c3 (2 =500)

2N5016

92LS-1352R2

“Vee - +Vee

Cq: 4-40 pF trimmer, ARCO 422*

Co: 7-100 pF trimmer, ARCO 423*

C3: 3-35 pF trimmer, ARCO 403*

[ 8-60 pF trimmer, ARCO 404*

Cs,Cq: 1500 pF feedthrough

Cy: 0.01 uF disc, ceramic

RE: 0.68 £ wire-wound TW

Lq: 1.5 turns No. 16 wire 1/4 in. (6.35 mm) 1D, 3/16 in.
{4.76 mm) long

Lo: Ferrite choke, Z = 750 £

L3: 1.5 turns No. 16 wire,
1/4in. (6.35 mm) ID

Lg: 4.5 turns No. 16 wire, 1/4 in. (6.35 mm) ID, 3 in.
{76.20 mm) long

*or equivalent.

Fig.2--RF amplifier circuit for power output test at 225
MHz.

T T T —TTT T T
8 .
61 MAX.=4.5 4 | CASE TEMPERATURE (Tc) =100°,C
s L T T T11]
\ T T T T
M NOTE: T)s IS DETERMINED BY USE Of
| INFRARED SCANNING 177
5 ITEC|HN|I0UES
L
£ —
Pt
z 6 T
@, N\ wor-sror |
z TEMPERATURE (T,g):200°C
3
2
o
o
& 100:
w 8
4 s
o 4
o
2 [-Vceo MAX.
10
| 2 4 689 2 4 6 809 2 4 6 8900
COLLECTOR-TO-EMITTER VOLTAGE (Veg)—v
92Cs-19153

Fig.4—Safe area for dc operation.

90

92L5-1616R2

Note 1: For optimum performance, C2 in Fig. 3 should be
mounted between emitter and base with minimum
lead lengths.

Note 2: The emitter resistor, RE, in Fig. 2 provides self bias

and is recommended for imnroved stability and
collector efficiency.

Fig.3—RF amplifier circuit for power output test at 400

MHz.
Pout
Ly Cs_ (Z=500)
(26188
¢wsom
c
1 e
=
Cz
(__
( s |
Vee
92L5-1862R2
Cq: 0.1-10 pF piston capacitor
€2.C3,C4,C5.Cq: 1.0-30 pF piston capacitor (Note 2)
Cy: 0.01 UF disc ceramic
Cg: 1000 pF feedthrough
Lq: 1/4 in. (6.35 mm) OD copper tubing; 1-1/4 in.
(31.75 mm) long (Note 1)
Lo: 0.12 uH choke
L3: 0.27 Q wire-wound
Lg: 1/8 x 1/32 x 5/8 in. {3.17 x 0.79 x 15.87 mm)
long copper strap
Lg: 1/4 in. (6.35 mm) OD copper tubing, 2-1/4 in.

{67.15 mm) long (Note 1)

Note 1: L1 and Lg are mounted coaxially within a 1-5/8 x
1-5/8 x 6 in. (41.27 x 41.27 x 152.40 mm) box.

Note 2: For optimum performance, C3 should be mounted
between emitter and base with minimum lead

lengths.

Fig.5— Typical 400-MHz rf amplifier circuit,



File No. 255 2N5016

CASE TEMPERATURE (T¢)=25°C -5 f T — 3 FREQUENCY () =1 MHz T
POWER INPUT (P(g) =5 I %0 Z S CASE TEMPERATURE (Tc = 25°¢C
_225MHz H 8 - 7 T 5
24 ff = 400 MHz HHEHEEIEE . Y ol :
P e 1 R d g b H
: il 80 5 ;
; I i g |
» S - : o ‘
~ H 1C ) o - H
] TN 0 £ g% : 2
< o5 1 o Fl 3 4= =
= B ¢ o Vr aE% ganaat . e FH :
2 RO < pTHE ! I ; 2t
[ B £ o 8 «
2 En wa T I o R
- e & 5 2 o
[: 4 T w w
g Gainiiin g 50 o E| i
3 ! & S 8 EEsieey i
H } fort | o PR !
I : i w o 10 20 30 30 o 60 70
it et 40 2 COLLECTOR TO-BASE VOLTAGE (VeB}—Y gp1 5 1368 RI
H EEeE e ) " . L .
4 i T FEHHE Fig.7—Typical variation of collector-to-base capacitance.
10 14 18 22 26 30

COLLECTOR SUPPLY VOLTAGE (Vcc)-V 92LS-1874R2

Fig.6—Typical power output and collector efficiency vs.
collector supply voltage.

CASE TEMPERATURE (T¢)=25° CASE TEMPERATURE (T¢) =25° C H
3 COLLECTOR ~TO-EMIT TER VOLTAGE (v COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=28 V
8 100 feti ; e 25

- T

[ ; H H = e |
w y ESGHEING e
| w e d :
~ 80 © 20 : ! S !
e SasEREt: e fRstanst eecdasiin o
£ 5 = S Sesem gt !

H] = : LS
é 60 {1 : 315 B K i
w ! o ; B
(:y . i ;, = : 2 e T ;
& aofi i 8 10 et
o it = : & i = S
o ; ; ias! : :

i | ; = 33sse)
§ eofs g

o FrH A P e jizssd o R i
o | 2 3 a 5 6 7 100 200 300 400 00 600 700
RF POWER INPUT (Pyg)—W FREQUENCY (f)— MHz
92LS-1875R2 92L5-2042R!
Fig.8—Collector efficiency vs. power input. Fig.9— Typical power output vs. frequency.
TERMINAL CONNECTIONS

Case, Pin No. 1 — Emitter
Pin No. 2 — Base
Pin No. 3 — Collector
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File No. 268

IR/

Solid State
Division

RF Power Transistors

2N5070

Features:

JEDEC TO-60 1307

RCA—2N507089 is an epitaxial silicon n-p-n planar transistor
of the overlay emitter-electrode construction.- It is especially
designed for linear applications to provide high power in class
A or class B service. This device is intended for 2-to-30-MHz
single-sideband power amplifiers operating from a 28-volt
power supply.

The inherent high-frequency capability of the overlay

MAXIMUM RATINGS, Absolute-Maximum Values:

*COLLECTOR-TO-BASE VOLTAGE ...................

COLLECTOR-TO-EMITTER VOLTAGE:
With base-emitter junction reverse-biased (Vgg) =-1.5V

With external base-to-emitter resistance (RBE) =5Q ......
* Withbase Open .. ...cvueineeiireeienenennennann,

*EMITTER-TO-BASE VOLTAGE
*COLLECTOR CURRENT:

ContinUoUSs . ...ttt iii i,
Peak .. e

*CONTINUOUS BASE CURRENT ..........ceevnnen...

*TRANSISTOR DISSIPATION:

At case temperatures upto 25°C .. .........iuennnn...
At case temperatures above 26°C .. ...................

*TEMPERATURE RANGE:

Storage and operating (junction) .....................

*LEAD TEMPERATURE (During soldering):

At distances = 1/32 in. (0.8 mm) from insulating wafer for
TOSMAX, «.ittiiii ittt it aa e

*In accordance with JEDEC registration data

Silicon N-P-N Overlay Transistor

For High-Frequency Single-Sideband
Communications Equipment

B Suitable for class A or class B amplifiers
m 25 W PEP output min. at 30 MHz with
gain: 13dB
n: 40% min.,
IMD: 30 dB max.
® Low thermal resistance

structure together with individually ballasted emitter sites
makes it possible to forward-bias the device into the active
region without incurring thermal instability.»

The emitter pin is common to the case to minimize lead
inductance.

®Formerly RCA Dev. No. TA2793.

..... Veso 65 \

..... VceEv 65 \"

..... VCER 40 v

..... VcEo 30 \Y

..... VEBO 4 \"
Ic

..... 33 A

..... 10 A

..... |B 1 A
Pr

..... 70 w

..... See Fig. 2

..... -65 to 200 °c

..... 230 °c
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File No. 268 - 2N5070

ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 25° C unless otherwise specified

TEST CONDITIONS
LIMITS
CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS
Vdc mA dc
Vecs Vce | VBE Ig | I Ic MIN. | MAX.
Collector Cutoff Current:
With base-emitter junction
reverse-biased \ 60 | -1.5 — 10
AtTc=150° C CEV 60 | -15 Z 10 R
With emitter open icBO 60 0 - 10 m
With base open Iceo 30 0 - 5
Emitter Cutoff Current IgEBO 4 — 10 mA
Collector-to-Emitter
Sustaining Voltage:
With base-emitter junction
reverse-biased Vegvisus) 15 200° | 65 B
With base open Vceolsus) 0 |2002 30 - v
With external base-to-emitter a p
resistance (Rgg) = 52 VCER(sus) 200 40 -
Emitter-to-Base
Breakdown Voltage V(BR)EBO ’ 10 4 - v
DC Forward Current h 5 3000 10 100
Transfer Ratio FE 5 1000 | 20 -
Magnitude of Common-Emitter
Small-Signal Short-Circuit
Forward Current Transfer Vel 15 1000 2 -
Ratio (f = 50 MHz2) X
Output Capacitance {f = 1 MHz) Cob 30 0 - 85 pF
Available Amplifier )
Signal Input Power 1.26 w
(See Fig. 8) ) Pj - PEP
Zg = 5082, P, = 25 W(PEP)
f4 = 30 MHz, f = 30.001 MHz
Intermodulation Distortion
2G=50%,P,=25 W(PEP) IMD - 30 dB
f4 = 30 MHg, f = 30.001 MHz
Collector Efficiency
Zg=50Q, Py =25 W(PEP) nc 40 - %
f1 = 30 MHg, f = 30.001 MHz
Thermal Resistance
R, _ °
Junction-to-Case 6JC 25 cw

*In accordance with JEDEC registration data format
8pylsed through a 25-mH inductor; duty factor = 50%
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COLLECTOR SUPPLY VOLTAGE (V) = 28 V S
FREQUENCIES (TWO-TONE) = 30 MHz, 30.001 MHz :
« O] COLLECTOR QUIESCENT CURRENT (i) = 20 mA . i
= | CASE TEMPERATURE (Tg) = 25° C OR UP TO 750 C H -
s ] =
g0 3
s H = g 8
E H R
£ 20 H i ;
5 o 2 H
= » RDER ] s B
3 Tt s S
H 30 H-CA RDER —|] I3 H
= = I 2
g 5 i S |
g e c=an TH ORDER ] = i
I I Ll = H
25 4 : :
T | T 1 T
I 1 HHH
s EE et TEE
015 20 25 30 35 40 ob I !
- - 5
RF PONER OUTPUT (Pgyr) - W (PEP) 100 50 ° 50 00 1o 200 250
92LS-1877RI CASE TEMPERATURE (T¢) - oC
92L5-1882R2
Fig. 1—Typical intermodulation distortion vs.
rf power output. Fig. 2—Dissipation derating chart.
10] CASE TEMPERATURE (Tg)=100°C ©OJCOLLECTOR SUPPLY VOLTAGE (Vool =28V SERTHIRE
| NOTE: T g IS DETERMINED BY FREQUENCIES (TWO-TONE) =30 MHz , 30.001 MHz JHErrrri s
i USE OF INFRARED QUIESCENT COLLECTOR CURRENT =20 mA - TH T
<, 1. MAX TECHNIQUE | 50| CASE TEMPERATURE (Tc) = 25°C
3 1 N MR e :
=] \ :Q Bk S : ! i Ty
- iOT ~SPOT TEMPERATURE z SEassaNst st
& (Tyg) =200°C e | H * £
3 S HH
o 1 = H T
g N\ &
@
& ° T H i
3 g !
3 - 0
K EQ 3 |
LIMITED <] :
o o oo T
COLLECTOR-TO-EMITTER VOLTAGE (Vog)—V oo . "’)° 25) 3
OUTPUT POWER (Pog) — W (PEP!
S2CS-19139 oF 92L.S-1880Rz
Fig. 4—Typical collector efficiency vs. rf
Fig. 3—Safe operation with dc forward bias. Ppower output.
O COLLECTOR SUPPLY VOLTAGE (Vog) = 28V T FREQUENCIES (THO-TONE) = 30 Mz, 30001 WHz  HFLHE LT
FREQUENCIES (TWO-TONE) = 30 MH, 30.001 MHz | COLLECTOR QUIESCENT CURRENT (Igg) = 20 mA SR
COLLECTOR QUIESCENT CURRENT (icq) = 20 mA s 'c'fsg'?:;:zmrun: S peiSescscassasea
30 g 10br et _ ERET TURE (To) = - PR
] I ol e i e & e e e Bl
s & : ESiSiasnant H g TEH R HH
g = i | = 40 - s ! s
= B A + i |
E EEiacEss: i 5 e
L ; H 3 7
5B = ROER D < fatees:
E203 s0f 180 R0 e i g * T
5 E s H £
g 2 i Tl ORDER o ]
2 3 7 T i & 20
g 5 i Mappsitt T £ :
F T o * ! :
w
g & s 7 &
E10Z sof L : : o
Her e e
] ‘} i ‘é‘ i ‘: i L
80 100 120 140 o 2 3
CASE TEMPERATURE (T¢) - °C COLLECTOR SUPPLY VOLTAGE (Vge) - V
92LS-188IR! 92L.5-I883R2
Fig. 5—Typical rf power output and inter-
modulation djstortion vs. case tem- Fig. 6—Typical rf power output vs. collector

perature. supply voltage.
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1000 =
COLLECTOR SUPPLY VOLTAGE (Vce) =28V
€| CASE TEMPERATURE (Tg)=25°C
4 Z
/)
2 4
K
¥ |Og -
< 7
Ca /
e 4
&
4
15 2 /
: [
«
S 10
E s }
o e
3
s
8
2 /
10
0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
BASE-TO-EMITTER VOLTAGE (Vgg)-V
= 92LS-2153R
Fig. 7—Typical transfer characteristics.
Voo
Cs
Ve
NOTE ) ca
Lo = Note 1: Adjust Vgg for a collector quiescent current of
20 mA with no rf input.signal.
- Ce |y
|I15+j200 (_’ - Note 2: Impedance measurements are made at transistor socket
ins.
Poe P
o 4 3 (2, =500 Single-Sideband Suppressed-Carrier Service
— YV
2.0+108 2Nso70 v » . .
Ple NoTED N T Peak envelope conditions for a signal having a min-
Zg=50n) imum pean-to-average power ratio of 2.
;!Cz
Ry ==C3 Test Operation
In test circuit slmwn,‘_J with “Two-Tone”
= Modulation, at Tc =30 C, and at 30 MHz.
92LS-I878R3
Lyt 3T No. 12wire, 1/4in. (6.35 mm) ID, 4 0.1 uF, ceramic Collector Supply Voltage . ... ..... e ..o 28V
1/2iin. (12.7 mm) long Cg: 1000 pF feedthrough Collector BiasCurrent . . . . .. .o v v v v e e oo v o . 20 mA
Ly: 6T No. 14 wire,3/8 in. (9.52 mm) ID, Cg: 24-200 pF, Arco 425 RF Power Output:
3/4 in. (19.06 mm) long or equivalent Average 125 min. W
La: 85T No. 10'wire,. in. (19.4 , 1 32 A y .
o 5o Towrasitn 1005 . Cr: 2057 v 29 Peo Emeto. 25 min
intermodulation Distortion? . . ... ... ... ... 30 max.dB
Cy: 140-680 pF, Arco 468 Collector Efficiency. . . . .« .o oo oo v i i 40 min. %
or equivalent Ry 12,5W
Cy: 170-780 pF, Arco 469 Rp: 502,25 W a " "
or equivalent REC: 350 Ferrite choke, Ferroxcube Referenced to either ?f th'e two tones and without .the use
Cg: 0.05 uF, ceramic #VK200 01038 or equivalent of feedback to enhance linearity.

Fig. 8—Linear rf amplifier circuit for power output test at 30 MHz.

TERMINAL CONNECTIONS
Pin No. 1 — Emitter
Pin No. 2 — Base

Pin No. 3 — Collector
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Solid State
Division

File No. 269
RF Power Transistors

2N5071

Features:

JEDEC TO-60 H1307

RCA type 2N50712 is an epitaxial silicon n-p-n planar
transistor featuring overlay emitter electrode construction.
This device utilizes many separate emitter elements and has
individual ballast resistance in each of the emitter sites for
stabilization. It is especially designed as a high-power, class
B and C rf amplifier for FM communications with a 24-volt
power suppiy. it is useful for both narrowband and wideband
applications in the 30- to 76-MHz frequency range.

MAXIMUM RATINGS, Absolute-Maximum Values:

24-W (CW), 76-MHz Emitter-
Ballasted Overlay Transistor

Silicon N-P-N Device for 24-Volt Applications
in VHF Communications Equipment

= For class B or class C amplifiers
® For 24-V FM (30 to 76 MHz) communications
® 24 W output at 76 MHz with 9 dB gain (Min.)

® Low thermal resistance

The transistor can be operated under a wide range of
mismatched load conditions. All units are tested for a load
mismatch having a VSWR of 3:1 which is varied through all
phases. The test is performed at 30 MHz and 30 watts
output.

FFonmerly RCA Dev. No. TAZ827.

*COLLECTOR-TO-BASE VOLTAGE ...................... Veso 65 \Y
"COLLECTOR-TO-EMITTER VOLTAGE ................... Veeo 30 Vv
"EMITTER-TO-BASE VOLTAGE ......................... Vego 4 \Y
*COLLECTOR CURRENT:
Continuous . ..........ooouiiii 'C 3.3 A
Peak ... 10 A
*CONTINUOUS BASE CURRENT ....................... . Ig 1 A
*TRANSISTOR DISSIPATION: Pr
At case temperaturesupto 26°C ................. .. ... 70 w
At case temperatures above 26°C ................. . . ... See Fig. 5
*TEMPERATURE RANGE:
Storage and operating (junction) ................. ..... .. —65 to 200 oc
*LEAD TEMPERATURE (During soldering):
At distances > 1/32in. (0.8 mm) from insulating wafer for
10smaX. oooviiniiii 230 °c
*In accordance with JEDEC registration data
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C.

2N5071

STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Voltage-V Voltage- mA
V
Ves | Vee | VBe | e g | lc | min | max.
*I"Collector-Cutoff Current:
\ 60 -1.5 - 10
CEV
AL T =150°C 60 | —15 - 10 A
m
With base open Iceo 30 0 - 5
With emitter open 'CBO 60 - 10
*| Emitter-Cutoff Current leBO 4 - 10 mA
Collector-to-Base
Breakdown Voltage V(BR)CBO 0 200% | 65 - \Y
*| Collector-to-Emitter
Breakdown Voltage:
With base open V(8R)CEO 0 2002 30 - \Y
*| Collector-to-Emitter
Sustaining Voltage:
With base open Vegplsus) 0 | 200" | 30 - v
With external base-
to-emitter resistance VeeRlsus) 200% 40 -
(Rgg) =5 Q
Emitter-to-Base
Breakdown Voltage V(BR)EBO 10 0 4 - \Y
*1 DC Forward Current h 5 3A| 10 100
Transfer Ratio FE
5 1A 20 —
Thermal Resistance R0JC _ 25 oc/w
(Junction-to-Case)
pylsed through a 26-mH inductor; duty factor = 50%; repetition rate > 60 Hz.
DYNAMIC
TEST CONDITIONS
CHARACTERISTIC SYMBOL DC Collector Input Power | Freq LIMITS UNITS
Supply (Voel-V (Pyg)-W (f) -MHz | MIN. | MAX.
Power Output POE 24 3 76 24 - w
Power Gain Gpg 24 3 76 9 - dB
* | Magnitude of
Common-Emitter, VCE =15V
Small-Signal, Short-Circuit | |Prg| £ 50 2 | -
Forward Current Ic=1A
Transfer Ratio
* | Available Amplifier P. Source impedance | p___ 24 W 76 _ 3 w
Signal Input Power ! (Zg) = 50 OE
* | Collector Efficiency n¢ 24 3 76 60 - %
Load Mismatch LM 24 1.2 30 GO/NO GO
VSWR = 3:1
* I Collector-to-Base Capacitance Cobo VCB =30 V - 1 - 85 pF

* |n accordance with JEDEC registration data
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PERFORMANCE DATA

T1T1T T
. CASE TEMPERATURE (Tg) = 25°C [1] FREQUENCY (f)=76 MHz
1t COLLECTOR SUPPLY VOLTAGE (Vg) =24V H-H (Te)=26°C
< - F-H INPUT POWER (Pjg)=3W
5 =
30 ’IT., 50|
i ¢
w35 [ R 5 4
8 o E
= S 1111 [
5 20 Mo T 3 a0
£ T, ] g
5 GA =
o ” <]
@ | o
§ T 20
3 '3
a
w 10 10
4
5 N
) 20 40 60 80 0 0 15 20 25 30 35 40
FREQUENCY (f)—MHz COLLECTOR SUPPLY VOLTAGE (Vgg)—V
92L5-1835R2 92CS~19159
Fig.1—Typical output power vs. frequency. Fig.2—Typical output power vs. collector supply voltage.
T
COLLECTOR SUPPLY VOLTAGE (Vgg)=24 V i = '%_CASE TEMPERATURE (T¢) =100°C
CASE TEMPERATURE (T¢)=25°C [mm NOTE:TJS IS DETERMINED BY
30| FREQUENCY (f)=76 MHz 0 | USE OF INFRARED l"
HHHH * T ab—1c max. TECHNIQUE
= IEEREARYS 70 —~ o
1 I““IJZE_ € 2 \\
8 bt s T-SPOT TEMPERATURE|
£ 20 0 = 2 (Tyg) =200°C
@ w 4
& S 3 1
H w N\
o ™ o 8
a 15 7 50 ui °
— '3 o
=] o w
a 12 - :-"
3 o 40 3 4
° 4 © v,
s CEQ
8 LIMITED
5 ’ 30
o
o) 1 3 i 10 100
INPUT POWER (P1g) —W COLLECTOR-TO-EMITTER VOLTAGE (Vgg) —V
92CS 19160
) ) . . 92CS-19139
Fig.3—Typical output power or collector efficiency vs. Fig.4—Safe area for dc operation.
input power at 76 MHz. !
TTTT T 15
T COLLECTOR SUPPLY VOLTAGE
s (Vee)=24 v
T 33 OUTPUT POWER (Pog)=20W  _|
= 100 i It CASE TEMPERATURE (Tg)=100°C
< : "
Iy ‘n > i
z b Say
= 8 9 >
= Q
£ E ]
a 2]
2 e
60 nE,
g ol : )
g —t 2e€
EE
§ 40 a5
g 8
; I3 ’Sg
20|
| [ | 8
30 20 €0 70 80
ol FREQUENCY (f)—MHz
5100 -50 0 50 00 150 200 250 92cs—19161
CASE TEMPERATURE (Tg) - 9C
92L5-1882R2 ) .
Fig.5—RF Dissipation derating curve. Fig.6—Typical broadband performance of 2N5071.
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. (zL =50 ) C1, CZ: 55-300 pF trimmer capacitor, ARCO 427, or equivalent
03, C 4 32-250 pF trimmer capacitor, ARCO 426, or equivalent
(2,=50Q2) G
9
05: 1000 pF feedthrough
CG: 0.1 uF (50V) electrolytic
Cz} Lyr 1tum, No.16 wire, 5/16 in. (7.93 mm) ID

L2:1 Ferroxcube No. VK200 01-3B, or equivalent

Lé, Ly 3turns,No. 10 wire, /16 in. (7.93 mm) 1D,

1/2in. (12.7 mm) long

j

+Vec=24V 92L$-1836R2 Note: Impedance measurements are made at transistor socket pins.

Fig.7—Narrowband rf amplifier circuit for power output test

(76-MHz operation).
(2, =50Q) C1 B C2: 55-300 pF trimmer capacitor, ARCO 427, or equivalent
(Zg . 2N5071 03, 05: 0.47 uF ceramic
=504) ©f C4: 1000 pF feedthrough
Ul m L,: Ferroxcube No.VK200 01-38, or equivalent
AL T —{'02 T,, T, To: 6 twisted pairs (10 turns/in.) of No. 28
= 2 7] 1723
wire connected in parallel. 3 1/2 turns
l on Indiana General CF-108-Q2

Vee

T3 = ferrite core, or equivalent.

T4, T5: 2 lengths of RE-196A/U cable connected in parallel.
92C5 19162 7 turns on Indiana General CF-111-Q1 ferrite core,
or equivalent.

Fig.8—Wideband rf amplifier circuit (30-to-76 MHz).

TERMINAL CONNECTIONS

Mounting Stud, Case, Pin No. 1 — Emitter
Pin No. 2 — Base
Pin No. 3 — Collector
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NG

Solid State
Division

RF Power Transistors

2N5090

Features:

JEDEC TO-60 HA307

RCA-2N5090°® isan epitaxial silicon n-p-n planar transistor
employing the RCA-developed “overlay’ emitter-electrode
design. It is intended for rf amplifier, frequency-multiplier,
and oscillator service in vhf and uhf communications
equipment.

The overlay structure contains many isolated emitter sites

High-Power Silicon N-P-N
Overlay Transistor

High-Gain Type for Class A, B, or C
Operation in VHF/UHF Circuits

® Maximum safe-area-of-operation curve

® 1.2 W (min.) output at 400 MHz (7.8 dB gain)
= 1.6 W (typ.) output at 175 MHz (12 dB gain)
® Hermetic stud-type package

® All electrodes isolated from stud

connected in parallel by means of a diffused grid structure
and a deposited metal overlay. The overlay design provides a
very high emitter-periphery-to-emitter-irea ratio and results
in low output capacitance, high rf-current-handling capa-
bility, and high power gain.

1000,
MAXIMUM RATINGS, Absolute-Maximum Values: §| CASE TEMPERATURE (T)=100°C
*COLLECTOR-TO-BASE VOLTAGE .. Vcgo 55 v, Tg MAX.
COLLECTOR-TO-EMITTER IE <
VOLTAGE: -,
With external base-to-emitter & ™N ot ’5:’%015”"5"“""
resistance, Rgg =102 ......... VCER 55 \ £ Js
* With base open ................. Vceo 30 v u
*EMITTER-TO-BASE VOLTAGE .... Vggo 35 v | 100 1
*CONTINUOUS COLLECTOR ° :“NWE» :Jss 'SOFE" MINED BY \Y;
— E INFRARED -
CURRENT .................... Ic 0.4 A 8 SCANNING TECHNIQUE
*CONTINUOUS BASE CURRENT. . . . . I 0.4 A w 4
*TRANSISTOR DISSIPATION ...... a Veeo MAX
At case temperatures up to 100°C........... 4 w ©
At case temperatures above 100°C. . Derate linearly at 0.04 W/°C
*TEMPERATURE RANGE: 10
Storage & Operating (Junction). ........... —65to +200 °C | 10 100
*LEAD TEMPERATURE (During soldering) : COLLECTOR-TO-EMITTER VOLTAGE (Veg)—V
At distances > 1/16 in. (1.58 mm) from 92¢5-17671
insulating wafer for 10smax. ............. 230 °c Fig. 1~Safe area for dc operation
*In accordance with JEDEC registration data format JS-6 RDF-3.
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tg) = 25°C
STATIC
TEST CONDITIONS
DCc DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Voltage-V Voltage-V mA
Vce VBE I I Ic MIN. | MAX.
*| Collector-Cutoff Current:
With base open Iceo 28 0 - 0.02
With base-emitter junction reverse-biased 55 -15 - 0.1 mA
With base-emitter junction reverse-biased & Icev
Tg = 200°C 30 -15 - 5
*| Emitter-Cutoff Current |EBO 35 — 0.1 mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 0.1 55 - v
*| Collector-to-Emitter Sustaining Voltage:
With base-open Vceolsus) 0 5 30 -
With external base-to-emitter resistance v (sus) v
(Rgg) = 100 CER 5 | ss2 | -
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 o 35 - v
*| Collector-to-Emitter Saturation Voltage Vcelsat) 20 | 100 - 1.0 Vv
*| DC Forward-Current h 5 360 5 -
Transfer Ratio FE 5 50 | 10 200
Thermal Resistance (Junction-to-Case) Rguc - 26 oc/w
3pylsed through a 26-mH inductor; duty factor = 0.05%.
DYNAMIC
TEST CONDITIONS
DC Collector Output Input Collector | Frequency
CHARACTERISTIC SYMBOL| Voltage | Power (PoE) | Power (Pyg) | Current (i) (f) LIMITS | uNiTS
\2 w w mA MHz MIN. | MAX.
Power Output (Class C amplifier,
. X 12 | -
unneutralized) (See Fig. 2) Poe |Vec=28 02 400 w
Gain-Bandwidth Product fr Vcg = 15 50 500 - MHz
* | Magnitude of Common Emitter,
Small-Signal, Short-Circuit Forward- |hfel Vcg = 15 50 25 -
Current Transfer Ratio
* | Available Amplifier Signal Input Power P; 1.2 400 - 0.2 w
* | Collector Efficiency ne 1.2 45 - %
* [ Collector-to-Base Capacitance Copo | VcB =30 1 - 35 pF

*|n accordance with JEDEC registration data format JS-6 RDF-3.

Vcc=+28V

9255-3620R2

£ig.2-400-MHz rf amplifier for output power test.

Cq: 0.9-7 pF, ARCO 400, or equivalent
Cp, C3: 1.5-20 pF, ARCO 402, or equivalent

Cy4: 1,000 pF, feedthrough type

Lq: 2 turns No.18 wire, % in. (6.35 mm) ID,
1/8 in. (3.17 mm) long

Lp: 3 turns No.16 wire, % in. (6.356 mm) ID,
3/8 in. (9.52 mm) long

L3: 0.1 gH, RFC

Lg: 2 turns No.18 wire, 1/8 in. (3.17 mm) iD,

1/8 in. (3.17 mm) long
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CASE T (Tc)= 250 C HE T
CASE TEMPERATURE (Tc) = 259 C N RF INPUT POWER (Pig) = 0.2W [}
COLLECTOR-TO-EMITTER VOLTAGE (Veg) =28V . FREQUENCY (f) = 400 MHz es
. 30 i
1 E
W
S s ;
= E3
£ 20 300 2 i
e — I~ N g T g
2 15 — 0 5 H
3 : o S g
& 10 RF inp, w NN L et H
UT Poy, E 7 :
R (Pre) N~ TN = s =
5SSO my NN 06
05 I~ S :
HEnss =
[ 1 T H T T
0.4 T EHHHE
100 20 300 400 600 5 10 15 ) 25 30 35 0
FRE QUENCY (f) - Mz COLLECTOR SUPPLY VOLTAGE (Veo)—-v
SR 2SR
Fig.3—Typical output power vs. frequency. Fig.4—Typical output power vs.. collector supply voltage,
CASE TEMPERATURE (Tg)=25°C COLLECTOR-TO-EMITTER VOLTAGE (Veg)= 15V
1000} CASE TEMPERATURE (T) = 250 C
“ 2
S P ¢
| Is -
= - T0. =
< oL ECTR O &m\ \\ &
5 o | ) £
@
g 600 e, N 2 ¢ 1]
O E =
C >
& SN ] e
= N ] COLLECToR — ™~~~
= o CTOR CURR —
g 4 AN é- 2 | ENT (1c) = 25 P — L]
2 z N
3 g LI B
£ 20| ]
3 15
u
) 20 a0 ) 80 100 [} 1% 500
COLLECTOR CURRENT (Ic)—mA FREQUENCY (f)— Kz
92CS~-14634R2 9255-3622R2

Fig.5—Typical gain-bandwidth product vs. collector current.

COLLECTOR-TO-EMITTER VOLTAGE (Vep) = 15V
CASE TEMPERATURE (T¢) = 25° C

IS
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L 8
2
£
£
£, |
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§-0/§ -l
-xzyélu—so-zs
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FREQUENCY ()~ MHx
9255-3623R2

Fig.7—Typical series input reactance vs. frequency.

102

Fig.6—Typical series input resistance vs: frequency.

COLLECTOR-TO-EMITTER VOLTAGE (Vcg) = 15V

COLLECTOR CURRENT (ic) = 25 mA 35
CASE TEMPERATURE (T¢) = 25° C
$ * g
;2 5 Re (hjg) ] :%
E P—— 3
= 2 » £
g g
g v VAR
E 5 A s
£ A £
g ° e g
g s = E
10
15 ]
50 100 bs0
FREQUENCY (f) - MHz
9285-3624R2
Fig.8—Typical - series input and 1 vs.

frequency.
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COLLECTOR-TO-EMITTER VOLTAGE (VcE) = 15 V
COLLECTOR-TO-EMITTER VOLTAGE (VeE) = 15V CASE TENPERATURE (TQ) = 250 €
= CASE TEWPERATURE (T¢) = 25° C L 5
1104 T
= s 5 B
L $ \
35 "B
A 2
¢ {i, 10
= o
= - 3 S 8 N
2
g wls 75,100 5 N
5 = 5 s \\
% 6 g COLLECTOR CURRENT (Ic) = 25 OR 100 mA
S =]
S 4
w =
- 4
= <
g .2
<
&
102 0
0 ° L U] ? ' 50 L 100 ? “os0
FREQUENCY (f)— MHz FREQUENCY (1)~ WHz
25536252 928536262
Fig.9—Typical parallel output resistance vs. frequency. Fig.10—Typical parallel output capacitance vs. frequency.
FREQUENCY () = | uHz
COLLECTOR-TO-ERITTER VOLTAGE (VCE) = 15 V
COLLECTOR CURRENT (i) = 25 mA u | GASE TEMPERATURE (Tc)=25°C
G CASE TEMPERATURE (Tc) = 250 C w 1
— 104 100 % 3
8 8 8 73 S
z o
o 6 3 3" =
§ 4 I] § €
_ z a
w K3 £
g S g
g } ? ~ B 3
2 ) ] o
g ~, £ 4 <
& ng3 22 0 5 g
500 = s £ & —
E| s (Coca) 3 [ [—
oeo. ] ]
3 4 ™ i 3
E | E 2
2 E 5
z F 2 &
H g
102 10
L o 500 ° 0 20 0
FREQUENCY (f)— Wiz COLLECTOR-TO-BASE VOLTAGE (Vcg)—V
9255-3627R2 92CS—13157R2
Fig.11—Typical parallel output resistance and capacitance vs. Fig.12—Typical variation of collector-to-base capacitance.
frequency. with collector-to-base voltage.

TERMINAL CONNECTIONS

Pin No. 1 — Emitter
Pin No. 2 — Base

Pin No. 3 — Collector
Case—lsolated
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Solid State
Division

File No. 279
RF Power Transistors

2N5102

Features:

High voltage ratings

JEDEC TO-60

H1307

RCA-2N5102° is an epitaxial silicon n-p-n planar transistor of
the overlay emitter-electrode construction. It is especially de-
signed with integral ballast resistors in each emitter site to pro-
vide high power as a class C rf amplifier for vhf aircraft com-
manications service (108 to 150 MHz) with amplitude mod-
ulation and 24-volt power supply.

N

The transistor featu

ulc proteciion against any ioad
mismatch. Each unit is tested at 118 MHz with full modula-
tion and no current limiting for all load-mismatch conditions

from short-circuit to open-circuit.

MAXIMUM RATINGS, Absolute-Maximum Values:

15 W output min. at 136 MHz
For 24 V aircraft communication
Load mismatch protection

High-Power Silicon N-P-N
Overlay Transistor
For Class C, AM Operation in VHF Circuits

TERMINAL CONNECTIONS
Case, Pin No. 1 — Emitter
Pin No. 2 — Base
Pin No. 3— Collector

Emitter grounded to case

In the overlay structure, a number of individual emitter sites
are connected in parallel and used in conjunction with a com-
mon collector region. When compared with other structures,
this arrangement provides a substantial increase in emitter
periphery for higher current or power, and a corresponding
decrease in emitter and collector areas for lower input and
output capacitances. The overlay structure thus offers greater
power output, gain efficiency, frequency capability, and
linearity.

_—

®Formerly RCA Dev. No. TA2791

“COLLECTOR-TO-BASE VOLTAGE  ...........oouuiioinen VcBO 90 v
COLLECTOR-TO-EMITTER VOLTAGE:
With base-emitter junction reverse-biased, VBE=-15V ... VCEV 100 \%
*With external base-to-emitter resistance, RBE=56Q ... VCER 50 \Y
"EMITTER-TO-BASEVOLTAGE ..........coivueeei i VEBO 4 Vv
"CONTINUOUS COLLECTOR CURRENT ........................ ... ... ... Ic 3.3 A
PEAK COLLECTOR CURRENT .............ooiiuiuiieiannn 10 A
"CONTINUOUS BASE CURRENT .........ovuie it i 1 A
*TRANSISTOR DISSIPATION: PT
At case temperatures Up t0 25°C ................. ..o 70 w
At case temperatures above 25°C ..................... See Fig. 6
*TEMPERATURE RANGE:
Storage & Operating (Junction) .............................................. —65t0200 °C
“LEAD TEMPERATURE (During soldering)
At distances > 1/32in. (0.8 mm) from insulating wafer for 10smax ............... ... 230 °c
*In accordance with JEDEC registration data.
8-72

104



*

*

File No. 279 2N5102
ELECTRICAL CHARACTERISTICS, At Case Temperature (Te) = 25°C unless otherwise specified
TEST CONDITIONS
LIMITS
CHARACTERISTIC SYMBOL VOLTAGE CURRENT UNITS
Vde mA dc
Veg | Vce| Vee|le |8 | Ic |MIN.| MAX.
Collector Cutoff Current:
With base-emitter junction
reverse biased . 83 -1.5 — 20 A
ALTC = 150°C CEV 30 | 15 Z 0] ™
With external base-to-emitter \ 50 10
resistance (RBg) =5 Q CER -
Emitter Cutoff Current IEBO -4 - 10 mA
Collector-to-Emitter
Sustaining Voltage: a
With base-emitter junction VCEev(sus) 15 600 100 -
reverse biased v
With external base-to-emitter
a —
resistance (RBg) =5 Q VCER(sus) 200 50
With base open VcEeO(sus) 0 | 2009 35 —
Emitter-to-Base Breakdown
Voltage V(BR)EBO 10 0 41 - |V
. 4 3A 10 -
DC Forward Current Transfer Ratio hge 4 05 A 10 | 100
Magnitude of Common-Emitter,
Small-Signal, Short-Circuit Forward
Current Transfer Ratio Ihtel 2 500 ! -
(f = 1560 MHz)
Output Capacitance (f = 1 MHz) Cob 30 0 — | 8 | pF
Available Amplifier Signal Input
Powerb P; - 6 | W
(Po = 16 W, ZG = 50 ©2, f = 136 MHz)
Collector Circuit Efficiency
(PlE = 6 W, ZG =50 %, f = 136 MHz) | "C ECN I I
Modulation® 24
(f =118 MH2) M vee) 80 | - | %
Load Mismatchd iy 24 1100 | Will not be
(f =118 MHz) (Vee) damaged
Dynamic Input Impedance (See Fig. z 24 1.7+j26 Q
10) (Pjg = 6 W, f = 150 MHz) IN vee) (typ)
Thermal Resistance R 25 o
(Junction to Case) 64C - : c/w

*1n accordance with JEDEC registration data.

apuylsed through a 9-mH inductor; duty factor = 50%.

bunmodulated carrier.

€see Figs. 9 & 10. Carrier Power, PcaR, =15 W;

2 (P ot — PcAR!
V¢ modulation = 100%; M = ——-m——c—— x 100%.
PCAR

dynder conditions of footnote ¢, the transistor is subjected to
all conditions of load mismatch from short-circuit to open-circuit.
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RF POWER OUTPUT (Pgy7)—W

T = T T T
CASE TEMPERATURE (Tg)=250 C e H CASE TENPERATURE (T()=250 C
; RF POWER INPUT (Piy)=6W [
COLLECTOR-TO- EMITTER VOLTAGE (VgE) =24 V S
RF POKER INPUT (Pi)=6 W cE i 10| FREQUENCY =136 Mz
SSismsestasean 2
T 3 t H H =
aEii i L5
» 8 i 5
T o &
= 2
5
g
2 £
o
e )
: ]
i S
2 b g 10
it 9
s = J I
B Sl esatamana H 1 H
T T T T
Imnmn A NENA AERERAAE HT T T 1 I INENI 1 1T T
0P TR HH R 0 5 [ I R
* 0w m o 1w 150 COLLECTOR- TO- EMITTER VOLTAGE (VgE)—V
OUTPUT FREQUENCY (foyr)—MHz s 02553665

Fig. 1-Typical power output vs. frequency.

Fig. 2—Typical rf power output vs. collector-

to-emitter voltage.

Fig. 4—Typical power output vs. power input.

COLLECTOR-TO- BASE CAPACITANCE (Cop)—pF

106

F =1MHz H
CASE TEMPERATURE (T¢)=250
150)
2 :
0 10 15 0 5 30 35 4

COLLECTOR- TO- BASE VOLTAGE (Vgp)—V

of r0-bas!

Fig. 5—Typical
capacitance.

STO
-W

MAXIMUM TRANSISTOR
DISSIPATION

Fig. 3—Typical collector efficiency vs.
frequency.

CASE TENPERATURE (Tg)=250 € T COLLECTOR SUPPLY VOLTAGE (Voo) =20V bt E
COLLECTOR- TO- EMITTER VOLTAGE (V)= 24 V st CASE TEMPERATURE (Tg)=250 C = H
RF POKER INPUT (Py)=6 W i H OPERATING FREQUENCY= 136 MHz S et
EEstEsmmssa H
: F —F=F EEEaeee:
I e = SEHE
® ! e I :
£ = R 5 s
5 S fasaasss s ! -
i + H =
s e i g e
[T + * | > + T T
5 3 | i
= T = T o
5 s ] 3 o 5
2 H g s
2 & = E
g
‘ i
;
EEES =i = . =
o e R ErER bR S e
) W 10 10 130 1 150 4 5 8 9
OUTPUT FREQUENCY (fgu7)—MHz RF POKER INPUT (Piy)—W
N
9285-3666. 9285-3667

i

P

Fig. 6—Dissipation derating curve.
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File No. 279 2N5102
10 casE TEMPERATURE (Tc) =100°C
| NOTE:T g 1S DETERMINED BY |
N I USE OF INFRARED
<
L I~ MAX. TECHNIQUE | RCA RCA RCA
19 c 100m¥| 40290 40291 40292 RCA 15
0] N - I > > 2N5102 [ WATTS
g N A
s HOT-SPOT TEMPERATURE
£ (T,g) =200°C
3 1
p AN
o
=
5
w
-
3 4
o
© v
ce0 12y, 12v, 3 24V,
LIMITED MODULATED ~ MODULATED  MODULATED  MODULATED
Upward modulation only.
o sausarm
| 0 100 Fig. 8—Block diagram of a typical narrowband aircraft radio
COLLECTOR-TO-EMITTER VOLTAGE (Vg)—V transmitter chain.
92CS-19139
Fig. 7—Safe operation area with dc forward
bias.
A R
N ouT
MODULATOR (zg=30M) (Z =500
OSCILLOSCOPE|
C]
r._] L_l e,
RF POWER p 4
RF Cy,Cq  3-35pF 92LS-1275R2
METER 1, Cg P . . >
RF DRIVER AMPLIFIER R i Ly: 31/4 tumns, 1/8in. (3.17 mm) dia.
SOURCE > ; LT VARIABLE C2,C7: 7-100 pF No. 14 wire
e Gy 01uF Ly 2tums, 3/8 in. (9.52 mm) dia. No. 14 wire
CIRCUIT g4= °~z5 uF Lg: 4turns, 3/8 in. (9.52 mm) dia. No. 14 wire
5. 1.000 pF L4, Ls: 350 £ Ferrite choke, Fi
_1276R2 , Lg: ite choke, Ferroxcube
9aLs R: 1 wire wound #VK200 01-38
Fig. 9—Block diagram for modulation test. Fig., 10—RF amplifier circuit for power output test.
12 V. MODULATED
(SEE NOTE)
. MODULAT!
12 V. MODULATED 24 V. MODULATED
Pour
(z *500)
Py *100mW
(29=500)

€

E

#er

Cy, C3, Cs, C7.C1g:  3-35 pF L, L7t
Cy, C4, Cg, Cg. C17: 8-60 pF Lg
Cg, C11.Cq3: 0.03 uF Lg:
C10.C12. C14: 1,000 pF L0
Cy5: 0.1 pF [ETH
Ly, Lg: 3tumns, 1/4 in. (6.35 mm) dia., No. 16 wire L1z
Ly, Lg: Ferrite choke, 2Z = 450 ohms, Ferroxcube L3
# VK200 01-4B
L3: RFchoke, 1.5 uH

92LM-1278R2
4 turns, 1/4 in. (6.35 mm) dia., No. 16 wire

RF choke, 1.0 uH

wire-wound resistor, R = 2.4 ohms

3 turns, 1/8 in. (3.17 mm) dia., No. 14 wire

2 turns, 1/2 in. (12.7 mm) dia., No. 16 wire

4 turns, 1/2 in. (12.7 mm) dia., No. 16 wire

350  ferrite choke, Ferroxcube # VK200 01-38

Note: Upward modulation only.

Fig. 11 — Circuit diagram of a typical narrowband aircraft radio transmitter chain.
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IR/

Solid State
Division

RF Power Transistors

2N5109

Features:

® Low distortion
= Low noise

JEDEC TO-39 1381

RCA-2N5109* is an epitaxial silicon n-p-n planar transistor
employing “overlay” emitter electrode construction. It is
especially designed to provide large dynamic range, low dis-
tortion, and low noise as a wideband amplifier into the
vhf range.

MAXiIMUM RATINGS, Absolute-Maximum Values:

* COLLECTOR-TO-BASE VOLTAGE ...... Veso 40 Vv
COLLECTOR-TO-EMITTER VOLTAGE:
* With base Open . .................... Vceo 20
With external base-to-emitter resistance
(RBE) =102 ..... e Vcer 40
* EMITTER-TO-BASE VOLTAGE...... . VEBO 3
* CONTINUOUS COLLECTOR CURRENT. .. ¢ 04
* CONTINUOUS BASE CURRENT - ! 0.4
* TRANSISTOR DISSIPATION:
At case temperature up to 75°C 25
At case temperature above 75°C See Fig. 10

" TEMPERATURE RANGE:
Storage and operating (Junction) ........
* LEAD TEMPERATURE (During Soldering):
At distances >1/32 in. (0.8 mm) from

the seating plane for 10 s max  ....... 230 °c

* In accordance with JEDEC registration data

> >r << <

=

-65 to +200 O¢

Silicon N-P-N Overlay Transistor

High Gain for Line Amplifiers in
CATV and MATV Equipment

® High gain-bandwidth product
& Large dynamic range

A high gain-bandwidth product over a wide range of collec-
tor current makes the 2N5109 ideally suited for such ap-
plications as CATV and MATV line amplifiers and low-
noise linear amplifiers.

*Formerly RCA Dev. No. TA2800.

CASE TEMPERATURE (Tc) =25°C
COLLECTOR-TO-EMITTER VOLTAGE (Vgg) = I8V
T TR

GAIN-BANDWIDTH PRODUCT (f) — MHz

+

0 80 oo 120 140
92LS-2168R2

20 40
COLLECTOR CURRENT (Lg)—mA

Fig. 1—Gain-bandwidth vs. collector current for type 2N5109.
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File No. 281 2N5109
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C Unless Otherwise Specified
TEST CONDITIONS
DC
CHARACTERISTIC SYMBOL COLLECTOR OR BASE |CURRENT LIMITS UNITS
VOLTAGE -V mA)
Vee | VBe | VCE 1] lc | MmN, MAX.
Collector- Cutoff Current: |
With base open CEO 15 - 20 | waA
With base-emitter junction reverse-
biased Icev 15 | 35 - 5 A
Tc=1500C A6 | 15 - 5 m
Emitter-Cutoff Current leBO -3 - 0.1 mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0| 01 40 - \
Collector-to-Emitter
Sustaining Voltage: a
With external base-to-emitter VceRlsus) 5 40 - v
resistance (Rgg) = 10 2
With base open Vceolsus) 5 20 - \
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 3 —
Collector-to-Emitter
Ve lsat) 100 - 05
Saturation Voltage (g =10 mA) CE
Collector-to-Base Capacitance I 15 0 35
- . F
(f =1 MH2) cb s
. 15 50 40 120
DC Forward-Current Transfer Ratio hgg 5 360 5 _
Small-Signal Common-Emitter 15 25 4.8 —
Forward Current Transfer Ratio hfe 15 50 6 -
(f =200 MHz) 15 100 | 4.8 —
Magnitude of Common-Emitter
Small-Signal Forward h
Current Transfer Ratio | fe l 15 50 -
(f = 200 MHz)
Available Amplifier Signal
Input Power (See Fig. 9) P 15
(Poyut = 1.26 mW, Source i (Vee) 50 - 0.1 mw
Impedance = 50 2, f = 200MHz)
Voltage Gain, Wideband, 50 to 216
MHz (See Fig. 8.) Gve 15 so | m a8
Cross Modulation @ 54 dBmVP
Output (See Fig. 14.) M 15 50 =57 (typ.) a8
Power Gain, Narrowband
(f =200 MHz, Gpg 15 10 1 a8
Pyn =-10dBm)
Noise Figure (f = 200 MHz)
(See Fig. 9.) NF 15 10 3 (typ.) dB
Thermal Resistance o
R - 50 C/W
(Junction-to-Case) 04C !

apylsed through a 25 mH inductor; duty factor = 50%

* In accordance with JEDEC registration data

b 0 dBmV = 1 millivolt
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2N5109 File No. 281

COLLECTOR TO EMITTER VOLTS (VgE) = 15
CASE TEMPERATURE (T¢) = 250C

-jloo

-j50 92554424

Fig.2—Input reflection coefficient (S17¢) vs. frequency for type 2N5109.

COLLECTOR-TO-ERITTER VOLTS (VcE) = 15 2 I COLLECTOR-TO-EMITTER VOLTS (VcE) = 15

= CASE TEMPERATURE (Tg) = 250C ] CASE TEMPERATURE (Tc) = 25°C

~ =2 =509 g 2G=2 =509 f
[ EEEE] st st EERI e 5 4 TR TR
o e 3 i
& e : ie s
W2 & 20

8 | S

i

§ i

&

z 5 = o t

] &

= s T w

s ]

H] z H
FR] £

o a

2 g

1 <

a H

E s 3 E

z COLLECTOR CURR y

o NT

< ) + 5¢ Ic) = a

* e 9AND 100 ma 15 3

002 04 06 0.8 10 0 . 0.4 0.6 08 10
FREQUENCY () - GHz FREQUENCY (f) - GHz
92554426 92554427
Fig.3—Magnitude of common-emitter forward transfer coeffi- Fig.4—Angle of common-emitter forward transfer coefficient
cient (S21¢) vs. frequency for type 2N5109. (S21¢) vs. frequency for type 2N5109.
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iSO

COLLECTOR-TO-EMITTER VOLTS (Vo) = 15
CASE TEMPERATURE = 250C

Zg=2L =500 i150

-j50 9255-4425

Fig.5—Output reflection coefficient (Sppe) vs. frequency for type 2N5109.

3|

0] COLLECTOR-TO-ERITTER VOLTS (Vcg) = 15 T

COLLECTOR-TO-EMITTER VOLTS (VCE) = 15 B 1 u|

CASE TEMPERATURE (T¢) = 25°C :

CASE TEMPERATURE (T¢) = 25°C

2= 7L = 508

Zg=12L= 502

ANGLE-REVERSE TRANSFER COEFFICIENT (312¢) - DEGREES

MAGNITUDE -REVERSE TRANSFER COEFFICIENT (S12¢)

Eassmsaaal:

%
0.4 0.6 08 1.0

0.6 0.8 1.0

2N5109

FREQUENCY () - GHz FREQUENCY (f - GHx
9255-4428 92554429
Fig.6—Magnitude of common-emitter, reverse transfer coeffi- Fig.7—Angle of common-emitter reverse transfer coefficient
cient (S12e) for type 2N5109. (S12¢) vs. frequency for type 2N5109.
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2N5109
3
AW 2G=50n AT "
Z5:750 Z,=750 Caq
: YPE 2 L
fmer el 2N5109 )} 25500
] [ 14 Cs [ < Lg
| e
(SEE
fo e, DETAIL) 7{03
R $ 4
3 cg=R
1 2 7 J——
Ce Cr [
a L3
R
3 Cq DETAIL Ce
OF TRANSFORMER T
n .
J = l-v
= EE +V,
_VEEL = + Ve, cc 92L.5-1828R2
92L8-1829R4 €4, Ca. C3: 1.0~30 pF, mica trimmer, ARCO or equivalent
Cq,Cp, C3, Cs: 0.002 uF R3: 330Q,1W Cg4: 1.0-20 pF d.isc ceramfc
Cs: 0.03puF Rq: 200 Q, % W Cg: 10,000 pF disc ceramic
. N Cg. C7: 1,000 pF disc ceramic
Cg, C7: 1500 pF T1q: 4turns No. 30 wire : ; X
bifilar wound on CB' 0.01 uF disc ceramic . .
Cg: 18 pF indian Gonorel® L7 4-1/2 turns, No. 22 wire, 3/16 in. (4.76 mm) 1.D.
Ri: 47k, %W e e Lg: 31/2 turns, No. 22 wire, 3/16 in. (4.76 mm) 1.D.
core No, CF-102-Q1, 4 2 uH REC
R2: 68 2, %W or equivalent L2 L3: 0.82uH RF
q - R1: 240 2, 2 W, carbon
Fig.8—RF amplifier for voltage-gain testin, f . e . P
9 P 9e-gain testing of type 2N5109. Fig.9—200-MHz amplifier for power-gain and noise-figure test-
ing of type 2N5109.
1090 T CASE TEMPERATURE (1,1~ 100°C
P l
« f I (MAX) CONTINUOUS \4
Sz
° e
Iy o,
2r = HOT - SPOT
s 5 TEMPERATURE
Ez g (T)g)=200°C
=2 g 100, | - —
39
25 e ] ||
xa o
2 5 |
= g NOTE :
o Tys IS DETERMINED BY USE OF
3 INFRARED_SCANNING TECHNIQUES ||
S22 10 i
=100 -50 o 50 100 150 200 | 4 € 85 2 24 4 € 8 50
Fig. 10—Dissivati T;MPERATURE Tl =cc 9zcs-ioira COLLECTOR-TO-EMITTER VOLTAGE (Veg) =V s2cs-22653
19.10—Dissipation derating curve for . N .
Fig. 11-Maximum operating area for type 2N5108,
type 2N5109. 9 ; perating P
FREQUENCY-200 MHz i85
45[COLLECTOR CURRENT (Ic1:5mA =200 MHz_ j
CASE TEMPERATURE (T( ):25° C gg'g'gE?EOMRPEgﬂ,uﬁ'g'{{jfz‘gz’g“E(VCE’ 15V 14
Veer | || | ) tozpscas T T
© 4 lr
H SR
22 ] i B
2% 3 — i it x
"> o T : w
x| z aant t 12 a
=] w + Lo £ e
E3 3 £ 5 ! : z
Bl £ R : I
g N 4 §
W 25| N 2 + Y
g2 E] ; ; i 3
ER t : s
g3 Vceo\\“ : i ©
37 29 2l gaassies: =
© i T £
: e o i
e s
ol s SRR '
0 K 10K 20 40 60 80 100 92Ls-1833R2
EXTERNAL BASE-TO-EMITTER RESISTANCE (RBE)—n 92L5-2165K! COLLECTOR CURRENT-mA

Fig. 12_Sustaining voltage vs. base-to-emitter resistance for
type 2N5109.
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File No. 281

Fig. 14—Test set-up for measuring cross modulation in type

MATCHING RF
NETWORK 1 GENERATOR
(50 or 759) 1

FIELD
VARIABLE STRENGTH |—{ POTENTIO-
COMBINER® ATTENUATOR WETERD METER
AMPLIFIER UNDER TEST
MATCHING RF
NETWORK 2 GENERATOR Ac
(50 or 75Q) 2¢ VOLTHETER?

a provides 20 db isolation between generators

b 50220 MHz with detector output S 1225k
¢ Hewlett—Packard HP 608 D or equivalent

d Ballantine 861 or equivalent

2N5109.

CROSS-MODULATION TEST PROCEDURE:

N =

w

o

o]

. Set up equipment as shown in Fig. 14.
. Set generator 1 to 150 MHz modulated 30% by 1,000

Hertz, and tune field strength meter to 150 MHz.
Adjust output level of generator 1 to give rated output
from the amplifier under test.

. Adjust potentiometer and AC voltmeter for a convenient

level. This level then corresponds to 100% cross modula-
tion.

Remove modulation. Readjust output level of generator 1
if necessary, to obtain the AC voltmeter *100% level”. Do
not readjust generator 1 during the following steps.

. Set generator 2 to 210 MHz modulated 30% by 1,000

Hertz and tune field strength meter to 210 MHz.

. Adjust output level of generator 2 to give rated output of

the amplifier; i.e., the AC voltmeter indicates the ** 100%
level”.

. Tune field strength meter to 150 MHz CW and read the

AC voltmeter (a change of the AC voltmeter scale may be
necessary).

. Calculate percentage of cross modulation by comparing

the reading of step 8 to the “100% level”.

TERMINAL CONNECTIONS
Lead No.1 — Emitter
Lead No.2 — Base
Lead No.3 — Collector
Case — Collector

2N5109
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NG

Solid State
Division

RF Power Transistors

RCA-2N5179* is a double-diffused epitaxial
planar transistor of the silicon n-p-n type. It is
extremely useful in low-noise tuned-amplifier and
converter applications at UHF frequencies, and as
an oscillator up to 500 MHz.

The 2N5179 utilizes a hermetically sealed four-
lead JEDEC TO-72 package. All active elements of
the transistor are insulated from the case, which
may be grounded by means of the fourth lead in
applications requiring minimum feedback capaci-
tance, shielding of the device, or both.

* Formerly Dev. No. TA7319.

Maximum Ratings, Absolute-Maximum Values:

COLLECTOR-TO-BASE

VOLTAGE, Vcso ... 20 max. v
COLLECTOR-TO-EMITTER

VOLTAGE, Vceo . ... . 12 max. A%
EMITTER-TO-BASE

VOLTAGE, Viso 2.5 max. v
COLLECTOR CURRENT, Ic 50 max. mA

TRANSISTOR DISSIPATION, Pr:
For operation with heat sink:

At case fup to 25°C ...
temperatures™* | above 25°C ...

For operation at ambient

300 max. mW
Derate at 1.71mW/°C

temperatures:
At ambient {up t0°25°C . . 200 max. mwW
temperatures above 25°C ... Derate at 1.14mW/°C
TEMPERATURE RANGE:
Storage and Operating (Junetion) . —65 to +200 °C

LEAD TEMPERATURE
(During Soldering) :
At distances =1/32" from seating

surface for 10 seconds max. 265 max. °C

** Measured at center of seating surface.

2N5179
SUCON N-P-N [
EPITAXIAL PLANAR )']‘['(
TRANSISTOR

For UHF Applications in Miltary, == >
Gommunications, and Industrial Equipment

* high gain-bandwidth product — 1000MHz min.

hermetically sealed TO-72 four-lead metal package

low leakage current

high power gain as neutralized amplifier —
G,e = 15dB min. at 200MHz

high power output as UHF oscillator —
20mW typ. at 500MHz

* low noise figure —
NF = 4.5dB max. at 200MHz

low collector-to-base time constant —
n'C. = 14ps max.

high reliability —
production lots of RCA-2N5179 are subjected to and
meet the mini mechanical, envir tal, and
life-test requirements of the basic MILITARY speci-
fication MIL-S-19500. See page 5 for a descrip-
tion of the Group A and Group B Tests.

COMMON-EMITTER CIRCUIT, BASE INPUT;
OUTPUT SHORT-CIRCUITED + 1]
3 | EEe gt
S | AMBIENT TEMPERAT! A)=25°C T )
£ | COLLECTOR-TO-EMITTER VOLTS (Vcg)<6 iSdapan EE n
22 T - Pr‘—:ﬁ‘ff T
3 ! =7 : =
3 » i 1 RREERENEE
s ans T
oz [T IS aa » T
Lo Elcasseandiaaas RaseEs o =,
39 +1 SENENEEERE ENEE ot
i e e R S e Rt
& n t + t t 1
‘Sg.z . I‘L‘!'*‘I"T*“ ne 1 HH
g5 PoA T e T
Sw + s ) + t H
B amsisasz s st s Sen e e
2o HAHHH e N A
=, S e N
E NS e T BEERE SNt NN 1
& [T ' ,,_:I.ﬁi . B N S N
w et s + — +
R e e e R T
o 10 I 20 25 30 35

COLLECTOR MILLIAMPERES (I¢)
Fig. 1 — Small-Signal Beta Characteristic for Type 2N5179

92CS- 14169
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File No. 288 2N5179

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (Ta) = 25°C‘Un/ess Otherwise Specified

TEST CONDITIONS LIMITS
DC DC DC DC DC
L Collector-| Collector- |  Emitter Collector | Base Type .
Characteristics Symbols Frequency zlo-ﬁase to\iER\Itter Current Current | Current 2N5179 Units
loltage oltage
f Vcag chg le ic s
MHz v v mA mA mA Min. | Typ. |Max.

Collector-Cutoff Current 15 0 -+ - 1002

At Ta = 1500C lcso 15 0 T 1] #A
Collector-to-Base .

Breakdown Voltage V(Br)CBO 0 0.001 20| - v
Collector-to-Emitter

Sustaining Voltage V cpolsus) 3 0 120 - |V
Emitter-to-Base ) . i X

Breakdown Voltage V(sR)EBO 001 0 25 v
Collector-to-Emitter

Saturation Voltage Vee(sat) 10 1 S| -] 04V
Base-to-Emitter .

Saturation Voltage Vir(sat) 10 1 a1
Static Forward Current- N

Transfer Ratio he 1 3 25 170 | 250
Magnitude of Small-Signal 100 6 5 914l 20

Forward Current-Transfer lh ]

Ratioa fe 1 kHz 6 2 25190 | 300
Collector-to-Base

Feedback Capacitanced Ceo 0.1tol 10 0 - 07 1| pF
Common-Base Input

Capacitancec (Vgg= 0.5V) Cip 0.1t 0 A AN
Collector-to-Base ,

Time Constanta e 319 6 2 31 7| 14)ps
SmaIINSignall Po(vlv%r Gain

in Neutralized Common-

Emitter Amplifier Circuita Gpe 200 12 5 15} 21 - |8

(See Fig. 2)
Power Output in Common-

Emitter Oscilator Cir- P, >500 10 -12 20| - - |mW

cuite (See Fig. 3)
Noise Figure2 NF 200 6 1.5 - 3]145|d8
a Le;d No.{(case) grounded; Rg = 12500 c Lead No. 4 (case) floating.

bT| tor-to-b i+

hr I of the t p
with the case and emitter leads connected to the guard terminal.
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DC COMMON
15 71
fﬂ) TYPE TYPE : N NOTE: (Neutralization Procedure): (a) Connect a 50-2 rf voltmeter to
= IN3195 IN3195 | 3 T0 the output of a 200-MHz signal generator (Ry = 509), and adjust the
|

generator output to 5mV. (b) Connect the generator to the input and
the rf voltmeter to the output of the amplifier, as shown above.
(c) Apply Vee and Ve, and adjust the generator output to provide
0.02 an amplifier output of 5mV. (d) Tune C, Cs, and C; for maximum
amplifier output, readjusting the generator output, as required, to
maintain an output of SmV from the amplifier. (e) Interchange the
connections to the signal generator and the rf voltmeter. (f) With
sufficient signal applied to the output terminals of the amplifier,
adjust Cy for a minimum indication at the amplifier input. (g) Repeat
steps (a), (b), (c), and (d) to determine if retuning is necessary.

Q = Type 2N5179

Fig. 2 ~ Neutralized Amplifier Circuit Used to Measure
L L L L < =, Power Gain and Noise Figure at 200MHz for Type 2N5179
cc

92CS 14753

Ng’I;E 2 Note 1 — Coaxial-Line output network consisting of:

¥ 50}’—- 2 General Radio Type 874 TEE or equivalent
1 General Radio Type 874-D20 Adjustable Stub or equivalent
Q 75| ,"F OuTPUT 1 General Radio Type 874-LA Adjustable Line or equivalent
NoTE " - SEE NOTE I' 1 General Radio Type 874-WN3 Short-circuit termination or equivalen*
RFC é"' Note 2—RFC = 0.2,H Ohmite #2-460 or equivalent
L Note 3 — Lead Number 4 (case) floating
L1 —2 turns # 16AWG wire, % inch OD, 1% inch long

NoTE 2 _]_ Q = 2N5179
1000 %RFC Ilggo )

i

2200
OHMS
VEE

Fig. 3 = Circuit Used to Measure 500MHz Oscillator
Power Output for Type 2N5179

92CS-12849R2

TWO-PORT ADMITTANCE '(y) PARAMETERS AS FUNCTIONS OF
COLLECTOR CURRENT (Ic) FOR RCA TYPE 2N5179

COMMON-EMITTER CIRCUIT, BASE INPUT; H-H COMMON-EMITTER CIRCUIT;
n ouer:rr ?HORZT-CIRCUITED, [ . nErg’uT SH??)T-ZC(IJ%C:‘WED. f
EQUENCY (f)=200 MHz REQUENCY (f)= Hz
AMBIENT TEMPERATURE (Ta)=25°C ! AMBIENT TEMPERATURE (Ta)=25°C [
" . T . Mo
PR e S - P ]
=3 ;';Hw('—r\"\‘ e o9 i 1
58 1 oo H < COLLECTOR-TO- LT
i e e T H 83 EMITTER VOLTS (Vcple ;
2d0 ONj0M T w3 gy e T n
ui i gz I ;
sl T Hot . . Z7e 1 t i
2% T Vce: 6 28 i e
g5 i T S i !
o y m
88 ' J g8 EESaRSEES
Sz T S« T O
by Ok T t
o I H
SINE) 1 a1 -
] I .| sS4 Tt
23 HH EQ VCE=6
23 T 8”4 AR 9oe
i i b
T T | . ] T
1 11T I 1 I 1T )| | I T
o 5 15 20 o 5 10 15
COLLECTOR MILLIAMPERES (I¢) COLLECTOR MILLIAMPERES (I¢)
92CS - 14732 92C5-14733
Fig. 4 — Input Admittance (yie) Fig. 5~ Output Admittance (y,,)
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TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF
COLLECTOR CURRENT (ic) FOR RCA TYPE 2N5179

75| TTTTT T TTITTTT T T T T T T T T T T T T T I o
1T 1 Il!IIII 1 IITI[ T e e e T
H R v passas i NOTE-gre IS NEGLIGIBLE AT THIS FREQUENCY (200 MHz)y

- E s ) 1 1 I IBRNRSERE NN

o U T 1 1 l[ { ¥ = it } I ;

" %% T T
o » T T
X SN EREE T

Z 5 25! Q IS SN T

<2 I TTTTITTITTT

5 2 COMMON-EMITTER CIRCUIT;

23 I3 INPUT SHORT - CIRCUITED.

L 0 = FREQUENCY (f)= 200 MHz

G T T 27 AMBIENT TEMPERATURE (Ta)=25°C

£ COMMON-EMITTER CIRCUIT, BASE INPUT; Ed T TTT

W OUTPUT SHORT- CIRCUITED. [ I I i

§ f Y (f)= 200 MHz o Wy T 1

22 AMBIENT TEMPERATURE (Tg)=25°C 28

o

B ool N |

2 & T I ] C 0~ .

& 49,0 i ! ] .,. OLLECTOR-T pus

g < TextECTg : 2 TER voLTS (V) Z2Lhbre
S R “yoOR~TG n » i

ThRaYoLTSs ¢ = H
s ep o6 T
-100 HHIHHHH]‘I'H'F LA s IESSEENEENEEEEE NN 11 I
s 10 s x COLLECTOR MLLI MPERES i) 20
COLLECTOR MILLIAMPERES (I¢) L LLA e
92CS-14735 92CS—14734
Fig. 6 — Forward Transadmittance (y;e) Fig. 7 — Reverse Transadmittance (y..)
TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF
FREQUENCY (f) FOR RCA TYPE 2N5179
COMMON-EMITTER CIRCUIT, BASE INPUT; 22| COMMON—EMITTER CIRCUIT; INPUT
QUTPUT SHORT-CIRCUItED. SHORT—CIRCUITED.

COLLECTOR-TO-EMITTER VOLTS (Vcg) =4 COLLECTOR—TO—EMITTER.VOLTS (Vcg)=4

COLLECTOR MILLIAMPERES (I¢) =1.5 20|COLLECTOR MILLIAMPERES (I)=1.5 2

AMBIENT TEMPERATURE (Tp) =25°C @ |AMBIENT TEMPERATURE (Tp) = 25°C z

T 8| z
24 E3 d
23t H
20| - - - 3 |
1o £
6 H 8 2

wZ a4 ‘w

o [*3

gl Hio z

F 22 - z =

[SFC) < o

27T i = 2

oY a -1

g2 ] z

83 8 I ] 5 8

58 2 5

ag = 4

z3 4 bie - / 2 boe, %

@ Y v B2 900 50
ie 54 et et
Q T o) L - L 0
0 ) B #1000 10 100 1000
FREQUENCY (f) — MHz FREQUENCY (f)—MHz
92CS-14731 92€S-14730
Fig. 8 — Input Admittance (y;.) Fig. 9 — Output Admittance (y,.)
) ] COMMON—EMITTER CIRCUIT; INPUT SHORT — CIRCUITED]
e T R CIRCUIT, PASE INFUT: COLLECTOR—TO—EMITTER VOLTS (Vcg) = 4

% COLLECTOR-TO-EMITTER VOLTS (Vce) = 4 COLLECTOR MILLIAMPERES (I¢)=1.5

S COLLECTOR MILLIAMPERES (I) =1. AMBIENT TEMPERATURE (Ta) = 25° C

2 AMBIENT TEMPERATURE (Ta)=25°C" = NOTE: gre 1S NEGLIGIBLE AT FREQUENCIES UP TO 500 MHz

wyg 5 AT 80 bre

8 3 Hiny 22 =L

2= a wZ

63 Bl =

2 30 B8ZE
3 Lo &1
) SEaaEas: 2% ‘\
2 F
ﬁ F) H 8=_, N
gb‘ : BT 3] N
2 i i
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" 30 ; Hid Bk ¥E,
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3 92514728 . i 92Cs-14729
Fig. 10 — Forward Transadmittance (y;.) Fig. 11 — Reverse Transadmittance (y,.)

117



2N5179

118

File No. 288
GROUP A AND GROUP B QUALITY SAMPLING TESTS
100%
PRODUCTION QUALITY
Lor FACTORY SAMPLING CUSTOMER
TESTS
ITEM TEST DESCRIPTION LTPD
GROUP A TESTS
Subgroup 1. Visual and Mechanical Examination .............................. 5%
Subgroup 2. Electrical ..o 10%
GROUP B TESTS

Subgroup 1. Physical Dimensions .............co.coo..ocooovioe 20%
Subgroup 2. Soiderability, Temperature Cycling,

Thermal Shock, Moisture Resistance 20%
Subgroup 3. Shock, Vibration Fatigue, Vibration

Variable Frequency, Constant Acceleration ... .. 20%
Subgroup 4. Terminal Strength ...... TSROSO TURRRIO 20%
Subgroup 5. Salt Atmosphere ...........coooomroiiviimioee 20%
Subgroup 6. High-Temperature Life, Non-Operating

(TA = 200°C) A= 10%
Subgroup 7. Steady-State-Operation Life

Py = 300mW, Ty = 25°C) ..ooomvomeeieeroeee A= 10%

TERMINAL CONNECTIONS

LEAD 1 - EMITTER

LEAD 2 - BASE

LEAD 3 - COLLECTOR

LEAD 4 - CONNECTED TO CASE
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NG

Solid State
Division

RF Power Transistors

2N5180

Features:

Low noise figure

JEDEC TO-72 H-1299

RCA-2N5180* is an epitaxial planar transistor of the silicon
n-p-n type with characteristics which make it extremely use-
ful as a general-purpose RF amplifier at vhf frequencies.
These characteristics include an exceptionally low noise figure
at high frequencies, low leakage current, and a high gain-
bandwidth product.

MAXIMUM RATINGS, Absolute-Maximum Values:
*COLLECTOR-TO-BASE VOLTAGE
*COLLECTOR-TO-EMITTER VOLTAGE .
*EMITTER-TO-BASE VOLTAGE
*CONTINUOUS COLLECTOR CURRENT
*TRANSISTOR DISSIPATION:

At ambient temperatures up to 25°C

At ambient temperatures above 256°C
*TEMPERATURE RANGE:

Storage & Operating (Junction) .
*LEAD TEMPERATURE (During Soldering):

Silicon N-P-N
Epitaxial Planar Transistor

For VHF Applications in
Industrial and Commercial Equipment

High gain-bandwidth product

High unneutralized power gain
Hermetically sealed four-lead metal package
All active elements insulated from case

Low collector-to-base feedback

The 2N5180 utilizes a hermetically sealed four-lead metal
package in which all active elements of the transistor are in-
sulated from the case. The case may be grounded by means
of a fourth lead in applications requiring minimum feedback
capacitance, shielding of the device, or both.

* Formerly Dev. No. TA7303.

Vceo
Vceo
VeBO

PT

At distances > 1/32 in. (0.8 mm) from seating plane for 10 s max.

* |y accordance with JEDEC registration data format JS-9 RDF-1.

30
15
2
limited by dissipation

180
See Fig.2

—65 to 175

265

<

mwW

°c

oc

11-73

19



2N5180

ELECTRICAL CHARACTERISTICS, at Tp = 25°C

File No. 289

TEST CONDITIONS LIMITS
DC DC
Collector{ Collector-| DC DC
Characteristics Symbols | Frequency| to-Base | to-Emitter| Emitter Collector Type Units
f Voltage | Voltage [ Current Current 2N5180
Ves Vce IE lc
MHz v v mA mA Min. Typ. | Max.
*1 Collector-Cutoff Current lcBo 8 0 - 0.5 uh
*| Collector-to-Base . B R
Breakdown Voltage BVcao 0 0.001 | 30 v
#| Collector-to-Emitter 3
Breakdown Voltage BVceo 0.001 | 15 v
*| Emitter-to-Base
Breakdown Voltage BVeso ©0.001 0 2 v
*| Static Forward-Current .
Transfer Ratio hee 8 2 20 . 200
*| Magnitude of Small-Signal a
Forward-Current | h, ’ 100 8 2 6.5 9 17
Transfer Ratio
*| Collector-to-Base
Feedback Capacitance Cer 0.ltol 8 0 1 Pk
*| Small-Signal, Conz;mon-
Emitter Power Gain in ined 1n
Unneuiraiized Ampiifier | CPE 200 i ¢ | 12 a8
Circuit (See Fig. 1)
VHF Noise Fi%ure NFa 200 8 2 - 45 dB
(See Fig. 1 NFa,c 60 8 1 25 dB
Collector-Base ,
Time Constant h'Ce 319 8 -2 2 - 16 ps
# Rézal Partsof Cl?gl_morll-
mitter Small-Signa . _
Short-Circuit Input Ralhie) | 200 10 2 | 60 240 Q
Impedance
* | Bandwidth BW 200 10 2 650 - 1700 MHz

aFourth lead (case) grounded.

BC., is a three terminal measurement of the collector-to-base capacitance
with the emitter and case connected to the guard terminal.

* In accordance with JEDEC registration data format JS-9 ROF-1.

120

cSource Resistance, R,=400 ohms.
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Ly
c 4_L v Ic., O*VCC
1T g =

Ce
_{( T OUTPUT

Cs =

*Vee -VeE

92cs-12753
Cy, C4 = 510pF L. = % Turn #14 Formvar®;
Ca, C7 = 2300pF length = 1% inches
Cs, C5 = 2-26pF L3 = 14H RF choke
Cs = 10pF Source (Generator) Resistance
R; = 2000 ohms Rs = 50 ohms
Q = 2N5180 Load Resistance RL = 50 ohms

L; = % Turn #14 Formvar® center tapped; © Trademark, Shawinidan Products Corporation.

length = 2 inches

Fig.1 — 200 MHz power gain and noise figure test circuit for type 2N5180

COMMON-EWITTER CIRCUIT,BASE INPUT s EELF L e pr
OUTPUT SHORT - CIRCUITED. ! e
FREQUENCY (f) = 100 MHz ;
AMBIENT TEMPERATURE (Tp) = 25°C
T T
® H ; s
L Jz t t
200) sz jo e To- T =8
s et
e ®o @ i {
g [Py H + gt A
D0 S5 } gt
@5 EEIN L e L
ak =22 E NS4 H
< 3 H ot
5 E w il g o N
] Sie 1
@ < jo w5 6
a2z 33k
1 RE2 H H
ol 208 :
; = 5 3 l; g b
H B3] H H
x » H
s : H 55
: : tHHH 2 e A PR FEREHH T
-100  -50 50 100 150 200 ° 2 4 8
AMBIENT TEMPERATURE (Tp)=°C COLLECTOR MILLIAMPERES (I¢)
” 928 14777 92C5-14785
Fig.2 — Rating chart for type 2N5180 Fig.3 — Typical small-signal beta ch istics
for type 2N5180
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TYPICAL y PARAMETER CHARACTERISTICS

P

25|

COMMON-EMITTER CIRCUIT, BASE INPUT;

OUTPUT SHORT-CIRCUITED.

FREQUENCY (f) =200 MHz

AMBIENT TEMPERATURE (Tp)=25°C
1 LT

I

HHH

n

INPUT CONDUCTANCE (g;e) OR
SUSCEPTANCE (bjg)-MILLIMHOS

4 6 8 io
COLLECTOR MILLIAMPERES (I¢)

12 14

92CS 14784

Fig.4 — Input admittance (Vie} vs collector current (ILJ

File No. 289

OUTPUT CONDUCTANCE (goe) OR

2.5

N

COMMON -EMITTER CIRCUIT; :

INPUT SHORT-CIRCUITED.

FREQUENCY (f) =200 MHz 5

AMBIENT TEMPERATURE (Tp) = 25°C {1

o

SUSCEPTANCE (byg) = MILLIMHOS

4 6 T8 10
COLLECTOR MILLIAMPERES (I¢)

92Cs 14781

Fig.5 — Output admittance (yoel vs collector current ;)

COMMON-EMITTER CIRCUIT;

INPUT SHORT-CIRCUITED.

FREQUENCY (f) =200 MHz

T

COMMON-EMITTER CIRCUIT,BASE INPUT

AMBIENT TEMPERATURE (T, ) = 25°C s

FREQUENCY (f) =200 MHz

)
w -
ol £ [COLLECTOR-TO-EMITTER VOLTS (Vgg)=10 HH w
—~ = T . T H =
14 3 E T it t t T HH g
CFA 2 n Hr Fy o E
9 H T o H =
8= -1 L : H-0 @
z 4 e 5 s @
£ £, i 02,
g T w 1 T HH T EwW
212 g : 008
o8 = t o o
o= I : £a
o 51 : g
wo o
% Z-1. 2 0 H.soy
S H : : S
@ uj = 508 t HH-60w
o = T H 2
8 2-14 a 4 ef 702
e & H <
Wa g w
o x 304 80 9
T s ? ; 2 29 HEH ‘ HE 90
12 4 3 8 12 14 o 5 10 15
COLLECTOR MILLIAMPERES (I¢) COLLECTOR MILLIAMPERES (I¢)
92¢s 14780 92¢s 14772
Fig.6 — Reverse dmittance [y o) vs Fig.7 — Forward ittance {y o, LB) vs coll
current (1) current (1)
COMMON-EMITTER CIRCUIT, BASE INPUT T
AMBIENT TEMPERATURE (Tp)=25°C s
@ |COLLECTOR-TO-EMITTER VOLTS (Vg ) = 10 H =
£ go| COLLECTOR MILLIAMPERES (I¢)= 2 W
E%0 e 0 2
= : ! HOE
3 2
~ 7o g0 & TERMINAL CONNECTIONS
=k R
Y o o»—,‘:,‘ Lead 1 — Emitter
E4 HH N 200 @
g co Lead 2 — Base
E
s H : H E:'i Lead 3 — Collector
o
5 Yee H-30 Lead 4 — Connected to case
z o
g i
= 2
24 40%
ES 4
& E
3 - T i -50 &
[ 50 100 150 200 250
FREQUENCY (f) - MHz
92¢s 14782
Fig.8 — Forward transadmittance io LO) vs.
frequency (f)
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NG

Solid State
Division

RF Power Transistors

2N5189

Features:
Low-profile TO-39

» High reliability

RCA-2N5189® is a double-diffused epitaxial planar transistor
of the silicon n-p-n type featuring high breakdown voltages,
low saturation voltages, and high switching speeds over a wide
range of collector current.

It is especially useful in switching applications of high-perform-
ance computers and in other critical industrial applications
where high-voltage and high-current-handling capabilities and

MAXIMUM RATINGS, Absolute Maximum Values:

*COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:
* With base shorted to emitter
With base open
*EMITTER-TO-BASE VOLTAGE
*CONTINUOUS COLLECTOR CURRENT
TRANSISTOR DISSIPATION:
At case temperatures up to 25°C
At case temperatures above 25°C, derate linearly
* At ambient temperatures up to 25°C
* At ambient temperatures above 25°C, derate linearly
*TEMPERATURE RANGE:
Storage and operating {Junction)
*| EAD TEMPERATURE (During soldering):

At distances > 1/32in. (0.8 mm) from seating plane for 10 s max.

*
In accordance with JEDEC registration data format JS-8/RDF-7.

High-Voltage Silicon N-P-N
Switching Transistor

For Core-Driver and Line-Driver Service in
Data-Processing Equipment and Other Critical
industrial and Military Applications

TERMINAL CONNECTIONS

m Excellent power handling capability
® High switching speeds at high currents
= High breakdown-voltage capabilities -

LEAD 1 — EMITTER
LEAD 2 — BASE
LEAD 3 — COLLECTOR, CASE

short “turn-off” and “turn-on” times are important design fea-
tures. These features also make the 2N5189 particularly useful
in class C circuits for mobile and portable equipment.

The 2N5189 is hermetically sealed in a metal package like the
JEDEC TO-39 but with a reduced height (0.180 in. max.,
0.160 in. min.) and 0.5 in. min. leads.

®Eormerly RCA Dev. No. TA7322.

............ Veeo 60 v
............ VCES 55 v
............ Vceo 35 \%
............ VEBO 5 \%
............ Ic 2 A
Pr
............ 5 w
............ 285 mw/C
............ 08 w
............ 457 mw/°C

—6510+200 °C

265 °c

1172
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2N5189

ELECTRICAL CHARACTERISTICS, At Ambient Temperature (Ta)=25°C

TEST CONDITIONS LIMITS
VOLTAGE CURRENT
CHARACTERISTIC SYMBOL Vde Adc 2N5189 UNITS
Ves | Vee| e g MIN. MAX.
*[Collector Cutoff Current:
With emitter open ‘CBO 60 - 100
A
With emitter-base
junction shorted Ices 55 — 100
*lEmitter Cutoff Current(Vgp=5V) lEBO 0 ~ 10 uA
*|Collector-to-Emitter
Breakdown Voltage V(BR)CEO 0.01 35 - \%
*ICollector-to-Emitter
Saturation Voltage Vcglsat) 12 0.1 - 1 \%
*|Base-to-Emitter Saturation
Voltage Vgglsat) 12 0.1 - 15 v
a
DC Forward Current h : g';a :;) -
* i FE - -
Transfer Rat
ransfer Ratio 1 1b 15 _
Common-Emitter, Small-Signal,
Short-Circuit, Forward
’ .05 . -
Current Transfer Ratio Nfe o 25
(f = 100 MHz)
Common-Base, Open-Circuit
Output Capacitance Cob 10 - 5 pF
(f =1 MHz)
*ISwitching Time (Ig,=0.1 A): lc 's,
Turn-on
(tg+1,) ton 1 - - 40
ns
Turn-off
(tg+ tg) tOFF 1 —0.1 - 70

*In accordance with JEDEC registration data format JS-8/RDF-7.

b Pulsed: Pulse duration < 400 us; duty factor < 0.03.

VecElorv

oa(ow)

2N5189
Vout

ﬂ.g v

INPUT PULSE
trZins
PULSE DURATION 50 ns
DUTY FACTOR=2%

92CS-13486R2

Fig. 1—Circuit used to measure turn-on time.

124

3Pulsed: Pulse duration = 300 us; duty factor < 2%.

Veeslorv

10010 w)

2N5189
1300

_zsv_l_’—

INPUT PULSE
<1 ns L
PULSE DURATION =150 ns ~
DUTY FACTOR=29

759

Vgp=6V

92CS~13487R2

Fig. 2—Circuit used to measure turn-off time.
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TYPICAL CHARACTERISTICS

4 TTT T
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TYPICAL CHARACTERISTICS

COMMON-EMITTER CIRCUIT, BASE INPUT,
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Fig. 9 — Collector-Cutoff Current vs Ambient Temperature
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Fig. 10 — Collector-to-Emitter Breakdown Voltage vs
Base-to-Emitter Resistance
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4 N . 2 3 4 56789 2 3 4 56789
100 1000 10 100 1000
COLLECTOR MILLIAMPERES (I¢) PERES (
c 02¢s 14748 COLLECTOR MILLIAMPERES (Ic) secs-13908m1
Fig. 13 — Static Forward Current-Transfer Ratio Fig. 14 ~ Small-Signal Forward Current-Transfer

(Pulsed) vs Ig
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NG

Solid State
Division

Power Transistors

2N5262

Features:

ton = 30 ns max.

*’Low-Profile TO-39" . .
= High voltage ratings

H-1546

RCA-2N5262% is a silicon n-p-n, epitaxial planar transistor with
characteristics which make it exceptionally desirable for high-
speed, high-voltage, high-current switching applications. In
addition, the 2N5262 features very short turn-on and turn-off
times and low saturation voltages. It is also controlled for
freedom from.second breakdown under both forward-bias and
reverse-bias conditions, when operated within specified maxi-
mum ratings.

The 2N5262 meets the requirements of the basic military

® Eormerly RCA Dev. No. TA7238.

Maximum Ratings, Absolute-Maximum Values
* COLLECTOR-TO-BASE VOLTAGE
* COLLECTOR-TO-EMITTER VOLTAGE:
With base open. .
With emitter-base shorted .
* EMITTER-TO-BASE VOLTAGE.
COLLECTOR CURRENT:
*  Continuous . P
Instantaneous (See Fig.4) .
* TRANSISTOR DISSIPATION:
At case temperatures up to 25°C.
At case temperatures above 25°C
At ambient temperatures up to 25°C
At ambient temperatures above 256°C .
* TEMPERATURE RANGE:

® Fast switching at 1A:
toff = 60 ns max.

® High power dissipation ratings
= High dc beta at 1A —

Silicon N-P-N High-Speed
Switching Transistor

For Memory-Driver Service in Data-Processing Equipment and
Other Critical Industrial Applications

® Low saturation voltage at 1 A:
0.5V typ.
® Maxi area-of-op! curves
for dc and pulse operation
® Hermetic “low-profile TO-39"* package
B Meets MIL-S-19500 specifications

25 min.

specification MIL-S-19500, -and is hermetically sealed in a
metal “low-profile JEDEC TO-39" package.

RCA-2N5262 is primarily intended for use as a driver for
#2.1/2D" coincident-current and word-organized magnetic-
memory systems, and in the other critical industrial appli-
cations requiring switching of large currents through induc-
tive loads.

VRO 75 \
Vceo 50 Vv
Vces 60 v
VEBO 5 v
2 A

3 A
Pt w

4

Derate linearly 22.8 mW/°C
0.8 w

Derate linearly 4.57 mW/°C

Storage and operating (Junction) —65 to 200 oc
* LEAD TEMPERATURE (During soldering):
At distance > 1/32 in. (0.8 mm) from seating plane for 10’ s max . 265 oc
* |n accordance with JEDEC registration data format JS-8/RDF-7.
1172 127
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2N5262
ELECTRICAL CHARACTERISTICS, At Ambient Temperature (T4) = 25°C
TEST CONDITIONS LIMITS
VOLTAG CURRENT
CHARACTERISTIC SYMBOL V dc £ UA ch 2N5262 UNITS
VcE Vcs Ic Ig Ig MIN. MAX.
Collector Cutoff
Current:
With emitter-to-base lces 60 - 10 uA
junction shorted
With emitter open IcBo 75 - 100
Emitter-to-Base Cutoff
Current (VEB =5V) 'EBO - 100 MA
Collector-to-Emitter
Breakdown Voltage V(BR)CEO 0.01 50 - v
Collector-to-Emitter
Saturation Voltage VgEelsat) 12 0.1 - 0.8 \
Base-to-Emitter
Saturation Voltage VgEglsat) 12 0.1 - 1.4 \
a —
DC Forward Current h : 8‘;3 gg _
- FE .
Transfer Ratio 1 1b 25 _
Common-Emitter, Smali-
Signal, Short-Circuit,
Forward Current hfe 10 0.05 25 -
Transfer Ratio
(f = 100 MHz)
Common-Base, Open-
Circuit Output
Capacitance Cob 10 0 - 15 PF
(f =1 MHz)
Switching Time: Ic -1 By
Turn-on t
(tg +ty) ON 1 0.1 = - 3n
ns
Turn-off
(tg + t§) OFF 1 0.1 —0.1 - 60

* In accordance with JEDEC registration data format JS-8/RDF-7.

b pulsed: Pulse duration < 400 us, duty factor < 0.03,

Vegslorv

oQ(iow)
109v

2N5262

Vout
INPUT PULSE
tr=Zins
PULSE DURATION=50 ns
DUTY FACTORZ 2%
92CS-20890

Fig.1-Circuit used to measure
turn-on time.

128

-26V
INPUT PULSE
s

=0 n

PULSE DURATION=150ns —
DUTY FACTOR<2%

8 Pulsed: Pulse duration = 300 us; duty factor < 2%,

Vee=io7 v

o210 w)

2N5262

1309

Vgg 6V

92C5-20891

Fig.2—Circuit used to measure
turn-off time.
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; o - T T T
5 = . 3| CASE TEMPERATURE ac).zs-cJ PULSE OPERATION
8 i I T SINGLE NONREPETITIVE PULSE
ca e 41 Ic MAX. (PULSED) —_— A
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5 w " :‘ A 0.0 Vceo MAX.
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-100  -50 0 50 100 150 200
CASE TEMPERATURE (T¢)—°C COLLECTOR-TO-EMITTER VOLTS (Vcg)
92CS-14868RI 92CS~14870R2
Fig.3—Derating curves. Fig.4—Safe area of operation.
500 CASE TEMPERATURE (Tc)=25°C COMMON-EMITTER CIRCUIT.
COLLECTOR-TO-EMITTER VOLTS (Vcg) = 2
. 60]
O g,
£ 400 ] \\
» & a
g X0 L A N,
. AN Z3 50
£ AW bz 1
Z 300 & | o 2
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N s o NN
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PULSE DURATION — SECONDS 9205-13902
92CS-14871
Fig.5—Typical second-breakdown characteristics. Fig.6—Typical dc beza characteristics.
1T
COMMON-EMITTER CIRCUIT. — COMMON-EMITTER CIRCUIT.
AMBIENT TEMPERATURE (Ta) = 25°C 11T AMBIENT TEMPERATURE (Ta) = 25°C
FREQUENCY (f) = 100 MHz E 15
L f ‘ J [TTTT 2
ER_V( z
g WIS 2
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= Lzog I o
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45 N g - 0
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: S 3 HH
@ © HHHH T
0 0 o 20 30
4 56789 2 3 4 56789 RATIO OF "ON" COLLECTOR CURRENT TO
1 2 3 6 190 § 1000 "TURN ON" BASE CURRENT (Ic/Ig) 920513899
COLLECTOR MILLIAMPERES (I¢)
92CS-13908R3
Fig.7—Typical small-signal Fig.8—Typical saturation-
beta characteristics. voltage characteristics.
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11T = COMMON-EMITTER CIRCUIT.
NN COMMON-EMITTER CIRCUIT. 8 RATIO OF COLLECTOR CURRENT
SR o 2
o LTI AMBIENT TEMPERATURE (Ta) = 25°C 2 TO BASE CURRENT (I¢/Ig) =10
2 1
g & A
> |4 1
z pry It
2 s '
& z 69°C
g S AL
2, E ! RE [\
3 g perATY
e & w1 TEW 5,4 4
gs & 09— puelel, 2
T 0 - — A 1
=90 FEEE-TTCOLLECTOR: 3 [
ui S MILL IAMPERES (1) 1100 £ o
2 o5 T T H | —1
] w
g 200 [ —
5 w o 1T
4 20 g
a T .g_QﬁL
8 o ENEN 4 P 500
[ 2 4
RATIO OF TRANSISTOR hgg TO CIRCUIT hpg COLLECTOR MILLIAMPERES (Ic) 2265-13901R1
92C$-13900
Fig.9—Typical characteristics of saturation Fig.10—Typical base-to-emitter saturation
voltage vs. ratio of transistor beta voltage vs. collector current.
to circuit beta.
1008 —— LT T T 17 COMMON-EMITTER CIRCUIT.
M COMMON-EMITTER CIRCUIT. INDUCTIVE LOAD
AMBIENT TEMPERATURE (Tp ) = 25°C AMBIENT TEMPERATURE (Tp)=25° C
2/ COLLECTOR-TO-EMITTER VOLTS (Vg) = 40 z 25| COLLECTOR MILLIAMPERES (I go
55 0 & BVCES=114 V
—H V4 4
e 5
& 2 "‘IBEVﬁ & 3 100
S 14 s o & \
6 7 i >
gg 4 7 g
00 I £ d‘ 75
== +Icev W& N BVCEQ =
I b4 'CEQ=55 V
i O = 25 g S "
(o= S 1 1o .
oo o >
32 ] i
45 =TI T 5]
3 oo BEVI| i
S oo it
T 2 25
AV/§ S
\
000! °
-0.3 -06 -04 -02 [ 0.2 04 3 S G 0 3 a
BASE-TO-EMITTER VOLTS (Vgg) s 0 10 10
ASE-TO- —
s2cs-13898R1 SE-TO-EMITTER RESISTANCE (Rgg)—0 02C5-1486R1
Fig.11-Typical transfer characteristics. Fig.12—Typical collector-to-emitter break-
g. 9.
down voltage vs. resistance.

AMBIENT TEMPERATURE (Tp)=25°C
FREQUENCY (f)= | MHz
EMITTER CURRENT (Ig)=0

OUTPUT CAPACITANCE (Cop)—PICOFARADS
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10 20 30
COLLECTOR—TO—BASE VOLTS (V)

92CS—-14867R1

Fig.13—Typical output capacitance vs.
collector-to-base voltage.

TERMINAL CONNECTIONS

LEAD 1 —EMITTER
LEAD 2 — BASE
LEAD 3 — COLLECTOR, CASE
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AMBIENT TEMPERATURE (T5)=25°C i E ; i COMMON—EMITTER CIRCUIT,
Y (f)= | MHz C ) = 250
RREOEYoR CURRENT (Ig)0 ] Iel AMBIENT TEMPERATURE (Tp) = 25°C
g% PR
2 INEEERN
z @ HIgS
a [=} T¢
& z %3
8 8
a T w
I 50 & 40| %
2 2 2
& g 2
w | -
%3 < =
: 2
g 40 = 20
a -
g w
° @
.5 ot (3
a I
: T
30 1 IT
) 2 0 N o T 20 30
-TO-BASE VOLTS (Vj ATIO OF "ON" COLLECTOR CURRENT TO
EMITTER ee) TURN ON" BASE CURRENT (Ic/Ig))
92CS-13906RI 92CS-13895R|
Fig.14—Typical input capacitance vs. Fig.15—Typical rise-time characteristics.
emitter-to-base voltage.
T T
| COMMON-EMITTER CIRCUIT, e mEa COMMON -EMITTER CIRCUIT.
HH AMBIENT TEMPERATURE (TA) = 25°C HH * AMBIENT TEMPERATURE (Ta) = 25°C
p COLLECTOR AMPERES (Ic)=I
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3 s z
u Q
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=
+ < e N
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= S 1
£ 20 :20 2
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x s T i
L H 1
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RATIO OF "ON" COLLECTOR CURRENT TO RATIO OF "ON" COLLECTOR CURRENT TO
TURN ON" BASE CURRENT (Ic/Ta) .o . TURN—ON BASE CURRENT (IC/IB)  gpcsi3goRi
Fig. 16—Typical turn-on time characteristics. Fig.17—Typical storage time characteristics.
TTTT 1009
imaa COMMON-EMITTER CIRCUIT. 8| COMMON-EMITTER CIRCUIT.
Tt AMBIENT TEMPERATURE (Ta) = 25°C COLLECTOR-TO- EMITTER VOLTAGE (Vgg)=30V
150 COLLECTOR AMPERES (Ic) = | BASE-TO-EMITTER VOLTAGE (Vgg)=0
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H PP 8 4
2 R g2 pa|
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5 i 1 t 4 A4
T T 0 25 50 75 100 125 150
o o -, 20 50 AMBIENT TEMPERATURE (Ta)—°C
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Fig.18—Typical turn-off time characteristics.

Fig.19—Typical collector cutoff current
as a function of temperature.
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IRG7

Solid State
Division

RF Power Transistors

2N5470

RCA-2N5470* is an epitaxial silicon n-p-n planar
transistor employing the overlay emitter-electrode con-

struction. It is intended for solid-state microwave
radiosonde, communications, and S-band - telemetry
equipment.

The ceramic-metal coaxial package of the 2N5470
features low parasitic capacitances and inductances
which provide for stable operation in the common-base
amplifier configuration. This transistor can be used in
both large and small-signal applications in coaxial,
stripline, and lumped-constant circuits.

For application information on the 2N5470, see RCA
Application Note AN3764, ‘“Microwave Amplifiers
and Oscillators Using the New RCA 2N5470 Power
Transistor,” by G. Hodowanec, O.P. Hart, and H.C.
Lee. :

*Formerly RCA Dev. Type No. TA7003

Maximum Ratings, Absolute-Maximum Valves:
COLLECTOR-TO-BASE VOLTAGE ..... VCBO 50 \%

COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter

resistance (Rgg) =108 ........ Vegr 50V

EMITTER-TO-BASE VOLTAGE . . . ..... VEBO 3.5 \%
PEAK COLLECTOR CURRENT. ..... .o 0.4 A
CONTINUOUS COLLECTOR CURRENT . . Ic 0.2 A
TRANSISTOR DISSIPATION: ......... Pp

At case temperatures up to 25 °C . ... 35 W

At case temperatures above 25 °C . . .. See Fig. 2.
TEMPERATURE RANGE:

Storage and operating (junction). . . . . . ~-65 to +200 °C

SILICON N-P-N
“overlay” TRANSIST(IR

TO-215AA package

For UHF/Microwave
Power Amplifiers,
Microwave Fundamental-Frequency Oscillators,
and Frequency Multipliers

JEDEC

H-1598

FEATURES

® 1-W output with 5-dB gain (min.) at 2GHz
® 2-W output with 10-dB gain (typ.) at 1 GHz
® Ceramic-metal hermetic package with low inductance

and low parasitic capacitonces

COLLECTOR SUPPLY YOLTS (Vcc) = 28
CASE TEMPERATURE (T¢) = 25° C

)
3
<
220
7
g
£
o
215
a /A
E G :
v 2
@ 10 S ,:"

0.5

1.0 1.5 20 25

FREQUENCY (f) ~GHz
9255-3790

Fig. 1-Typical Output Power vs. Frequency
for Common-Base Power Amplifier
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ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25 oc

TEST CONDITIONS
De be LIMITS
Collector Current
CHARACTERISTICS SYMBOL Voltage (V) (A) UNITS
Veg [Vee| 'e | '8 | lc | Min. Max.

Collector-Cutoff Current ICES 50 0 - 1 mA
Collector-to-Base _

Breakdown Voltage V(BRICBO 0 0.1 go v
Cgl!ector-to-\l/iw;';tter

ustaining Voltage: ’

With external base-to-emitter VeER(sus) 5 | 50 | - v

resistance (Rgg) = 10 Q2
Emitter-to-Base _

Breakdown Voltage V(BRIEBO 0.1 0|35 v
Collector-to-Emitter _

Saturation Voltage Vog(sah 10| 1o L0 v
Collector-to-Base Capacitance 0 _

(Measured at 1 MHz2) Ceb 0 30 | oF
RF Power Qutput

(Common-Base Amplifier):

At 2 GHze (See Fig. 5.) Pos i) Wl -4 w

At 1 GHzb (See Fig. 12.) 2 2.0 (typ.) W
RF Power Output

(Common-Base Oscillator):

At 2 GHz (See Fig. 15.) PoB % 80 | 03 (gvp-) W

9For Pg = 0.316 W; minimum efficiency = 30%
bFor Pyg =0.20 W; typical efficiency = 50%

gazsaastens:
1000 CASE TEMPERATURE (Tc)= 100°C
i
<
€ 4
s |
4 52 >
Se fos 5 I (MAX) CONTINUOUS
| i ]
25 H H 3 HOT-SPOT
2= H H & TEMPERATURE
5l sH & (T5)= 200°C
] 3 109 N
sk H «
Y I
G 2 o g
33 £ 3
=° 3 NOTE:
e Ts IS DETERMINED BY USE OF
! | INFRARED SCANNING TECHNIQUES
:
9 } S Einfsssistaseaitanssiniicistnseaiidn.iisasiaen: 10
Zi00 -50 0 50 100 150 200 2 PR T 2a 4 6 s
CASE TEMPERATURE — °C ! 1 100
92Ls-122¢ COLLECTOR-TO- EMITTER VOLTAGE (Vgg)—V
92¢s-22859
Fig. 2-Dissipation Derating Curve Fig. 3-Maximum Operating Area

for Forward-Bias Operation
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COLLECTOR SUPPLY VOLTS (Vcc) = 2
FREQUENCY (f) = 2 GHz

CASE TEIIPERATURE (Tci =250C
T

FHHT

o
H

RF OUTPUT WATTS (Pog)
°
2

o.3FHH HHH }
0 0.1 0.2 03 0.4 0.5
RF INPUT WATTS (Pjg)

9255-3792
Fig. 4-Typical Output Power vs. Input Power
for 2-GHz Common-Base Power Amplifier

SIG. *+Vee
GEN. o~
Z=50Q T
10-4B TRIPLE. TRANSISTOR BIAS TRIPLE- {Z; =500
PAD | ™1 STUB Fe=TEST FIXYURﬁ TEE —=’< STUB ————s=
TUNER (SEE FIG. 6) TUNER
NARDA MICROLAB NARDA
904N, OR 904N, OR
EQuIV. OR EQUIV EQuUIV.

9255-1859R1

Fig. 5-Block Diagram of Test Set-up for Measurement
of Output Power from 2-GHz Common-Base Amplifier

N-TYPE CONNECTORS

BERYLLIUM OXIDE
WASHER

.560 (14.22)

7 W\\\//////////;‘\\ -

S .%:&\\\\\\\\é

DN
m\\\\

L AL_ W
(30 m w; 2% .

Dimensions in Inches and Millimeters

f
+250 (6.35) J

92LS-1860R1

Dimensions in parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.

Fig. 6 - Suggested Test Fixture for Test Set-Up
Shown in Fig. 5.
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-350 (8.1 BV)AJ'

RF INPUT WATTS (Pyg) = 0.3 t } H
FREQUENCY (f) = 2 GHz T
. CASE TEMPERATURE (Tgp=25°C H

14 b T

13 B

RF OUTPUT WATTS (Pop)

05

04 T

1 ] 2 ] % %. » El
COLLECTOR-TO-BASE YOLTS (Vcg)

9258-3793
Fig. 7-Typical Output Power vs. Collector-to-Base
Voltage for 2-GHz Common-Base Power Amplifier

FHEFEE] COLLECTOR-T0.BASE VOLTS (Veg) = 28
L RF INPUT WATTS (Pyg) = 0.3
: CASE TEMFERATURE (TC) = 25° C

S
3

o
o

/

g

N
&

o~
N,
AR A

8

I

COLLECTOR: LOAD IWPEDANCE [Re(ZL0) +jIm (20.0] -0
8

SERIES INPUT INPEDANCE [Re (Ziy) +j

F=Re (Zy)

- T T
FEIn (N EE b
1.2 14 K] 1.8 2. 2.2

FREQUENCY (f) - GHz 928537194

=3

Fig. 8- Typical Series Input Impedance and Collector
Load Impedance vs. Frequency for Common- Base
Power Amplifier

COLLECTOR-TO-BASE VOLTS (Vcp) = 15
FREQUENCY (f) = 2 GHz

14| T TT1T
CLASS-B & -AB OPERATION

@
b \K
)
4 NN
z \ 23
o N ‘J'.t.c
I \ NS
4
§ \\ \ (s, w.
N V)
‘3/4‘9
0
1 68y 2 4 6 8 2 ‘
RF INPUT MILLIWATTS (P )
9255-3795

Fig. 9- Typical Power Gain vs. Input Power for
2-GHz Common-Base Power Amplifier



File No. 350 2N5470

1.450
~ [ (36.83) [P
350 800 1.200 COAXIAL
(zis:) a u [=—""(20.32) ] (30.48) ESISE"ZW
I_'] (NOTE 2)
L=
- L o
3/4 A é i .800 7/8
{19.05) 1/4 (6.35) DIA. 1/4 (6.35) DIA. (20.32) (22.22)
DIA. : ¥ T DIA,  DIA
T E I N ~Ca
X1
% § ‘ . !
29/:4 l G
COAXIAL INPUT 2NS470 -
CONNECTOR (NOTE 2) o B e E arss e

Note 1: Dimensions in parentheses are in millimeters and are Note 2: Conhex 50-045-0000, Sealectro Corp., or equivalent.
derived from the basic inch dimensions as indicated.

Fig. 10 - Constructional Details of 2-GHz Power Amplifier Shown in Fig. 11.

COLLECTOR-TO-BASE VOLTS (Vcp) = 15
FREQUENCY (f) = 1 GHz
T TT
CLASS-B & - AB OPERATION
2
\ > "b\ o

Cy: 0.8~10pF i " N \\\\\ sl

Johanson 4355, b \\ \ ,\)q Tc’\o,,sk

or equivalent Cy4: 0.35-3.5pF 2o N XN u;c;,;é*”o”—
Cgi 1,000F, feod- Johm§0n14702, < \\ 4(.3,43\

through, Allen- or equivalent 3 6|-COLLECTOR MILLIAWPERES(10)= 10— g™ A

Bradley FB2B, or| L, Ly: RF choke, 3 tuns & | (QUIESCENT CONDITIONS) N

equivalent Nec. 30 wire, 1/16 in. (1.57) ID g4 >
Cqt 0.3-3.5 pF' 3/16 in. (4.75) long

Johanson 4701, Xl' XZ: Coaxial lines; see 2

or equivalent Fig. 11 for details.

Dimensions in Inches and Millimeters 0‘ . m R 7 n

Dimensions in parentheses are in millimeters and are RF INPUT MILLIWATTS (Pjg)

derived from the basic inch dimensions as indicated. 92553199
Fig. 11- Typical Circuit for 2-GHz, Coaxial-Line Power Fig. 12- Typical Power Gain vs. Input Power

Amplifier Shown in Fig. 10. for 1-GHz Power Amplifier

09 il A Cq, Cy, Cg: 1~14pF, air-dielectric, Johanson

Cz: 0.35-3.5 pF, air-dielectric, Johanson
4701, or equivalent
Cg, Cy: 1000 pF, feed-through, Allen-Bradley FA5C,
or equivalent

‘——@ 3901, or equivalent
. =

) L3
C7: 1000 pF, ceramic, leadless
- Ly, Lg: RF choke, 0.1xH, Nytronics Deci-Ductor
275" L3: 0.01-in. (.254) thick, 0.157 in. (3.98) wide copper strip
- VEE +Vee .99 shaped as shown in inset drawing
92553798 Ryt 100 (), %W

Dimensions in Inches and Millimeters
Dimensions in parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.

Fig. 13- Typical Circuit for 1-GHz Power Amplifier
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2N5470

q ? VEE = -2V
o AN~
R2

L

92553800

Clz 0.01uF disc ceramic

C2. 03 100 pF, feed-through,
Allen-Bradley FA5C, or
equivalent

Cy» Cgt 0.35-3.5 pF, Johanson

4701, or equivalent

: RF choke, 4 turns,
No. 33 wire, 0.062 in. (1.57)
ID, 3/16 in. (4.75) long

L3: 3/64 in. (1.17) length of No. 22 wire
XI: 0.82pF, “gimmick’’, Quality Components
type 10% QC, or equivalent

Ryt 5-10Q, 172 W
2 510, 172w
1200 2, /2 W
Dimensions in Inches and Millimeters

Dimensions in parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.

Fig. 14- Typical Circuit for 2-GHz Grounded-Collector
Power Oscillator

+Vec= 4V

2 C

<

|||l

9285-3301

O - Vee

Cl' C3: 100 pF, feed-through, Ll:
Allen-Bradley FA5C,
or equivalent

RF choke, 5 turns
No. 33 wire,1/16 in. (1.57)
ID, 3/16 in. (4.76) long

Cg, C4: 0.35~-3.5 pF, Lio: 50-) miniature coaxial line
Johanson 4702, or 1.5 in. (38.1) long
equivalent X: Microstripline circuit; see

Fig. 16 for details.
Dimensions in Inches and Millimeters
Dimensions in parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.
Fig. 15- Typical Circuit for 2-GHz Grounded-Base
Power Oscillator
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] 0.08
" 20n
0.46
(11.68) 043
(10.92)
0.03
(0.76)
h|
0.70 ‘_! [}
NOTE 2 (17.78)
1/32
w3

METAL GROUND PLANE

9255-3802

Dimensions in Inches and Millimeters
Note 1: Dimensions in parentheses are are in millimeters and are
derived from the basic inch dimensions as indicated.

Note 2: Produced by removing portion of upper layer of double-clad,
Teflon board, Budd Co. Polychem Div. Grade 108T, 1 0z, 1/32 in.
(.793) thick, (€=2.6), or equivalent.

Fig. 16 - Detail Drawing of Microstripline, Xy
Specified in Fig. 15.

COLLECTOR MILLIAWPERES (I0) = 80 FrrrHiriis ;
FREQUENCY (f) = 2 GHx
CASE TEMPERATURE (Tg) = 25° C
H
;
: :
B = ]
[ et aa
4 T
E H
F 03f=
- T
5 e
£ 2
3
S 0.2f
= o f T
0.1 = =
: e o
- e
o FreH R ; T
0 2 1 16 8 2 2 «

COLLECTOR SUPPLY VOLTS (Vo)
9255-3803
Fig. 17 - Typical Output Power vs. Collector

Supply Voltage for 2-GHz Grounded-Base
Power Oscillator

TERMINAL CONNECTIONS

No. 1 — Emitter
No. 2 — Base
No. 3 — Collector



File No. 423

m@m RF Power Transistors

Solid State
Division 2N5913

Silicon N-P-N Overlay Transistor

12.5-Volt, High-Gain Type for Class-C
Amplifiers in VHF/UHF Communications Equipment

Features:
@ High Power Gain, High Power Output . . .
At 12.5V:
2-W (typ.) output at 470 MHz (7-dB gain)
2-W (typ.) output at 250 MHz (9-dB gain)
2-W (typ.) output at 175 MHz (13-dB gain)
At 8 V:
1.5-W (typ.) output at 470 MHz (4.8-dB gain)
1.5-W (typ.) output at 250 MHz (7.0-dB gain)
JEDEC T0-39 ne 1.5-W (typ.) output at 175 MHz (10-dB gain)

MAXIMUM RATINGS, Absolute-Maximum Values: RCA Type 2N5913* is an epitaxial silicon n-p-n planar tran-
sistor featuring “‘overlay” emitter electrode construction. It
is intended for VHF/UHF mobile, portable, and VHF marine
transmitters, as well as UHF CB, sonobuoy, beacon, and
other applications where intermediate power output is re-

* COLLECTOR-TO-BASE VOLTAGE. Vcpo 36 v
COLLECTOR-TO-EMITTER
BREAKDOWN VOLTAGE:

With base shorted to emitter . ...V 36 v
% With base open . . . . .. .. ...t VEEEZEEZ 14 v ?_wsu‘)pw voltage.
% EMITTER-TO-BASE VOLTAGE . . . Vppo 3.5 v Formerly RCA Developmental Type TA7477.
* CONTINUOUS COLLECTOR
CURRENT . « ¢t v oo me oo vn e Ie 0.33 A
* TRANSISTOR DISSIPATION: . . . . . Py
At case temperatures up to 75°C. . 3.5 w
At case temperatures above 75°C . Derate at 0.0028 W/°C
% TEMPERATURE RAN GE: TERMINAL CONNECTIONS
Storage & Operating (Junction) . . -65 to 200 °C
*LEAD TEMPERATURE:
At distances > 1/32 in. (0.8 mm) LEAD 1 — EMITTER
from seating plane for 10 s max. . 230 °c LEAD 2 — BASE

LEAD 3 — COLLECTOR, CASE

# In accordance with JEDEC registration data format JS-6
RDF-3/J8-9 RDF-7.
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2N5913 File No. 423

E LECTRICAL CHARACTERISTICS Case Temperature ( To)= 250C Unless Other_wise Specified

STATIC
TEST CONDITIONS
be ne LIMITS
CHARACTERISTIC SYMBOL Voltage Current UNITS
V) (mA)
VCE VEB IE IB IC Min. Max.
*| Collector-Cutoff Current
Base Connected to Emitter IcES 12.5 0 1.0b mA
Base Open IcEo 10 0 0.3 mA -
*| Collector-to-Base v _
Breakdown Voltage (BR)CBO 0 05 3 v
*| Collector-to-E mitter
Breakdown Voltage:
With base open V(BR)CEQ 0 25° 14 - v
With base connected a _
to enitter Y(BR)CES 0 i
*| Emitter-to-Base Breakdown
Voltage V(BR)EBO 0.5 0 3.5 - v
Thermal Resistance: 2 B 0
(Junction-to-Case) J-C 8.7 /%
@ Pulsed through a 25-mH inductor; duty factor = 50%. b TC = 100°C.
DYNAMIC
LIMITS
TEST & CONDITIONS SYMBOL FREQUENCY UNITS
- MHz MINIMUM TYPICAL
Power Output (Vg = 125 V):
Pip - 0.1 W Poe 175 1.75 W
*|  Large-Signal Common-Emitter Power
Gain (Vcc=12.5 V). . GPE 175 12.4 dB
Pe=0.1W
IE
*! Collector Efficiency (VCC =125V): 9
Plp=01W e 175 50
! Common-Base Output Capicatance c 1 F
Veg - 12V obo 15 (max.) P

* In accordance with JEDEC registration data format JS-6 RDF-3/]S-9 RDF-7.

138



File No. 423 2N5913

PERFORMANCE DATA

TYPICAL AMPLIFIER PERFORMANCE (Veg= 12.5 V)

INPUT | OUTPUT |COLLECTOR
FREQUENCY | powER | POWER |EFFICIENCY|CIRCUIT

()~MHz  lipje)—wlPop)-W| "¢

175 0.1 2 60 Fig.6
250 0.25 2 65 Fig.6
470 0.4 2 65 Fig.7
156 _ .
(Marine .005 2 Fig.8

Transmitter)

COLLECTOR-SUPPLY VOLTS (Vccl#12.5  HHHH FREQUENCY (f1=175 MHz
CASE TEMPERATURE (Tg)=25° C ) CASE TEMPERATURE (Tc)=25°C
T 1T
3 1
2.5
RF 4
T INBGT
T ! UT WA S (Pig)=0.4 {11
L2 T st Ed 2
8 . 1 HHHES Weg
a :’J’ i g 3 + oM
= 15 N H 25 +H £ I ]
3 g X :
o 1 T
a I E 2
[ e
2 Lo HHH bt
2 T 2
© 0.5 T [~ 1
! 3
1 117 %
9] 1 TTITTT I mm
100 200 300 400 500 t t ;! :
FREQUENCY (f)—MHz o 005 O 0.5 0z 0.2
RF INPUT WATTS (Pig) 92CS-15646R|

92CS-15645RI
Fig. 2 - Typical power output vs. power input at

Fig.1 - Typical power output vs. frequency. 175 MHz for <ircuit shown in Fig.5

FREQUENCY (f)=250 MHz FREQUENCY . (1) =470 MHz
CASE TEMPERATURE (T¢):25°C CASE TEMPERATURE (Tc): 25°C
aasaussa: T jisctatentl T
25 2.5 t
Y
R e
NC t s\qcﬁ
z 2 & z 2 ot
| O | s
A 1 HE
8 W W A
a - T e o ¥
= 18 RS e s & 1
& 5 & RS
H ¢ 5
e ] &
(=3 ™ - T
g i H
= =
8 2
05 © os £
FEEEE it i : : f
o 005 Ol oI5 02 025 03 035 0 X 02 O 04 O 0.6
RF INPUT WATTS (Pg) 92CS-15644RI RF INPUT WATTS (Pg) 92CS-15643R!
Fig. 3 - Typical power output vs. power input at Fig. 4 - Typical power output vs. power input at
250 MHz for circuit shown in Fig.5. 470 MHz for circuit shown in Fig.7.
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File No. 423

2N5913
DESIGN DATA
ST TN U JOUTE TN ST SO S S I
REFLECTION COEFFICIENT SCALE CENTER
— 2 |87
120° S
v“(ﬁ o
& )
éy o3 5
& S
<AL z =
& S o
& a
~ -
i I
1502, 0 25
F
o
650 T
) 2 o
450 S
o
& o
=2 250 E
INPUT REFLECTION E -~
COEFFICIENT  (Sq) g °
150 MHz g
100 19 [ "1
I P b e ) i 1 2 3 4 5 3600
650 o=t MAGNITUDE-FORWARD TRANSMISSION GAIN (Sy)
450 150 MHz
\
OUTPUT REFLECTION A)\ \r—)q
COEFFICIENT  (Spy) A

Collector-to-Emitter Voltage (Veeg) =125V

Collector-Current (Ic) = 100 mA

Case Temperature (T¢) = 25°C 92CM-16066
Fig. 5 - Typical S parameters vs. frequency.
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File No. 423 2N5913

APPLICATION DATA

RCA
(Zp:502) 2N5913 N
(26=50 ) S ? R
(2=50 Q)
2
(]
I

A (cs_ ey

it

c
L .
= OtVec 92(5-15640R| L O*vee

Gy, Gy, Cg, & 42 7-35 pF, ARCO 403, or equivalent
CS: 1,000 pF, feed-through

92CS-15639R1

Cg: 0.005 uF, disc ceramic Cy, Cy, C4: 0.9-7 pF, ARCO 400, or equivalent
Ly: 2 tuns No.16 wire, 3/16 in. D, 1/4 in. lang g“f ;'235:F' :;c;: 903, o equivalent | ;1 turn No.18 wire
LZ: Z = 450 ohms; Ferroxcube VK200-09/3B, or equivalent CS: 4709 ’;tf - tlhve’ :wa 1/4in.1D, 1/8 in. long
Ly: 2 tums No.14 wire, 1/4 in. ID, 5/16 in. long 06: o1 "F' : roug L,: 0.39 uH, Nytronics Deci-
Lg: 3 tums No.14 wire, 3/8 in. D, 3/8 in. long *7- -1 uF, disc ceramic Ductor. or equivalent
Fig. 6 - 175/250-MHz amplifier test circuit for Mount C5 as close as possible to base and emitter pins.
measurement of power output. Fig. 7 - 470-MHz amplifier test circuit for
measurement of power output.
B ‘ 3 20585 s
pessmw A
Lg Z, =500
- Bcr’s L7 Plc-Exzw
o e
RFC: = -
3 ‘[ s A 5-50
L 3.
oo F'EF 5y
O+
92CM-15638RI
L1 - Lz: 10-1/2 turns, close-wound, #22 enameled wire . 0.D. Corbonyl* 5.F. 10-32
R " All coils on slug-tuned forms 15/64-in. 0.D. Corbony .F.
Ly~ Ly 4-1/2 tums, clost.a-wound, #22 enamele\jl wire threaded slug or equivalent, with 1/2-in. x 1/2-in. x 1-in. shield cars.
L5 : LG: 1-1/2 tuins, 1/4 in. length, 20 bare wire All capacitor values are in picofarads unless otherwise specified
L;: 2 tumns, 3/16-in. length, 3/16-in. dia., #20 bare wire Al cap: . P -
L8: 2-1/2 turns, 1/4-in. length, #20 bare wire All resistances are in ohms and are 1/4-watt types.
RFC: 4 turns, #30 enameled wire on Ferroxcubel ferrite bead * Arnold Magnetics Corp., Los Angeles, Cal.
#56-590-65/48, or equivalent T Ferroxcube Corp. of America, Saugerties, N.Y.

Fig. 8 - Typical circuit for a frequency-multiplier chain (f|\y = 13 MHz, fout = 156 MHz)
for 156-MHz marine-radio transmitter.
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File No. 424

N/

Solid State
Division

RF Power Transistors

2N5914 2N5915

TO-216AA package

1675

Features:

e Low inductance radial leads — particularly useful for strip-line circuits
eHermetically sealed ceramic-metal package

e Electrically isolated mounting stud

o6 watts minimum output from 2N5915 amplifier at 470 MHz

¢ 7-dB gain from 2N5914 driver at 470 MHz

MAXIMUM RATINGS, Absolute-Maximum Values:

2N5914  2N5915

® COLLECTOR-TO-BASE BREAKDOWN

VOLTAGE, . . ...... BRICBO 3 36
© COLLECTOR-TO-EMITTER BREAKDOWN

VOLTAGE: + c e et vn v,

Withbase connected to emitter V(BR)CES 36 36

With base open . ......... V(BR)CEO 4 14
®EMITTER-TO-BASE VOLTAGE Vppo 3.5 3.5
®COLLECTOR CURRENT:

Continuous. . oo vvvvvre. .. Ie 0.5 L5
OTRANSISTOR DISSIPATION:. . . PT

At case temperatures up to 75°C 5.7 10.7

At case temperatures above 75°C See Fig. 7
OTEMPERATURE RANGE:

Storage & Operating (Junction). . =65 to +200°C
OCASE TEMPERATURE

(During soldering):

Forl0smaxi.ov.vevuennnn.

®ln accordance with JEDEC registration data format

JS-6 RDF-3/JS-9 RDF-7.

°c

High-Power Silicon N-P-N
Overlay Transistors

12.5-Volt, High-Power Types For Class-C Amplifiers in
VHF/UHF Communications Equipment

RCA 2N5914° and 2N5915P are epitaxial silicon n-p-n
planar transistors featuring overlay emitter electrode con-

struction,

2N5914 and 2N5915 feature an hermetic, ceramic- metal
package having leads isolated from the mounting stud.
These rugged, low-inductance, radial-lead types are de-
signed for strip-line, as well as lumped-constant circuits.

9Formerly RCA Dev. Type TA7408.
bFormerly RCA Dev. Type TA7409.
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2N5914, 2N5915

File No. 424
ELECTRICAL CHARACTERISTICS, Case Temperature (T¢) = 25°C
Static
TEST CONDITIONS LIMITS
DC DC DC
CHARACTERISTIC SYMBOL { COLLECTOR BASE CURRENT 2N5914 2N5915 UNITS
VOLTS VOLTS mA
Vee VBE | TE |/ | 'c |MIN. | MAX. [MIN. [MAX.
| Collector-Cutoff Current IcEo 10 0 - | 03 - L0 mA
o | Collector-to-Base 0 0.5 - - _
Breakdown Voltage V(BR) cBO wl | - %l - v
| Collector-to-Emitter
Breakdown voltage: el 1 _ _ _
With base open V{(BR)CEO 0 7ma| - _ n _ v
With base connected v 0 %9l 3 - — -
to emitter (BR)CES 758 - -l -
| Emitter-to-Base : 0.5 0} 35 - - -
Breakdown Voltage V(BREBO 10 ol -1 =135 - v
a pylsed through a 25-mH inductor; duty factor = 50%
Dynamic
TEST CONDITIONS LIMITS
CHARACTERISTIC | SYMBOL DC Collector Input Power | Frequency IN5914 2N5915 UNITS
Supply (Vo) - Volts | (Prp)-Watts | (D-MHZ | wiN. | TYP. | MIN. | TYP.
o| Power Output POE 125 gg 470 2'_0 3 W
. 0.4 7 -
o/ Power Gain Gpg 12.5 20 470 — 13 a8
- 0.4 65 -
| Collector Efficiency|  7¢ 125 20 470 — % %
Load Mismatch 2N5914 0.4
(Fig. 14) LM 12.5 N5 2 470 GO/NO GO
o| Collector-to- C 12 1 _ 15 - 30 oF
Base Capacitance obo Ig=0 (max.) (max.)
Gain-Bandwidth I = 200mA 900 -
f;
Product T 2 HeTmomA - I

® |5 accordance with JEDEC registration data fromat JS-6 RDF-3/J$-9 RDF-7
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2N5914, 2N5915 File No. 424
PERFORMANCE DATA
T
COLLECTOR SUPPLY VOLTAGE (Ve = 12,5V ] COLLECTOR SUPPLY VOLTAGE (VcQ) = 12,5V
CASE TEMPERATURE (T) = 250 C CASE TEMPERATURE (T¢) = 250 C
6.0 TTTIT T . Kin TN TTTTIT H
17T L] u ! } 1T
I l T 5 H |+ 4/0.4‘
5.0 ) = 10 A
3‘ - Vh‘b . T N AO‘, EEEER
o (2 . w < H
® o
° Y &
L 40 H N ()
& { ¢ ‘ g N
g TN ] = @
4 2s. e 7
- 30 1T e 6
2 3 £
=S I} N 2
3 °
3 20 4
N
10 } - 2
i 117
11
T 11
I mi i 1
0 200 400 600 800 0 200 400 600 800
FREQUENCY (1) - Kz FREQUENCY (0 - MHz
92L.5-3034R1 92L5-3042R1
Fig. 1-Typical output power vs. frequency Fig. 2-Typical output power vs. frequency
for 2N5914 for 2N5915
FREQUENCY (f) =470MHz HHHHH N T FREQUENCY (f) = 470 MHz
CASE TEMPERATURE (T¢) = 25°C I rr\:lrgs\'" T CASE TEMPERATURE (T)=25°C
3 TT T T o 1 e R e TR
T oV 10 Y T +
T ‘.‘gi H HHHH H T
: G 3 s o e
<0 t
W @’ o 8 e Wo
&O << S . E_’o ; as: \;‘pﬁ e
2 L. ?
& 0, T = H
H x 6 i
4 g T
N = 5HH
4 . 2 H
S 4 5
3 z o o ;
. N :
:
i :
sz HHr ;i
LETTT NI P tr + t t HHH
[ 0.2 0.4 0.6 0.8 O b T T e
INPUT POWER (Pyg)—W o o5 1.0 15 20 25 30
92LS~3038RI INPUT POWER (Pg) —W
9215~ 303 7RI

Fig. 3- Typical output power vs. input power at 470 MHz
for 2N5914 in circuit shown in Fig. 8

Fig. 4- Typical output power vs. input power at 470 MHz

for 2N5915 in circuit shown in Fig. 8

. T
FREQUENCY (f) = 175 WHz FREQUENCY (f) = 175 Wz
CASE TEMPERATURE (T¢) = 250 C 1 CASE TEMPERATURE (T¢) = 250C.
4 T L 15
11T 1
Y
3

= 35 N 125 TS T
By = ﬂgf_uci
3 W RVOL T
&£ 8 W }
[ S pryd I
I = £C10 T
w % oM [
2 & H aanas

25 2 75 &
£ 5 .
3 g
5 o E
° 2 35 =

15 . 2.5

1 i

0o 005 01 015 02 035 0 0.5 10 15 2.0

INPUT POWER (Pig) -
92584492

Fig. 5- Typical output power vs. input power
at 175MHz for 2N5914 (Fig. 15)
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Fig. 6 - Typical output power vs. input power

ot 175MHz for 2N5915 (Fig. 15)



File No. 424 2N5914, 2N5915
DESIGN DATA
t H COLLECTOR SUPPLY VOLTAGE (Veo) = 12,5V [T T H
CASE TEMPERATURE (T¢) = 25°C K +
6 T
. o 3 FEFEFEE
| TTT7pONER
® L feeut S i "
a inat 2 XY
: g & %
z =H w
8 g s
£ z
g : 5
2 : H g
: :’
E § 25914
2 = 22
H = +
E i H 2 HHHa
z 2 B
H & H
>
i iaifl
Tt Ht b : as k 100 200 300 400 5
-100 -50 0 50 0 200 o

100 !
CASE TEMPERATURE (T¢)—°C
92LS—3036RI

Fig. 7 -Dissipation derating for 2N5914 and 2N5915

FREQUENCY (f) - MHz
92554494

. 8-Large signal equivalent parallel input resistance

vs. frequency for 2N5914 and 2N5915

T
w COLLECTOR SUPPLY VOLTAGE (Vce) = 125V % COLLECTOR SUPPLY VOLTAGE (Vc) = 125V
' CASE TEMPERATURE (T¢) = 25°C - CASE TEMPERATURE (T¢) = 25°C
W 475 TT AT S o
) SEEENN N w
g H 5915 %
2 NS 5 50
s} <
= % )
< o 4&
O +25 - 40 »6‘
= =
2 E
3 3
z 2 %
= [
z z
il &
3 < T
z zZ b
3 -5 T 3 ls
o s I+
5 & o
o o
e ; 10
= ©
& <
= 1T a5
~75] ITTT 1
100 200 300 400 500 100 200 300 500
FREQUENCY (f) - WHz FREQUENCY (f) - MHz
9255495 9253436

Fig. 9-Large signal parallel equivalent input capacitance
vs. frequency for 2N5914 and 2N5915

INPUT POWER (Pyg) - 1.5 ¥ I ]

COLLECTOR SUPPLY VOLTAGE (Vec) =125V

CASE TEMPERATURE (T¢) = 25°C
T

3

=

S

RESISTANCE (Rc( )~ OHMS

PARALLEL EQUIVALENT COLLECTOR LOAD

1
11
T 20 300 a0 500
FREQUENCY (f) - HHz
92554497
Fig. 11-Large signal parallel load resistance

vs. frequency for 2N5915

Fig. 10- Large signal equivalent parallel output
capacitance vs. frequency for 25914 and 2N5915

PARALLEL EQUIVALENT COLLECTOR LOAD

INPUT POWER (Pjg) = 0.75 W
CASE TEMPERATURE (T¢) = 25°C

RESISTANCE (RcL) - OHMS
Y
3

FREQUENCY (f) - Wz
92554438
Fig. 12-Large signal parallel load resistance

vs. frequency for 2N5914
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2N5914, 2N5915

APPLICATION DATA

. File No. 424

P C1, €2, €3-0.9-7.0pF,. ARCO #400, or equivalent
C4-1.5-20 pF, ARCO #402, or equivalent
e C5- 1000 pF (feed-through)
Rea Cg -0.1 uF (ceramic)
2N5915

7502 C7-2-18 pF, Amperex HT10MA/218, or equivalent
connect between the base and emitter with the
shortest possible leads.

LN Ve L1, L2-1 turn #16 wire, 3/16 in. 1.D., 1/8 in. long

La é} c3 L3-1 turn #20 wire, 3/16 in. 1.D., 1/8 in. long

N

470 MHz

L4 -Ferrite choke, 4500 impedance, Ferroxcube
92LS -304IRI VK-200-09-3B, or equivalent

Fig. 13. 470MHz amplifier used for measuring power
output and power gain in 2N5914 and 2N5915

SPECIAL PERFORMANCE DATA

DRIVER

The transistor can withstand any mismatch in load,
which can be demonstrated in the following test:

470 MHz 1. The test is performed using the arrangement shown.
AMPLIFIER
(F16.13) 2. The tuning stub is varied through a half wavelength,

which effectively varies the load from an open cir-

’ cuit to a short circuit.

C3

>3 3. Operating conditions; V,, =12.5
i RF input power = 0.4 W for 2N5914, 2.0W for 2N5915
..... = 4. Transistor Dissipation Rating must not he exceeded.
s2Ls-13i9R2 During the above test, the transistor will not be dam-
aged or degraded.

Fig. 14 - Test sef-up for festing load mismatch capability
of 2N5914 and 2N5915

. ETAIL OF .
Vg =12.5v ?RINSFOORMER T, L1-1/2 turn #14 wire, 1/4-in. 1.D.

‘o RFC-Z = 45002, Ferroxcube VK-200-09/3B, or equivalent
SUPPLY Cy-7-100 pF, Arco 423, or equivalent
. C2-4-40pF, Arco 422, or equivalent
coLLEcToR C3-0.1uF ceromic
T C4-0.001 uF feedthrough
Cs-62pF silver mica
Cg - 14:150 pF, Arco 424, or equivalent
e, ZL=50a C7-24-200 pF, Arco 425, or equivalent

146

1 T1 - Twisted pair of #20 enameled wire; 14 turns/in.
- 9zcs-is7T9zR2 Formed in a loop 3/8 in. diameter, cross connected
(End of one winding connected to beginning of other)

Fig. 15-175-MHz amplifier for measuring power output
and power gain in 2N5914 and 2N5915



File No. 424 2N5914, 2N5915

Ve = 125V
O

C1,C2,C4,C5,C7,Cg 0.9-7.0pF
C3,Co  18pF Ly 1TURN NO. 18 WIRE 1.4 IN. 1.D., 18 IN. LONG
TAP AT 1.4 TURN FROM COLLECTOR
Co,C11 0.1uF Ls 1 TURN NO. 20 WIRE 1.8 IN. 1.D., 1/8 IN LONG
Cjo. C12 .00V uF Lg 1 TURN NO. 18 WIRE 1.4 IN. 1.D. 18 IN. LONG
Ly 1 TURN NO. 16 WIRE 3.16 IN. 1.D. 1'8 IN LONG

Ly, Lg FERRITE CHOKE Z = 45002 FERROX CUBE VK-200-09-38 OR EQUIV.
L3, L7 1 TURN NO. 20 WIRE 3.16 IN. 1.D. 1/8 LONG

*CONNECT C3 AND C4 BETWEEN THE BASE AND EMITTER 925M-4499

Fig. 16 - Typical 470 MHz amplifier with
0.4 W input and 6.0 W output

TERMINAL CONNECTIONS

Terminal No. 1, 3 — Emitter
Terminal No. 2 — Base
Terminal Nol 4 — Collector
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File No. 425

NG
Solid State
Division

RF Power Transistors

2N5916 2N5917

2N5916
TO-216AA
package  H-1693

2N5917 Features:"
RCA HF-31

package

A P {10-dB gain)

MAXIMUM RATINGS, Absolute-Maximum Values:

2N5916
2N5917
*COLLECTOR-TO-BASE
VOLTAGE . + .0 vuunnnn.. ..Vepo 55 V
*COLLECTOR-TO-EMITTER
VOLTAGE
With base open . ... .. «+++-Vero 24 v
*EMITTER-TO-BASE
VOLTAGE. « v uvu.. <ee..Vggo 35 V
*CONTINUOUS COLLECTOR
CURRENT. ....iivvuivenn Ig 0.2 A
*TRANSISTOR DISSIPATION . .. .. Py
At case temperatures up to 100°C ..... 4 A\
At case temperatures above 100°C . . Derate linearly
at 0,04 W/°C

*TEMPERATURE RANGE:
Storage & Operating (Junction). . —65 to +200 °c

* CASE TEMPERATURE (During soldering):
For 10 SmaxX «oeeeeeooeoean e 230 °C

*In accordance with JEDEC registration data format JS-6,
RDF-3/JS-9 RDF-7

High-Gain Silicon N-P-N
Overlay Transistors

For VHF/UHF Communications Equipment

® Radial leads for microstripline circuits

® 2 watts (min.) output at 400 MHz (10-dB gain)
H-1676 © 2 watts (typ.) output at 1 GHz (5-dB gain)

® Low-inductance, ceramic-metal hermetic packages

@ All electrodes isolated from stud

® 100 mW (typ.) broadband 50/450-MHz

RCA 2N5916 and 2N59174 are epitaxial silicon n-p-n
planar iransisiors featuring ‘‘overlay’’ emitter electrode
construction. They are intended for large-signal and
small-signal high-gain rf amplifiers and driver applica-
tions for VHF/UHF communications equipment.

Type 2N5916 features a new hermetic, ceramic-metal
package having terminals isolated from the mounting
stud. These rugged, low-inductance, radial leads are
designed for microstripline as well as lumped-constant
circuits. 2N5917 is a 2N5916 without the mounting stud.

AFormctly RCA Dev. Type Nos. TA7411 and
TA7852, respectively.

““WARNING: RCA types 2N5916 and 2N5917 should
be handled with care. The ceramic portion of these
transistors contains BERYLLIUM OXIDE as a major
ingredient. Do not crush, grind, or abrade these por-
tions of the transistors because the dust resulting

from such action may be hazardous if inhaled.”
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2N5916, 2N5917
ELECTRICAL CHARACTERISTICS, Case Temperature (T¢) = 25°C
STATIC
TEST CONDITIONS
CHARACTERISTIC SYMBOL De bt oe LmTs | UNITS
Collector Base Current
Voltage Voltage mA
VeE VBE Ig Ig g MIN. | MAX.

* | Collector-to-Emitter

Cutoff Current: ICES 30 0 B nA

Base-emitter junction shorted
* | Collector-to-Emitter a

Breakdown Voltage: V(BR)CES 0 5 5% | - v

With base open V(BR)CEO 21 -

* | Emitter-to-Base

Breakdown Voltage V(BR)EBO 0.1 0 35 - v

Collector-to-Emitter
Saturation Voltage VoE(sah 10 10 - |08 v
Thermal Resistance: 0 0
(Junction-to-Case) - R oW

@ pyjsed through a 25-mH inductor; duty factor = 50%
b Case temperature = 100°C

DYNAMIC
TEST CONDITIONS
CHARACTERISTIC | symgoL | DC Collestor | Qutnut fnput Freqency | LMITS | UNITS
Supply Power Power (f) - MHz
(Veo) -V (Pop)-W (Pip) - W MIN. | MAX.

* | Power Output

(see Fig. 10) PoE ‘ 28 0.2 400 20 | - W
* | Power Gain Gpg 28 2 400 0| - dB
* | Collector Efficiency Ui 28 0.2 400 50 - %
* | Collector —Base N v ' F

Capacitance cb 0(Ver) 1 -] P

*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.

TERMINAL CONNECTIONS

Terminals 1,3 — Emitter
Terminal 2  — Base
Terminal 4  — Collector
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2N5916, 2N5917 File No
TT TT1T
CASE TEMPERATURE (T¢) = 250 C HAHH > CASE TEWPERATURE (T¢) = 25°C
COLLECTOR SUPPLY VOLTAGE (Ve = 28 1T 1 & COLLECTOR SUPPLY VOLTAGE (VcQ) = 28V
3 I 6 S 50
T A seuiees
i 17 NN T IIE NN W I = 1 &
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FREQUENCY (1) ~ WHz sassannt E aassasnn

Fig. 1- Typical power output vs. frequency
(for both types).

Fig. 2 - Typical power output and collector efficiency
vs. power input (for both types).

COLLECTOR SUPPLY VOLTAGE (Vee) = 28V R EE T ST CASE TEMPERATURE (Tg) = 25 °C ma
FREQUENCY (f) = 400 MHz R Rt INPUT POWER (P{g) = 0.2 W at £ = 400 MHz m
INPUT POWER (Pyg) = 0.2W e SSEnsassmAacesRsianas . = 0:63 Wat f = 1GHs o
e e LR T H
5 SRS i 1 f
e t EES FO CD"LECTO';‘:E"H‘“”I 0
e ; 5 1y FRICIE T 0 !
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O R e e 1 I 2 EQ
B ¢ ao © W COLLECTOR SUPPLY VOLTAGE (Vcq) - V
o -
TEMPERATURE (Tc) - °C
CASE (Te) - GSSBIIR]
Fig. 3 - Typical power output vs. case temperature Fig. 4 - Typical power output or collector efficiency vs.
(for both types). collector supply voltage (for both types).
T,000] T
CASE TEWPERATURE (Tc) = 100 oC I
3 T T
4
=
< |
E = 5
N Ic MAX. (CONTINUOUS) Iy
& 3
5 DC OPERATION £
g ; £ H
& 100 2 1
8 8 \ = -
8 3 \ & I
2 t ¢
g $
S L 2
E
S
, 3
ﬂl ofHr
- 2 4 ) 2 24 n 5 —65 5 0 100 150 200
v 10

COLLECTOR-TO-EMITTER VOLTAGE (Vep) - v

9255-3874R1

Fig. 5 - Safe operating area, for dc operation
( for both types).
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CASE TEMPERATURE (T¢) - °C
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Fig. 6 - Derating curve (for both types).



2N5916, 2N5917

OUTPUT CAPACITANCE (C,) - oF

File No. 425
COLLECTOR-SUPPLY VOLTAGE (Vcg) = 8V COLLECTOR SUPPLY VOLTAGE (Vco) = 8V
OUTPUT POWER (Pog) = 2W ¢ OUTPUT POWER (Pog) = 2W
; R 2
g 8 TR g
L THEy 8
=
:
e ¢ H 2
~ g,
w a
<] 2
S=zsias 3
- w
£ 3
= HEHEE g H2
[ g S
8 g
] 2 1
&
1 &
-1 % o o
= FHE A R 0 ED @ a0 T000
100 200 400 600 800 1000 200 1400 FREQUENCY (f) — MHz

FREQUENCY (f) - MHz
92554502

Fig. 7 - Typical large-signal series input impedance
vs. frequency (for both types).
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3 2
COLLECTOR-TO-EMITTER VOLTAGE (Vcg) = 15V 270°
COLLECTOR CURRENT (Ic) = 60-100mA
9285-4504

CASE TEMPERATURE (T¢) = 25°C

Fig. 9 - Typical S parameters vs. frequency (for both types).

9255-3503

Fig. 8 - Typical large-signal, parallel collector load and
parallel output capacitance vs. frequency (for both types).
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2N5916, 2N5917

NS916 OR 2N5917 (2 - 502

(2g = 500
Cq
<

T

i1

9255-1505

Cy, C3 - 0.9-7 pF, ARCO 400*
Cy — 1.5-20 pF, ARCO 402*
C4 —0.0015 .. F, disc ceramic
Cg — 1,000 pF, feedthrough type,
Allen-Bradley FA5C*
Ce — 1 F, electrolytic
Ly, Lg— ltumA

Ly - RFC, .1 uH
L3 -3 tuns A
Ly — 2 tuns A

Ry - 10}, carbon

* Or equivalent
AAll coils 5/32 in. (3.96 mm)
1.D. #18 wire, 12 turns per inch

Fig. 10 - 400-MHz amplifier test circuit for
measurement of power output.

? Vee = 28V

(=509

X

12g = s09) W ,ﬁ
i | MeRosTRIP
<

= 9$5.3873R1

Cl' 03: 0.35-3.5 pF, Johanson
4701, or equivalent

Cz: 470 pF, feed-through type,
Allen Bradley FA5C, or equivalent
Lj: 3 turns No. 22 wire
5/32 in. (3.96 mm) ID, 3/8 in. (9.52 mm) long
Lg: 1% turns No. 22 wire
5/32 in. (3,96 mm) ID, 3/8 in. (9,52 mm) long
Ry: 10-0, 1/4-W carbon
Xl, X2: Microstrip details given in Fig. 13

Fig. 12 - 1=GHz amplifier using type 2N5916 or 2N5917.
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25916 OR 2N5917 TG
4

(z) = 500)
(g < s0m)

N

<

il

Veg = %V
9255-4506.
Cq - 0.0015 /LF, disc ceramic ’
Cy, Cg — 218 pF, Amperex H.T. 10mA/218,
or equivalent
Cs, C4 — 680 pF, chip cap.,Allen-Bradley
B166811, or equivalent
CS — 1.LF, electrolytic
Cg» C7 — 1,000 pF, feedthrough type
Ry — 2k, 1 W, carbon
Ry — 5000, 15 W, carbon
R, Ry — 2502, 1, W, carbon
T — Twisted pair of #22 wire,
10 twists, 1 in. long

Fig. 11 - 50/450 ~ MHz 10-dB broadband amplifier using
type 2N5916 or 2N5977.

NOTE 2

INPUT ouTPUT

STRIP STRIP
X X2

4

2 L .09
N (50.8) (2.28)

[=—.32(8.12)

1.375
~(34.92)

DIELECTRIC—\

—

\—GROUND

PLANE
9255-3660

Note 1: Dimensions in parentheses are in millimeters and are
derived from the basic inch dimensions as indicated.

Note 2: Produced by removing upper lbayer of double-clad,
Teflon board, Budd Co. Polychem Div. Grade 108T,
1 0z.'1/16 in. (1.52 mm) thick, ( € = 2.6), or equivalent.

Fig. 13 - Typical microstrip layout for 1-GHz power
amplifier circuit shown in Fig. 12.



File No. 448

(REB

Solid State
Division

RF Power Transistors

2N5918

10-W, 400-MHz High-Gain Silicon
N-P-N Emitter-Ballasted

Overlay Transistor
For VHF/UHF Communications Equipment

Features:
10 W output at 400 MHz (8 dB min. gain)

TO-216AA package

Emitter-ballasting resistors
Broadband performance (225—400 MHz)

HA1675

=
=
[ ]
= Low-induct:
=
]

MAXIMUM RATINGS, Absolute-Maximum Values.
* COLLECTOR-TO-EMITTER VOLTAGE:

With base open . . . .« . . - .- .. Vgeo 30 \
* COLLECTOR-TO-BASE VOLTAGE.. . Vcgo 60V
* EMITTER-TO-BASE VOLTAGE ... Vggo 4 V
* CONTINUOUS COLLECTOR CURRENT Ic 075 A
* TRANSISTOR DISSIPATION . . . .. Pt

At case temperatures up to 75°C . .. 10 w

At case temperatures above 75°C . . . Derate linearly at
0.08 W/°C
* TEMPERATURE RANGE:
Storage & Operating (Junction) 65 to +200 °C
* CASE TEMPERATURE (During soldering):

FOr10SmaX. . . ..o« oo - 230 °c

-
*1n accordance with JEDEC registration data format JS-6 RDF-3/JS-9
RDF-7.

TERMINAL CONNECTIONS
Terminals 1, 3 - Emitter
Terminal 2 - Base

Terminal 4 - Collector

ic-metal hermetic pack

All electrodes isolated from stud
Radial leads for stripline circuits

RCA type 2N5918* is an epitaxial silicon n-p-n planar
transistor employing “‘overlay”’ emitter-electrode construc-
tion. This device features emitter-ballasting resistors which
improve ruggedness and overdrive capability, and a hermetic
ceramic-metal package with terminals isolated from the
mounting stud. The terminals are rugged, low-inductance,
radial leads suitable for microstrip as well as lumped-constant
circuits.

The 2N5918 is intended for use in large-signal, high-power,
broadband and narrow-band amplifiers in vhf/uhf commun-

ications equipment.

U
* Formerly RCA Dev. Type No. TA7367.

WARNING: RCA Type 2N5918 should be handled
with care. The ceramic portion of this transistor contains
BERYLLIUM OXIDE as a major ingredient. Do not
crush, grind, or abrade these portions of the transistor
because of dust resulting from such action may be
hazardous if inhaled.
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2N5918 - File No. 448
ELECTRICAL CHARACTERISTICS, Case Temperature (Tg) = 25°C

STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Voltage Voltage mA
VCcE VBE Ie I Ic | MIN.|MAX.
* Collector-to-Emitter
Cutoff Current:
Base-emitter junction Ices 30 o - 5 mA
shorted
* Collector-to-Emitter
\" 0 1002 | 60 -
Breakdown Voltage: {BRICES .
\"
With base open V(BR)CEO 1002 | 30 _
* Emitter-to-Base
Vv 1 0 4 - \
Breakdown Voltage (BRIEBO
Thermal Resistance: . °
(Junction-t o-Case) fsc - 125 ow
2 Pulsed through a 25-mH inductor; duty factor =50%
DYNAMIC
TEST CONDITIONS
DC Coliector Output Input LIMITS
CHARACTERISTIC | SYMBOL Supply Power Power (l:;'e_c'l;:'e-'nzcy UNITS
Veel-v | (Pop)-w (P1E)-W min]vax.
* Power Qutput P 28 400 10 W
{See Fig. 10) OE 1.59 -
* Power Gain Gpg 28 10 400 8 - 48
*| Collector Efficiency ne 28 10 400 60 | — %
* Collector-to-Base
- 3
Output Capacitance Cobo 30tvep) ! 1 pF
* In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
PERFORMANCE DATA
COLLECTOR SUPPLY VOLTAGE (Vgc)=28 V COLLECTOR SUPPLY VOLTAGE (Vo= 28 V T
CASE TEMPERATURE (Tg)=25°C CASE TEMPERATURE (T¢)=25°C ;E nEa.
e
FHH HH H }
10 | 80
LifL3 = 33 >°\E“|c| agsrzasERE T
10 N 8 3 70 L
N Yy L1 l §c$ T A i )
T N A"f‘;: u S ﬂl;i\%?‘ [ g
w NG S s RS 0 2
o Q) @ ~ s H- ul
[ N 5 ' Y MR HHH I
« X, 2 &5y ] " S S i
¥ s N 25 S 4 + H 50 W
=
13 0 5 7T 1 3
S m } 5
'2‘ 00.3 = 3 2 H 404
E < I a
3 9y i H f H 8
o T [TTT Nl 1 I T
200 400 600 800 1000 0 02 04 06 Y 12 14
FREQUENCY (f)— MHz 92CS-17197 INPUT POWER (Pig)—W 92CS-17198
Fig. 1 - Typical output power vs. frequency. Fig. 2 - Typical output power or collector efficiency vs. input

power at 400 MHz.
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File No. 448 2N5918
IBEESENEENEEEREN]
EEEERSEAREREENE COLLECTOR SUPPLY VOLTAGE (Vcc) =28 V
r -=~£=225 MHz, P|g = 0.55W
" COLLECTOR EFFICIENC! 80 [l ——t=400 MHz, Pg=1.3 W :
. T
R
| =
T 12! e i " H
o 5 8
] <} »
< 10 50 2 € 0
I u « FH
w Q w ]
H w =
o = w =
a 75 w a
= « -
> 1 . S >
& H _‘PowEF:_ T E 3
3 mmm PV T T T~ CASE TEMPERATURE (Tg)=25°C| 5 3 8
[T -——=225 MHz, Plg=0.5 W 3
- —— 2400 MHz, Pig=1 W © H
251 T T T T A 7
Il INEEEEEENEEESEEENEENE
H T
0, T ISNESEEEENNEERERNERREN! 13
10 20 25 0 0 20 40 60 80 100 120 140
COLLECTOR SUPPLY VOLTAGE (Vgc)—V 92517199 CASE TEMPERATURE (T¢) — °C 92CS-17200
Fig. 3 - Typical output power or collector efficiency vs. Fig. 4 - Typical output power vs. case temperature.
collector supply voltage.
T [ CASE TEMPERATURE (Tc)=75°C
K ; 1
g Ic MAX.(CONTINUOUS) \ E
e L
L < 10
E‘-’ g
e
g o £ 8
4 @
@ [%]
3 o
8 G
e z
o o
w a
4 02 z 4
8 E
VeEo 3
MAX. ® 2
ol 0
1 4 8 10 20 30 -i00_ 50 0 50 00 150 2
92Cs-17201 - Te)—°f 92¢S—-17202
COLLECTOR-TO-EMITTER VOLTAGE (Vcg)—V CASE TEMPERATURE (T¢)—°C
Fig. 5 - Maximum operating area for dc operation. Fig. 6 - Dissipation derating curve for rf class-C operation.
DESIGN DATA
FREQUENCY (f) = | MHz COLLECTOR SUPPLY VOLTAGE (Vce) =28
- cc v
5|~, i CASE TEMPERATURE (T¢)=25°C P GUTPUT POWER (Pog) =10 W
- T T 1T
) | w
k] 2F
[ oL
8 58°
g oy i .
[=4 Zo
g 10 240 FTTT PARALL ISTANCE
- D=
M = @ g
o Q<3
3 Ep
S 45
F o5 3
& 25
S 90 PARALLEL OUTPUT CAPACITANC
& 38 0
4 3
=3
3
9
o 0 30 40 200 225 250 275 300 325 350 375 400
COLLECTOR-TO-BASE VOLTAGE (VCB)—V 92517203 FREQUENCY (f)—MHz 92Cs-17204

Fig. 7 - Typical variation of collector-to-base capacitance.

Fig. 8 - Typical large-signal parallel collector load and parallel

output capacitance vs. frequency.
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2N5918

File No. 448

COLLECTOR SUPPLY VOLTAGE (Vcc)=28 v [
OUTPUT POWER (Pog) =10 W H
2
T TTTT
5 T
3 RES/ST HH
;,‘f = SISTANCE — Re (Z)y)
W T
@xz
qs
5 1
&3
Eu
ig o> 4
pu-3 2%
@x o
xa
20
&2
=4
Zz
['4
S

REAL PART OF SERIES INPUT IMPEDANCE [Re(Zin]—2,

275 325
FREQUENCY (f) —MHz

425
92CS 17205

Fig. 9 - Typical large-signal series input impedance
[RelZin) + j I(Zi )] vs. frequency.

+

_JT— 3

T

(2g =50Q)

o)

g

(Zg=500)

/|

MICROSTRIP

€1.Ca.C3:
C4,Cs:
Cg!
L
Ry:

Cy -3pF, ATC-100%
C2-08-10pF, JOHANSON 3957#

C3 -5pF SILVER MICA
C4-2-18 pF, AMPEREX
Cs -24pF, SILVER MICA
Ce -51pF, ATC-100%
C7-47pF,ATC-100%
Cg -68pF,ATC-100 %
Cg-luF, ELECTROLYTIC

Cjo-1000 pF, FEEDTHROUGH TYPE,
ALLEN-BRADLEY FASCx

Ll

Cs T
12-18pF, AMPEREX HTIOMA/218, OR EQUIVALENT
1000pF, ATC-100, OR EQUIVALENT

10uF, ELECTROLYTIC

Ol2uH RF CHOKE
51Q,1/2 W CARBON

e

0320 1.55 2.89
(8137 T‘(sms)"r_nlw*l
161 2.1 0094
l (40.9) (53.5) (2.38)
0500 | eyt sTRIP OUTPUT STRIP ¥
ta.7) 0.485
(1232)
! i
338 NOTE 2 ..l olis
©573) “2e2)
0.250 L 352
™ 16.35) (89.28)
1
OUTPUT STRIP
00312 METAL GROUND
(0.793) PLANE

DIMENSIONS IN INCHES AND MILLIMETERS

NOTE I: DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND
E DERIVED FROM THE BASIC INCH DIMENSIONS AS
INDICATED

NOTE 2: PRODUCED BY REMOVING UPPER LAYER OF DOUBLE-CLAD

Ci2-1.5-20 pF, ARCO 402 %
C11-0.9-7 pF, ARCO 400%

*OR EQUIVALENT

Fig. 11 - 225/400-MHz broadband amplifier using 2N5918.
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TEFLON BOARD, /32 IN. THICK, (¢ =2.6)
92CM-17206
Fig. 10 - 400-MHz amplifier test circuit for measurement of power output.
cn
L—] onsgl b7
= 4
T T T T T
H- COLLECTOR EFFICIENCY (ng)
I
% ! 4
= POWER" GAIN (G ) &
| 70m 6T T Neum
"b'w IS NSRRI =~L]
= l T T Ty LT
;A T T T T T T Ty 1T
x
= vee oot COLLECTOR SUPPLY VOLTAGE (V) = 28V [
L -0J2,H RFC, NYTRONICS, P No.DD-0.18 % b e OUTPUT POWER (Fy¢) = oW 4
L2-No.I8 WIRE, 0.64 IN. LONG 2 Z CASE TEMPERATURE (T,)= 25°C -
L3-COPPER STRIP 5 MILS THICK, 150 MILS L & . 32
HTIOMA/218% W, 670 MILS L « & £
L4-TRANSISTOR BASE LEAD, 0.16 IN. LONG S 2 AT INPUT VSWR TN
L5 -0luH RFC, NYTRONICS, P No. DD-0.10% o & 2.
Lg-No.18 WIRE, 1.08 IN. LONG 5
L7-2 TURNS,5/32 IN. |.0. No.I8 WIRE, |2 3
TURNS PER IN. Ll
R| -100Q,1/2 W, CARBON
R2-5.10,1/4 W, CARBON
200 250 350 300
FREQUENCY (f) — MHz 92¢5-17208
92Cs-17207 B .
Fig. 12 - Typical broadband performance of the

225/400-MHz amplifier circuit shown in Fig. 11.



File No. 505

IR/

Solid State
Division

RF Power Transistors

2N5919A

Features:

JEDEC TO-216AA
H-1693

RCA Type 2N5919A® is an epitaxial silicon n-p-n planar
transistor with “‘overlay’’ emitter-electrode construction.

The 2N5919A is unilaterally interchangeable with the
2N5919. Both types employ a construction which features
many separate emitter elements; however, for stabilization,
the 2N5919A has integral emitter ballast resistance.

.Formerly RCA Dev. No.TA7532.

MAXIMUM RATINGS, Absolute-Maximum Values:

*COLLECTOR-TO-EMITTER VOLTAGE:

With baseopen ...........c.oounn VCEO 30 v
*COLLECTOR-TO-BASE VOLTAGE ... VcBO 6 Vv
*EMITTER-TO-BASE VOLTAGE. ... .. VEBO 4 v
*CONTINUOUS COLLECTOR CURRENT Ic 4.5 A
*TRANSISTOR DISSIPATION ....... PT

At case temperatures upto 75°C . ... 25 w

At case temperatures above 75°C . ......... Derate at 0.2 W/°C
*TEMPERATURE RANGE:

Storage & Operating (Junction) ............ —65 to +200 °C
*CASE TEMPERATURE (During soldering):

FOr 10 S MaX. «evueeinuenneeraneeennneennnnes 230 °cC

*|n accordance with JEDEC registration data format JS-6 RDF-3/ JS-9
RDF-7.

16-W, 400-MHz, Silicon N-P-N
Emitter-Ballasted
Overlay Transistor

Improved Version of 2N5919 Features
Overdrive Capability of 20-W Output

6-dB gain (min.) at 400 MHz with 16 watts (min.) output
Integral emitter-ballasting resistors

Broadband performance (225-400 MHz)
Low-inductance, ceramic-metal, hermetic package

Radial leads for microstripline circuits

All electrodes isolated from the stud

The 2N5919A features the same hermetic, ceramic-metal
package with rugged, low-inductance radial leads. for
microstripline as well as lumped-constant circuits.

This transistor is intended for use in large-signal, high-power,
broadband and narrowband amplifiers in vhf/uhf equipment.

58 T 5o
T 1
T =1 e~
: ; BE
TT 8>
H on2
@ 8 -
T e 83
- ot H T
&7 B
F4
<
o
x COLLECTOR-SUPPLY VOLTAGE (Vcc)=28V []
E3 OUTPUT POWER (Pog)=16 W w
g s T Hio:l
1 @
I =
4
>
CWR -
i 4 tHH 3
T T =i, 2
225 50 275 " 32! 350 37 400
FREQUENCY (f)—MHz 92cs-19142

Fig.1—Typical performance of the 225-400-MHz broadband
amplifier circuit shown in Fig.12.

8-71
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*

2N5919A

ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 25°C

File No. 505

STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Voltage-V | Voltage-V ) mA
VCE VBE Ig | I Ic MIN. [ MAX.
Collector-to-Emitter Cutoff
Current: |
With base connected to CES 30 0 0 A
emitter - 1 m
Collector-to-Emitter Break-
down Voltage:
With base connected to
\ 0 a —
emitter (BRICES 200 6 v
With base open V(BR)CEOQ 2002 30 -
Emitter-to-Base Breakdown
Voltage V(BR)EBO 5 0 4 - v
Thermal Resistance: RoJC
(Junction-to-Case) 5.0 oC/W
a pylsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
TEST CONDITIONS
CHARACTERISTIC SYMBOL DC Collector Input Power | Output Power | Freq y LIMITS UNITS
Supply (Vce)-V (PyE)-W (POE)-W (f)—MHz | MIN. | MAX.
Output Power (SeeFig. 11) 28 4.0 400 16 — w
Overdrive Objective Test Poe 28 70 400 20
Power Gain Gpg 28 16 400 6 - dB
Collector Efficiency e 28 4.0 400 65 - %
Collector-to-Base Out-
Y] -
put Capacitance Cobo 30 (vVee) ! 22 pF

* In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.

TERMINAL CONNECTIONS

Terminals 1, 3 - Emitter

Terminal 2
Terminal 4

158

- Base
- Collector

this portion b

WARNING: The ceramic heat-sink portion of this device
contains beryllium oxide. Do not crush, grind, or abrade
the dust r

Iting from such action
may be hazardous if inhaled, Disposal should be by burial.




File No. 505 2N5919A
COLLECTOR-SUPPLY VOLTAGE (Vog)=28 V COLLECTOR-SUPPLY VOLTAGE (Vcc)=268V
CASE TEMPERATURE (Tc,.zs.,gc CASE TEMPERATURE (Tg)=25°C _
H R T 0
B me= = Y
H T 2 70 ,l.o
Ly % 5y [5
x « y
£ » % o3 50
4 15 «l 0 ui
5 2 g
£ o 5 a0l
° i a
1T o
o 5 H 30
1T
1T
o 2 4
200 800 900 INPUT POWER (P1g)—W
FREQUENCY (f)—MHz s2c5-19144
92€5-19143 Fig.3—Typical output power and collector efficiency vs.
Fig.2—Typical output power vs. frequency. input power.
10 2 ﬁ— ! ] e b 3
. mC TS
6 .
<
I 4q
o
H +
- 2
P-4
w
g € Mﬁ%
o pp
S | [tCONTINUOUS) 7
[ s 8 o "
(o] b
[ 6 <
Jo.s2
-
-J 4
(o]
(8]
0.2l
2
0.1
2 4 6 8 2 6 8
| 10 16 30 100
COLLECTOR-TO-EMITTER VOLTAGE (Vcgp)—V

92Cs-19145

Fig.4—Maximum dc operating area for type 2N5919A.
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2N5919A File No. 505
H H COLLECTOR-SUPPLY VOLTAGE (Vgo)=28 V
T T FREQUENCY (f ) =400 MHz
H It INPUT POWER (Prg) =4W
o0 20|
= |
i 25 70 | 510
W £ |
a Padunmn > W |
- 20 60 g ﬂ? 18
@ -~
u w pt
z wa T 2 w m
g s L 400 I Z
o POE w g
5 0“‘“?[ H & =
B 20T 11 e &
> 10 P I G &
o T T ‘:" 8
CASE TEMPERATURE (T¢)=25°C 1 3
INPUT POWER (Pg)=2W (200 MHz) §  © 15
=4W (400 MHz) ] I
TTIT IRBE N IEEREE
o HHHHHHH A 14 I
0 15 20 20 40 60 80 100 120 140
COLLECTOR -SUPPLY VOLTAGE (Vggl—V CASE TEMPERATURE (Tg)—°C
92CS-19146 92CsS-19147

Fig.5—Typical output power and collector efficiency vs.
collector-supply voltage.

Fig.6—Typical output power vs. case temperature.

S : I I FREQUENCY (f1=1 MHz
CASE TEMPERATURE (Tg)25°C
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1]
& a5
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-65 CASE TEMERATURE (Tg)—°C COLLECTOR-TO-BASE VOLTAGE (Vegl—V
92Cs- 19148 92CS-19149

Fig.7—Dissipation-derating curve for class C operation.

Fig.8—Typical variation of collector-to-base capacitance with

collector-to-base voltage.

COLLECTOR - SUPPLY VOLTAGE { Vgg 1-28V
OUTPUT POWER (PoE)= 16 W
CASE TEMPERATURE (Tg):25°C

F
o
o

cL)—Q
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N
o
2

3

COLLECTOR LOAD RESISTANCE (R
OR OUTPUT CAPACITANCE (C

200 300 400 500
FREQUENCY (t)— MHz
92Cs-19150

Fig.9—Typical large-signal parallel collector load resistance
and parallel output capacitance vs. frequency.

160

REAL PART OF INPUT IMPEDANCE (R )—( OR

Fig.10—Typical

IMAGINARY PART OF INPUT IMPEDANCE (jX|nN)—£

'
N

COLLECTOR- SUPPLY VOLTAGE (vgeg)=28 V
OUTPUT POWER (Pgg)=16 W
CASE TEMPERTURE (T¢)=25°C

frequency.

300 400
FREQUENCY (t)— MHz

N
4
2
RN
I
W,
o
100 200 500

92Cs-19151

large-signal series input impedance vs.



File No. 505 2N5919A

Q *Vee
G
AL
-
(NOTE 2)
) €
< 400
1L
— 102 INPUT STRIP
OUTPUT STRIP
(Z = 508) L/ i
MICROSTRIP < 125
131(33.3) o5
25
‘ifls (63)
1y L.sso 16.5)
200
( (5.1)
1 L_u\ (33.3) L .32(8.12)

- = 9255:3752R2

FEED-THROUGH
CAPACITOR

= DETAIL OF FEED-THROUGH
CAPACITOR HOUNTING ars53761

Cy C2, C7: 2-18 pF, Amperex HT10MA/218,
or equivalent

C.,: 0.03 uF, disc type Dimensions in Inches and Millimeters

C: 470 pF feed-through type, Note 1: Dimensions in parentheses are in millimeters and are derived
Allen-Bradley FASC, or equivalent from the basic inch dimensions as indicated.
Cg. Cg: 0.005 uF, disc type Note 2: Produced by removing upper layer of double-clad, Teflon
L,: 0.22 wH,rf choke board, Budd Co. Polychem Div. Grade 108T, 1 oz, 1/16 in.
R,: 5.1 £, 1/2 W carbon thick, (e = 2.6), or equivalent.

1

Fig. 11—400-MHz narrowband amplifier test circuit for measurement of power output.

c2 Ly L2

26:50Q ( ) o—} l
= [ IC3

92Cs-19152
C4 - 0.8-10 pF, piston type, Johanson® 3957 * L3 - Inductance of 5/32-in. (3.97 mm) long base lead of 2N5919A
Cg - 18 pF, silver mica Lg-0.1 uH, r-f choke, Nytronics®*
C3-33pF, chip type, Allen-Bradley® B16* Lg-1-1/2turns™”
Cy4 - 47 pF, chip type, Allen-Bradley B16% Rq-5.10 1%-W carbon

Cs, Cg - 62 pF, chip type, American Technical Ceramics® ATC-100% %
C7 - 0.8-20 pF, piston type, Johanson 4802%
Cg - 15 pF, silver mica
Cg - 1000 pF, feedthrough, Allen-Bradley FASC*
Cio-1wuF, electrolytic

or equivalent
® johanson Mfg. Corp., Boonton, N. J. 07005

Allen-Bradley Co., Milwaukee, Wisc.

American Technical Ceramics

Huntington Station N.Y. 11746

Nytronics IncA,"Berkelev Heights, N.J.

L1, L, L7 - Two turns™* #% No.20 wire, 14 turns/inch, 5/32 in. (3.97 mm) 1D, 5/32 in. (3.97 mm)
Ly - 1/2-in. (12.7 mm) length of No.20 wire leads.

Fig.12—225 to 400-MHz broadband amplifier circuit.
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File No. 440

m@m RF Power Transistors

Solid State
Division

2N5920

2-W,2-GHz,Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF /Microwave Power Amplifiers, Microwave

Fundamental-Frequency Oscillators and
Frequency-Multipliers

Features:

= 2-W output with 10-dB gain (min.) at 2 GHz

® 3-W output with 12-dB gain (typ.) at 1 GHz

= Ceramic-metal hermetic package with low inductance and
low parasitic capacitances

= Stable common-base operation

1598 ® For coaxial, microstripline, & lumped-constant circuit

JEDEC TO-215AA

8 Integral emitter-ballasting resistors

RCA 2N5920° is an epitaxial silicon n-p-n planar transistor The ceramic-metal coaxial package of the 2N5920 features

featuring the overlay multiple-emitter-site construction. It is low parasitic capacitances and inductances which provide for

intended for solid-state equipment for microwave communi- stable operation in the common-base amplifier configuration.

cations, S-band telemetry, microwave relay link, phased-array ideal as a driver for the 2N5921, this transistor can also be
H + A Al

radar, distance measuring cquipment and collision avoidance used in iarge signal applications in coaxial, stripline and

systems. lumped-constant circuits.

Integral emitter-ballast resistance is employed for improved
ruggedness and increased overdrive capability. ® Formerly RCA Dev. Type No. TA7487.

MAXIMUM RATINGS, Absolute-Maximum Values:

¥ COLLECTOR-TO-BASE VOLTAGE . ..........oeuunnnanee VcBo 50 v
* COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance (RRg) = 10 £, sustaining . . ............ VcER(sus) 50 Y
*EMITTER-TO-BASE VOLTAGE ... VEBO 3.5 \Y
* DC COLLECTOR CURRENT (CONTINUOUS) . .. ..o v v Ic 0.25 A
* TRANSISTOR DISSIPATION: PT

At case temperature up to 750C . ... .. ... ... 35 w

At case temperatures above 750C, derate linearly ......... ................ 0.028 w/ecC

For point of measurement of temperature ‘

{on collector terminal), see dimensional outline.

* TEMPERATURE RANGE:

Storage and Operating (Junction) ......................cccouioien oo, —65 to +200 oC
* CASE TEMPERATURE (During Soldering):

For10smax. ... ... i 230 oc
* In accordance with JEDEC registration data format (JS-6-RDF-3/JS-9-RDF-7).

11-73
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2N5920

File No. 440
ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) =250C, unless otherwise specified. o
TEST CONDITIONS
nC 0C
CHARACTERISTIC seoL | SSL-ESIT CURRENT LIMITS uNITS
VOLTAGE (V) (mA)
Vee | Vee | 18 Tc | MN. | MAX.
Collector-Cutoff Current 45 0 - 2
| mA
At T = 100°C CEs 50 0 _ 3
Collector-to-gase V 0 5 50 - \
Breakdown Voltage (BRICBO
Collector-to-Emitter
Breakdown Voltage: a -
With external base-to-emitter V(BRICER 5 % v
resistance (Rgg)= 101
Emitter-to-Base Vi 0.1 0 3.5 - v
Breakdown Voltage (BRIEBO
Collector-to-Emitter Veg(sat) 10 100 - 1 v
Saturation Voltage
Thermal Resistance: R 100 - 30 oc/W
(Junction-to-collector terminal) 6JcT 10
a pylsed test, 50% duty factor.
DYNAMIC
POWER POWER SUPPLY
CHARACTERISTIC sweoL | weut | outur | voutace |PREWENCL LD uuirs
Pig(W) PogW) | Voo!V) | GHz ' )
Power Qutput (See Fig. 5) Pog 0.2 28 2 2 w
» | Power Gain Gpg 0.2 2.0 28 2 10 dB
*1 Collector Efficiency o 0.2 2.0 28 2 40 %
«| Collector-to-Base Capacitance Cobo 30V 1MHz 3 pF
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2N5920 : File No. 440

PERFORMANCE DATA

COLLECTOR SUPPLY VOLTAGE (V) = 28V COLLECTOR SUPPLY VOLTAGE (Vgc) - 28v
V(f) e
L ERELECTOR TERMINAL TEMPERATURE (Toy) = 25°C COLLECTOR TERMINAL TEMPERATURE (Tpr) x 25°C
i ‘ f
HH T
25 25

= O z PoB <
| R
@ 2 -~ 2 60 >
3 @ S
) &L ] ;
[:4 = %3
gis G o1 ! hid 50
3 3 H FHEEE &

a o PP
o '3
5 5 a0 2
a. o [T}
5 £ u
) 3 e
0.5 05 30 3

Q T
0.1 0.2 03 0.4
FREQUENCY (1) — GHz INPUT POWER (Pg) — W
92CS-17105 92CS-17106

Fig. 1 - Typical output power vs. frequency for common-base Fig. 2 - Typical output power and collector efficiency vs.

amplifier. ~ input power for 2-GHz common-base power amplifier(Fig. 10)
con.u.r:cm:(suppmé ] i i RF INPUT POWER (Py;) =0.2W
VOLTAGE (V) = 28V
3 Fasgusncv(nc?)ncm o COCTpENCY (1) ~ 20z
: .
EREUENCE L aohe HHHHH 0 COLLECTOR TERMINAL TEMPERATURE (Tep) = 25°C
s TEMPERATURE (T¢1) = 25°c HH o ®
z
| T [ I 70 | | 25 —‘I;
@ Q. q 2 & &
20, q £ @ £
o2 o T 60 O & 2 o]
g J3ata, H & & -
2 o z H S
Q v 4 1 &
w 1.5 50 L
- 3 ui - 1 ui
=3 @ > o
a < (3 o
= =i 140 + g w 5
2> 1 40 2 ' 40 O
3 ma 2 5} w
= =]
2 3
30 O 0.5 30 ©
g 5
1 I 20 1T
° 0.0 [oX 0. 040 12 0.4 0.6 4 16 18 20 22 24 26 28 30
INPUT POWER(Ppo) — W COLLECTCR-TO-BASE VOLTAGE (Veg)—V  g5c5 17108
92¢s-17107 Fig. 4 - Typical output power and collector efficiency vs.

Fig. 3 - Typical output power and collector efficiency vs. collector-to-base voltage in a 2-GHz common-base amplifier.

izput power for 1-GHz common-base power amplifier.

o

1000
CASE TEMPERATURE (Tg)=100 °C

EQUIVALENT

92Cs- 15674

2 [ !
€ 4
| HOT-SPOT TEMPERATURE
> Ic(MAX) CONTINUOUS (Tyg)=200 °C
POWER H 250
v 1
SOURCE ce - 2
T = i
=4
& 1
3 I
g 100, T
p ;
5 NOTE : 1
W 4 Tg IS DETERMINED BY |4
DOUBLE STUB TUNER a USE OF INFRARED !
MICROLAB 52-03N OR 3 SCANNING TECHNIQUES :
[
|
1
]

—

| 4 6 8 |0 12 4 8 100
COLLECTOR-TO-EMITTER VOLTAGE (VCE) -V
92Cs-22856
Fig. 5 - Block diagram of test set-up for measurement of
output power from 1.0- or 2-GHz common-base amplifier. Fig. 6 - Maximum operating area for forward-bias operation.
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File No. 440 .2N5920
DESIGN DATA

T. COLLECTOR TERMINAL TEMPERATURE (Tcy) = 28°C

=R : 6

938
L &
z= £
£5 v z
RN [
287 i Mog) g
2 £
Suw s M
R 5 o M
w ‘ it N
28, b 4 H i
gz 1 ' : £ i I
go it R =
23 POINT FORZIN 2n5920 E]
2 | T 1/ <
5 0 y i i

-4
§ é 1 POINT FOR Z¢L 1

i MEASUREMENT <00 -50 O 50 100 150 200
1 1 2 25 3 COLLECTOR TERMINAL TEMPERATURE—°C
FREQUENCY (f)—GHz 92C5-17109 92Cs-20627

Fig. 7 - Typical large-signal series input impedance or
large-signal collector load impedance vs. frequency.

Fig. 8 - Temperature derating of power dissipation of the
2N5920.

APPLICATION DATA

INPUT CONNECTOR 116 HOLE (2.84) 2N5920
GENERAL RADIO No. GR874 -200 DEEP (5.08)
TYPE"N" MALE
2777 2.616
(19.735) (68.55)
515
441DIA. 1308)
(11.20) 4
7 7
= 1 >
~ [ ket YN — | Bt
] > a
4 []
Sy 7772207
515 D1A Cssipa| L3g3oa t 875 DA,
(13.08) 777) (7.85) (22.22)
-~ 350 735 —
(8.89) (18.66)
2.216 |
(66.44)

.090 HOLE (2.28)
300 DEEP (7.62)

92Cs-17118

Fig. 9 - Constructional details of 2 GHz power amplifier.

SGLDERING INSTRUCTIONS

When soldering the 2N5920 into a microstripline or
lumped-constant circuit, the collector and emitter
terminals of the device must be pretinned in the region
where soldering is to take place. The device should
be held in a high-thermal resistance support for this

tinning operation. A 60/40 resin-core solder and a
low-wattage (47 watts) soldering iron are suggested for
the pretinning operation. The case temperature should
not exceed 230°C for a maximum of 10 seconds during
tinning and subsequent soldering operations.
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2N5920

File No. 440

APPLICATION DATA (cont'd)

va o b o ea 1 C5 Cs: 114 pF, scdieectic, chanson
C2: 0.35-3.5 pF, air-dielectric, Johanson )
4701, or equivalent
C3,C4: 1000 pF, feed-through, Allen-Bradley FASC,
p——— or equivalent
J’L’ C7: 1000 oF, ceramic, leadless
2 Ly, La: RF choke, 0.1uH, Nytronics Deci-Ductor
ST L3: 0.01-in. (.254) thick, 0.157 in. (3.98) wide copper strip
+vee28 (. shaped as shown in inset drawing
[ Rj: 12,%W

Fig. 10- Typical circuit for 1-GHz power amplifier.

Cy, Cp, C4: 0.005 uf
C3: This capacitance results from the moun-
ting (See Fig. 12)
Cs: .001 uf ATC
Cs, C7,Cg: -001 pf feedthrough capacitor
Rj: 75 Q
Rp: 0-750 2 potentiometer
R3: 2200
L1&Ly RF 6 turns No. 28-wire
0,062 in. (1.57) L. D.,
3/16 in. (4.75) long
X: UNIFORM MICROSTRIPLINE
0.107 in. (27. 9mm) wide
0.475 in. (120. 8mm) long
0.005 in. (0.13mm) thick copper

Xa: UNIFORM MICROSTRI

0.065 in. (1.65Smm) wide
1.150 in. (29.21mm) long
0.005 in. (0.13mm) thick copper

e
LINE

* Allen - Bradl
92¢s-1711 * Ameri oy

Technical C. H

Station, N.Y. 11746
Fig. 11- Typical forward-biased 2-GHz common-base amp-

lifier using the 2N5920.
15,
2] COLLECTOR SUPPLY VOLTAGE (Vec) = 28V
6| FREQUENCY (f)= 2 GHz
COLLECTOR TERMINAL TEMPERATURE (T )s25%c | | | |
4 T COLLECTOR Ugc)=10mA
GROUND SIDE OF C3 =
(ALUMINUM) 1
o
< 2
[ 4
g 4
5 V
2 W
g
3 ou
EMITTER INPUT
MICROSTRIPLINE (COPPER) X; /
92Cs-1718 /
*2 MILS THICK
001
0.001 |

0.0t wO,I
INPUT POWER (PIB) —_— 9zcs-17u

Fig. 12 - Construction details of low inductance base-bypass
capacitor C3 shown in Fig. 11.
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Fig. 13—Typical output power vs. input power of 2N5920 ii
forward-biased 2-GHz amplifier (see Fig. 11).
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2N5920

BERYLLIUM OXIDE
OR BORON NITRIDE
0.35IN.(8.89mmI 0D
0.25IN.(6.35mm) L D
0.18 IN-{4.57mm) THIC

OUTPUT (COLLECTORILINE
(COPPER SHEET)

METAL BAR

DIELECTRIC MATERIAL
RCA 2N5920
INPUT (EMITTER) LINE

(COPPER SHEET)

DIELECTRIC
MATERIAL

92CS-15669R2

—  Fig. 14 - Suggested mounting arrangement of the 2N5920 in

a microstripline circuit.

FREQUENCY (f)=2 GHz mi
COLLECTOR TERMINAL TEMPERATURE (Tgy)+25°C H-HH
25
1

<
i

=
ik Ao,
~ )

@

® B 75 =
S g
i Q04 -4
Waar 3
0: 1P 4 1 50 o
- () e
g s 8
-
3 3
o
o

4 -20 -25
EMITTER-TO-COLLECTOR VOLTAGE (VCE)—V
92Cs-17114

Fig. 16—Typical output power vs. supply voltage and current
for 2-GHz grounded-collector oscillator (see Fig. 15).

RCA
2N5920

PSR

Cjy: 0.01 uF, disc ceramic

Cp,C3: 100 pF, feed-through
Allen-Bradley FASC, or
equivalent

C4,Cs:  0.35 — 3.5 pF, Johanson
4701, or equivalent

Ly, L2: RF choke, 4 turns,

No. 33 wire, 0.062 in.(1.57)
1D, 3/16 in.(4.75) long

L3: 3/64 in(1.17) length of No. 22 wire

Xj: 0.82pF, “gimmick”, Quality Components
type 10% QC, or equivalent

Rp: 5-10Q,1/2W

Ry: 519,12W

R3: 12009,1/2W

Fig. 15 - Typical circuit for 2-GHz grounded-collector power
oscillator.

TERMINAL CONNECTIONS

Terminal No. 1 — Emitter
Terminal No. 2 — Base
Terminal No. 3 — Collector

167



File No. 427

NG

Solid State
Division

RF Power Transistors

2N5921

Features:

JEDEC TO-201AA H-1629

RCA 2N5921° is an ocpitaxial silicon n-p-n
planar transistor featuring the overlay multiple-emitter-
site construction. It is intended for solid-state equip-
ment for microwave communications, S-band telemetry,
microwave relay link, phased-array radar, distance
measuring equipment and collision avoidance systems.
Integral emitter-ballast resistance is employed for improved
ruggedness and increased overdrive capability.

The ceramic-metal coaxial package of the 2N5921
features low parasitic capacitances and inductances which
provide for stable operation in the common-base amplifier

MAXIMUM RATINGS, Absolute-Maximum Values:

* COLLECTOR-TO-BASE VOLTAGE
* COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance (RBE) =102
* EMITTER-TO-BASE VOLTAGE

TRANSISTOR DISSIPATION:
* At case temperatures up to 25°C
* At case temperatures above 25°C, derate linearly
*  TEMPERATURE RANGE:
Storage and Operating (Junction)
* CASE TEMPERATURE (During soldering):
For 10 s max.

5-W,2-GHz,Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers,
Microwave Fundamental-Frequency
Oscillators and Frequency Multipliers

B 5-W output with 5.5-dB gain (typ.) at 2.3 GHz
® 5-W output with 7-dB gain (min.) at 2GHz

® 10-W output with 11-dB gain (typ.) at 1.2 GHz
@ Integral emitter-ballasting resistors

= Ceramic-metal hermetic package with low inductance
and low parasitic capacitances

m Beryllium oxide ceramic for low thermal-resistance
path between collector stud & base flange

m Stable common-base operation

® For coaxial, microstripline, & lumped-constant
circuit applications

configuration.  This transistor can be used in large
signal applications in coaxial. stripline. and lumped-
constant circuits. The 2N5921 can withstand load mis-
match conditions at 2 GHz up to VSWR of 10:1 (all phases)

in the common-base circuit shown in Fig. 9.
— = COMAonThase

® [Formerly RCA Dev. Tyvpe No. TAT205.

................ Veso 50 v

................ VCER 50 \

................ Vego 35 v

................ Ic 0.7 A
Pr

................ 145 w

................ 0.083 w/ec

—651t0+200 °C

230 oc

*In accordance with JEDEC registration data format (JS-6-RD F-3/JS-9RDF-7).
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File No. 427

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C, unless otherwise specified.

2N5921

STATIC
TEST CONDITIONS
DC Collector DC
CHARACTERISTIC SYMBOL VgI'tBaese(V) Ca;rﬁ;\t LIMITS UNITS
ag
VeE | VBE I I Ig Min. Max.
IcEs 510 - 2
*| Collector-Cutoff Current IcES " 0 _ 5 mA
(Te- 100%C) |
Collector-to-Base -
Breakdown Voltage V(BR)CBO 0 5 5 v
* Collectgr-to-Emitter
Breakdown Voltage: -
With external base-to-emitter V(BRICER 10 50 v
resistance (Rgg) = 100
*| Emitter-to-Base ’ v, -
Breakdown Voltage (BR)EBO 0.1 0 35 v
Collector-to-Emitter _
Saturation Voltage Voe(sal) 0 100 ! v
Thermal Resistance: _ 0
(Junction-to-F lange) Roir 1 oM
DYNAMIC
TEST CONDITIONS
Frequency DC Collector
CHARACTERISTIC SYMBOL (f) - GHz Supply Voltage LIMITS UNITS
(Veg) -V Min. Max.
Output Power 5 - .
Pig = 1W (See Fig. 9) Pos 2 B v
*| Power Gain 8 - d
Pog =5l Gpp 2 2! 7 B
*| Collector Efficiency 0 - %
Pog =5¥ e 2 28 4 %
*| Collector-to-Base Capacitance
Veg =30V Cobo 1MHz - - 8.5 pF
*|n accordance with JEDEC registration data format (JS-6-RDF-3/JS-9-RDF-7).
TYPICAL APPLICATION INFORMATION
CIRCUIT & FREQUENCY See Fig. DC Collector Input Power Qutput Power
Supply Voltage (Pig)-W (Pog) - W
(Ve -V
Coaxial-Line
2-GHz Amplifier 9 28 1 6
1.2-GHz Amplifier 28 0.75 10
Microstripline
2-GHz Amplifier 11 28 1 5
Lumped-Constant
1.4-GHz Amplifier 15 28 1 6.8
1-GHz Amplifier 14 28 1 10.6
Microstripline
1.2-1.4 GHz Tunable Oscillator 16 28 - 4
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2N5921

PERFORMANCE DATA

File No. 427

12| COLLECTOR-SUPPLY VOLTAGE ch) =28V
CASE TEMPERATURE (Tc) = 25°C

CASE TEMPERATURE (T¢)=25°C f

COLLECTOR-SUPPLY VOLTAGE (Vee)=28v

T

FREQUENCY (f)= 2 GHz
H

OUTPUT POWER (Pgg) - ¥

»
S,

SeEEazaasasEgty

!
51

{
T

+

].—_&

OUTPUT POWER (Pyg) —W

COLLECTOR EFFICIENCY (ng) — %

HiH O

FREQUENCY (f) - GHz

92C5-15664R1

Fig. 1-Typical output power vs. frequency.

06 08 |
“INPUT POWER (P,a)—w

L4
92CS-15676R!

Fig. 2-Typical power output or collector efficiency
vs. power input at 2 GHz for circuit shown in Fig. 9.

CASE TEMPERATURE (Tg)=25°C
COLLECTOR-SUPPLY VOLTAGE (V)= 28V
FREQUENCY () = 1.2 GHz

T

a

CASE TEMPERATURE (Tc) =25°C

TTH T

T H
T t
+

tH :
: :

i
= T T H : !
H g ; b EHE e Hi
: £
* I
1 -
= o
i 1 £
"& > @ >
3 ] &£ H
£ g < &
« S = o
w o = I
z o 3 w
o w a w
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= o = 2
=3 © o 15
& [ =3 o
=3 Ty ] 3 a
5 B T FiH 3 5 2
3 T 3 3
+ e T H ; T ;: o
4 P R T 20 - Bt FE | 20
o 02 04 06 08 i [l 20 22 26 28 30
INPUT POWER (P)g) —W 92CS-15670RI COLLECTOR-SUPPLY VOLTAGE (Vg ) —V 02651565881

Fig. 3-Typical power output or collector efficiency
vs. power input at 1.2 GHz for circuit shown in Fig. 9.

POWER
SOURCE Vc?‘
PAD VARIABLE REFLECT- TEST
ATTEN. OMETER CIRCUIT

DOUBLE STUB TUNER
MICROLAB S2-0SN OR
EQUIVALENT

Fig. 4-Typical power output or collector efficiency

vs. collector supply voltage.

POWER
METER

92Cs-15674

Fig. 5-Block diagram of test set-up for measurement of
output power from'1.2 - or 2-GHz common-base amplifier.
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1000 | CASE TEMPERATURE (T¢) = 100°
7
8| Ic (MAX) CONTINUOUS \
< 4 N
E. HOT-SPOT
1 TEMPERATURE
CI (Tyg) = 200°C
= \
z
w
['4
Si00
8
I
o
&
-
8 NOTE:
° Tys IS DETERMINED BY USE OF
INFRARED SCANNING TECHNIQUES
2
1 4 6 10 4 6 8 100
COLLECTOR-TO- BASE VOLTAGE (Vg )—V
92C5-22854

Fig. 6-Safe operating area for dc operation.
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2N5921

DESIGN DATA

'

o ¥ COLLECTOR-SUPPLY YOLTAGE (Vce) = 28Y TR ; Y (0= 1 Az
T OUTPUT POWER; SATURATED £22: AN CASE TEMPERATURE (T¢) = 25°C
g | CASE TEMPERATURE (Tc) = 25°C EHE
S ‘EE
=S
if:‘ ) H H
o ‘5 2
oy : Re Y u
Tw EHE S Re (2 5
=g L) =
w + HHH <
g8 ! HEE Sy
it : e g1
£o | PonTFOR Z)y 3
] 23
Z3 | MEASUREMENT 5921 g
= e &
2§ =
Z5 -2 o
g
gs E!
g3 ~POINT FOR Zg|_ 3
40 _ T
1 T2 4 % K] 2 22 24 g 2 4 E ]

FREQUENCY (f) - GHz
9255-4488

Fig. 7 - Typical large-signal series input impedance or
large-signal collector load impedance vs. frequency.

APPLICATION INFORMATION

(Zg = o) RCA 2N5921 ¢ (Z,= 500)

VCC =28V

92CS-15666R1

Ause only in the 2-GHz coaxial-line power amplifier circuit.
® Use only in the 1.2-GHz coaxial-line test circuit.

* Johanson Mfg. Corp., Boonton, N.J. 07005

‘COLLECTOR-TO-BASE VOLTAGE (Vcp) -V
9205-15673R1

Fig. 8- Typical collector-to-base capacitance vs.
collector-to-base voltage.

Ci| C2l c3|Ca| Cs Ce C7 cg | R
CIRCUIT
oF | oF | oF | uF| pF | pF | pF | oF | O
1.2 GHz
(Test 1-10{1000] 1000}0.01{ 1-i0 - - ]0.3-3.5{0.75
Circuit)
2GHz
(Test 1-10| 470] 470{0.01| 1-10 - - - J0.43
Circuit)
2 GHz
(Ampitien|-10] 470f 47010.010.3-3.5[0.3-3.5/0.3-3.5| - 10.43

C1 & Cs5, 1-10pF Range: Johanson 4581, or equivalent*
Cs, Cg, Cy & Cg, 0.3-3.5pF Range: Johanson 4700, or equivalent*
RFC: For 2-GHz Circuits: 3 tums No.32 wire 1/16 in. (1.59 mm) ID,
3/16 in. (4.76 mm) long.
For 1.2-GHz Circuit : 6 turns No.32wire 1/16in, (1.59 mm) ID,
3/16 in. (4.76 mm) long.

X1, Xp: Coaxial-line circuits, see Fig. 10,

Fig. 9-1.2/2GHz coaxial-line amplifier circuits.

TERMINAL CONNECTIONS

Terminal No. 1 —Emitter
Terminal No. 2— Base
Terminal No. 3 —Collector

WARNING: The ceramic body of this device contains
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.
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APPLICATION INFORMATION (Cont'd)

359 pia
(8.89) (25) COAXIAL OUTPUT
*
C2 R - BORON NITRIDE CONNECTOR
2N5921 [/, 50 SLEEVE, 7 — I
|/ 126,08 / ‘/ P
RFC Ly Cs (i5.87)
750 DA 875
=
(Igﬁ?) ¢ BOTH (22.22)
¥ b RFC DS
C DIA F DIA —
W BORON NITRIDE [ LI
SLEEVE o ~,
_ (:25)
8 . 333590)D|A -~
A X Caq
COAXIAL INPUT
CONNECTOR*
I,_ INPUT (x.)‘-‘-—ourpuﬂxz ) ‘—»{
92CS~-15663R|

TABLE 1 - Dimensions of coaxial lines X1 & X2
for 2 GHz amplifier & 1.2 & 2-GHz test circuit

DIMENSIONS
CIRCUIT INPUT ‘ch - ouTPuT (ch) =
enter - ente
A B8 c Conductor A E F Conductor
12GHz [1.385] .875].282 .825 1.778] 1.268 | .213 1.05 Dimensions in Inches and Millimeters
‘gie’sc'um (35.18){(22.22){(7.16)] (20.95) | (45.16)[(32.21)(5.41)| (26.67) Dimensions in parentheses are in millimeters and are
2 GHz 920 | 430 | 266 380 1.04 | 530 | .266 370 derived from the basic inch dimensions as indicated.
(Test
Circuit) (23.88)1(10.92)((6.76)]  (9.65) | (26.42) (13.46 (6.76)  (9.39) MATERIAL: Center conductor — copper
2GHz .860 | .350 | .265 .300 1.06 | .550 [.270 .385 Outer conductor for input & output— brass
(Amplifier)}(21.84)) (8.89)|(6.73)| (7.62) | (26.92](13.97}(6.86) (9.78) * Conhex 50-045-0000 Sealectro Corp.; of equiv.
Fig. 10 - Constructional details of 1.2/2 GHz= coaxial-line tost circuits
(Zg = 500) (Z, =500) C1,Cs: 300 pF disc ceramic
RCA 2N592] C2,C3: 470 pF, feed through, Allen-Bradley FA5C, or equivalent
Cq: 0.01 wF, disc ceramic
cy Cs R: 0.430)

*SHORT SECTION OF
TRANSMISSION LINE
FORMED BY COLLECT-
OR STUD & SURROUND-
INGMETAL BAR (CHASSIS)
.. .See Fig. 12,

“AWITH SOME DEVICES,
LOAD END OF X, MAY
REQUIRE A SLIGHT TAPER
TO INCREASE Z, FOR
OPTIMUM MATCH CONDITION.

92CS-15667RI

Fig.
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RFC: No.32wire, 0.4 in. (1.02 mm) long

X1: TAPERED MICROSTRIPLINE —
0.15 in. 53.81 mm) wide, input end
+0.30 in. (7.62 mm) wide, ‘output end
0.525 in. (13.33 mm) long
0.005 in. (0.13 mm) thick, copper
UNIFORM MICROSTRIPLINE —
0.25 in. (6.35 mm) wide
0.36 in. (9.14 mm) long
. 0.005 in. (0.13 mm) thick, copper
DIELECTRIC MATERIAL: 0.5 in. (12,7 mm) wide
0.75 in. (19.05 mm) long
0.005 in. (0.13 mm) thick
DuPont H-Film, or equiv.
NOTE: See Fig. 12 for suggested mounting arrangement of 2N5921,

Xao:

11-Typical circuit for 2-GHz grounded-base microstripline power amplifier.
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APPLICATION INFORMATION (Cont'd)

BERYLLIUM OXIDE

OR BORON NITRIDE
0.35IN.(8.89mm) 0D
0.25IN.(6.35mm) LD
0.18 IN.{4.57mm) THICK-

QUTPUT (COLLECTOR)LINE
(COPPER SHEET)

DIELECTRIC MATERIAL
RCA 2N5921
INPUT (EMITTER) LINE
(COPPER SHEET)
Xy

DIELECTRIC
MATERIAL

(SEE FIG 1)

NOTE: FOR DIMENSIONS OF X| AND X SEE FIG I
92CS-15669R1

Fig. 12- Suggested mounting arrangement of the 2N5921

in a microstripline circuit.

BERYLLIUM ‘OXIDE
BORON NITRIDE

Fig. 13 -Suggested mounting arr

X

INPUT
CONNECTOR

i

/

METAL’BAR INPUT CIRCUIT

?2

‘/75

4 WAV /

\
H-FILM
OUTPUT CIRCUIT

g t of comp ts

for 2-GHz microstripline circuit shown in Fig. 11.

Cq, Gyt
Cy, Cg:
Cq:
Cy Cst
L

Lyt
L3:

R:
RFC:

RCA
2N5921

L3

(Zg = som) €1 C7 (zZL = 50

47551368

Bandwidth = 100MHz (1dB)

510pF, ATC-200%

1-10pF, Johanson 2954*

10pF, ATC-100%

470 pF, feed-through type, Allen-Bradley FASC
3.7nH

0.8nH

2.3nH

0.47 Q2

5 turns, No. 28 wire, 0.05 in.
(1.27mm) 1.D., 0.4 in, (10.16 mm) long.

*#0Or equivalent
American Technical Ceramics, Huntington Station, N.Y. 11746

Johanson Mfg. Corp., Boonton, N.J. 07005

Fig. 14 - Typical lumped-constant circuit for 1-GHz power amplifier.

Cy, Crot
Cp, Cg:

C3:

Cy4, Cy:

Cs, Cg:

Cg:

RCA
2N5921
(26 = 5o L2 i (2, - som)

Ly
Lot
R:
s RFC:

Vee = 28V

#0r equivalent
American Technical Ceramics, Huntington Station, N.Y. 11746
Johanson Mfg. Corp., Boonton, N.J. 07005

510 pF, ATC-100%

0.3-35pF, Johanson 4700%

Single, parallel-plate variable capacitor approx. 19pF
0.01mF, disc ceramic

470pF, feed-through type, Allen-Bradley FASC
1-10pF, Johanson 2954* (series resonant

in this frequency range and used as avariable inductor)
3.4nH

2.5nH

0.47

5 turns, No. 28 wire, 0.05 in. (1.27 mm) 1.D.,
0.4 in. (10,16 mm) long.

Fig. 15-Typical lumped-constant circuit for 1.4 GHz power amplifier.
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INPUT
CONNECTOR

OUTPUT
CONNECT

50V
(OPTIONAL)

<
9255-4508

Fig. 16- Suggested mounting arrangement of components for 1.4-GHz

lumped-constant power amplifier circuit shown in Fig. 15.

- vee

Vee = 8V 92554891

*Johanson Mfg. Corp., Boonton, N.J. 07005

€yt 300pF, disc ceramic

Cy, C4: 470pF, feed-through type,
Allen-Bradley FAS5C, or equivalent
C3: 0.3-3.5pF, Johanson 4702, qr equivalent*
L1 1.3in. (33.02mm) length of 50() coaxial line
Ry: 1200 Q
Ryt 0-250 ()
Ry 50
RFC: 3 turns, No. 29 wire, 0.06 in. (1.59mm) 1.D.,
0.18in. (4,77 mm) long.
X: TAPERED MICROSTRIPLINE —
0.1in. (2.54 mm) wide, input end
0.24 in. (6,09 mm) wide, output end
0.475 in. (12,06 mm) long
0.005 in. (0,13 mm) thick, copper
DIELECTRIC MATERIAL: Same as that for Fig. 11
(See Fig. 12 for mounting of output section)

Fig. 17 - Typical circuit for tunable 1.2-1.4 GHz, 4-W microstripline power oscillator.

SOLDERING INSTRUCTIONS

When soldering the 2N5921 "into a microstripline or
lumped-constant circuit, the collector and emitter
terminals of the device must be pretinned in the region
where soldering is to take place. The device should
be held in a high-thermal resistance support for this

174

tinning operation. A 60/40 resin-core solder and a
low-wattage (47 watts) soldering iron are suggested for
the pretinning operation. The case temperature should
not exceed 230°C for a maximum of 10 seconds during
tinning and subsequent soldering operations.
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G

Solid State
Division

RF Power Transistors

2N5995

Features:

TO-216AA

H-1693

® Low-inductance radial leads
= Hermetically sealed ceramic-metal package
® Electrically isolated mounting stud

® 7 watt (min.) output at 175 MHz

= 9.7 dB (min.) gain at 175 MHz

= |nfinite load mismatch tested at 1756 MHz

7-W, (CW)175-MHz Silicon
N-P-N Overlay Transistor

For 12.5-Volt Applications in VHF
Communications Equipment

RCA type 2N59953 is an epitaxial silicon n-p-n planar tran- D CASE T URE (T¢)-25°C
sistor featuring overlay emitter-electrode construction. This ©
type features a hermetic ceramic-metal package having leads
isolated from the mounting stud. This rugged, low-inductance, T
radial-lead type is designed for stripline as well as lumped- § 8 £
constant circuits. = 3
w
This transistor is completely tested for load-mismatch § L
capability at 175 MHz with an infinity-to-one VSWR 5
2 >
through all phases under rated power. 5 . 0%9 /]
N T
aFormerly RCA Dev. Type TA7922 5%
2
[}
150 200 250 300 350 400 450 500
FREQUENCY (f)—MHz "92CS—17396
MAXIMUM RAT . - i X . -
INGS, Absolute-Maximum Values Fig. 1 — Typical rf output power vs. frequency.
*COLLECTOR-TO-BASE
VOLTAGE. . . .............. Vcso 36 VvV 5 [COLLECTOR SUPPLY VOLTAGE (Vce):12.5V
* COLLECTOR-TO-EMITTER o| CASE TEMPERATURE (Tc):25°C
BREAKDOWN VOLTAGE:
With base connected to emitter . . . . . V(gRr)CES 36 V T 4
Withbaseopen . . ... ........ V(BR)ICEO 14 V ™ //
*EMITTER-TO-BASE VOLTAGE . . .. .. VEBO 35 V [ = //
* COLLECTOR CURRENT: & ///
CONLINUOUS .+ + « v v v v v i oo v v u s ic 16 A 3 Lot i P
& e o |~
* TRANSISTOR DISSIPATION: PT 5 7
At case temperatures up to 75°C . . . . 107 W % o8 7
At case temperatures above 75°C . . . . See Fig. 9 L o4 g
* TEMPERATURE RANGE: 4/
Storage & Operating (Junction) . . . . -85 to +200 ©°C 02
* CASE TEMPERATURE
(During soldering): 0.1
For10smax.. .. ... ... ..... o
or 10 s max. 230 C 100 1.5 2 3 4 5 6 8 1000
. FREQUENCY (f) —MHz
In accordance with JEDEC registration data format JS-6 5 . | 926517397
RDF-3/JS-9 RDF-7. Fig. 2 — Typical rf input power vs. frequency.
10-70 175



2N5995 File No. 454
ELECTRICAL CHARACTERISTICS, Case Temperature (Tg) = 260C
STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL Collector Base Current LIMITS UNITS
Voltage-V | Voltage-V mA
VCE VBE lE| I8 Ic MIN. | MAX.
# | Collector-Cutoff Current
With base open Iceo 10 0 - 2.5
mA
With base connected
to emitter Ices 12,5 0 - 5b
* | Collector-to-Base
Breakdown Voltage V(BR) CBO 0 5 36 - \
# | Collector-to-Emitter
Breakdown Voltage:
With base open V(BR) CEO 0 752 14 - v
With base connected
to emitter V(BR) CES 0 753 36 -
Emitter-to-Base
Breakdown Voltage V(BR) EBO 2 0 35 - v
Thermal Resistance 9
(Junction-to-Case) J-c - 1.7 oc/w
@ Pulsed through a 25-mH inductor; duty factor = 50% bT¢ = 1000C
DYNAMIC
|
TEST CONDITIONS LIMITS
CHARACTERISTIC | symBoL | DC Collector Input Power Frequency UNITS
Supply (Vcc) -Volts | (PIE) -Watts (f) -MHz MIN. | MAX.
Power Output POE 125 0.75 175 7 - w
+| Power Gain Gpg 125 0.75 175 9.7 - dB
*! Collector Efficiency ne 125 0.75 175 65 - %
Load Mismatch
(Fig. 1) Lm 125 0.75 175 GO/NO GO
Collector-to-
Base Capacitance Cob 12 - 1 - 80 pF

* In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7

TERMINAL CONNECTIONS

Terminals 1, 3 — Emitter
Terminal 2 — Base
Terminal 4 — Collector

176

WARNING:

RCA Type 2N5995 should be handled
with care. The ceramic portion of this transistor contains
BERYLLIUM OXIDE as a major ingredient. Do not
crush, grind, or abrade these portions of the transistor

because the dust resulting from such action may be
hazardous if inhaled.




File No. 454 2N5995
PERFORMANCE DATA
INPUT POWER (P|g)=0.75 W T HE
FREQUENCY (f)=175 MHz O H COLLECTOR SUPPLY VOLTAGE (Vcc)=12.5 V
CASE TEMPERATURE (T¢)=25°C CASE TEMPERATURE (Tg)=25°C
PR . oo
o t H ®
? 52 |
= 85 =
% 1 S £
4 % g s
b HH 2 0 14 80 =
@ « w
‘i’ 8 t t w 5
T T E3 s
S T 3 i
> " o 75 W
5 T 5 «
a 7 T g g
= H A 5
2 E . o
) ; 3 70 W
: 3
+ =3
o
HH 65
B T
i o
5 H T HH T 60
10 12 3 14 15 16 o 025 05 o7 1.2 15 175 2
COLLECTOR SUPPLY VOLTAGE (Vge)—V _ INPUT POWER (PjE})—W
92C8-17398 92€5-17399

Fig. 3 — Typical output power vs. supply voltage (amplifier

tune‘d atVee= 125 V).

input power at 175 MHz.

Fig. 4 — Typical output power and collector efficiency vs.

COLLECTOR SUPPLY VOLTAGE (Vec)=12.5V | I 6] CASE TEMPERATURE (T¢)=100°C l I I
INPUT POWER (P|E)=0.75 W 4 1t | | —
o[ FREQUENCY (1)=175 MHz NOTE : Tyg IS DETERMINED BY
HH H HHH H 3 INFRARED SCANNING TECHNIQUE
z [ 11 1 l
| —~
1 g = ) I MAX.
w -~
o ! L] Lt \
< 7 2 1000
§ H H E 8 AN
3 H 3 HOT-SPOT TEMPERATURE | |
v 6 x Tjg=200°C
=) E \
a T || o 4
= H w
3 ° - 3
1 8
4 2 N
V( MAX.
3 f f 100 ceo I
30 40 50 60 70 80 90 100 110 120 4 6 8 "0 4 20 40 60 eolo0
Je .
CASE TEMPERATURE (Tc)—°C COLLECTOR-TO-EMITTER VOLTAGE (VCE)—V
92CS— 17400 92CS=-17401
Fig. 5 — Typical output power vs. case temperature. Fig. 6 — Safearea for dc operation.

DESIGN DATA

OUTPUT POWER (Pog) =7 W

COLLECTOR SUPPLY VOLTAGE (Vcc)=125V

1 CASE TEMPERATURE (Tg)=25°C
1T

3

<
&
S
o5

1
1t
11

T T T 40]
- COLLECTOR SUPPLY VOLTAGE (Vec) =125 V T f
- QUTPUT POWER (PoE)=7 W HrHH o
CASE TEMPERATURE (T¢)=25°C HHHHH 1,38
T T auRBRARNEEN T —:,':;
o 1 T I {Il|llllll\lllllll\| 1 °|
L ! RESISTANCE —Re (Zj\) {11 €5
Lo ] f i i | 1 3§
Y ™ Zu
2 HHH f i f ¢ 1
= = I I i & 2!
o il T T B e H
= I i 1 W O
0 Il ! g H
g j ) H 25
< 2 - W - H S 2
W 853 “\/ﬂ’{ i R _.§
Z oS T T - 5
= C3p I s 5 15
o T T T IBERRR AR AN 93
2 H f H SERIES INPUT IMPEDANCE = - -
2 T ! ! [Re(Zin) +i TmfZin) H 3° oH
O T T EENENENENEERE] u|
M T T T T
) 1 T 1 IEENEENNERE
1 N I [NEEEEE NN
] T I T Ty 5|
100 150 200 250 300 350 400 450 500 100
FREQUENCY (f) —MHz
92C5-17402

FREQUENCY (f)— MHz

I
150 200 250 300 350 400 450

500

92CS-17403

Fig. 7 — Typical large-signal series input impedance vs. Fiq g — Typical large-signal parallel collector load resis-

frequency.

tance and parallel output capacitance vs. frequency.
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APPLICATION DATA
z 107 Veg*12.5V
l 10 T0
Iy SUPPLY
g,
=
£
] T
2 L T0
g 6 COLLECTOR
2
z2 Ce
&
; 2N5995
2 (—v
H
F #e, 2, =500
= .
L
o] = 92CS-17392
~100 -50 100 0 200 ) )
CASE TEMPERATURE (T¢)—°C L1 - 1/2 turn No. 14 wire, 1/4-in. |.D.
920517404 RFC - Z = 450 Q, Ferroxcube VK-200-09/3B or equivalent

Fig. 9 — Dissipation derating.

175 MHz

175 MHz AMPLIFIER

DRIVER

>3

1

sTuB
92CS-17394

Fig. 11 — Test setup for testing load mismatch capability.

SPECIAL PERFORMANCE DATA

The infinite’ VSWR load-mismatch capability of the tran-
sistor can be demonstrated in the following test:

1. The test setup is shown in Fig. 11.

2. The tuning stub is varied through a half wavelength,
which effectively varies the load from an open circuit
to a short circuit.

3. Operating conditions are as follows: Vgc = 125 V,
RF input power = 0.75W.

Care should be taken not to exceed the maximum junction

temperature by providing sufficient heatsinking during the

above test to prevent device damage or degradation.
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C1 - 7-100pF, Arco 423 or equivalent

C2 - 4-40 pF, Arco 422 or equivalent

C3- 0.1 uF ceramic

C4 - 0.001 uF feedthrough

Cs - 62 pF silver mica

Ce - 14-150pF, Arco 424 or equivalent

C7 -24-200pF, Arco 425 or equivalent

T1 - Twisted pair of No.20 enameled wire; 14 turns/in.
Formed in a loop 3/8 in. diameter, cross connected
(End of one winding connected to beginning of other)

Fig. 10 — 175-MHz amplifier for measuring power output
and power gain. f

Veg=l25V

Veg=l25v

Cg
AL

Z:50Q
1 =175 MHz
PN =0.1W

4

Cy 4
/T

92C$-17393

C1, C2. Cg: 8-60 pF, ARCO 404 or equivalent
C3, Cg: 0.02 uF disc ceramic
C4, Cg: 0.001 uF feedthrough
Cg: 15 pF silver mica
C7: 14-150 pF, ARCO 424 or equivalent
€10, C11: 24-200 pF, ARCO 425 or equivalent

L1: 2 Turns No. 18 wire, 1/4-in. 1.D.,
1/16-in. long
RFC, Z = 450 Q, Ferroxcube No.
VK-200-09/3B or equivalent
L3: 1 uH, Nytronics Deci-Ductor or
equivalent
L4: 2 Turns No. 18 wire, 1/4-in. 1.D.,
3/16-in. long
Le: 3 Turns No. 16 wire, 1/4-in. 1.D.,
3/8-in. long
L7: 1 Turn No. 16 wire, 1/4-in. 1.D.,
3/16-in. long
R1,R2: 129, 12w

L2, Ls:

Fig. 12 — 175-MHz two-stage amplifier using 2N5995
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MU

Solid State
Division

RF Power Transistors

2N6093

75-W (PEP) Emitter-Ballasted
Overlay Transistor with

Temperature-Sensing Diode

Silicon N-P-N Device for High-Gain Linear
Amplifiers in HF Single-Sideband Equipment

Features:
m For 2- to- 30-MHz Single-Sideband Communications
L7 ® 75 Watts PEP Output (min.) at 30 MHz
. with Gain: 13 dB (min.)
TO-217AA package n: 40% (min.)

® Low Thermal Resistance
® Isolated Pin-Pad Electrodes

IMD: 30 dB (max.)
= 3:1 VSWR tested at rated power

RCA-2N6093* is an epitaxial silicon n-p-n planar transistor
of the “overlay” emitter-electrode construction. This device
utilizes many separate emitter elements and has individual
ballast resistance in each of these emitter sites for stabiliza-
tion. Linearity and greater protection from second break-
down are achieved by equalizing the current sharing between
the emitter sites.

The 2N6093 is especially designed for linear applications to
provide high power in class A or class B rf amplifier service.

MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-EMITTER VOLTAGE:

Base connected to emitter . ... ... ...

*

With base open

*COLLECTOR-TO-BASE VOLTAGE . . .. .....cvvvvnnn
*EMITTER-TO-BASE VOLTAGE . ...... ..o

*COLLECTOR CURRENT:

PEAK .ottt e
DIODE CURRENT (DC, Max.) ... .o oo vveviemaee s

*TRANSISTOR DISSIPATION:

At case temperatures up to 760C .. ... ...l
At case temperatures above 750C . ... ... ...

*TEMPERATURE RANGE:

Storage & Operating (Junction) . ...............

*CASE TEMPERATURE
(During soldering):

FOr TO S MAX. v v veveeeeaneme e aans

The device is intended for 2- to- 30-MHz single-sideband
power amplifiers operating from a 28-volt power supply.

Forward-bias control with temperature change is obtained by
use of the built-in temperature-sensing diode.

Type 2N6093 features a molded silicone-plastic case with
low-inductance, isolated electrodes. The case provides circuit
flexibility for wiring to lumped-constant, strip-line, and
printed-board circuits.

* Formerly RCA Type No.40675.

................... VCES 70 \Y

................... VCEO 35 \

.................... VcBO 70 \%

................... VEBO 35 \Y
Ic

................... 10 A

................... 30 A

................... I 100 mA
PT

................... 83.3 w

................... See Fig. 9

-65 to +200 ©C

................... 230 oC

*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.

12-72
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ELECTRICAL CHARACTERISTICS, Case Temperature = 250 C

STATIC
TEST CONDITIONS
bc bc bc LIMITS
CHARACTERISTIC SYMBOL Collector Base Current UNITS
Voltage-V | Voltage-V mA
VcE VBE Ie | Ic ID| Min| Max.
Collector-to-Emitter Breakdown Voltage:
With base connected to emitter V(BR)CES 0 2002 70 | — \Y
With base open V(BR)CEO 2002 35| - Y
Emitter-to-Base Breakdown Voltage V(BR)EBO 20(0 3.5 — \%

Collector-to-Emitter Cutoff Current:
Base-emitter junction shorted, T¢ = 550C | Icgg 60 0 - 130 mA
(Diode Voltage = 0)

Compensating Diode

- . \Y
Forward Voltage Drop VE 0 10 08
DC Forward-Current Transfer Ratio hEg 6 5A 20 | —
Thermal Resistance
Junction-to-case 04.c — 1.5 oC/W

aPulsed through a 25-mH inductor; duty factor = 50%.

DYNAMIC (Operating in a 30 MHz single-sideband amplifier)

TEST CONDITIONS
[ Power DC Collector | T
CHARACTERISTIC SYMBOL| Coiiector | Output | Frequency Bias T Tunits
Voltage-V | W(PEP) MHz CurrentmA
VeB| Vec | Poe f Ic. Min. | Max.
RF Power Input® (See Fig. 12):
Average PIE 28 375 30 20 - 1188 w
Peak envelope (PEP) PIE 28 75 30 20 — | 3.75 w R
Power Gain Gpg 28 75 30 20 13 dB
Collector Efficiency e 28 75 30 20 40 | — %
Magnitude of Common-Emitter, 28
Small-Signal, Short-Circuit, | Pre Vee) 50 1A 2 |-
Forward-Current Transfer Ratio
Intermodulation Distortion IMD 28 75 30 20 - |-30 dB
Collector-to-Base Capacitance Cobo |30 1 — | 250 pF

* In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
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PERFORMANCE DATA

COLLECTOR SUPPLY VOLTAGE (Vccl)=28 V INPUT POWER (PE)=2.7 W(PEP) T HH
CASE TEMPERATURE (Tc)=25°C CASE TEMPERATURE (T¢)=25°C s
>

I — ; 80| FREQUENCIES (1)=30 Mz, 70
_ FHE i H _ 30-001 MHz I o
g H &  |ImMD2304B } Cy
a o T T 1
~ (S
= 100 T i e
It 1 o3 %
W w 70 60 =
& : = Y
~ rsEENNGT : J 1 I
x H 1 it t = W
H NG I < 5 =g w
s ; 2 T t H Lol L} g
% 5 B I, 6
- NZ H a6 0 W
2 [e) 5 =]
(=3 § °© 3
2 T - o

2 H
25
. P : : 50 40
t eRSSIiaaRsssicHisSisssssssisasssssssssas: 2 22 23 24 25 26 27 28 29 30
o 5 10 15 20 25 30 COLLECTOR SUPPLY VOLTAGE (Vcg)—V
FREQUENCY (f)— MHz 92Cs-17692 1 92C5-17693
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DESIGN DATA
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APPLICATION DATA e

&
il
i

Ls Zoyr =508

508 2 Y|
RFC
Vee =+28V C2
Veg s -6V .
9255-3676R2

C1,C4q: 1uF, 3V, electrolytic Cg: 1000 pF feedthrough R1,Rg: 65102 Ry7: 399
Cy: 32-250 pF Cg: 0.3pF,50V R, Rg: 2kQ ~ Rg: 509
C3: 55-300 pF C10: 170-780 pF R3: 330 R10: 24kQ
Cg, C7: 0.0027 uF Cq1: 80-480 pF Rg: 10092 Rqq: 10082
Cg: 100 uF, 3V, electrolytic Rg: 200 @ Rq2: 1.5k Q

Lq: 3 turns No.14 wire, % in. 1.D. % in. long
Lo: 3 turns No.10 wire, % in. I.D. 3/8 in. long
L3: 3% turns No.10 wire, 5/8 in. I.D. % in. long

RFC: Ferroxcube No.VK200-01-3B, or equivalent
All resistors % watt

Fig. 12—30-MHz linear rf amplifier with temperature compensation.

TERMINAL CONNECTIONS
Pin. No.1—Emitter & Diode Cathode WARNING: The body of this device contains beryllium
Pin. No.2—Collector oxide. Do not crush, grind, or abrade that portion
Pin. No.3—Base because the dust resulting from such action may be
Pin. No.4—Diode Anode hazardous if inhaled. Disposal should be by burial.
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File No. 504
RF Power Transistors

2N6104
P 2N6105

RG]

Solid State
Division /

30-W 400-MHz Broadband
Emitter-Ballasted Silicon
N-P-N Overlay Transistors

2N6105
JEDEC TO-216AA

H1675

Features:

= 5.dB gain (min.) at 400 MHz with 30 watts (min.) output
= Emitter-ballasting resistors
m Broadband performance (225-400 MHz)
Low-ind ic-metal hermetic package
Radial leads for ‘microstripline circuits
All electrodes isolated from the stud (2N6105)
Flange is emitter lead (2N6104)

2N6104 ;
RCA HF-32 e

RCA types 2N6104 and 2N6105® are expitaxial silicon n-p-n
planar transistors with overlay multiple-emitter-site con-
struction and emitter-ballasting resistors. These transistors

The ceramic-metal hermetic packages have low parasitic in-
ductances, and are ideally suited for use in microstripline
and lumped-constant broadband and narrow-band amplifiers.

are intended for use in large-signal high-power cw and pulsed

amplifiers in vhf/uhf communications equipmei. Formerly RCA Dev. Nos, TA7707 and TA77086, respectively

MAXIMUM RATINGS, Absa/ute_-Maximum Values:
* COLLECTOR-TO-EMITTER VOLTAGE:

With base OPeN . ... . it i e i e e e e Veeo 30 \
¥ COLLECTOR-TO-BASE VOLTAGE ...\ttt ittt iiieiiieee s Veso 65 \
* EMITTER-TO-BASEVOLTAGE ....ittiittii it ii i e VEBO 4 \
* CONTINUOUS COLLECTOR CURRENT ...\ttt iittiie it iaeeineann Ic 4.5 A
* TRANSISTOR DISSIPATION ...ttt ittt ettt et et e i e Pt

At case temperatures up to 759 C ... e 36 w

At case temperatures above 75° C Derate linearly at 0.288 W/°C

TEMPERATURE RANGE:

*

Storage & Operating (JUNCLION) . ...\ttt et eiiiieeeens — 65 to +200 oC
* CASE TEMPERATURE (During soldering):
For 108 MaX. ..ottt et e e 230 oC

*

In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
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ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 25°C unless otherwise specified
STATIC

TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Voltage Current LIMITS UNITS
v mA
VCE VBE I3 Ic | MIN.| MAX.
Collector-to-Emitter Cutoff Current:
Base connected to emitter, T¢=550C ICES 30 0 - 10 mA
Collector-to-Emitter Breakdown
Voltage:
With base connected to emitter V(BR)CES 0 20a]| 65| —
v
With base open V(BR)CEO 2002 30| —
Emitter-to-Base Breakdown Voltage V(BR)EBO 5 0 4| — \
Thermal Resistance (Junction-to-Case) Rgyc 35 oc/W
aPulsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL DC Coliector | Input Power | Output Power | Freq y UNITS
Supply (Vce)-V (PIE)-W (POE)W | (H—MHz | Min. | Max.
Output Power (See Fig. 10) POE 28 9.5 400 30 — W
Overdrive Test (See Fig. 10) POEO 28 12.0 400 34 —
Power Gain GPE 28 30 400 5 - dB
Collector Efficiency nc 28 9.5 400 65 - %
Collector-to-Base Output
Capacitance Cobo 30 (Vce) 1 - 35v pF
*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
TYPICAL APPLICATION INFORMATION
CIRCUIT COLLECTOR SUPPLY [OUTPUT POWER | INPUT POWER gg:;l'flg;gs FIG.
VOLTAGE (Vcel-V (POE)-W (PIg)-W ) NO.
ng) —%
225-400 MHz (2N6105)4 28 30 5-75 69 — 77 13
Broadband Amplifier 20 20 5-7 70 - 82 13
400 MHz (2N6104-5)
Narrow-Band Amplifier 2 34 95 8 10
225-400 MHz (2N6105)* 28 _18 _
Push-Pull Amplifier 6 15 72-84 16

4 Similar performance can be obtained with the 2N6104.
RCA Application Notes
AN-4421 “16— and 25—Watt Broadband Power Amplifiers Using RCA—2N5918, 2N5919, and TA7706 UHF/Microwave
Power Transistors.”’
AN-6010 “Characteristics and Broadband (225-to-400-MHz) Applications of the RCA-2N6104 and 2N6105 UHF Power
Transistors.”

185



2N6104, 2N6105 File No. 504

COLLECTOR SUPPLY VOLTAGE (Vcg)=28 V COLLECTOR SUPPLY VOLTAGE (Vgc)=28V
CASE TEMPERATURE (Tg)=25°C HE CASE TEMPERATURE (Tc)=26°C
T I o
i i 0
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i
f T o
H °
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= 35 &£ ]
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[ 4 251 a 40 w
W [ @
g 2 g
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FREQUENCY (f) — MHz INPUT POWER (Pg)—W
92Cs—-18052 92€S-18053
Fig. 1—Typical output power vs. frequen- Fig. 2—Typical output power and col-
cy for both types. lector efficiency vs. input power
for both types.
FREQUENCY (f)=400 MHz COLLECTOR SUPPLY VOLTAGE (Vgc) = 28 V
INPUT POWER (P|g)=9.5 W INPUT POWER (Pjg) = 7.5 W
E (Tg)=25°C =
CASE_TEMPERATURE (T 40| -FREQUENCY (f
E
B |
HE7e 80 w
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COLLECTOR SUPPLY VOLTAGE (Vcc)—V 92¢5-18055
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Fig. 3—Typical output power and col- Fig. 4—Typical output power vs. case
lector efficiency vs. collector sup- temperature for both types.
ply voltage for both types.
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Fig. 5—Safe area for dc operation for Fig. 6—Dissipation derating for class C
both types. operation for both types.
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FREQUENCY (f)=1 MHz
CASE TEMPERATURE (T¢)=25°C
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OUTPUT POWER (POE) =30 W,
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Fig. 7—Typical variation of collector-to- Fig. 8—Typical large-signal parallel col-

base capacitance vs. collector-to- lector load resistance and parallel
base voltage for both types. output capacitance vs. frequency

for both types.
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Fig. 9—Typical large-signal series input
impedance vs. frequency for both
types.
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Fig. 10—400-MHz amplifier test circuit for measurement of output power for both types.
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- i : i o :
=
VSWR - 2 1 vswr 5
I T = H HH =
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92CS-18058 92CS—18059
Fig. 11—Typical performance of a 225-400- Fig. 12—Typical performance of a 225-400-
MHz amplifier using RCA 2N6105 MHz amplifier using RCA 2N6105
in circuit of Fig. 13, at Voo =28 V. in circuit of Fig. 13,at Voo =20 V.
92CS-18060
C1: 8.2 pF chip, Allen-Bradley® C13: 0.8-10 pF variable air, Johanson No.3957®
C2: 18 pF silver mica Lq: 2turns, 5/32in. (3.968 mm) 1.D. coil
C3: 33 pF chip, Allen-Bradley® Lo: 17/32in. (13.49 mm) long wire
C4: 47 pF chip, Allen-Bradley® L3: RFC, 0.1 uH, Nytronics®
Cg: 68 pF chip, ATC-100® L4: 5/32in. (3.968 mm) long transistor base lead
Cg: 62 pF chip, ATC-100® Lg, L7: 13/16:in. (20.638 mm) long wire
C7: 1 uF electrolytic Lg: 9/16 in. (14.287 mm) long wire
Cg: 1000 pF feedthrough Lg: 7/8 in. (22.225 mm) long wire
Cg, Cq2: 1000 pF chip, Allen-Bradley® R1:5.02,1/4W
C10: 22 pF chip, Allen-Bradley® All wire is No.20 AWG

C11: 6.9 pF chip, Allen-Bradley®
: ®Or equivalent.

Fig. 13~225-400-MHz amplifier using RCA 2N6105.

Fig. 14—Photograph of 225-400-MHz amplifier.

188



File No. 504 2N6104, 2N6105
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COLLECTOR SUPPLY VOLTAGE (Vgg)=28 V 3
OUTPUT POWER (POE) =60 W
CASE TEMPERATURE (Tg)=25°C 01
-
2
=
5
VSWR [
Tt A
225 250 275 300 325 350 375 400 92CS-2037!
FREQUENCY (f)-MHz
92C$-20378 Cq = 2 — 18 pF, Amperex HT10MA/218°
. ) Cy = 56-pF chip, ATC-100®
Fig.15—Typical performance of a 225-400- C3 Cy
MHz push-pull amplifier using two CsCq = 1000-pF chip, Allen-Bradiey type®
RCA 2N6105°s in circuit of Fig.16. C7 08 = 1000 pF feed’through
Ly = 0.18 uH RFC, Nytronics type®

Ly, Lz = No. 20 wire, 0.75 in{19.056 mm)iong

T = coaxial line, Z5 = 2502, 3.75 in.
(95.25 mm) long
Ty = coaxial line, Zo =252, 4.50 in.

(114.30 mm) long

®or equivalent

Fig. 16—225-t0-400-MHz push-pull amplifier using two RCA 2N6105s.

Fig. 17—Photograph of 225-400-MHz push-pull amplifier

TERMINAL CONNECTIONS
2N6104: 2N6105:

Flange (Terminals 1,3) — Emitter Terminals 1,3 — Emitter

WARNING: The ceramic heat-sink portions of these
devices contain beryllium oxide. Do not crush, grid or
abrade these portions because the dust resulting from
such action may be hazardous if inhaled. Disposal
should be by burial.

Terminal 2 — Base Terminal 2 — Base
Terminal 4 — Collector Terminal 4 — Collector
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RG]

Solid State
Division

RF Power Transistors

2N6265

Features:

RCA HF-28 PACKAGE H-1712

RCA — 2N6265® is an epitaxial silicon n-p-n planar transistor
featuring the overlay multiple-emitter-site construction. It is
intended for solid-state equipment for microwave communi-
cations, S-band telemetry, microwave relay link, phased-array
radar, distance measuring equipment, transponder, and col-
lision aveidance systems.

MAXIMUM RATINGS, Absolute-Maximum Values:

*COLLECTOR-TO-BASEVOLTAGE . . .. ...........

*COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance

(RBEV=10Q .. ...,

*TRANSISTOR DISSIPATION:

At case temperatureupto 75°C . .. ... ..........
At case temperature above 75°C . . .. ... .........

*TEMPERATURE RANGE:

& Ceramic-metal hermetic stripline ge with low i
and low parasitic capacitances
® For microstripline and |

2-W, 2-GHz,Emitter-Ballasted
Silicon N-P-N Overlay Transistor
For UHF/Microwave Power Amplifiers,

Microwave Fundamental-Frequency
Oscillators and Frequency Multipliers

® VSWR capability of «:1 at2 GHz
® 2-W output with 8.2-dB gain (min.) at 2 GHz
= 3-W output with 12-dB gain (typ.) at 1 GHz

. P

circuit ap

The ceramic-metal stripline package of the 2N6265 features
low parasitic capacitances and inductances which provide for
stable operation in the common-base amplifier configuration.
Ideal as a driver for the 2N6266 or 2N6267, this transistor
can also be used in large-signal applications in microstripline,
stripline, and lumped-constant circuits.

®Formerly RCA Dev. No. TA7993.

......... VcBo 50 \%

......... VCER 50 Y

......... VEBO 35 \

......... Ic 0.275 A
PT

......... 6.25 w

Derate linearly at 0.056 W/°C

Storage and operating (Junction) . .. ............... . ..... -65 to +200 °c
*CASE TEMPERATURE (during soldering)
For10smax. ............ .. 230 °c
*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
11-73
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2N6265

ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 25°C unless otherwise specified

STATIC
TEST CONDITIONS
be 'COLLECTOR DC CURRENT
CHARACTERISTIC SYMBOL | OR BASE VOLTAGE (mA) LIMITS UNITS
(v)
Vee | Vee e | ' Ic | MIN. MAX.
Collector-Cutoff Current . 45 0 — 2 A
o
AtTc=55C CES 40 | 0 — 2 ™
Collector-to-Base Breakdown Voltage V(BR)CBO 0 5| 50 - v
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 35 — Vv
Collector-to-Emitter Breakdown Voltage v 10 | so v
external base-to-emitter resistance Rgg =102 | - (BRICER -
Collector-to-Emitter Saturation Voltage Veelsat) 10 | 100 - 1 v
Thermal Resistance: {Junction-to-Flange) RoJF - 20 °c/w
DYNAMIC
POWER POWER SUPPLY FREQUENCY LIMITS
CHARACTERISTIC SYMBOL INPUT OUTPUT VOLTAGE (f) UNITS
Pigiw) Pog(W) Veetv) GHz MIN. MAX.
Power Output (See Figs.5& 12) Pos | 0.3 28 2 2 - w
*{  Power Gain Gpg 0.3 2.0 28 2 8.2 - dB
* Collector Efficiency nc 0.3 2.0 28 2 33 - %
*I™ Coll to-Base Capaci Cobo 30(Vg) 1 MHz _ 5 oF
*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
TYPICAL APPLICATION INFORMATION
DC COLLECTOR INPUT POWER OUTPUT POWER
CIRCUIT AND FREQUENCY SUPPLY VOLTAGE Pro)-W ®
WVeel-V 8 o)W
Microstripline 2-GHz Amplifier (Fig. 12) 28 0.30 2.1
Lumped Constant 1-GHz Amplifier (Fig. 10) 28 0.15 3.2

PERFORMANCE DATA

COLLECTOR SUPPLY VOLTAGE (Vcc)=28V : COLLECTOR SUPPLY VOLTAGE (Vgcl=28 V [ ] 1T T
CASE TEMPERATURE (T¢)=25°C FREQUENCY (f)=2 GHz t +
e eog ; DT : : CASE TEMPERATURE (T¢)= 25°C !
i ; Fesaenappnane = a m =
! T A4 Lh s ; R
1 s = [ SEiassasEa aet == s
L A T T ! T £
@® + T D - 1 7 T =
o o i IR EEREA| [ I
= SSESeT < 2 i P08 mna 2
3 [ Pl 5
w W I =
Z z T : i
o <3 H w
4 4 H T 40
T T =
- - P e i 3
> 0 0 NI 2 2 ! T i E
a ~ sy s | r T o
= o] T T w
=S 12e 8 H -
3 e 3
8
30
=
: jEeaise! i =
e Eepes et rebt ; i
LT T : o o1 02 03
] 12 14 1.6 18 2 INPUT POWER (P1gl— W
FREQUENCY (f)—GHz s2¢s-17632
92CS-17631
Fig. 1—Typical output power vs. freq y for base Fig. 2—Typical 2-GHz output power and collector efficiency

amplifier in the test set-up of Fig. 5.

vs. input power in the test set-up of Fig. 5.
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PERFORMANCE DATA (cont'd)

COLLECTOR SUPPLY VOLTAGE (Ve()=28 V T FREGUENCY ()= 2 GHz = T
INPUT POWER ( P|g)=0.3 W INPUT POWER (P|g)=0.3 W i !
FREQUENCY (f)= 2 GHz CASE TEMPERATURE (Tg)=25°C
TR o : ;
|
- T |
T : o
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Fig. 3—Typical output power and collector efficiency at
2-GHz vs. case temperature in the test set-up of

Fig. 5.
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VARIABLE REFLECT- TEST CALORI-
ATTEN. OMETER CIRCUIT METER
DOUBLE STUB TUNER
MICROLAB S$2-05N OR
EQUIVALENT 9265 -17659

‘ig. 5—Block diagram of test set-up for measurement of
performance from 1- or 2-GHz common-base ampli-
fier.

Fig. 4—Typical 2-GHz output power and collector efficiency
vs. supply voltage in the test set-up of Fig. 5.
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Fig. 6—Maximum operating area for forward-bias operation.

TERMINAL CONNECTIONS

Terminal 1 — Emitter
Terminals 2 & 4 — Base
Terminal 3 — Collector

SOLDERING INSTRUCTIONS

When soldering the 2N6265 into a microstripline or lumped-
constant circuit, the collector and emitter terminals of the
device must be pretinned in the region where soldering is to
take place. The device should be held in a high-thermal-
resistance support for this tinning operation. A 60/40 resin-
core solder and a low-wattage (47 watts) soldering iron are
suggested for the pretinning operation. The case temperature
should not exceed 230°C for a maximum of 10 seconds
during tinning and subsequent soldering operations.
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WARNING: The ceramic body of this device contains
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.




File No. 543 2N6265
DESIGN DATA
25 COLLECTOR SUPPLY VOLTAGE (V )-zav HH 14 - 250 I
GASE TEMPERATURE (TG) LA ses CASE TEMPERATURE (Tg ) = 25°C
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92C5-19690 92C5-19691
Fig. 7—Typical large-signal series lnput lmpedance and large- Fig. 8—Typical collector-to-base capacitance vs. collector-
signal coll load imp vs. freq Y. to-base voltage.
RCA
2N6265

.||_?_O

NOTE: AMPLIFIER MADE ON

+28V 1/32IN. (0.79mm) TEFLON

-FIBERGLASS BOARD

©},C4: 1000 pF CERAMIC, ATC-100, OR EQUIVALENT
Cp,Cxi 0001 uF FEEDTHROUGH
Ry 0248
RFC: § TURNS, NO. 28 WIRE, 0.05 IN.(1.27 mm)
1D, 0.04 IN.(1.02mm) LONG

DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND ARE DERIVED

FROM THE ORIGINAL INCH DIMENSIONS

92CS-19692

Fig. 9—Typical 1-GHz microstripline power amplifier.

APPLICATION DATA

RCA
2N6265

92CS- 17641 RI

Cq, Cy: 1000 pF, ceramic, leadless
Cop. Cg: 0.35-3.5 pF, airdielectric,

Johanson 4701, or equivalent
Cg3, Cg: 1-10 pF, air-dielectric,

Johanson 2957, or equivalent
C4: 1000 pF, feedthrough,
Allen-Bradley FASC, or equivalent

Lq.Lg: 001 in. (0.254)* thick,
0.157 in. (3.98)* wide copper strip
shaped as shown in inset drawing
Lj, L3: RF choke, 0.1pH, Nytromcs Decu-Ductor or equivalent

S —
*Note: Dimensions in parentheses are in millimeters and are derived
from the original inch dimensions shown.

Fig. 10—Typical lumped-element circuit for 1-GHz power amplifier.
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2N6265 File No. 543

APPLICATION DATA (cont’d)

Lt cg 0.085 A ¢
f (2.16) 2N6265 | D
N

X2 L
0.55 c
1409 8
2N6265 Cq L

L2
RFC = - C2 A] 0350 | 889
NOTE: LINE MADE ON 1/32 IN. 8| 0.300 | 7.62

.79 mm - =

FIBERGLASS BOARD C ] 0750 | 1ot
G D | 0.275 | 698
4 C},C3: 0.35-3.5F, AIR-DIELECTRIC, *VcC E| oo | 457
JOHANSON 4701, OR EQUIVALENT F| 0100 | 254
= C2: 1000pF, FEEDTHROUGH, ALLEN BRADLEY 6 | 0400 [ 1016

-Vee +Vee 92C5-19693 FASC,OR EQUIVALENT

Ly .Ls: MICROSTRIPLINE, 20Z. COPPER-CLAD
€1,C3: FILTERCON, ALLEN-BRADLEY L, : 1.0 IN. (25.4mm) SECTION 1:L3 » «
13 SMFB-AI, OR EQUIVALENT MINIATURE 50 CABLE 1/321IN. (0.8)* TEFLON-FIBERGLASS 92C5-19694
C2: 03-35 pF,JOHANSON 4700,  RFC:3 TURNS, NO. 32 WIRE 0.0625 La.Lg: RF CHOKE, 4 TURNS
OR EQUIVALENT IN. (1.58mm) 1D, 0.187 IN. (476 NO.28 WIRE, 0.062 IN, (1.57)%
Ca’ 300 pF, ATC-100, OR mm) LONG. ID, 3/16IN. (4.75)* LONG
EQUIVALENT

*NOTE: DIMENSIONS IN PARENTHESES ARE IN MILLIMETERS AND ARE DERIVED
FROM THE ORIGINAL INCH DIMENSIONS SHOWN.

Fig. 11—-Typical 1.7-GHz oscillator circuit. Fig. 12—Typical circuit for 2-GHz microstripline amplifier.

RFC Cs

&6
509 -
OUTPUT 61 ) )’
cs /Q\

<, )

Al OR Cu
CIRCUIT BLOCK:

INPUT LNE~

2 HOLES
(TO CLEAR SCREWS
USED TO HOLD
DEVICE DOWN AT
MOUNTING FLANGE)

\_ STRIPLINE
TRANSISTOR  92¢s-17655R)

_,l 0.200
(5.08)

92CS- 19333
C4. Cg: DC-blocking capacitors Note: Dimensions in parentheses are in millimeters and are derived
C,, Cg: Feedthrough or filter capacitors from the original inch dimensions shown.
(a) Typical circuit (b) Circuit shield (Place over device and screw down to
circuit board).

NOTE: The circuit shield (b) can be made as a part of a ridge in the

circuit board (a) instead of the slot shown, and the device can be

mounted upside down in a slot in this ridge for equivalent circuit

isolation. For operation in the 2-2.4 GHz range, it is recommended

that the circuit be completely shielded to prevent losses due to circuit
diation at these fi i

Fig. 13—Typical circuit construction.
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Solid State
Division

RF Power Transistors

2N6266

Features:

RCA HF-28 package

H-1712

1
low:p

® Emitter-ballasting resistors

= VSWR capability of - :1at2 GHz

= 5 W output with 7 dB gain (min.) at 2 GHz
-

-

5-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers,
Microwave Fundamental-Frequency
Oscillators and Frequency Multipliers

TERMINAL CONNECTIONS

Terminal 1 - Emitter
Terminals 2 & 4 - Base
Terminal 3 - Collector

13.5 W output with 11 dB gain (typ.) at 1 GHz
Ceramic-metal hermetic stripline package with low inductance and

RCA — 2N6266* is an epitaxial silicon n-p-n planar tran-
sistor featuring the overlay multiple-emitter-site construction
and emitter-ballasting resistors. It is intended for solid-state
equipment for microwave communications, S-band telem-
etry, microwave relay link, phased-array radar, distance-
measuring equipment, transponder, and collision-avoidance
systems. The device can be used in large-signal cw or pulsed
applications over the range of 0.5 GHz to 2.4 GHz in
stripline, microstripline, or lumped-constant circuits.

The ceramic-metal stripline package of the 2N6266 features
low parasitic capacitances and inductances which provide for

MAXIMUM RATINGS, Absolute-Maximum Values:

* COLLECTOR-TO-BASE VOLTAGE
* COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance
(Rgg) = 10Q

* EMITTER-TO-BASE VOLTAGE . .. .............

* CONTINUOUS COLLECTOR CURRENT
* TRANSISTOR DISSIPATION:

At case temperature up to 75°C .
At case temperature above 75°C . . . . . .. .. ... ...

* TEMPERATURE RANGE:

® Stable common-base operation
8 .For.microstripline, stripline, and lumped-constant

circuit applications
stable operation in the common-base configuration. The use
of emitter-ballasting resistors and the low-thermal-resistance
package provide ruggedness and reliability.

®Formerly RCA Dev. No. TA7994.

WARNING: The ceramic body of this device contains
beryllium oxide. Do not crush, grind, or abrade these

portions L the dust resulting from such action may
be h d if inhaled. Disposal should be by burial.

............ VeBo 50 v

............ VCER 50 \"

............ VeEBO 35 \Y

............ Ic 1 A

Pr
148 w

Derate linearly at 0.118 W/°C

Storage and operating (Junction) . . .. ... ... -65 to +200 °C
* CASE TEMPERATURE (during soldering)
FOPTOSMAX. + v v e v e e et ettt e et et e 230 °c
*In with JEDEC regi data format JS-6 RDF-3/JS-9 RDF-7.
1271
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2N6266

ELECTRICAL CHARACTERISTICS, at Case Temperature ( Tcl= 25°C, unless otherwise specified

File No. 544

STATIC
TEST CONDITIONS
DC Coliector DC
CHARACTERISTIC SYMBOL or Base Current LIMITS UNITS
Voltage (V) (mA)
VCE'| VBE | Ig I Ic Min. | Max.
*| Collector-Cutoff Current Ices 45 (o] - 2 mA
_ o
At T = 55°C o 1 o — P
Collector-to-Base Breakdown
Voltage V(BR)CBO 0 5| 50 - v
* | Emitter-to-Base Breakdown
Voltage V(BR)EBO 0.1 ) 0 3.5 - \%
* | Collector-to-Emitter Breakdown
Voltage
With external base-to-emitter | " (BRICER 10 50 - v
resistance (Rgg) = 10Q
Collector-to-Emitter Saturation
Voltage VcEelsat) 20 100 - 1 \
Thermal Resistance: - o
{Junction-to-Flange) Rour - 85 cw
DYNAMIC
TEST CONDITIONS
CHARACTERISTIC SYMBOL | Frequency | DO Collector LIMITS UNITS
() — GHz Supply Voltage
(Vee) =V Min. Max
Output Power, Pig = 1W P Py 28 5 _ w
(See Figs. 7 & 1) o8
Power Gain, Pog =5 W Gpg 2 28 7 - dB
Collector Efficiency, Pog=5W ne 2 28 33 - %
Collector-to-Base Capacitance _ _
Vg 30V Cobo 1 MHz 10 pF
*In with JEDEC regit ion data format (JS-6 RDF-3/JS-9 RDF-7)
fYPICAL APPLICATION INFbRMA TION
DC Collector
Input P Output P
CIRCUIT & FREQUENCY See Fig. | Supply Voltage | oo+ "OWer | DutputFower
(Pig) =W (Pog) —W
(Vee) -V
Microstripline
1—-GHz Amplifier 10 28 1 135
Microstripline
2—GHz Amplifier n 28 1 6
Microstripline (Broadband) Pulsed Power:
1.2—1.4-GHz Amplifier Pulse Duration = 1.3 ms 12 28 1 12
Duty Factor = 30%
Microstripline
1.7-1.8-GHz Tunable Oscillator 13 28 - 3
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PERFORMANCE DATA

2N6266

14 COLLECTOR SUPPLY VOLTAGE (Vcc)=28 VT COLLECTOR SUPPLY VOLTAGE (Vgc)=28V
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Fig. 1—Typical output power vs. frequency in test set-up of Fig. 2—Typical output power or collector efficiency vs. input
Fig. 7. power at 2 GHz in test set-up of Fig. 7.
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Fig. 3—Typical output power or collector efficiency vs. input

power at 1 GHz in test set-up of Fig. 7.

Fig. 4—Typical output power or collector efficiency vs. col-
lector supply voltage at 2 GHz in test set-up of Fig. 7.
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Fig. 5—Typical output power vs. case temperature at 2 GHz.
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1¢{MAX.)CONTINUOUS
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NOTE: Tjg IS DETERMINED BY USE
OF INFRARED SCANNING
TECHNIQUE

B

) B 4 € 8 o 20
COLLECTOR-TO-BASE VOLTAGE (Veg)—V
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Fig. 6—Maximum operating area for forward-bias operation.
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2N6266
‘ PERFORMANCE DA'I:A (Cont'd)
POWER vee POWER SOLDERING INSTRUCTIONS
SOURCE METER
When the 2N6266 is soldered into a microstripline or

VARIABLE
ATTEN.

TEST
CIRCUIT

REFLECT-
OMETER

DOUBLE STUB TUNER
MICROLAB S2-05N OR
EQUIVALENT

92CS-17665

Fig. 7—Block diagram of test set-up for measurement of rf
performance from 1- or 2-GHz common-base

lumped-constant circuit, the collector and emitter terminals
of the device must be pretinned in the region where soldering
is to take place. The device should be held in a high-thermal-
resistance support for this tinning operation. A 60/40 resin-
core solder and a low-wattage (47 watts) soldering iron are
suggested for the pretinning operation. The case temperature
should not exceed 230°C for a maximum of 10 seconds
during tinning and subsequent soldering operations.

amplifier.
DESIGN DATA
f}g';‘;ﬁcT o *val::r;Y Ny (Vee)=28V Pt w CASE TEMPERATURE (Tg)=25°C
08! H 5 FREQUENCY (f)= | MHz
5
T 3°
R E ml\ﬂ_rg S
+10 1 u 25
c » l ] 2
i . i HA 1 g
o +5E0 I L ReZin) L p 1] S 2
w L = B &
g elZe T 3
2 o POINT FOR Z 7 915
§ MEASUREMENT H T [BEEs a
= 8 I AR H :
-5 = T 2 1o e
i ST T [:4
+ + N, L =3
o POINT FOR Z¢ H- 1 i 7'24,, H 5 .
MEASUREMENT T TN “
SERIES INPUT IMPEDENCE =Rin*+ i Xin L ‘{ i } ]
COLLECTOR LOAD IMPEDENCE=Rc+iXer  [IITTHT{{{ 11 S
06 08 I 12z 14 16 18 2 22 24 o 10 20 25 30 35 40 4

FREQUENCY (f) —GHz
Fig. 8—Typical large-signal series input impedance or large-
scale collector load impedance vs. frequency.

RGCZA
2g:50Q 2N6266 Cs

0.40
1| uoie

f
_.J Gl et e L L‘?ffzo‘
B~ 25
92Cs-19702
C4,Cy, Cs.Cg: 0.8—10pF, Joh 5202, or ival

Cg3, C4: Filtercon, Allen-Bradley SMFB-A1, or equivalent
RFC: No. 32 wire, 3 turns, 0.0625 in. {1.58 mm) ID, 0.187 in.
Ry: 1@ (4.76 mm) long

COLLECTOR- TO BASE VOLTAGE(VCB)—V

Fig. 9—Typical collector-to-base cap
base voltage.

RCA
2N6266

0.33
Xy (8.38)
l_0.43_| 1 NOTE 1 —7
(10.92)
NOTE 0.125_
1: SHUNT STUBS CAN BE TRIMMED  (3.17)

TO SHORTEN-CUT OVERALL LENGTH
TO LENGTHEN- CUT TAPER IN
STUBS AS SHOWN

C4.Ca,Cq: 0.3-3.5 pF, Joh

92CS-17657 RI

Rt
4700, or ivall
Cy: Filtercon, Allen-Bradley SMFB-A1, or equivalent
RFC: No. 32 wire, 0.4 in. (10.16 mm) long

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fibergl
double<lad circuit board (e = 2.6). Lines X4 and X are produced by
removing upper copper layer to dimensions shown.

Now: Dimersions in are in
from the original inch dimensions shown.
Fig. 10—Typical 1-GHz microstripline power amplifier
circuit.

and are derived
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material: 1/32 in. (0.79 mm) thick Teflon-fiberglass
doubledad circuit board (e = 2.6). Lines X4 and X are produced by
removing upper copper layer to dimensions shown.
*Note: D in p. are in

from the original inch dimensions shown.

and are derived

Fig. 11—-Typical 2-GHz microstripline power amplifier
circuit.
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RCA
2N6266

2g:=500 €

92CS~-19689

Cq,C3,C4,Cq: 1000 pF ic, ATC-100, or equival
Cp,Cg: 1000 pF feedthrough
L4,Lo: RFC,5 turns No. 32 wire, 0.0625 in. (1.58 mm)
1D, 0.25 in. {6.35 mm) long
: 0.005 in. (0.127 mm) lead length (Cy lead)
: 0.250 in. (6.35 mm) lead length (C, lead)
: 047 Q2
: 0.34in.x 0525 in. (8.63 mm x 13.34 mm)
0.215 in. x 0.235 in. (6.46 mm x 5.97 mm)
: 0.075in.x 0.4 in.x 0.77 in. (1.91 mm x
10.16 mm x 19.56 mm)
: 0,075 in.x 0.575 in. x 0.435 in. (1.91 mm x
14.61 mm x 11.056 mm)
: 1.12in. (28.45 mm) x 0.59 in. (14.98 mm)

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass
double-clad circuit board (¢ = 2.6). Lines X4 and X are produced by
removing upper copper layer to dimensions shown.

Fig. 12—Typical 1.2—1.4-GHz broadband amplifier circuit.

509
OUTPUT

500
INPUT

_ STRIPLINE
TRANSISTOR ~

[ Re

92CS-17655R1

Cq. Cg: DC-blocking capacitors
Cy Cz: F gh or filter itors

(a) Typical circuit

NOTE: The circuit shield {b) can be made as a part of a ridge in the

circuit board (a) instead of the slot shown, and the device can be

mounted upside down in a slot in this ridge for equivalent circuit

isolation. For operation in the 2-2.4-GHz range, it is recommended

that the circuit be completely shielded to prevent losses due to circuit
di at these i

*Note: Di i inp

2N6266

92CS~17656RI

0.1
(2.54)

0.3 ——L
P

(15.24)
C1 . 03: Filtercon, Allen-Bradley SMFB-A1, or equivalent

Cy: 0.3—3.5 pF, Joh 4700, or equival

C4: 300 pF, ATC—100 or equivalent

Lyt 1.0in. (25.4 mm) length section miniature 50 £ cable, or
microstrip equivalent

RFC: 3 turns, No. 32 wire, 0.0625 in. {1.59 mm) 1D,

0.187 in. (4.76 mm) long

Xg: 0.013in. (0.33 mm) thick Teflon-Kapton double-clad circuit
board (Grade PE-1243 as supplied by Budd Polychem Division,
Newark, Delaware), or equivalent.

Line X is exponentially tapered

NOTE: Oscillator is single screw tunable 1.6 GHz to 1.8 GHz

are in
from the original inch dimensions shown.

and are derived

Fig. 13—Typical 1.7-GHz oscillator circuit.

2 HOLES
(TO CLEAR SCREWS
USED TO HOLD
DEVICE DOWN AT
MOUNTING FLANGE)

92¢5-19333

(b) Circuit shield (Place over device and screw down to cir-
cuit board).

Fig. 14—Typical circuit construction.
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NG

Solid State
Division

RF Power Transistors

2N6267

10-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For UHF/Microwave Power Amplifiers, Microwave
Fundamental-Frequency Oscillators, and Frequency Multipliers

Features

H1712

-
L]
RCA HF-28 PACKAGE -
L]

capacitances
RCA — 2N6267% is an epitaxial silicon n-p-n planar transistor
featuring the overlay multiple-emitter-site construction and
emitter-ballasting resistors. ‘It is intended for solid-state
equipment for microwave comvmur\ications, S-band
telemetry, microwave relay link, phased-array, radar, dis-
tance-measuring equipment, transponder, and colli-
sion-avoidance systems. The device can be used in large-signal
cw or pulsed applications over the range of 0.5 GHz to 2.4
GHz in stripline, microstripline, or lumped-constant circuits.

MAXIMUM RATINGS, Absolute-Maximum Values:

*COLLECTOR-TO-BASE VOLTAGE

*COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance
(RBe) =100

*TRANSISTOR DISSIPATION:

At case temperature upto 75°C . .. .............
At case temperature above 750C . . . ... .. ... .....

*TEMPERATURE RANGE:

®  Emitter-ballasting resistors
10 W output with 7 dB gain (min.) at 2 GHz (28 V)
8 W output with 6 dB gain (typ.) at 2.3 GHz (28 V)
VSWR capability of 10:1 at 2 GHz

Ceramic metal hermetic stripline k

ge with low ind and low p.

® Stable common-base operation
®  For microstripline, stripline, and lumped-constant
circuit applications

The ceramic-metal stripline package of the 2N6267 features
low parasitic capacitances and inductances which afford
stable operation in the common-base configuration. The use
of emitter-ballasting resistors and the low-thermal-resistance
package provide increased ruggedness and reliability.

.Formerly RCA Dev. No. TA7995

......... VcBso 50 \2

......... VCER 50 \

......... VEBO 35 \

......... Ic 15 A
PT

21 w

Derate linearly at 0.168 W/°C

Storage and operating (Junction) . . . .. ... .. ... -65 to +200 °c
*CASE TEMPERATURE (during soldering)

For10smax. ....... ... ... ... i, 230 °c
*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
200 1271
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2N6267

ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 25°C unless otherwise specified

STATIC
TEST CONDITIONS
DC COLLECTOR DC
CHARACTERISTIC SYMBOL OR BASE CURRENT LIMITS UNITS
VOLTAGE (V) (mA)
Vce | VBE g Ig Ic MIN. MAX.
* Collector-Cutoff Current | 45 0 i — 2
At Tc=55°C CES 40 0 — 2 mA
Collector-to-Base v
Breakdown Voltage (BR)CBO 0 5 50 - Y
* Emitter-to-Base
Breakdown Voltage V(BR)EBO 0.1 0 3.5 - Vv
* Collector-to-Emitter
Breakdown Voltage: v 10
Withexternal base-to-emitter (BRICER 50 - v
resistance (Rgg) = 10 2
Collector-to-Emitter
Saturation Voltage Veglsat) 20 100 - 1 v
Thermal Resistance: o
(Junction-to-Flange) RoyF - 6 c/w
DYNAMIC
TEST CONDITIONS
DC COLLECTOR
CHARACTERISTIC SYMBOL FF:fE)Q—Ué:SY SUPPLY VOLTAGE LIMITS UNITS
(Vge) -V MIN. | MAX.
Output Power, Pjg =2 W PoB 2 28 10 - w
*| ‘Power Gain, Pgg = 10 W Gpg 2 28 7 - dB
*|  Collector Efficiency, Pog=10W nc 2 28 35 - %
*|  Collector-to-Base Capacitance Cobo 1 MHz - - 13 pF
Vep=30V
*1n accordance with JEDEC registration data format (JS-6 RDF-3/JS-9 RDF-7)
TYPICAL APPLICATION INFORMATION
SEE DC COLLECTOR INPUT OUTPUT
CIRCUIT & FREQUENCY FIG SUPPLY VOLTAGE POWER POWER
! (Vee) -V (Pig) =W (Pog) —W
Microstripline:
1—GHz Amplifier 14 28 15 14
Microstripline:
B 2—GHz Amplifier 13 28 2 12
Microstripline:
2.3—GHz Amplifier 16 28 2 8
Microstripline: Pulsed Power:
1.3—GHz Amplifier  Pulse Duration = 1.3 ms
Duty Factor = 30% 15 28 2 18
Microstripline:
1.6-1.8—GHz Tunable Oscillator 17 20 — 4
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PERFORMANCE DATA

COLLECTOR SUPPLY VOLTAGE (Vgc)=28 V. COLLECTOR SUPPLY VOLTAGE (Vggl=28V [T T
Re=0.430 (2GHz) e L
2 o S .
| = P08 |
=z =z By
| 201 L 70 &
@ @ 5
== > H
& § Pz
I
3 5 3 &
-GS I~ a 50 o
5 0 T = S
2 | u 2 i E
£ T . 5 4
4 =
o 5 ] i o Ll aE13an 40 g
L
4 30
T
T
[} ITITTT Y 20
o8 1o 12 i4 16 18 20 22 24 26 025 05 O 1.0 .50 (g 2.0 .25

FREQUENCY (f) — GHz
92CS-19341

Fig.1— Typical output power vs. frequency in the test set-

INPUT POWER (P1g) — W
92CS -19695

Fig.2—Typical output power and collector effeciency vs.

up of Fig. 8. input power at 2 GHz in the test set-up of Fig.8.
16] COLLECTOR SUPPLY VOLTAGE (Vog)=28V [ 110 T4 [Pig= 2W(2GHz) T 160
Re:10 H SIW(GHz) AR
Re=0.240(2GHz) oo
14 100 12| " a(ieHz) - FF POB et
€ un et L 0
1 = e 1
e %0 2 1 1o ] °0 o2
— > > >
3 RS2 2 £ a %
a o 80 3 ; 05
g 7 £ § , £
H & 3 .70 (/G5 &
4 70 % . 8 60 g
5 & g 5
[ = E o
E 6 €0 3 24 505
2 =~ Q
© 't , - 8 o
A < ¢ (2 GHz)
4 50 2 40
1T
H o
2 i 40 o ; 30
025 05 075 10 125 15 175 2.0 2.25 [ 0 20 22 4~ 26 28 30
INPUT POWER (P1g) — W COLLECTOR SUPPLY VOLTAGE (Vo) —V
92CS~-19696 92Cs-19340

Fig.3—Typical output power and collector efficiency vs.
input power at 1 GHz in the test set-up of Fig.8.

Fig.4—Typical output power and collector efficiency vs.
collector supply voltage.

T
. (IGH‘ Ll .A.”.QO
:33-;——- e
= L “Pog (5 HSE I
| : ot (2 6 80 2
@ : . S 5
&£ | INPUT POWER (Prg)= 2 W 2
@ 'O COLLECTOR SUPPLY VOLTAGE (Vcg)= 28V 70 Y
w | Re=[£ (IGH2) - 1 =
g [ %:024Q(26H) Y
a Ll HE 1 T
8 ! 60
5 T RS REEn e 8
E T i e '; g UGH2) T T *3‘
3 6 '; 50 o
f—+. H T J‘ 8
H I
4 - H 40
-+ ; T e @ eRa T
| i
2 HHHHH 30

20 30 40 50 60 70 80 90 100
CASE TEMPERATURE (Tg) —°C
92CS-19339

Fig.5—Typical output power vs. case temperature.
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14/ COLLECTOR SUPPLY VOLTAGE (VcC)= 28V I
Re=0.24Q <

12

8

17
H+
135724

S
3

OUTPUT POWER (Pgg)-W
COLLECTOR EFFICIENCY (n¢)—%

3

8

8

2 30

0 T 20
025 05 07 1.0 1.2 1.5 175 20 2.25

INPUT POWER (Ppg) —W

92CS—19697

Fig.6—Typical output power and collector efficiency at 2
GHz in circuit of Fig.13.



File No. 545 2N6267
PERFORMANCE DATA (CONT'D)
COLLECTOR CURRENT (I¢) =650 mAl]
FREQUENCY (f)=1.7 GHz
6
=
1s H v
8 i POWER cc POWER
o . e SOURCE METER
& L
= um
S A
- 3 VARIABLE | _| REFLECT- TEST
E ATTEN. OMETER CIRCUIT
3
DOUSLE STUB TUNER
MICROLAB S2-05N OR
| EQUIVALENT 92CS-17665
15 16 17 18 19 20 21 2 23 24

COLLECTOR SUPPLY VOLTAGE (Vgg) —V

92CS -19337R1

Fig.7—Typical output power in oscillator circuit shown in

Fig.17.

Fig.8—Block diagram of test set-up for measurement of rf
performance from 1- or 2-GHz common-base
amplifier.

DESIGN DATA

COLLECTOR SUPPLY VOLIAGE (VcC )=28V
INPUT POWER (P1g )=1.5W

20| Re=18 (1 GHz)
=0.24Q2(2GH2)

BEEE

I

T
15 HHH
1
I

IMPEDANCE (Z)—-Q

H

.-

POINT FOR Z¢ :
MEASUREMENT A

)
=
[TTIITTTT ]

T POINT FOR Z,y MEASUREMENT

jn .

P
.
o
-t

o8 10 L2 L4 16
FREQUENCY (f)— GHz

o
@

Fig.9—Typical large-signal series input
quency.

T
1.8 20 22 2.4
92CS -19698

impedance vs. fre-

CASE TEMPERATURE (T¢) = 25°C

FREQUENCY (f) = | MHz

=)

©

COLLECTOR-TO-BASE CAPACITANCE (Copo) — PF

0 5 10 15 20 25

30 35 40 45

COLLECTOR-TO- BASE VOLTAGE (Vcg) —V

92CS-19338

Fig. 11—Typical collector-to-base capacitance vs. collector-

to-base voltage.

15}

COLLECTOR SUPPLY VOLTAGE (V¢c)=28V

10}

IMPEDANCE (Z)—Q

POINT FOR Z)y
MEASUREMENT B

TTTITTTTIIT

POINT FOR Zg;_
MEASUREMENT

rde) T A ST

0.6 o8 10 12 L4 1.6 1.8 20 2.2 4
FREQUENCY (f) — GHz

92CS ~19699
Fig. 10— Typical large-signal collector load impedance vs. fre-
quency.

.4 ICIMAX) CONTINUOUS CASE TEMPERATURE

(Tc)=100°C
. \\

HOT-SPOT
(1 URE,
(Tygi=200°C |

NOTE- Tys IS DETERMINED BY
USE OF INFRARED
SCANNING TECHNIQUES)

COLLECTOR CURRENT (I¢)—A

o]

| 0 20 40
COLLECTOR-TO-BASE VOLTAGE (Vgg)—V
92CS-19370R!

Fig. 12—Maximum operating area for forward-bias operation.
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APPLICATION DATA
RCA F
2N6267 7, =500 anessT s

NOTE |: SHUNT STUBS CAN
BE TRIMMED.
TO SHORTEN: CUT
OVER-ALL LENGTH.
TO_LENGTHEN: R

TUBS AS SHOWN.

= 0.30
(762)
N
0.50 } 0.30
X1 | az70) X2 (7.62)

- f 0.125 L.\\-NOTE .

(3.17)
(2.19)
92CS-19329R1

C4.C4.Cg: 0.3—3.5 pF, Johanson 4700, or equivalent
Cy, C3: Filtercon, Allen-Bradley SMFB-A1, or equivalent
RFC: No. 32, wire, 0.4 in. (10.16 mm) long

Rqy: 024

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass
double-clad circuit board (e = 2.6). Lines X1 and Xq are produced by

removing upper copper layer to dimensions shown.

Fig. 13—Typical 2-GHz power amplifier circuit.

2
_.' RCA
(1732) ’-2N6267
Ca []

. 1.1 .
(29.21)

0 4I% 0.225

(10.46), (5.70

92CS-19330RI

Cy.Co, Cg: 1-10 pF JFD Electronics, MVMO10, or equivalent
Cg, C7: 0.3-3.5 pF, JFD Electronics, MVMO0O3, or equivalent

Cg3, C4: 1000 pF feedthrough, Allen-Bradley FASC, or equivalent
R1:0.75

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass
double-clad circuit board (¢ = 2.6). Lines X4 and X, are produced by
removing upper copper layer to dimensions shown.

Fig. 15—Typical 1.3-GHz power amplifier circuit
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Zg=50Q

0.40

X1 | go.ie X2 |44 28,

.| oso L—f—_ f
.60
(2032) ™ 0ok L— (15.24

1503 0.22

(7.5‘2’)—" M~ (s.58)
92CS -19331 RI

Cq.Co. Cg, CG: 0.8—10 pF, Johanson 5202, or equivalent

Cg, C4: Filtercon, Allen-Bradley SMFB-A1, or equivalent

RFC: No. 32 wire, 3 turns, 0.0625 in. (1,58 mm) ID x 0.187 in.
Ryt 1@ (4.76 mm) long

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass
double-clad circuit board (¢ = 2.6). Lines X4 and X, are produced by

removing upper copper layer to dimensions shown.

Fig. 14—Typical 1-GHz power amplifier circuit.

aNereT
Zg=508 P—l qu/' Z =509
X ’ X i =
€ )—' f—<
= RFC RFC =
NOTE |: SHUNT STUBS CAN ¢
BE TRIMMED. 3
TO SHORTEN: cuT C2
OVER-ALL LENGTH.
TO LENGTHEN: o v
CUT TAPER IN | cc
o= 0.35
(8.89)
0.50 F ols
X1l w270 X2 (483)
oAso_,l 0.10
(7.62) == (2.54) - \NOTE 1
048
(12.19)

92CS-19332RI

C4. C4: 0.3-35 pF, Johanson 4700, or equivalent
02,03: Filtercon, Allen-Bradley SMFB-A1, or equivalent
RFC: No. 32 wire, 0.4 in. (10.16 mm) iong

Ry:024 0

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass

double-clad circuit board {e = 2.6). Lines X4 and X, are produced by
removing upper copper layer to dimensions shown,

Fig. 16—Typical 2.3-GHz amplifier circuit.
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2N6267
Cs 500
ouTPUT
= Cu
~_RCA CIRCUIT BLOCK:
2N6267
Cs INPUT LINE
L 00
INPUT
(gf!nes) (2;7"9) OUTPUT LINE
0.37 —_L
(939) | *2
¥ ¥ \_ STRIPLINE

0.6 - C2 TRANSISTOR 92CS-1T6S55R!

1524 02Cs-19328R1 C4.Cg: .I_)C-E)I?cking capa'citors
Cq.C3: Filtercon, Allen-Bradley SMFB-A1, or equivalent Cy, C3:F gh or filter cap
Cy: 0.3—-35 pF, Joh 4700, or equi ) .
C4: 300 pF, ATC—100 or equivalent (a) Typical circuit
Ly 1.0 in (25.4 mm) length section miniature 50 2 cable, or microstrig

equivalent )
RFC: 3 turns, No. 32 wire, 0.0625 in. ID, (1.59 mm) 1D, 088
0.187 in. (4.76 mm) long 1619 )’
X2:0.013in. (0.33 mm)—thick Teflon-Kapton double-clad circuit o /3\ ®
board (Grade PE-1243 as supplied by Budd Polychem Division, X ’ FAAY

Newark, Delaware), or equivalent.
Line Xz is exponentially tapered

Dimensions in parentheses are in millimeters and are derived from the
original inch dimensions as shown.
NOTE: Oscillator is single screw tunable 1.6 GHz to 1.8 GHz

Fig.17—Typical 1.7-GHz oscillator circuit.

TERMINAL CONNECTIONS

Terminal 1 — Emitter
Terminals 2 & 4 — Base
Terminal 3 — Collector

WARNING: The ceramic body of this device contains
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be h dous if inhaled. Disg id be by burial.

1 <h

2 HOLES
{TO CLEAR SCREWS
USED TO HOLD
DEVICE DOWN AT
MOUNTING FLANGE)

92CS- 19333
Dimensions in parentheses are in millimeters and are derived from the
original inch dimensions as shown.
(b) Circuit shield (Place over device and screw down to
circuit board).

NOTE: The circuit shield (b) can be made as a part of a ridge in the
circuit board (a) instead of the slot shown, and the device can be
mounted upside down in a slot in this ridge for equivalent circuit
isolation. For operation in the 2-2.4 GHz range, it is recommended
that the circuit be completely shielded to prevent losses due to circuit
radiation at these frequencies.

Fig. 18— Typical circuit construction.
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IR

Solid State
Division

RF Power Transistors

2N6268 2N6269

Features:

RCA HF-28 package

H-1712

RCA-2N6268 and 2N6269° are epitaxial silicon n-p-n planar
transistors featuring the overlay multiple-emitter-site con-
struction. They are designed especially for equipment using
20- to 24-V collector supplies in microwave communications,
S-band telemetry, microwave relay link, phased-array radar,
distance-measuring equipment, transponder, and collision-
avoidance systems.

The ceramic-metal stripline package of these devices features
low parasitic capacitances and inductances, which affords
siable operation in the common-base configuration.

Ideal as a driver for the 2N6269, type 2N6268 can also be
used in large-signal applications. The use of emitter-ballasting

MAXIMUM RATINGS, Absolute-Maximum Values:

*COLLECTOR-TO-BASE VOLTAGE . ............

*COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance
(Rge) =10Q

*EMITTER-TO-BASE VOLTAGE

*TRANSISTOR DISSIPATION:
At case temperature up to 75°C
At case temperature above 75°C

*TEMPERATURE RANGE:

Storage and operating, (Junction) . . .. ..........

*CASE TEMPERATURE (during soldering)
For 10 s max.

6.5-and 2-W, 2.3-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistors

For Use in Microwave Power Amplifiers
Fundamental-Frequency Oscillators, and Frequency Multipliers

Designed for 20- to 24-V equipment

Emitter-ballasting resistors

VSWR capability of 10:1 at 2.3 GHz

2-W output with 7 dB gain (min.) at 2.3 GHz (22V) - 2N6268
6.5-W output with 5 dB gain (min.) at 2.3 GHz - 2N6269
Stable common-base operation

® Ceramic-metal hermetic stripline package with low induc-
tance and low parasitic capacitances

8 For stripline, ipline, and lumped: circuit
applications

resistors and the low-thermal-resistance package make the
2N6269 especially suitable for large-signal, cw, or pulsed
applications over the range of 0.5 GHz to 2.4 GHz in strip-
line, microstripline, and lumped-constant circuits.

'Formerly RCA Dev. Nos. TA8407 and TA7995A, respectively.

2N6268 2N6269

......... Vceo 45 45 v
......... VCE R 45 45 \"
......... VEBO 3.6 3.5 v
......... Ic 0.350 1.5 A

Pr
......... 6.25 21 w

Derate linearly at 0.05 0.168 w/°c

......... —65 to +200 °c
......... 230 °c

*In accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
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File No. 546 2N6268, 2N6269
ELECTRICAL CHARACTERISTICS, at Case Temperature (Tg) = 25°C unless otherwise specified.
STATIC
TEST CONDITIONS LIMITS
DC pe
. COLLECTOR
CHARACTERISTIC SYMBOL OR BASE CURRENT 2N6268 2N6269 UNITS
VOLTAGE (V) (mA)
Vce | VBe Ig | 1g | Ic | MIN.| MAX. | MIN. | MAX.
Collector-Cutoff 20 0 _ P _ 2
Current ]
CES 30 0 1 mA
= ° - - -
AtTg=565C P 0 _ _ _ 2
Collector-to-Base
Breakdown Voltage V(BRICBO 0 514 45 v
Emitter-to-Base v
Breakdown Voltage (BR)EBO 0.1 0| 35 - 3.5 - A\
Collector-to-Emitter
Breakdown Voltage
With external base- | V(BR)CER 10| 45 - 45 - \%
to-emitter resistance
(RBe) =10
Collector-to-Emitter 10 | 100 | — 1 — -
Saturation Voltage Vcglsat) 20 | 100 | — - - 1 v
Thermal Resistance _ o
(Junction-to-Flange) RouF 0 6 cw
DYNAMIC
TEST CONDITIONS LIMITS
DC
FREQUENCY | COLLECTOR
CHARACTERISTIC SYMBOL {f) — GHz SUPPLY 2N6268 2N6269 UNITS
VOLTAGE ;
(Vgg) —V | MIN. | MAX. | MIN. | MAX.
Output Power, Pjg = 0.4 W 2.3 22 2 - - o
=2wW Pos 23 22 |- les| - | ¥
Power Gain, Pog =2 W 23 22 7 - — -
=65W Gra 2.3 22 - | - 15 — 8
Collector Efficiency, Pog i 2w e 23 22 33 - - - %
=6.5W 2.3 22 - — 32 —
Coll -to-Base Capacitance
Veg =30V Cobo 1 MHz - - 5.5 - 13 pF
*|n accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
TYPICAL APPLICATION INFORMATION
DC COLLECTOR
CIRCUIT & FREQUENCY SEE FIG. | sUPPLY vOLTAGE | 'NPUTPOWER | OUTPUT POWER
(Pig) —W (Pog) — W
(Vee) -V
Microstripline: 2.3-GHz Amplifier 28 22 2 7
Microstripline: 2-GHz Amplifier 25 22 2 9
Microstripline: 1.3-GHz Amplifier 27 22 1 1
Microstripline: 2-GHz Amplifier 23 22 0.3 2.1
Microstripline: 1.6—1.8-GHz Tunable Oscillator 29 20 - 3
Lumped Constant: 1-GHz Amplifier 22 22 0.15 3.2
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2N6268, 2N6269

File No. 546

PERFORMANCE DATA

COLLECTOR SUPPLY VOLTAGE (Vcc)=22V 14] ; ] COLLECTOR SUPPLY VOLTAGE (VCC)= 22V
CASE TEMPERATURE (T¢)=25°C T CASE TEMPERATURE (Tg)= 25 °C
Re = 09 (2.3 GHz) Re = 0,240 (2.3 GHz)
=0.24Q (I GHz) 12 =10 (1GHz)
E
]
¥ @ 10FTT
@ 4 <
g g
@ z
g 2 s
o 3
a (=3
= 2 8
g 5
3 .
. 2
0. 1.0 1.2 14 16 1.8 2.0 2.2 24 2.6
10 .4 6 8 20 22 24 -
) FREQUENCY () —GHz FREQUENCY (=62 92cs-19801
. 92CS-19800 . B .
Fig. 1—Typical output power vs. frequency for common-base Fig. 2—Typical output power vs. freq y for ¢ -base
amplifier in test set-up of Fig. 14 for type 2N6268. amplifier in test set-up of Fig. 15 for type 2N6269.
COLLECTOR SUPPLY VOLTAGE Veel=22v COLLECTOR SUPPLY VOLTAGE (VCC)=22 v
CASE TEMPERATURE (Tg)=25°C FREQUENCY (f)=2.3 GHz
FREQUENCY (f)=2.] Re=024Q
3Re§°0.ﬂ (£)=2.3 GHz 50 0 e 50
2
3 i 8 a5
© =z A
~ H € T L= &)
o 3 > @ pARSRERRES £
< of 40 2 o6 0z
@ ] =~ g
g S & o]
S N = r- o
a & 4 35 &
= e ]
5 G '3 s “ u
a o d «
5 5 g I
0 & 2 30
° = E 3 g
o Az a3
o -Q
o 25 ©
120 | -2 20,
O.l 0.2 03 04 025 050 075 10 125 150 175 20 225
INPUT POWER (Prg)—W 9205-19880 INPUT POWER (Pjg)-W 92Cs- 19812

Fig. 3—Typical 2.3-GHz output power and collector effi-
ciency vs. input power in test set-up of Fig. 14 for

Fig. 4—Typical 2.3-GHz output power and collector effi-
ciency vs. input power in test set-up of Fig. 15 for

Fig. 5—Typical 2-GHz output power and collector efficiency
vs. input power in test set-up of Fig. 14 for type
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2N6268.

type 2N6268. type 2N6269.
COLLECTOR SUPPLY VOLTAGE (Vcc) = 22V COLLECTOR SUPPLY VOLTAGE (Vcc) = 22V
CASE TEMPERATURE (Tg ) = 25°C CASE TEMPERATURE (Tg ) = 25°C
3| FREQUENCY (f)=2 GHz 12| FREQUENCY (f)=2 GHz 80
3 |Re-or2a Re=0.240
% . I
E 50 10 9
2? TR0 3.2 i PoB i
@ o @ ©
w (=] &
g £ g 60 3
> = Q
< w F4
(=3 ) o
2 o § “Q
S 402 6 50w
E £ 5 &
ui a 1G]
« 5 = @
I e 3 a a0
A g HH = =
4 . =
308 2 308
o] 20
o 0.1 02 o3 04 025 05 075 10 1.25 150 175 20 225
INPUT POWER (Pyg)-W INPUT POWER (Pg)—W
92CS-19803 92CS$-19804

Fig. 6—Typical 2-GHz output power and collector efficiency
vs. input power in test set-up of Fig. 15 for type

2N6269.



File No. 546 2N6268, 2N6269
PERFORMANCE DATA
CASE TEMPERATURE (T¢)=25°C  [HFEErTi i A f
INPUT POWER (Pjg)<0.3W FH H EEEREEEER Pyg =1 W (1GHz)
tr ISR =2W(2GH2) 90
5 gesTarees: R T Re =19 (1GHz)
e e H HHHE 20240 (2 GHz)
! HHE T I 1
! : et H 80
i o © s R EiRamsmgaann=as MUY
N . B e @
A = TH 55 & t 5
= S i £
g 50 & & N 7ARREmmmmau 02
s ; 42 : PR o 2
z a5 g < 6 T TSI T 60 2
E E : g 5 S fnsdinnniiiaiin B
52 1 = a0 2 ?_ T T T EREREE «
£ = - & E RN ESasmwmmessassasmsssmssanEc
3 e i 35E »i .’75}‘ o i mEa g
\ : s3ss! aat H30gQ - t - 40§
E o T T Ho g | ! I i T
b - eeesiissssmsann: 253 T H mam 1 HHH
SR b e T o
o A R P R P HH R 20 e e e e e 26 28
14 16 18 20 22 24 26
_ COLLECTOR SUPPLY VOLTAGE (Vge)—V
COLLECTOR SUPPLY VOLTAGE (Vcg) -V s2cs-19811 9265~ 19340R!

Fig. 7—Typical 1- and 2-GHz output power and collector
efficiency vs. supply voltage for type 2N6268.

Fig. 8—Typical 1- and 2-GHz output power and collector
efficiency vs. supply voltage for type 2N6269.

COLLECTOR SUPPLY VOLTAGE (Vcc)=22V COLLECTOR SUPPLY VOLTAGE (Vgc) 22V
FREQUENCY (#) = 2 GHZ INPUT POWER (Pyg)=2 W
INPUT POWER (Pg)=0.3W " B!
30 T R AR L TT TT T 60
i i i T
i R T
! H A
z 25 5 1 3 12 =08 (761 55
T [ i 2 1 i) L
@ g4 i ) @ I T ~ o
&£ - ~ L HHHT £
Py mnan: ah! © o —H 503
& T T g « = (16 T e
w H ! . > w . z
3 T . o 3 S 8
€ 1s E A g 8 08 (@ oz e 45 3
5 T e 5 I i h
2 M i & g i N R
£ sEkses & £ ' L 8
3 10 t - 3 3 6 Tc (2 GHz) 40 o
o s g 3 &
g o 3 8
sHE 2 4 35
i B ©
T
i P 30
20 30 40 50 20 30 40 50 60 70 80 100
CASE TEMPERATURE (Tg)-°C CASE TEMPERATURE (T )- °C
92CS- 19809

92€5-19808

Fig. 9—Typical output power and collector efficiency vs. case
temperature for type 2N6268 at 2 GHz.

COLLECTOR SUPPLY VOLTAGE (Vcc) = 22V T T
CASE TEMPERATURE (Tg ) = 25°C
FREQUENCY (f)= | GHZ
4| Re 0240 T
. L
t = o
T f a:
1. o
= &
L 1Ny N
@3 60 2
& F g
Q
§ E
g w
o o«
5 £
g2 50 &
5 4
(=] A _ol
] o
] T 40
o o 02 03 03
INPUT POWER (P1g)—W
92CS~ 19813

Fig. 11—Typical 1-GHz output power and collector effi-
ciency vs. input power in test set-up of Fig. 14 for
type 2N6268.

Fig. 10—Typical output power and collector efficiency vs.
case temperature for type 2N6269 at 2 GHz.

16] COLLECTOR SUPPLY VOLTAGE (Vcc)e22V T 110
CASE TEMPERATURE (T¢)=25°C um
FREQUENCY (f)=1GHz ) n T

" Re - 19 o= 00
! 3
I 12} 0 -::,
8 >
3 35 o 2
& ]
I
I
§ 70 o
o
g f e &
3 e 60 5
8

4 s
ITTT140
0z5 05 075 I 25 U [k 20 225
INPUT POWER (Ppg)—W

92Cs-19882

Fig. 12—Typical 1-GHz output power and collector effi-
ciency vs. input power in test set-up of Fig. 15 for
type 2N6269.

209



2N6268, 2N6269 File No. 546
PERFORMANCE DATA
14JCOLLECTOR SUPPLY VOLTAGE (Vo)= 23V 90
CASE TEMPERATURE (T¢) =25°C .
FREQUENCY (f) = 2 GHz
2} Re=0.24 8 80 o
1T i
I —_70 @
= £
1 e e H T
[} Q
(=] 2
[ w
o % o
¥ i
g - W
a.
= i 0% 8
5 1] =4
a (&3
5 4
3 a nc Hao 3
o
2 0
1B
I
O T 20
025 05 075 10 125 15 175 2.0 225
INPUT POWER (Pyg) —W
92Cs-19881
Fig. 13—Typical 2-GHz output power and collector effi-
ciency for type 2N6269 in the circuit of Fig. 25.
Vee POWER v, POWER
POWER SOURCE cc
SOURCE ? METER
RIABLE | IREFLECT-| TEST
VARIABLE | | REFLECT- TEST CALORI- PAD PAD
PAD ATTEN, OMETER CIRCUIT METER ATTEN. [7]OMETER CIRCUIT
DOUBLE SLUG TUNER
MICROLAB SF-3IN OR MRS AL U8 TUNER
EQUIVALENT secs-1ress FQUIVALENT
92CS-17665

Fig. 14—Block diagram of test set-up for measurement of
performance from 1- or 2-GHz common-base ampli-
fier for type 2N6268.

1000
CASE TEMPERATURE (T¢) =100 °C
) | [ ]
E 4
HOT-SPOT TEMPERATURE
,|z) Ic(MAX) CONTINUOUS (Ty5)=2200 °C Y
ol
~ 2
-
4
w
E
Z o0
9
o 6
5 NOTE :
W 4 T,q IS DETERMINED BY
a USE OF INFRARED
S SCANNING TECHNIQUES
2
10
2 4 6 8 10 i8 4

100
COLLECTOR-TO-BASE VOLTAGE (VCB)—V

925S-4482R3
Fig. 16—Maximum operating area for forward-bias operation
of type 2N6268.
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Fig. 15—Block diagram of test set-up for measurement of rf
performance from 1- or 2-GHz common-base ampli-

fier for tvpe 2N6269.
3 CASE TEMPERATURE
ICIMAX.) CONTINUOUS (Te)=100°¢C

. N\
<
1
O
a8
e ! ™
g . \
& \
g .
3 \J, Hor-spor
e TEMPERATURE
8 . (Tyg)=200°C _|
S NOTE- Tys IS DETERMINED BY
] USE OF INFRARED
2 SCANNING TEC
o

ol

1 4 10 20 40
COLLECTOR~TO-BASE VOLTAGE (Vog)— V
92CS -19370RI

Fig. 17—Maximum operating area for forward-bias operation
of type 2N6269.
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DESIGN DATA

2N6268, 2N6269

TTT T TTAGE (Verm)= 1T N TTITTT T
1 1 COLLECTOR SUPPLY VOLTAGE (Vgc)=22V T COLLECTOR SUPPLY VOLTAGE (Vcc) 22v T
CASE TEMPERATURE (Tc)=25°C T CASE TEMPERATURE (Tc)=25°C =
o INPUT POWER= SAT. T INPUT POWER=1.5W !
T HAHS- 15 SERIES INPUT IMPEDANCE = I -
[ N ] RiN* | XIN S T
< , COLLECTOR LOAD IMPEDANCE = e 2
! cLt i Xcl 5 1
s ? NEN AN AR PrT 1 r
5 : & P e
N4 1 = o5 T [T Re (Z)\ ) H T .
w W - =t
o | g ! L =
2 e B H B I Re (ZcL) 1 B
[~ - IA] ma= L
am i = & '
3 I il 4 E 2] -
- Y2, 1]
i eaae: < s
. e 5 s
r b SERIES INPUT INPEDANCE = 'y PN
- 1 Rin+ 1 XN POINT FOR Zg, ' . &
[ POINT FOR Zg \ T TT{COLLECTOR LOAD IMPEDENCE= TSN I"EASUREHW TI
obHE ) YA ReutiXer n -18] T T ni
0.6 0.8 1.0 12 14 16 1.8 2 2.2 24 0.6 0.8 | 12 14 1.6 1.8 2 2.2 2.4
FREQUENCY (f)—GHz 92CS- 19816 FREQUENCY (f)—GHz
92CS~19817
Fig. 18—Typical large-signal series input impedance and large- Fig. 19—Typical large-signal series input impedance and large-
signal collector load imped: vs. freq y for signal collt load imped: vs. freq y for
type 2N6268. type 2N6269.
CASE TEMPERATURE (Tg)=25°C
w  [FREQUENCY (f)-1MHz CASE TEMPERATURE (Tc) = 25°C
x I w Y () = | MHz
8 'Ohx | 30
2 I3
w H ]
g £ 2
= ]
9 <
g H E
=4 = - T
© 6] ‘ T g
w Tt
g ; w5
? : 2
(=} 4 Pt
I 7 S5
] £ 10
] oS
4 5
2 8 s
° 3
ks | 8
o 5 10 15 20 2 30 35 0 5 0 15 20 25 30 35 40 45
COLLECTOR-TO-BASE VOLTAGE (Vcg)-V s2cs-19818 COLLECTOR-TO- BASE VOLTAGE (Vcg) —V
92CS-19338

Fig. 20—Typical collector-to-base capacitance vs. collector-
to-base voltage for type 2N6268.

SOLDERING INSTRUCTIONS

When the 2N6268 or 2N6269 are soldered into a micro-
stripline or lumped-costant circuit, the collector and emitter
terminals of the devices must be pretinned in the region
where soldering is to take place. The device should be held in
a high-thermal-resistance support for this tinning operation.
A 60/40 resin-core solder and a low-wattage (47 watts)
soldering iron are suggested for the pretinning operation. The
case temperature should not exceed 230 °C for a maximum
of 10 seconds during tinning and subsequent soldering
operations.

Fig. 21—Typical collector-to-base capacitance vs. collector-
to-base voltage for type 2N6269.

TERMINAL CONNECTIONS

Terminal 1 — Emitter

Terminals 2 & 4 — Base

Terminal 3 — Collector

WARNING: The ic bodi
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.

of thesed
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2N6268 APPLICATION DATA

u Lg €7 soa

92CS-1764 IR
C4,C7: 1000 pF, ceramic, leadless
Cg, Cg:  0.35-3.5 pF, air-dielectric, Johanson 4701°
03, Cg: 1-10 pF, air-dielectric, Johanson 2957 hd
C4: 1000 pF, feedthrough, Allen-Bradley FA5C®
L4, Lg: 0.01 in. (0.254)* thick, 0.157 in. (3.98) * wide copper strip
shaped as shown in inset drawing
Lo, L3:  RF choke, 0.1uH, Nytronics Deci-Ductor®
*Note: Dil in par are in and are derived

from the original inch dimensions shown,
®or equivalent

Fig. 22—Typical lumped-element circuit for 1-GHz power
amplifier.

A— C —=
RCA
o [ 2N6268 C3
@%L E b L3 w
= ¥ ¥ +
8 . =
~+ 035 0725
Lz La (889 l'—r-uo 415 —f
= = L L3
C2 ( ¥
= 030 0.180
(7.62)  (4572)
+Vee 92C5-19819

CqC3:  0.35-3.5 pF, airdielectric, Johanson 4701®
Cp: 1000 pF, feedthrough, Allen-Bradley FASC®
L. L3:  Microstripline, 2 oz. copper-clad 1/32 in (0.8)* Teflon-
fiberglass
L2, Lg: RF choke, 4 turns, No. 28 wire; 0.062 in. (1.57)* iD,
0.187 in. (4.75)* long
*Note: Di in par are in and are derived

from the original inch dimensions shown.
or equivalent

Fig. 23—Typical circuit for 2-GHz microstripline amplifier.

92CS - 19878

NOTE: LINE MADE ON
1732 IN. TEFLON-
FIBERGLASS BOARD

3 turns, No. 32 wire, 0.062 in (1.57)* 1D,0.187 in (4.75)* long

are in and are derived

0085
i) | X2
0.55
TM(4.09) L‘
Cq.Cg3: Filtercon, Allen-Bradley SMFB-A1®
Cp:  0.3-35 pF, Johanson 4700°
C4: 300 pF, ATC 100°
Ly:  1.0in. (25.4)* section miniature 50 cable
RFC:
*Note: Di in p

from the original inch dimensions shown.

®or equivalent

Fig. 24—Typical 1.7-GHz oscillator circuit.
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2N6269 APPLICATION DATA

RCA
2N6269

NOTE 15 SHUNT STUBS CAN
85 ThomteN: cur
ER-ALL LENGTH.

9 R
CUT TAPER IN
S‘?FJBS AS SHOWN.

0.30
(762)
4 o
) X2 (7'62)
l__ ' 0.125 [:_\
-~ 8% @i | oas F-\WEI
(12.19)

92Cs-19877

Cq,C4.Cg: 0.3-3.5 pF, Johanson 4700°
C,.Cy: Filtercon, Allen-Bradley SMFB-A1®
RFC: No. 32, wire, 0.4 in. (10.2)* long
Ry 0240

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass
double-clad circuit board (e = 2.6). Lines X1 and X are produced by
removing upper copper layer to dimensions shown.

*Note: Di in are in and are derived
from the original inch dimensions shown.
®or equivalent

Fig. 25— Typical 2-GHz power amplifier circuit.

2N6268, 2N6269

RCA
2N6269 Cs

Z, =500

0.60

(15.24
0.22
(5.58)

0.80
™ (2032) ™ 94

]

92CS 19876

€4,C,Cg.Cg:  0.8—10 pF, Johanson 5202°
C3.C4: Filtercon, Allen-Bradley SMFB-A1®
RFC: No. 32 wire, 3 turns 0.062 in. (1.68)* ID x 0.187 in.
(4.76)* long
Ry: 10

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass

double-clad circuit board (e = 2.6). Lines X1 and xz are produced by

removing upper copper layer to dimensions shown.
*Note: D i in are in and are derived
from the original inch dimensions shown.

®or equivalent

Fig. 26—Typical 1-GHz power amplifier circuit.

0682
—| (1732) | RCA [ J—
i 2N6269 (29217

0.4
(i0.16

92C5-19873

Cq.Cp,Cg:  1—10 pF JFD Electronics, MVM010°
Cg.Cy: 0.3-35 pF, JFD Electronics, MVM003®
C3.C4: 1000 pF feedthrough, Allen-Bradiey FASC®

Ry 0758

Dielectric material: 1/32 in. (0.79 mm) thick Teflon-fiberglass
double-clad circuit board (¢ =2.6). Lines X1 and X, are produced by
removing upper copper layer to dimensions shown.

—_—
*Note: Di in p are in and are derived
from the original inch dimensions shown.

®or equivalent

Fig. 27—Typical 1.3-GHz power amplifier circuit.
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RCA
2N6269

STUBS AS SHOWN.

0.30 e 0.10
( 7462)_4 (254)

214

2N6269 APPLICATION DATA

7 =500 Cy.Cq
Ca, Cj3:
RFC:
Ry:

0.35
(8.89)

—
Xz—rTf;

(4.83)
™~
k- \NOTE 1

048
12.19) ™~

92Cs-19874

Dielectric material:
double-clad circuit board (e = 2.6). Lines X4 and X are produced by
removing upper copper layer to dimensions shown,

0.3-3.5 pF, Johanson 4700°
Filtercon, Allen-Bradley SMFB-A1®
No. 32 wire, 0.4 in. (10.2)* long
0240

1/32 in. (0.79 mm) thick Teflon-fiberglass

illi and are derived

*Note: D
from the original inch dimensions shown.
®or equivalent

in p are in

Fig. 28—Typical 2.3-GHz amplifier circuit.

92CS- 19875

Xg:

Filtercon, Allen-Bradiey SMFB-AT®

0.3—-3.6 pF, Johanson 4700°

300 pF, ATC—100°

1.0 in (25.4)* section miniature 50 £ cable, or microstrip

equivalent

3 turns, No. 32 wire, 0.062 in (1.57)* ID, 0.187 in. (4.75)*

long

13-mil thick Teflon-Kapton doubleclad circuit board

(Grade PE-1243 as supplued by Budd Polychem Division,
+ Del; .or

Line X5 is expousmlally tapered
Oscillator is single screw tunable 1.6 GHz to 1.8 GHz

in p are in and are derived

0.6 - *Note: Di
15.24 from the criginal inch dimensions shown. -

®or equivalent

Fig. 29—Typical 1.7-GHz oscillator circuit.
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2N6268 & 2N6269 APPLICATION DATA

A
T

NOTE: 1. USE JIG AS SHOWN ABOVE
FOR 2-GHz TESTS
2.REVERSE JIG FOR 2.3-GHz
TOP VIEW FESFS
——ﬁ 0.738 |e—
(18.75)

je—— 1.475 —»}
(37465)

TYPEN CONNECTOR TYPE N CONNECTOR

(FEMALE) 2472 2421730 (FEMALE)

200 LINE_CROSSECTION 1739 LINE CROSSECTION
OUTER
0.660 CONDUCTOR le 0.660
N (16.76) 1e7e)

_T_\___w\ o.x;Lze.:sS) }_&—WI ojsﬂa.zs\

o062 N N 0082 )
] ——lo.zs4 L— i —"l 0330 l'—
11.57) (1.57) 93

.7
&1 INNER CONDUCTOR

92CS - 19820

Dimensions in parentheses are in millimeters and are-derived from the
original inch dimensions shown.

Fig. 30—Typical circuit for 2- or 2.3-GHz stripline test jig for measurement of performance from 2- or 2.3-GHz common-base
amplifier for 2N6268.

6
85.16\

\©f
380

e

2 HOLES
(TO CLEAR SCREWS
USED TO HOLD
DEVICE DOWN AT
MOUNTING FLANGE)

c sn:wuu:
TRANSIST - .
2 NSISTOR 92CS-17655R) (508)
92CS- 19333
C4.Cg: DC-blocking capacitors Dimensions in parentheses are in millimeters and are derived from the
Cy, Cg3: Feedthrough or filter capacitors original inch dimensions shown.
(a) Typical circuit - (b) Circuit shield (Place over device and screw down to
circuit board).

NOTE: The circuit shield (b) can be made as a part of a ridge in the
circuit board (a) instead of the slot shown, and the device can be
mounted upside down in a slot in this ridge for equivalent circuit
isolation. For operation in the 2-2.4 GHz range, it'is recommended
that the circuit be completely shielded to prevent losses due to circuit
radiation at these frequencies.

Fig. 31—Typical circuit construction using 2N6268 or
2N6269.
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MEI RF Transistors

Solid State
Division , 2N6389

UHF/MATV Low-Noise

Silicon N-P-N Transistor

For High-Gain Small-Signal Applications in UHF TV
RF Amplifiers and UHF MATV Amplifiers

Features:

" Low noise figure:

NF = 3 dB (typ.) at 450 MHz, 1.5 mA
=4 dB (typ.) at 890 MHz, 1.5 mA
=6 dB (typ.) at 890 MHz, 10 mA

® High gain (tuned, unneutralized):

JEDEC TO-72 H-12
1299 Gp = 15 dB (min.) at 890 MHz

RCA 2N6389® is an epitaxial silicon n-p-n planar transistor in-
tended for low-power, small-signal applications where both
low noise and high gain are desirable. It utilizes a hermetically
sealed four-lead JEDEC TO-72 package. All of the elements
of the transistor are insulated from the case, which may be

grounded by means of the fourth lead.
—_—

®Formerly RCA No. 40989,

High gain-bandwidth product
Large dynamic range
Low distortion

Low collector-base capacitance

MAXIMUM RATINGS, Absolute-Maximum Values:

#COLLECTOR-TO-BASE VOLTAGE ...........cooouniunnennn Veeo 20

*EMITTER-TO-BASE VOLTAGE  ......................coii ... VERO 25
*COLLECTOR CURRENT (Continuous)
*TRANSISTOR DISSIPATION: PT

At ambient temperatures up
t0250C 200 mw

<
(o]
m
o
NS
P<<<

At ambient temperatures above
25°C ....... P Derate linearly
*TEMPERATURE RANGE: at 1.14 mW/°C
Storage and Operating
Wunction) ... —65 to +200° C
*LEAD TEMPERATURE (During soldering):
At distances 2> 1/16 in. (1.59 mm) from
seating plane for B0 s max. ............... ... ... 300°C

*In accordance with JEDEC registration data format
JS-9 RDF-1.
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ELECTRICAL CHARACTERISTICS, At Ambient Temperature (Ty) =259C

2N6389

CHARACTERISTIC

SYMBOL

TEST CONDITIONS

VOLTAGE
V dc

CURRENT

mA dc

LIMITS

UNITS

Vee | Vce

e

's

MIN.

MAX.

STATIC

Collector Cutoff Current

Icso

15

20

nA

Emitter Cutoff Current

leBO

(Vgg)

Collector-to-Base
Breakdown Voltage

V(BRICBO

0.001

Collector-to-Emitter
Breakdown Voltage

V(BR)CEO

Emitter-to-Base
Breakdown Voltage

V(BRIEBO

0.01

25

DC Forward Current
Transfer Ratio

hrE

25

Thermal Resistance:
(Junction-to-Case)

Rgsc

oc/w

DYNAMIC

Device Noise Figure:
f = 890 MHz
=890 MHz
= 450 MHz

NF

10
10
10

1.5
10
1.5

4{typ.)
6(typ.)
3(typ.)

dB

Small-Signal Common-Base
Power Gain (f = 890 MHz)

Gpg

10

10

dB

Small-Signal, Short Circuit
Forward Current Transfer
Ratio (f = 1 kHz)

hte

25

250

Magnitude of Smali-Signal
Short Circuit Forward
Current Transfer Ratio
(f = 200 MHz)

el

15

Collector-to-Base Time
Constant (f = 31.9 MHz)

rb'Cc

10

ps

Collector-to-Base Capacitance
(f = | MHz)

Ceb

10

0.4

0.55

pF

* |1 accordance with JEDEC registration data format JS-9 RDF-1.
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H

COLLECTOR-TO-BASE VOLTAGE (Vgg)=10 v

¥ COLLECTOR CURRENT (I¢)=1.5 mA

6| AMBIENT TEMPERATURE (Tp)=25°C
I

mwW

3 2005 l
= I w ]
& R 5 H
7 T w H n
2 3
- A 3 3
.E HTH  H n
H w
Q 100 H g,
= Z QA
2
E HH ..
% 50 H s 0
= H
0 i i 1 H 0 11 T
-100 50 0 50 100 0 200 400 600 e 800 N 1000 1200
AMBIENT TEMPERATURE (Ty)—°C QUENCY (f)—MHz
92Cs-21115 92cs-211ls
Fig. 1 — Power dissipation vs. bi P 3 Fig. 2 — Typical common-base noise figure vs. frequency.

COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=lov

AMBIENT TEMPERATURE (Tp )= 25°C

NOTE: fT CALCULATED FROM MEASURED
VALUES OF S-PARAMETERS

GAIN-EANDWIDTH PRODUCT (f)-GHz

L DT I T T T L LTI I T T T
) 5 [3) 15 20
COLLECTOR CURRENT (I¢) - mA 02¢5- 19735
Fig. 3 — Gain-b. idth product vs. coll current.
RG=75 @ o 2 2N6389
—— It
N/
92CS- 24997
Lq,Lp: 2 turns, No. 18 wire, 0.125 in. (3.175 mm) ID
C4.C7: 3.3 pF disc ceramic RFC: 8 turns No. 28 wire, 0.062 in. (1.57 mm) ID
Cy: 2.7 pF disc ceramic Ry: 2700
Cg3: 1 pF disc ceramic Ry: 2.2kQ
Cy4: 25 pF, ATC-100 or equivalent R3: 47k

Ry: 479

Fig. 4—890-MHz common-base test circuit for gain and noise figure.
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2N6389
) Cy: 1.0-30pF
2N6389 c2 z =500 1
zg:50 8 e C3.C3: 1.0-20pF
. Cy.Cq: 0.04 UF
j‘ Cg: 1-10pF

Lq: 2turns No. 18 wire, 3/16 in. (0.188 mm)
1D, 0.10 in. (2.54 mm) long

Lyt 3 turns No. 18 wire, 3/16 in. (0.188 mm)
1D, 0.15 in. (3.81 mm) long

s LaLg: 0.224uH of choke.

Lg: 3 turns No. 18 wire, 3/16 in. (0.188 mm)
1D, 0.15in. (3.81 mm) long

(@) .
+vgg® = 4vgeiov Ry: 2000, 1/4W
92¢s-2118 —

* V(gp) adjusted for I = 1.6 mA

Fig. 5—Circuit diagram of 450-MHz amplifier used for of noise figure.
TRANSISTOR
UNDER TEST ¢\rcuLaToR
NOISE -FIGURE
SIGNAL TRANSISTOR METER NOISE 7N
GENERATOR ods  UNDER TEST SOURCE T
PAD
%9 POST
890 MHz AMPLIFIER
+15 v
75/50 @ _
ADAPTER RF-VTVM
+i5V 92¢5-2119
PRECISION MIXER/ IF
VARIABLE ATTENUATOR AMPLIFIER

92Cs-21120

Fig. 6—Block diagram of test setup for
measurement of gain.

Fig. 7—Block diagram of noise-figure
test set.

TERMINAL CONNECTIONS

Lead 1 — Emitter

Lead 2 — Base

Lead 3 — Collector

Lead 4 — Connected to case
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IRG71

Solid State
Division

File No. 626
RF Power Transistors

RCA2003 2N6390

Features:

RCA HF-46

(RCA HF-46 can also be supplied
without flange upon request.)

H-1796R1

RCA2003 and 2N6390® are emitter-ballasted epitaxial silicon
n-p-n planar transistors that use overlay multiple-emitter-site
construction. They are designed especially for use in micro-
wave communications, L- and S-band telemetry,.microwave
relay links, phased-array radar, distance-measuring equipment,
transponders, and collision avoidance systems.

The ceramic-metal stripline package of these devices has low
parasitic capacitances and inductances, which afford stable
operation in the common-base configuration.

MAXIMUM RATINGS, Absolute-Maximum Values:

#*COLLECTOR-TO-BASE VOLTAGE
#*COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance

(RBe)=102 . . . . . .
*EMITTER-TO-BASE VOLTAGE.
*CONTINUOUS COLLECTOR CURRENT.
#*TRANSISTOR DISSIPATION:

At case temperature up to 75°C

At case temperature above 75°C .
*TEMPERATURE RANGE:

Storage and operating {Junction) . .
#*LLEAD TEMPERATURE (During soldering):

At distances > 0.02 in. (0.5 mm) from seating plane

for 10 s max.

. Derate linearly at

2.5- and 3-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistors

For Use in Microwave Power Amplifiers,
Fundamental-Frequency Oscillators, and Frequency Multipliers

® 2.5.W output with 7-dB gain {min.) at 2 GHz, 28 V (RCA2003)
3-W output with 8-dB gain (min.) at 2 GHz, 28 V (2N6390)
Load-VSWR capability of =:1 at 2 GHz

Emitter-ballasting resistors

Stable common-base operation

# Ceramic-metal hermetic stripline package with low induc-
tance and low parasitic capacitances
m For stripline, microstripline, and lumped-constant circuits

These transistors are especially suitable for large-signal cw or
pulsed applications in stripline, microstripline, and lumped-
constant circuits.

hd Formerly RCA Dev. Nos. TA8748 and TA8747, respectively.

RCA2003  2N6390
VeBO 50 50 \
VCER 50 50 \
VEBO 35 35 Y
Ic 1 1 A

PT

8.34 8.34 w
0.067 0.067 W/°C
—65 to +200 oc
230 oc

* 2N6390 in accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
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File No. 626 RCA2003, 2N6390
ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 250C, unless otherwise specified:
:STATIC TEST CONDITIONS LIMITS
Volta Current
CHARACTERISTIC SYMBOL v dc?e A do RCA2003 ING390 UNITS
Vce | Ve | e | Ic | MIN. | MAX. | MIN. MAX.
t:
CoII.ector (?utoff Curren IcBO 28 0 _ 05 _
With emitter open mA
With emitter connected to base | 45 — - _
At Tc = 56°C CES 40 = - -
Collector-to-Base .Breakdown v 0 1 50 - - -
Voltage (BR)CBO 0 2 ~ — 50 v
Collector-to-Emitter
Breakdown Voltage:
With external base-to- V(BR)CER - 5 50 - 50 - \Y
emitter resistance
(RBe) =10Q
Emitter-to-Base Breakdown
Voltage V(BR)EBO 1 0 3.5 - 35 - \%
Forward Current
Transfer Ratio hFg 10 50 20 120 20 120
Thermal Resistance:
- — o
(Junction-to-Case) Rouc 15 15 Cw
DYNAMIC TEST CONDITIONS LIMITS
CHARACTERISTIC | symBoL | VOLTAGE | FREQUENCY | POWER RCA2003 2N6390 | UNITS
V dc GHz w
Vee f Pig |PoB | MIN.| MAX. | MIN.| MAX.
28 2 0.5 25 - — -
QOutput Power PoB 28 9 0475 ~ _ 3 _ w
Large-Signal
Common-Base Gpg 28 2 25 7 B o - dB
) 28 2 3 - - 8 -
Power Gain
- 28 2 25 30 - — — o
Collector Efficiency nc 28 2 3 — - 30 - %
Collector-to-Base c v 2 1 W 5 5 F
= z — -
Output Capacitance obo cB=28 P
* 2N6390 in accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
[COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V 7 .
CASE YEMPERATUREV(TCHZS’CCC g‘i‘;'f%a:::;?:;%:‘ff 2;‘.’2" i ©°
3 6| FREQUENCY (1) = 2 GHz s0
TTT TT E
H = H H |
l 5 I 5 111 ‘I]c 40 ‘:,
S 3 i o
< 4 < a4 PoB 30 £
& & TH u
= z ]
2 3 a 3 -E' I
5 5 «
g E, g
g’ 3 g
3
1 l o
] .2 1.4 1.6 1.8 22 24 26 28 0 0.25 0.5 0.75 ]
FREQUENCY (f)—GHz _ 925-21550 INPUT POWER (Prp)—w 92¢s-21551

Fig.1 — Typical output power vs. frequency

for both types.

Fig.2 — Typical output power and collector efficienqy
vs. input power at 2 GHz for both types.
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INPUT POWER (PIB)=°‘5 w
CASE TEMPERATURE (T¢)=25°C
6| FREQUENCY (f) =2 GHz

£
- 1
L &)
3 s H
3'. 4 "z’ P
« w i
W =3
g g i
a 3 H H
’5 ?, i -3 2]
a mm [T T 2 4
z *H R = g i
1] » = 3
aRNES 2
[ -Eﬁ' 30 ©
171
T
IR}
TITTTT
14 6 18 20 22 24 26 28 30
COLLECTOR SUPPLY VOLTAGE (Vge)—V
92Cs-21552
Fig.3 — Typical output power and collector efficiency
vs. supply voltage for both types.
92¢5-21555
Fig.4 — Input and output impedances for both types.
RCA2003
50 Q 2N6390 50 9
INPUT OUTPUT
Zi H el
> I ¢ Ll k j L2 4 I
eFC RFC
- (—AL ? e__L
Rl = =
Ve =+28V
92C5-21553 POWER vee

SOURCE

C1, C4: 0.35-3.5 pF, Johanson 4702 or equivalent
C2, C3: 470 pF feedthrough, Allen-Bradley FB28 or equivalent

L1: Microstripline, 0.031 in. (0.79 mm) Teflon—Fiberglas,
0.18 in. (0.45 mm) wide, 0.350 in. (0.889 mm) long, VARIABLE | _| REFLECT- TEST CALORI-
€=26 ATTEN. OMETER CIRCUIT METER
L2: Microstripline, 0.031 in. (0.79 mm) Teflon-Fiberglas,
0.18 in. (0.45 mm) wide, 0.66 in. (16.76 mm) long, TRIPLE STUB TUNER
€=26 MICROLAB $3-15N OR
RFC: 3 turns No. 32 wire, 0.0625 in. {1.58 mm) 1D, 0.25 in. EQUIVALENT 92c5-21554
(6.35 mm) long
R1: 0128 Fig.6 — Block diagram of test set-up for measurement of
performance from 1- or 2-GHz common-base
Fig.5 — 2-GHz test circuit for both types. amplifier.
TERMINAL CONNECTIONS WARNING: The ceramic body of these devices contains
Terminal 1 — Emitter beryllium oxide. Do not crush, grind, or abrade these
Terminals 2 & 4 — Base portions because the dust resulting from such action may
Terminal 3 — Collector be hazardous if inhaled. Disposal should be by burial.
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File No. 627

RG]

Solid State
Division

RF Power Transistors

RCA2005 2N6391

RCA HF-46

(RCA HF-46 can also be supplied
without flange upon request.)

5-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistors

For Use in Microwave Power Amplifiers,
Fundamental-Frequency Oscillators, and Frequency Multipliers

Features:

8 5.W output with 7-dB gain (min.) at 2 GHz, 28 V for both types
® Load-VSWR capability of =:1 at 2 GHz

= Emitter-ballasting resistors

H-1796R1 i
m  Stable common-base operation
RCA2005 and 2N6391® are emitter-ballasted epitaxial silicon ® Ceramic-metal hermetic stripline package with low induc-
n-p-n planar transistors that use overlay multiple-emitter-site tance and low parasitic capacitances
construction. They are designed especially for use in micro- ® For stripline, microstripline, and lumped-constant circuits

wave communications, L- and S-band telemetry, microwave

relay ""Zs‘ phased-ar@y radar,} distance-measuring equipment, These transistors are especially suitable for large-signai cw or
transponders, and collision avoidance systems. pulsed applications in stripline, microstripline, and lumped-

The ceramic-metal stripline package of these devices has low constant circuits.

parasitic capacitances and inductances,

which afford stable

operation in the common-base configuration. ® Eormerly RCA Dev. Nos. TA8750 and TA8749, respectively.
MAXIMUM RATINGS, Absolute-Maximum Values: RCA2005 ING391
*COLLECTOR-TO-BASE VOLTAGE VcBO 50 50 \Y

*COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter resistance

(RBg)=1082 . . . . . . VCER 50 50 \
*EMITTER-TO-BASE VOLTAGE. FE VEBO 3.5 3.5 \Y
#CONTINUOUS COLLECTOR CURRENT. . . . . . . . Ic 25 25 A
*TRANSISTOR DISSIPATION: PT

At case temperature up to 75°C Lo 16.7 16.7 w

At case temperature above 75°C . . Derate linearly at 0.133 0.133 w/ecC
*TEMPERATURE RANGE:

Storage and operating (Junction) . . —65 to +200 oc
#*_EAD TEMPERATURE (During soldering):

At distances > 0.02 in. (0.5 mm) from seating plane

for 10 s max. . 230 oc

* 2N6391 in accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.

974
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RCA2005, 2N6391 File No. 627

ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 259C, unless otherwise specified:

STATIC
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL Voltage Current UNITS
V de mA dc RCA2005 2N6391
Vece | Ve | 1 | Ic | MIN. | MAX. | MIN. | MAX.
Collector Cutoff Current: ‘
With emitter open Iceo 28 0 - 0.5 — — A
*1 With emitter connected to base | 45 — — — 3
#| AtTc = 55°C CES 40 — — _ 3
Collector-to-Base Breakdown v 0 1 50 - — - v
Voltage (BR)CBO 0| 5| - - 50 -
#|Collector-to-Emitter
Breakdown Voltage:
With external base-to- V(BR)CER 5 50 - 50 - \Y
emitter resistance
(RBE) =102
*IEmitter-to-Base Breakdown v ; o 3
Voltage (BRJEBO 5 - 35 - v
#{Forward Current h 10
Transfer Ratio FE 200 20 120 20 120
Thermal Resistance:
— _ 0,
{Junction-to-Case) Royc 7.5 7.5 C/W
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | symBoL | VOLTAGE | FREQUENCY | POWER RCA2005 oN6391 | UNITS
V dc GHz w
Vee f Pig |PoB | MIN.| MAX. | MIN.| MAX.
Output Power PoB 28 2 1 5 - 5 - W
*| Large-Signal
Common-Base Gpg 28 2 5 7 - 7 - dB
Power Gain
#|Collector Efficiency nc 28 2 5 30 - 30 - %
*|Collector-to-Base
Output Capacitance Cobo Ve =28 1 MHz - 9 - 9 PF

* 2N6391 in accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
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File No. 627 RCA2005, 2N6391
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Fig. 1 — Input and output impedances for both types.
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RCA2005, 2N6391 File No. 627

191\ [COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V 7| COLLECTOR SUPPLY VOLTAGE(Vc()=28V I
CASE TEMPERATURE (T¢)=25°C CASE TEMPERATURE (T¢)=25°C
FREQUENCY (f)=2GH
12! 6
/ 1
=
E 3 -
| 105 N | 5 0l
iy ] A 3
@ @ £
I ] & o
- 8 ~ 4 50 =
[ 3 w
w w S
Ed z z
S & s 3 e a0 &
= = =
2 2 g
5 4 5 2 30 o
o o I_A‘J
o
<)
2 1 20 ©
I 12 1.4 16 1.8 22 24 26 28 o 0.5 1 i.5
FREQUENCY (f)—GHz INPUT POWER (Prg)—W
92CS-21568 92C5-21567
Fig. 2 — Typical output powers vs. frequency for both types. Fig. 3 — Typical output power and collector efficiency vs. input
power at 2 GHz for both types.
05 | 018
RCA2005 (12.7) (0-570)?
(1016) 3 (22.88)
500 ., i 2N6391 500
INPUT OUTPUT
0 + 1
/cs
_J o3
(952) I
7] INPUT POWER (Pyg)= | W c RFC
CASE TEMPERATURE (T¢)=25°C
6| FREQUENCY (f)= 2 GHz
ee®, ¥
T 5 o RI
py s
r <
o > — =
o np ) == =
- &
& [} 92CS-21569
z w
a 3+ 50 W
] w .
- = - C1,C2,C5,C6: 0.3-3.5 pF, Johanson 4700 or equivalent
g 2 40 e C3, C4: Filtercon, Allen-Bradley SMFB-A1 or equivalent
2 _:' § RFC: 3turns No. 30 wire 0.0625 in. (1.58 mm) dia.,
==l 3 0.25 in. (6.35 mm) long
! 1 i 30 © R1: 0.24 £, 1 W, wirewound
= T Dielectric Material: 0.031 in. (0.79 mm) thick Teflon-Fiberglas
1T Tt double-clad circuit board (€ = 2.6)

14 16 18 20 22 24 26 28 30

COLLECTOR SUPPLY VOLTAGE (Vee)—V Note 1: Shunt stubs can be trimmed

To shorten, cut overall length
92€5-21566 A
To lengthen, cut taper in stubs

Fig. 4 — Typical output power and collector efficiency vs. supply
voltage for both types. Fig.5 — 2-GHz test circuit for both types.

TERMINAL CONNECTIONS
POWER vee : .
Terminal 1 — Emitter

SOURCE
Terminals 2 & 4 — Base

VARIABLE REFLECT-

ATTEN. OMETER

Terminal 3 — Collector
TRIPLE STUB TUNER

MICROLAB S3-15N OR WARNING: The ceramic bodies of these devices contain
EQUIVALENT 92C$-21554 . : :
beryHium oxide. Do not crush, grind, or abrade these por-

TEST
CIRCUIT

CALORI-
METER

Fig.6 — Block diagram of test set-up for measurement of per- tions because the dust resulting from such action may be

formance from 1- or 2-GHz common-base amplifier. hazardous if inhaled. Disposal should be by burial.
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NG

Solid State
Division

RF Power Transistors

RCA2010 2N6392 2N6393

&

RCA HF-46

(RCA HF-46 can also be
supplied without flange
upon request.)

H-1796R1

10-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistors

For Use in Microwave Power Amplifiers,
Fundamental-Frequency Oscillators, and Frequency Multipliers

Features:

® 10-W output with 7-dB gain (min.) at 2 GHz, 28 V (2N6393)

= 10-W output with 5-dB gain (min.) at 2 GHz, 28 V (RCA2010, 2N6392)
@ Load-VSWR capability of 10:1 at 2 GHz

®  Emitter-ballasting resistors

= Stable common-base operation

RCA2010, 2N6392, and 2N6393® are emitter-ballasted epi- ® Ceramic-metal hermetic stripline package with low induc-
taxial silicon n-p-n planar transistors that use overlay multiple- tance and low parasitic capacitances
emitter-site construction. They are designed especially for use ~ ® For stripline, microstripline, and lumped-constant circuits

in microwave communications, L- and S-band telemetry,

microwave relay links, phased-array radar, distance-measuring  Thece transistors are especially suitable for large-signal cw or
equipment, transponders, and collision avoidance systems. piseq applications in stripline, microstripline, and lumped-

The ceramic-metal stripline package of these devices has low constant circuits.

parasitic capacitances and inductances, which afford stable ®:ormerly RCA Dev. Nos. TA8752, TAB751, and TAB746,
operation in the common-base configuration. respectively.

MAXIMUM RATINGS, Absolute-Maximum Values:

RCA2010 2N6392 2N6393

*COLLECTOR-TO-BASE VOLTAGE ................... VcBO 50 50 45 Y
*COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance

RBEV=T0Q oo VCER 50 50 45 v
*EMITTER-TO-BASEVOLTAGE. . ............c.o.u... VEBO 3.5 3.5 35 \Y
*CONTINUOUS COLLECTOR CURRENT .............. Ic 35 3.5 35 A
*TRANSISTOR DISSIPATION: PT

At case temperatureupto 750C .. ................... 21 21 21 w

At case temperature above 750C . . ........ Derate linearly at 0.167 0.167 0.167 w/oC
*TEMPERATURE RANGE:

Storage and operating (Junction) .................... —65 to +200 oC
“LEAD TEMPERATURE (During soldering):

At distances > 0.02 in. (0.5 mm) from seating plane for 10 s max. 230 oC

*2N6392, 2N6393 in accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.

974
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RCA2010, 2N6392, 2N6393 File No. 628

ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 259€, unless otherwise . specified:
STATIC

TEST CONDITIONS LIMITS
Voltage |Current
CHARACTERISTIC SYMBOL Ve |mage | RCA2010 | 2NG392 2N6393 UNITS
Vce | Veslle| tc MIN.| MAX. | MIN. | MAX. | MIN. | MAX.
Collector Cutoff Current:
1 28 - .5 - — - -
With emitter open CBO 0
*|  With emitter connected 45 - - - 3 _ -
to base IcES 40 - — - — — 3 mA
*[  AtTe=s880€C ;‘g - -1 -1 3 ]- ;"
Collector-to-Base Breakdown
Voltage V(BR)CBO 0 5 |50 - 50 - 45 - \Y
*|Collector-to-Emitter
Breakdown Voltage:
With external base-to- V(BRICER 5 |50 _ 50 _ 45 _ v
emitter resistance
(RBe)=10Q
*| Emitter-to-Base Breakdown
Vv . - - -
Voltage (BR)EBO 1 0 {35 35 35 v
*|Forward Current
h 1 3
Transfer Ratio FE 0 65003 20 120 | 20 120 | 20 120
Thermal Resistance:
(Junction-to-Case) Ro.c B 6 B 6 B 6 oC/W
3 pulse test: pulse duration = 80 us
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | SYMBOL V°:-ITdAGE F“E‘;‘:’E”CV PO‘;VVER RCA2010 | 2N6392 | 2Ne393 | UNITS
c z
Vcc f Pig{PoB| MIN.| MAX.| MIN.| MAX.| MIN.| MAX.
Output Power POB gg ; § 1_(') - 1—0 -1 B w
*ILarge-Signal
Common-Base Gp 28 2 10 5| — 5 - 7 — dB
Power Gain
*ICollector Efficiency nc 28 2 10 | 33 - 33 - 135 — %
*[Collector-to-Base
Output Capacitance Cobo | VcB=28 1 MHz B 10 B " B " PF

*2N6392, 2N6393 in accordance with JEDEC registration data format JS-6 RDF-3/JS-9 RDF-7.
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Fig.3 — Typical output power and collector efficiency vs. supply
voltage for RCA2010 and 2N6392.

Fig.4 — Typical output power vs. frequency for 2N6393.

File No. 628 RCA2010, 2N6392, 2N6393
COLLECTOR SUPPLY VOLTAGE (Vcc)=28 v 13T COLLECTOR SUPPLY VOLTAGE (V) =28V
CASE TEMPERATURE (Tc)=25°C CASE TEMPERATURE (T¢ )=25°C
24 12| FREQUENCY (#) = 2 GHz
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Fig.1 — Typical output power vs. frequency for RCA2010 and Fig.2 — Typical output power and collector efficiency vs. input
2N6392. power at 2 GHz for RCA2010 and 2N6392.
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Fig.5 — Typical output power and collector efficiency vs. input
power at 2 GHz for 2N6393.

Fig.6 — Typical output power and collector efficiency vs. supply

voltage for 2N6393.
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RCA2010, 2N6392, 2N6393

92CS-21563

Fig.7 — Input and output impedances for all types.

05
oo [ 65y
2Ng392 !. 258

.0.4
(10.16} 03,9 P&T
-\ POWER Vee
SOURCE
CALORI-
METER
TRIPLE STUB TUNER
MICROLAB S$3-15N OR
EQUIVALENT 92CS-21554
92C5- 21564 Fig. 9— Block diagram of test set-up for measurement of performance

from 1- or 2-GHz common-base amplifier.
C1,C2,C5,C6: 0.3-3.5 pF, Johansen 4700, or equivalent
C3, C4: Filtercon, Allen-Bradley SMFB-A1, or equivalent
RFC: 3turns No. 30 wire 0.0625 in. (1.58 mm) dia.,

0.25 in. (6.35 mm) long TERMINAL CONNECTIONS
R1: 0.24 £, 1 W, wirewound . : .
Dietectric Material: 0.031 in. (0.79 mm) thick Teflon-Fiberglas Terminal 1 — Emitter
double-clad circuit board (€ = 2.6) Terminals 2 & 4 — Base
Note 1: Shunt stubs can be trimmed Terminal 3 — Collector

To shorten, cut overall fength
To lengthen, cut taper in stubs

Fig. 8 — 2-GHz test circuit for all types.
WARNING: The ceramic bodies of these devices contain

beryllium oxide. Do not crush, grind, or abrade these por-
tions because the dust resulting from such action may be
hazardous if inhaled. Disposal should be by burial.
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NG

Solid State
Division

RF Power Transistors

40080 40082 40581
40081 40446 40582

® OSCILLATOR:

= DRIVER:
40081
= OUTPUT:
40582 JEDEC TO-5
40446 _
TO-39 with flange w0

Has

RCA-40080, 40081, 40082, 40446, 40581, and 40582 are
triple-diffused, silicon planar n-p-n transistors, specifically de-
signed for application in a 5-watt-output, 27-MHz citizens-
band transmitter. Type 40581 is a higher-power version of the

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE:
With Vg = -0.5 volts
With base open

EMITTER-TO-BASE VOLTAGE

PEAK COLLECTOR CURRENT

TRANSISTOR DISSIPATION:
At case temperatures up to 25°C
At free-air temperatures up to 25°C
At case temperatures above 25°C

TEMPERATURE RANGE:

Storage & Operating (Junction)

LEAD TEMPERATURE (During soldering):

At distances = 1/32 in. (0.8 mm) from insulating wafer for 10s max ...

Silicon N-P-N
Planar Transistors

44::: For Class C Operation in
27-MHz ““CB” Circuits
JEDEC TO-39 w1

40080 (TO-5)

40081 (TO-5)

40082, 40581 (TO-39)

40446, 40582 (TO-39 + Flange)

40082 and is intended to provide an output power of 3.6 W
in this application. Type 40582 is a higher-power version of
the 40446. These types have factory-attached diamond-
shaped mounting flanges.

40080 40081 40082 40446
40581 40582
........... VCEV - 60 60 60 \Y
........... VCEO 30 - - - v
........... VEBO - 20 25 25 V
........... 025 0.25 1.5 15 A
PT
........... - 20 5.0 0 W
........... 0.5 - - - w
........... <4——See Fig. 2—»
........... «—— —65 to 200 — °c
+— 230 ———» °c

8-72
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40080-40082, 40046, 40581, 40582 File No. 301

ELECTRICAL CHARACTERISTICS, Cac: Temperature (T¢) = 25°C

TEST CONDITIONS LIMITS
bc oc
COLLECTOR EMITTER DC . 40581
CHARACTERISTIC | SYMBOL VOLTAGE OR BASE CURRENT 40080 40081 40582 UNITS
v VOLTAGE mA 40082
v 40446
Vee | Vee | Vee|  Vee Ic Ig | tg | MINIMAX.|MINMAX.| MIN.| MAX.
10 [} 30 -
Vceo - |- v
C -to-Emitter - -
Voltage: - -
Veev -0.5 100pA 60 | — v
-05 S500uA 60 -
Emitter-to-Base - -
: Vego 0 | 500uA 20| - v
Voltage: 0 500uA 25 _
15 [ - 10
Collector-Cutoff
'ceo 15 0 -1 10 A
Current 15 o _ 10
Collector-to Base 30 6
Capacitance: cob 30 6 pF
(Measured at 30 20
1 MHz)
RF Power Output: .
Oscillator PouT 12 32 100 — - - - mw
(f = 27 MHz)
Driver
(f=27 MHz, | Pout 12 85 - | = |400 - - | mw
Py = 76 mW)
3.0 (min.)
Output Amplifier 12 415 (40082,
(f=27MHz, | Pyt 404461 w
P = 350 mW) 3.5 (min.)
12 415 (40581,
40582)
17.5 (max.)
Junction-to-Case o (40446,
Thermal L 350 875 ) 405821 locpy
Resistance: (max.) (max. 35 (max.)
(40082,
40581]
Auncti to-Ambi Thermal . HOJA
TYPICAL C.B. TRANSMITTER PERFORMANCE (Vo = 13.8 V)
NO MODULATION 100% MODULATION
STAGE RCA TYPE Ic RF Poyt Ic RF Poyt
mA w mA w
Oscillator 40080 15 - 15 -
Driver 40081 55 ) - 50 —
40082, 40581 a
g . 4.8 (typ.
Output 40446, or 40582 330 3.5 330 (typ.)

aAdiusted for maximum legal power output.
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40080-40082, 40446, 40581, 40582

510 2
5,100 @
51 Q
120 @
47 9
1M1V
27 MHz

c 40082, 40446 c, L L
40081 ul 40581, 40582 uZ %,,7:4_ RF OUT
B N " _@2 R =500
2
G
C.
n
RFC. =
T 9R 9 % RFCI R5 CB % ==c,
h
= S
O Vec O Vcc (HODULATED)
925S-3699RI
Cy: 47pF Lq: Primary 14 turns, Secondary 3 turns No. 22 wire % in. (6.35 mm) Ry:
Cy: 100 pF CTC coil form with “green dot” core 0.76—1.2 uH, Q = 100 Ry:
Cg: 30 pF Lg: Primary 14 turns, Secondary 2-% turns No. 22 wire % in. (6,35 mm) Ra:
C,: 51pF CTC coil form with “green dot’’ core 0.756—1.2 uH, Q = 100 Rs'
CA' 75 pF Lz 11 turns No. 22 wire % in. (6.356 mm) CTC coil form with R4'
Ca.C 5A 0.01 uF “’green dot’’ core 0.5—0.9 uH, Q= 120 v 5°
612 0'00: £ Lg: 7 turns No. 22 wire % in. (6.35 mm) CTC coil form with cc
Cz: O L “‘green dot’’ core 0.21-0.34 xH, Q = 140 XTAL:
Cg: 0.002 uF RECy,
c°9: 24 oF . RFCy:  15uH,Miller No. 4624 or equiv.
10° 90-400 pF, ARCO
No. 429 or equiv.
Cqq: 220 pF
Fig. 1—Typical 27-MHz amplifier chain .
g\ 2 SCREWS,
= 10| 0 NOT sUPPL\ED W|TN DEVICE
1 ===
z
E ’%, hDﬂTgAaAINSULAYOR
o =
] 2
E 6 \3 HEAT SINK
B )
H . NG - § @ o o)
E ‘%l 2 NVLON IHSULAYING BUSHINGS
Z £ :u-onao(mA -ozm(.’asa)
g H g:gﬂwsw TchKN
= 2 3 0.050 (1.
: 2 METAL WASHERS
g 2 LOCK WASHERS @ NOT SUPPLIED WITH DEVICE
100 0 E w0 1%
CASE TENPERATURE ('I’c)—-’C 92C5-17452
9255369
Fig. 2—Dissipation derating curve, Fig. 3—Suggested mounting hardware for JEDEC TO-5 with mounting
flange .
TERMINAL CONNECTIONS

Lead 1 - Emitter
Lead 2 - Base
Case, Lead 3 - Collector
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RG]

Solid State
Division

RF Power Transistors
40280
40281
40282

Features

40281, 40282
JEDEC TO-60

JEDEC TO-39

HA307 H-1381

RCA-40280, 40281, and 40282 are epitaxial silicon n-p-n
planar transistors of the “overlay” emitter electrode con-
struction. They are intended especially for high-power
output, vhf class-C-amplifier service in low-voltage-supply
applications.

In the overlay structure, a number of individual emitter
sites are connecied in paraiiel and used in conjuction with

MAXIMUM RATINGS, Absolute-Maximum Values:

40280 - 40281 40282
COLLECTOR-TO-BASE
VOLTAGE............ Vepo 36 36 36 A
COLLECTOR-TO-EMITTER
VOLTAGE:
With base open ........ Veceo 18 18 18 A
With Vgg ==1.5V...... Vcgy 36 36 36 v
EMITTER-TO-BASE
VOLTAGE........... VEBo 4 4 4 v
COLLECTOR CURRENT.. I¢ 0.5 1 2 A
TRANSISTOR DISSIPATION Py
At case temperatures
upto 250C .......... 7.0 11.6 232 W
At case temperatures
above 259C......... Derate linearly to 0 watts at 200°C
TEMPERATURE RANGE:
Storage & Operating (Junction) . ......... —65 to 200 oc
LEAD TEMPERATURE (During soldering):
At distances > 1/32 in. (0.8 mm) from insulating
wafer (TO-60) package or from seating
plane (TO-39 package) for 10s max. ..... 230 oc

1,4,&12-W, 175-MHz
Overlay Transistors

Silicon N-P-N Devices for High-Power
VHF Amplifier Service

® Suitable for low-voltage supplies (13.5 V)

40280 = High output power at 175 MHz, unneutralized
class C amplifier

= High efficiency at 175 MHz

& Low input impedance

a single base and collector region. When compared with other
structures, this arrangement provides a substantial increase in
emitter periphery for higher current or power, and a
corresponding decrease in emitter and collector areas for
lower input and output capacitances. The overlay structure
thus offers greater power output, gain, efficiency, and

frequency capabhility.

quency capab

COMMON-EMITTER CIRCUIT, BASE_INPUT.
COLLECTOR-TO-EMITTER VOLTAGE (Vgg)=I13.5 V
CASE TEMPERATURE (Tg)=25°C

FREQUENCY = 175 MHz

RF POWER OUTPUT (Pouy) — W

| .

b | T
E ! i
| i

o 1 2 3 a 5 6
RF POWER INPUT (P|y) — W
92LS ~1528RI

Fig.1—Typical rf power output vs. rf power input at 1756
MHz.
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File No. 68 40280, 40281, 40282
ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 250C
TEST CONDITIONS LIMITS
DC DC DC
CHARACTERISTICS SYMBOL Collector | Base Current Type Type Type UNITS
) Volts Volts (Milliamperes) 40280 40281 40282
Ve [VCE [VBE | 1 | 1B ic  |Min.]MaxMin. |Max. [Min. |Max.
Collector Cutoff Current ICEO 15 0 - |100] — 100} — 1250 HA
0 1 [ 025136| — |36 | — - -
C -to-Base Br Voltage V| ) g
(BRlcgo 0 os0| - |- |- [ =3 |-|V
i 0.10 0 4| -14 - - -
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.25 0 N _la _ \
Coll -to-Emitter Br
Voltage V(BRICEV 1.5 2008| 36| - |36 | - |36 |- v
Col -to-Emitter St
Voltage VceO(sus) 0 2003|181 — |18 | — |18 - v
Real Part of Common-Emitter 135 100 | 10 (typ.)| — —_ - -
High-Frequency hje(real) 135 400 | — | — |7 (typ) - - Q
Input Impedance (f = 175 MHz) 135 800 | - | - |- — 15 (typ.)
RF Power Output:
As class C amplifier unneutralized | POUT 135 b —fac| — [ 12d) - w
(f = 175 MHz) See Figs. 2& 3
135 100 [550 (typ.)} — - - -
Gain-Bandwidth Product fT 1356 400 | — | — | 400(typ.) | — — | MHz
135 800 | — |- |- y — |[350(typ)
Coll -to-Base Cap
(f=1MH2z) Cob 135 0 - 15— |22 |- |45 | pF
Collector-to-Case Capacitance Cs -1=-1- 5 | - 5 pF
Thermal Resistance, Junction-to-Case Raic - 1261 - |15 |~ |75 |oc/w
3puised through an inductor (25 mH); duty factor = 50%. CFor Pyy = 1.0W; minimum efficiency = 70%.
bFor Py = 0.125 w; minimum efficiency = 60%. dFor PiN = 4.0W; minimum efficiency = 80%.
[~ C3
PiN P PiN P
(Zg=50 OHMS) Le (ZL.SO%’J..S, (2250 OHMS) aL.,o"é‘.I,.s,
K oA G c J!
7 4# # ¢ 4
= ) =
+Vee o2us-2147 +Vee 92us-2148
Cq.Ca, L3: 1 turn No.16 wire C1.Ca. L3: 2 turns No.16 wire,
C3, & C4: 7-100 pF 1/4 in. (6.35 mm) ID, C3.&Cy: 3-30 pF 1/4in. (6.35 mm) ID,
Cs: 8-60 pF 3/8 in. (9.52 mm) long Cg: 1,000 pF 1/4 in. (6.35 mm) long
Cg: 1,000 pF Lg: 2 turns No.16 wire, Cg: 0.01 uF L4: 4 turns No.16 wire,
C7: 0.01 uF 1/4 in. (6.35 mm) ID, L1: 2 turns No.16 wire, 3/8in. (9.52 mm) ID,

Lq: 3 turns No.16 wire,
3/16in. (4.76 mm) 1D,
5/16in. (7.93 mm} long

Lp: Ferrite Choke,

Z = 450 ohms

1/4 in. (6.35 mm) long
. 40281, 40282

Fig.2—RF amplifier circuit for power-output test at 176 MHz
for types 40281 and 40282.

3/16in. (4.76 mm) 1D,

1/4 in. (6.35 mm) long
Lg: Ferrite choke,

Z =450 ohms

3/8 in. {9.52 mm) long
Q: 10280

Fig.3—RF amplifier circuit for power-output test at 175
MHz for type 40280.
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File No. 68

40280, 40281, 40282
PiN 2 03 _f3 Pout
125mw Cg L7 ) Lio G 12w
.
! 1

Lg Lg!

Calt— G’ g"" Ciz|— Cm;;

)

C7 S

Vee Vee
92LM-2149
Capacitors P,
oW s
Cq: 3-35 pF
C3.Cg.Cq0. C24: 8-60 pF
C3,C7,Cq4: 0.01 uF
Cg. Cg, C12: 1500 pF ) . =
Cg.C10. C13. Cqa. Co3: 7-100 pF Transistors
Cqy5: 1.5-20 pF Qq: 40280 Cie tu
€17.C48.C19: 0.2 pF Qp: 40281
€30, C21. C23 1500 pE Q3-Qg: 40282 ==
Wire D Length

inductors Turns  Size  (inl) {mm) {im.) {mm)
L 2 16 316 4.76 1/4 6.35
Lo, Lg, Lg: ferrite choke, Z = 450 Q
L3, Le, L1q: 1 uH choke
La. Ly 3 16 3/16 4.76 1/4 6.35
Lg 1172 16 1/4 6.35 3/8 9.52
L1o 2 16 1/4 6.35 5/16 7.93
Ly2. L13. Lq4 ladjustable core) 3-1/2 16 1/4 6.35 3/8 952
L1s. L1g L17 2 18 18 317 18 3.17 S
L1g. L19. L2o 2 18 1/4 635 1/4 6.35
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Note: Driver and final supply voltages, Vo = 13.6 V.

Fig.4—Typical 175-MHz amplifier.

TERMINAL CONNECTIONS
FOR ALL TYPES

Pin or Lead No. 1 — Emitter (40280)

Emitter, Case (40281, 40282)

Pin or Lead No. 2 — Base
Pin or Lead No. 3 — Collector (40281, 40282)

Collector, Case (40280)



File No. 70

NG/

RF Power Transistors

. 40290
Solid State 40291
Division 40292

RCA-40290, 40291, and 40292 are For Low Supply Voltage,

epitaxial planar transistors of the
silicon n-p-n type. They employ an
"overlay" emitter electrode design and
are intended for low-voltage, high-power
output, amplitude modulated, VHF Class-C
amplifier service.

The voltage ratings for these transis-
tors include RF voltage breakdown charac-
teristics necessary to assure safe transis-
tor operation with high RF voltages on
the collector; a condition normally
encountered in amplitude-modulated
Class-C amplifiers.

RFSERVICE
Maximum Ratings, Absolute-Maximum Values:

40290 40291 40292
COLLECTOR-TO-EMITTER

VOLTAGE:
With Vgg = -1.5volts,
VeEX - - - - - ... 50 50 50 volts
Vepy(BF). o oL L . 90 90 90 volts
EMITTER-TO-BASE
VOLTAGE, Vgpg: - - - - 4 4 4 volts
COLLECTOR CUBRENT, Ic. . 0.5 0.5 1.25 amperes
TRANSISTOR

DISSIPATION, Pr:
At case temperatures
up to 25°C. . . . . 7.0 11.6
At case temperatures
above 25° C. . . . . Derate linearly to 0 watts
at 200° C

23.2 watts

TEMPERATURE RANGE:
Storage. . . . . . ..
Operating (Junction) .

PIN OR LEAD TEMPERATURE
(During soldering):

At distances > 1/32
frominsulatingwafer
(TO-60 package) or
from seating plane
(TO-39 package) for
10 seconds maximum . 230 °c

-65 to 200°C
-65 to 200°C

High Power Output,
Amplitude Modulated,
VHF Class-C Amplifier

Service in Aircraft,
Military, and Industrial

Communications Equipment .

m

40290 40291;40292

JEDEC TO-39 JEDEC TO-60

FEATURES

® High carrier output power as 135 Mc Class-C am-
plifier with 12.5 volt collector supply voltage
40290 — 2 watts (min.) ot Py = 0.5 watt
40291 — 2 watts (min.) at Py = 0.5 watt
40292 — 6 watts (min.) at Py = 2.0 watts
o 100% testing of all transistors performed to assure
excellent upward modulation characteristics
e High collector efficiency at 135 Mc
o All electrodes isolated from case (40291 and 40292)

11-73
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40290, 40291, 40292 File No. 70

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°Cc

TEST CONDITIONS LIMITS
DC DC DC Type Type Type
CHARACTERISTIC SYMBOL| Collector |Base Current 40290 40291 40292 UNITS
Volts Volts|  (Milliamperes) .
Vee| Vee | VBe| e | 1B Ig | Min.| Max.]| Min. | Max. | Min.| Max.
Collector Cutoff Current ICEO 15 0 — | 100 — | 100 - 250 | pa
0.1 0 4.0 - | 40 — - — | Volts
Emitter-to-Base Breakdown Voltage | BVggn
0.25 0 - - - - 4.0 — | Volts
Collector-to-Emitter BVcex -15 200°| 50 | - [50 | — |50 | — [volts
Breakdown Voltage
Réal Part of Common-Emitter . 125 100 | 12(Typ.) 12(Typ.) - — | ohms
Input Impedance (At f = 135 Mc) hiereat) 125 400 | — _ —| = les(Typ) | ohms
RF Carrier Power Output:
As Class-C Amplifier, PouT 12,5 20°) - |20°| - |60d| — |watts
(At f= 135 Mc)
Gain-Bandwidth Product r 125 100 | 500(Typ.) |500(Typ) | — | — | Me
125 400 - - — | - |300(Typ.) Mc
Collector-to-Base Cap Cop |125 0 — |7 | -1z | - |30 | et
(At f=1 Mc)
Collector-to-Case Capacitance Cs - - — |60 — | 6.0 pf
Thermal Resista
ermal Resistance b1c - |25 -115 | - |75 |°cw
(Junction-to-Case)
2Pulsed through an inductor (25 mh); Rgg = 39 ohms; duty factor = 50%. CFor Py = 0.5 w; minimum efficiency = 70%.
bat frequencies of 100 Mc or higher. dEor PIN = 2.0 w; minimum efficiency = 70%.
TERMINAL DIAGRAM TERMINAL DIAGRAM
FOR TYPE 40290 FOR TYPES 40291 & 40292
BASE BASE
EMITTER( | COLLECTOR
EMITTER COLLECTOR,
CASE
(Bottom View) (Bottom View)

238



File No. 70 40290, 40291, 40292

RF AMPLIFIER CIRCUIT FOR POWER-OUTPUT TEST
(135-Mc Operation)

Cs

PIN Pout
(=50 OHMS) (=50 OHMS)

€

Ny

92CS-13098
Q = 40290, 40291 Q = 40292
01.03 = 3-35 pf 01.03 = 3-35 P:
CZ,Cu = 8-60 pf Cz,Cu = 8-60 p
C5 = 1000 pf 05 = 1000 pf
Cg = 0.02 uf Cg = 0.02 uf )
Ly =3 turns No.16 wire, L1 = 3 turns No.16 wire,
5/16" 1D,5/16" 1ong 5/16" 1D,5/16"long
L2 = Ferrite choke, Ly, = wire wound resistor,
Z = 450 ohms R = 2.4 ohms
L, = 3 turns No.18 wire, L3 = 1 turn No.16 wire,
3 “y/uv 1D, 5/16" long 5/16" 1D, 1/8"long
Ly = 5_turns No.16 wire, Ly, = ¥_turns No.16 wire,

7/16" 1D, 5/8" long 7/16" 1D, 3/8" long

AMPLITUDE-MODULATED AMPLIFIER
135-Mc Operation, Carrier Power =2 watts minimum, Bandwidth = 5%

c 40230
3 R L7

40291

TO
JIODULATOR

Vee=i2.5
92CS-13093

€yrC5:Cg = 3-35 pf Ly = RF choke, 1.5 un
CprCysCq = 8-60 pf Ly = 4 turns No.16 wire,
€, Cq = 0.03 pf 1/4" 1D, 3/8* long
= L, = 3 turns No.18 wire _
Ce'cﬁo 1°‘t)° pf v 16 w1 6 7 2 600, sl ong Ry = 220 ohms
= urns No.16 wire, ! _
! 31/&" ID, 1/4" long L, = 5 turns No.16 wire, 2 180 ohms

i /8" 1D, 1/2" lon SR = 1N28
L L5 = Ferrite choke, ? 9 2858

Z = 450 ohms
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40290, 40291, 40292

File No. 70
AMPLITUDE-MODULATED AMPLIFIER
135-Mc Operation, Carrier Power =6 watts minimum, Bandwidth = 5%
c 40330 ¢
TYPE 3 OR > Lo
Pin o 40290 3 40291 3 402923 000 Pol
100 MW Ly L4 warT
" i LT 2 L3 ¢ z e 400 2 Lg i
C2 Lz | 0 CaLs 1 o |
- Clo(-]_ 43 /| G Cm
= = = C | = = = a| = = = = =
h T0
Ry SR 3 “g MODULATOR
T
SR R2  OHveee12.5
92CS-13094
€y/Cy0CqrCy = 3735 PF Ly = RF choke, 1.5 un
CprCysCqrCg = 860 pf LysLy = ¥ turns No.16 wire,
CgrCyqrCqq = 0.03 wf 1/u" 1D, 3/8" long
Clo'c12’c1u = 1000 pf L6 = RF choke, 1.0 ph
C.,L. = 3 turns No.16 wire, Lg = wire wound resistor, - 0 ohms
1779 7y to, 1/10 long R = 2.4 ohms Fum 22 b
L,, L. = Ferrite choke, Lo =5 turns No.16 wire, "2 - 180 onme
2’75 7 = 450 ohms 3/8" 1D, 1/2" long SR = 1N2858
AMPLITUDE-MODULATED AMPLIFIER
135-Mc Operaiion, Carrier Power = 10 waiis minimum, Bandwidih = 5%
TYPE
cs 40250
PN c 4ozso 3 4880 3
)
ioo 2 L3 p1 2 l-s
C2 1
= = = Cpp © Lsg
c" - —
WD AL "E MODULATOR
¢
C.,CarCprCq = 3-35 pf sk R2 OVeeri3s
I 1C 3(: 5C 9 = 8-60 pf 92CS-13095
2" 7y g éo 15220 pf Ly = ¥ turns No.16 wire,
7' Cg . 1/4" 1D, 3/8" long
CiyrCygC 0.03 uf Lg:L; = RF choke, 1.0 uh
127 CqyrCqg = 1000 pf LgrLg = 3 turns No.i6 wire,
Ly =3 }urns No.}6 wire, 1/u4" 1D, 3/8" long
1/u" 1D, 1/u" long L,, = 1 turn No i
= .16 wire, _
Lyl = Ferrite choke, 10~ “5/16 1D, 1/8" Tong Ry = 33 ohms
Z = 450 ohms 4= 4 turns No.16 wire, R2 = 36 ohms
L3 RF choke, 1.5 uh 3/8" 1D, 1/2" long SR = 1N2858
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File No. 74

RG]

Solid State
Division

RF Power Transistors

40340
40341

Features

JEDEC TO-60

H-1307

RCA-40340 and 40341 are epitaxial silicon n-p-n planar
transistors of the “‘overlay’’ emitter electrode construction.
They are intended especially for high-power-output,class-
C amplifier service at frequencies up to 100 MHz.

In the overlay structure, a number of individual emitter sites
are connected in parallel and used in conjunction with a

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE:
With base open
With base-emitter junction reverse-biased (VBE) = —1.5 volts

COLLECTOR-TO-BASE VOLTAGE ...............ooviinn
EMITTER-TO-BASE VOLTAGE . ...

PEAK COLLECTOR CURRENT
CONTINUOUS COLLECTOR CURRENT

TRANSISTOR DISSIPATION
At case temperatures up to 250C

TEMPERATURE (Operating junction)

High-Power 50-MHz
Emitter-Ballasted
Silicon N-P-N Overlay Transistors

For 13.5-V and 24-V Applications in-‘Mobile
Communications Equipment

®  Emitter ballasting resistors
13.5 V=25 W min. power output, 7 dB min. gain (40340)
24 V—30 W min. power output, 10 dB min. gain (40341)
" Emitter connected to case
Infinite load mismatch tested at 50 MHz

single base and collector region. When compared with other
structures, this arrangement provides a substantial increase in
emitter periphery for higher current or power, and a
corresponding decrease in emitter and collector areas for
lower input and output capacitances. The overlay structure
thus offers greater power output, gain, efficiency, and
frequency capability.

40340 40341

.......... VCEO 25 35 \%
.......... VCEV 60 70 \
.......... VcBo 60 70 Vv
......... VEBO 4.0 4.0 \%
.......... 10 10 A
.......... Ic 3.3 3.3 A
.......... PT

.......... 70 70 w
.......... T 200 200 oc

871
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40340, 40341

ELECTRICAL CHARACTERIST)CS, At Case Temperature (Te) = 25°C

File No. 74

STATIC
TEST CONDITIONS LIMITS
DC DC
Collector Base DC
CHARACTERISTIC SYMBOL Voltage Voltage| Current 40340 40341 UNITS
(v) (v) (mA)
Veg | Vee [ VBe ['e | l¢ | Min. [Max. [Min. | Max.
Collector-Cutoff Current: | 30 — — - 1.0
With base open CEO 15 - |o | - - ma
With emitter open | 50 - - — 10
CBO 20 _ 10 - —
Collector-to-Emitter
Breakdown Voltage:
With base open V(BR)CEO 200% | 25 - 35 - v
With base-emitter junction
reverse biased, and external
base-to-emitter resistance
(Rgg) = 2002 V(BR)CEV -15 200 [ 60 | - |70 | -
Emitter-to-Base Breakdown
Voltage V(BR)EBO _10 4 - 4 - \%
Thermal Resistance:
(Junction-to-Case) RgJc 25 25 °cw
2pyised through a 25-mH inductor; duty factor = 50%.
DYNAMIC
TEST CONDITIONS LIMITS
DC Collector| Input
CHARACTERISTIC SYMBOL | g power | Frequency | 40340 40341yt
VeV | Prgi-w | - MHz g T e [Min. | Max.
Power Output PoE A 135 5 50 25 - - - w
i 24 3 50 - - 30 -
Power Gain Gpg ‘ 135 5 50 7 - - - dB
i 24 3 50 —- — 10 -
Collector Efficiency e 4135 5 50 60 |~ |- | - |«
i 24 3 50 - - 60 -
Load Mismatch LM 4135 5 50 GO/NO GO
i 24 3 50
Collector-to-Base I VcB = 30 1 - - - 85 F
Capacitance obo VeB = P
cB =15 1 - | 120 - -

a A -
In circuit shown in Fig.1.

* In circuit shown in Fig.2.
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TERMINAL CONNECTIONS

Pin No.1 — Emitter

Pin No.2 — Base

Pin No.3 — Collector

Case, Mounting Stud — Emitter



File No. 74
(PiN) (POUT)
(zg=500) 250n)

cl ( E

92LS-I3I5R2

C1: 14-150 pF Lq: 1 turn, No.16 wire, 5/16 in. (7.93 mm) I1D,,

C2: 90-400 pF 1/8 in. (3.17 mm) long

C3: 1000 pF Lo: Ferrite Choke, Z = 450 £

C4: 0.02 uF L3: 10 turns, No.20 enamel wire, close wound,

Cg: 32:250 pF 1/4 in. (6.35 mm) 1D

Cg: 32-250 pF L4: 3 turns, No.10 wire, 3/4 in. (19.05 mm) 1D,

Fig.1—RF amplifier circuit for 40340 power-output test

3/4 in. (19.05 mm) long

(50-MHz operation).

40340, 40341

L4

RCA
40341
(PiN) cr#% (Pour)
(Zg=50 ) Li (2(=50.01)
L3 4
ci
7 coztt
)| €S
e _L
C“x ce =
3
l !
- 24v é* 92LS-1316R2
C4: 14150 pF Lq: 2turns, No.16 wire, 1/4 in. (6.35 mm) 1D,
C2: 110-580 pF 1/4in. (6.35 mm) long
C3, Cs: 1000 pF Lo: Ferrite Choke, Z = 450
C4: 0.0018 uF L3: 10 turns, No.20 enamel wire, close wound,
Cg: 0.2 uF 1/4 in. (6.35 mm) ID
C7: 140-680 pF L4: 3turns, No.10 wire, 3/4 in. (19.05 mm) 1D,
Cg: 32-250 pF 3/4 in. (19.05 mm) long
R1: 0.33 ohms

Fig.2—RF amplifier circuit for 40341 power-output test
(50-MHz operation).

COLLECTOR SUPPLY VOLTAGE V¢c=13.5V, =50 MHz COLLECTOR SUPPLY voLTace YGee 24,1250 MHz
CASE TEMPERATURE (T )=25°C CASE TEMPERATURE (Tc )=2
30 a5 -
i i
,I. 25 ~ 40
5 5
o o i
2z = ag
= 20| [
2 2
I3 S v
3 15 7m~ o 30 ————
« P
I w + t
z z T ]
2 oA & 25 T ;
w w : 1
3 x T
:” r SEuN T
5 H H+ i T+H
H P EReRSazas
15 It 1 f H t
o [ 2 3 4 5 6 7 8 ) [ 2 3 4 6
RF POWER INPUT (P )—W RF POWER INPUT (Pjy)—W
92LS-149IRt 92LS-1493RI

Fig.3—Typical performance of type 40340 in the common-
emitter amplifier shown in Fig.1.

Fig.4—Typical performance of type 40341 in the common-
emitter amplifier shown in Fig.2.

6| CASE TEMPERATURE (T¢)=100°C | | l

Ic MAX NOTE:Tyg IS DETERMINED BY

INFRARED SCANNING TECHNIQUE

Tyg =200 °C

HOT-SPO'I; TEMPERATURE \
=200
1

COLLECTOR CURRENT (Ic)—A

Vego MAX.
|

|
¢ 2 100

COLLECTOR-TO-BASE VOLTAGE (Vcg)—V

92CS-19064

Fig.5—Safe area for dc operation.

T T

MAXIMUM TRANSISTOR DISSIPATION (Py) - W

ofr THHT
ses nesna s ensasns

-100 -50 o ‘50 100
CASE TEMPERATURE (T¢) - °C

92LS-1882R2

Fig.6— Dissipation derating curve.
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File No. 356

IRG7/

Solid State
Division

RF Power Transistors

40608

RCA-40608 is an epitaxial silicon n-p-n planar transis-
tor. It is especially designed for operation as a Class A,
wide-band power amplifier in VHF circuits.

The features of high gain-bandwidth product and low
cross-modulation make the 40608 especially suited for
use in CATV and MATV systems.

*Formerly RCA Dev. Type No. TA2761

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE .. Vcgg 40 V
COLLECTOR-TO-EMITTER

Ar ol
VOLTAGE:

With external base-to-emitter

resistance, (Rgg) = 1002 ...... VcEr 40V
EMITTER-TO-BASE VOLTAGE.. . . . . Veo 2 V
COLLECTOR CURRENT . ........ Ic 04 A
TRANSISTOR DISSIPATION . . . .. .. Pt '
At case temperatures up to 25°C . . . ... 35 W
At case temperatures above 25°C. . . . .. See Fig. 1.
TEMPERATURE RANGE:

Storage & Operating (Junction). . . . -65to +200 °C

LEAD TEMPERATURE (During soldering):
At distances > 1/32 in. (0.79 mm) from
seating plane for 10s max. ... .. .... 230 °C

SILICON N-P-N “overlay”
TRANSISTOR

For Class A Wide-Band
CATV and MATY

Applicatiations
H-1381

Features: JEDEC T0.99
o High Gain-Bandwidth Product
o Low Cross-Modulation

§ N

HE

5

2
i
=i60 -850 % 100 180 200

CASE TEMPERATURE —°C 92L5-1224R1

Fia. 1-Dissipation Derating Curve
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File No. 356

40608

ELECTRICAL CHARACTERISTICS, Case Temperature = 25° C

AMPLIFIER
UNDER TEST,
(SEE FIGURE 3)

COMBINER

RF
GENERATOR
2 MATCHING NETWORK 2

92LS—1225RI

Generator No. 1 & No. 2

Matching Network No. 1
& No. 2:

Combiner:

Variable Attenuator:

Field Strength Meter,
with Detector Output:

Potentiometer:

Filter:

AC Voltmeter:

Hewlett-Packard, HP608D,

or equivalent

50 to 75()

20 dB isolation between generators
As required

50-220 MHz

100k ()

1000Hz

Ballantine 861, or equivalent

Fig. 2-Block Diagram for Cross-Modulation

Test Set-Up

Test Conditions
DC DC
Characteristic Symbol Collector Current Limits Units
Volts (mA)
VCB Vee | IE Ig Ig | Min. | Max.
Collector-Cutoff Current Iceo 20 0 100 | wA
Collector-to-Base
Breakdown Voltage V(BR) CBO 0 0.1 0 v
Collector-to-Emitter N
Voltage (Sustaining) VeeR(sus) e | 40 v
Emitter-to-Base .
Breakdown Voltage V(BR)EBO 01 0 2 v
Collector-to-Emitter
Saturation Voltage Veg(sa) 10150 10 v
Collector-to-Base Capacitance
(Measured at 1MHz) Cab 0 0 30 pF
Gain-Bandwidth Product fr 15 50 | 700 MHz
DC Forward-Current
Transfer Ratio hFE 15 ! % LR
Voltage Gain
(See Fig. 2. VG 15 50 11 dB
Cross Modulation -
@46dBnV (See Fig, 3.) ou 15 0| -5 Ty | dB
@Pulsed through an inductor (20 mH); duty factor = 50%; Rgg =100 Q.
RF OPERATING INSTRUCTIONS FOR
GENERATOR MATCHING NETWORK | CROSS-MODULATION TEST
POTENTIOMETER 1. Set up equipment as shown in Fig. 2.

2. Set generator No. 1 to 150 MHz modulated 30% by 1000 Hz,
and tune field strength meter to 150 MHz.

3. Adjust output of generator No. 1 to give rated output of
the amplifier.

4. Adjust potentiometer to calibrate voltmeter for a convenient
level. This level then corresponds to 100% cross modulation.

5. Remove modulation.

6. Set generator No. 2 to 210 MHz modulated 30% by 1000 Hz
and tune field strength meter to 210 MHz.

7. Adjust output of generator No. 2 to give rated output of the
amplifier. (If the amplifier has a flat response then the out-
put of the two signal generators will be equal.)

8. Tune field strength meter to 150 MHz CW and read voltmeter.

9. Turn voltmeter to proper scale for reading. Calculate per-
centage of cross modulation based upon 100% level set in
step 4.
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40608 File No. 356

Cy, Cg, C5: 0.002uF

Cg: 7-100 pF, ARCO 423,
Pin Pout or equivalent
(Z2=75Q) (2, =750 .
\ L5759 ) Cy: 03uF

CG' C7: 1,500 pF

Cs
Cg. Cg: 860 pF, ARCO 404,
or equivalent
s T Ry: 3900, %W
2 Ro: 6.80, W
3 R3: 3300, 1W
BIFILAR WINDINGS .
& CONNECTIONS Ry: 270 Qnw
. as T: 4 turns No. 30 wire, bifilar
™ (5 = é) wound; toroidal core: 3/8 in. OD,
€€ ¢ 3/16 in. ID, 1/8 in. thick, IGC*
92Cs-15384 type Q-1, or equivalent.
*Indiana General Corp., Electronics/Ferrites Div.,
Keasbey, N.J.
Fig. 3-RF Amplifier Circuit for Voltage Gain Test
9g: g
TYPICAL ADMITTANCE CHARACTERISTICS
(Common-Emitter Circuit)
g a? % OO 1o EMTTER g COLLECTOR-TO-EWMITTER VOLTS (vcg)‘zc! A
53 AMBIENT TEGE £3 AMBIENT TEMPERATURE (Tp)=26°C A
qE \ e 250N (Ta) =25°C 83 28
§ 1 %0 ST T § HES
I
& g PR T =8 o
w3 AN ez &
EY 2N M 25 =E 3 /
Gie [Ny 23 s &
g2 3N g8 &/
e R 2 §
o M| s i
g2 'fg\\b, N % < RN Q’/ 1g=25, 50,0R 75
gwlo ‘,\Q:\‘\ - Tw 10 < ¥ >
Z% NN 50 Hl @l/{*~-____-—’
g5 SRR g <
@
gt N bt Y4
g 0} [ S — =
£3 SN2 ga - /74
Bz ~J3=30 g Z4
4 100 ¢ 2 4
100
FREQUENCY —MHz FREQUENCY—NHz
92LS-1234R2 92L5-1238R2
Fig. 4 - Forward Transfer Admittance Fig. 5-Reverse Transfer Admittance
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File No. 356 40608

TYPICAL ADMITTANCE CHARACTERISTICS

(Common-Emitter Circuit)

COLLECTOR-TO-EMITTER - = COLLECTOR-TO-EMITTER
9 VOLTS (Vcg) = 20 25 L~ 29 VOLTS  (Vgg) = 20
Rk AMBIENT TEMPERATURE - EE] AMBIENT TEMPERATURE
w2 (Ta)=25°C : Pid _52: < oF (Ta) =25°C
ol M7 =2 N él
E44 % ’{:L\N?E 2g =25 __L—¢
= >~ NS [
83 e 82 7
=2 30 »&7 wa — s
=3 2%/ 28 m
we F v g2
¢ ba 4
i5 , ERY
Pl 82
g - - N
3w 20 Sy SqER MILLIAMPERES (Ig) =75 ——
z2 z W 4= === == ===
Sz le-25 5, Plete =t o S TN S
g -
-5 ™~ &Q e tad l4=—" 25
28 —— 38 F71 11
z> 10 2 P,
23 75 B o
8 —~—c 8 r
I
100
2
N 100 FREQUENCY — MHz
FREQUENCY — MHz
92L5-1236R2 92L5-1237R2
Fig. 6 - Input Admittance Fig. 7 -Output Admittance
1000 | ¢ \E TEMPERATURE (T¢)=100 °C
<
< Ic MAX.
| ~N
° \
=
= HOT-SPOT TEMPERATURE
] (Tyg)=200 °C
&
o
100
3 e N
S e
I NOTE:
& 4| Ty IS DETERMINED BY
2 USE OF INFRARED
8 SCANNING TECHNIQUES
2
10
[ 10 8 100
COLLECTOR-TO-EMITTER VOLTAGE (Vgg) —V

92C5-22857

Fig. '8 - Safe Area for DC Operation

TERMINAL DIAGRAM

Lead 1 - Emitter
Lead 2 - Base
Lead 3 - Collector, Case
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Solid State
Division

File No. 655

RF Power Transistors

40637A

] = i
pﬂn&nz’

TO-18
Features:

H-1311

RCA-40637A is a silicon n-p-n epitaxial planar transistor
intended for frequency multiplier service to 175 MHz. The
40637A is particularly suitable for low-level frequency-
multiplier stages in vhf transmitters.

MAXIMUM RATINGS, Absolute-Maximum Values:

.COLLECTOR-TO-EMITTER VOLTAGE:
With base-emitter junction short-circuited

EMITTER-TO-BASEVOLTAGE ................cunnnn.
CONTINUOUS COLLECTOR CURRENT .................

TRANSISTOR DISSIPATION:

At case temperatureupto 25°C . ... ... ... ... ...
At case temperature above 25°C ... ...................
At ambient temperature upto 25°C ... .. ... ...
At ambient temperature above 25°C .. .................

TEMPERATURE RANGE:

Storage and Operating (Junction) ......................

LEAD TEMPERATURE (During Soldering):

At distances > 1/16 in. (1.58 mm) from seating plane for 10 s max.

Silicon N-P-N
Epitaxial Planar Transistor

For Frequency-Multiplier Service in
Mobile, Marine, and Sonobuoy VHF Transmitters

& High transistor dissipation rating (Py) = 2 W max.
= Low output capacitance (Cqp) = 4 pF max.
® Hermetically sealed JEDEC TO-18 package

A multiplier chain of three RCA-40637A’s can deliver 100 mW
at 166 MHz, from a 5-mW, 13-MHz input with a 12-V supply.

The RCA-40637A utilizes a JEDEC TO-18 hermetic package.

................ VeEs 36 \"
................ VEBO 35 \
................ Ic 0.2 A
PT
................ 2 w
................ See Fig.3
................ 0.75 w
................ See Fig.3

—65 to 200 oC

.......... 265 oc

248
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File No. 655 40637A
ELECTRICAL CHARACTERISTICS, at Ambient Temperature (T 4) = 25°C
STATIC
TEST CONDITIONS
Voltage Current LIMITS UNITS
B CHARACTERISTIC SYMBOL Vde mA dc
Vee | VBE Ig Ic | MIN. | MAX.
Collector Cutoff Current:

With base-emitter junction short-circuited IcES 12 0 - - - 0.5 mA
Collector-to-Emitter Breakdown Voltage:

With base-emitter junction short-circuited V(BR)CES - 0 - 36 - \
Emitter-to-Base Breakdown Voltage V(BR)EBO | — - —0.1 0 35 - \
Thermal Resistance:

Junction-to-case Rouc - - - - - 87.56 oc/w

Junction-to-ambient RgJa - - - -1 - 233
DYNAMIC

TEST CONDITIONS
CHARACTERISTIC SYMBOL VOLTAGE FREQ. POWER LiMiTs UNITS
Vdc MHz mW
Vee f Pl Pog | MIN. MAX.
Output Power as a 78(f|y)
Frequency Doubler (See Fig. 1) PoE 12 186ligyp)| 37 | — | 100 | - mw
Efficiency as a ‘ n 12 78(fIN) - 100 18 - %
Frequency Doubler (See Fig. 1) 166(foyT)
Collector-to-Base Capacitance Cob 12 01to1 | — - - 4 pF
(Vcs)

8-60
2)y=500

2.7

36

Zoyr=500

iy

Fig.1 — Typical doubler (78-156 MHz) circuit.

920515385

Lq. Lp: 4-% turns, No.22 enameled wire, close-wound

L3, Lyg: 4-% turns, No.20 bare wire, 0.25 in. (6.35 mm) long
All coils wound on slug-tuned form, 0.234 in. (5.95 mm) O.D.,
with 0.5 in. (12.7 mm) x 0.5 in. (12.7 mm) x 1 in. (256 mm) shield
cans Carbony!* S.F. 10-32 threaded slug, or equivalent

RFC: 4 turns, No.30 enameled wire on ferrite bead, Ferroxcube®

No.56-590-65/48, or equivalent

All capacitor values are in pi unless otherwise specified

All resistor values are in ohms and rated at % watt unless otherwise
specified

*Arnold Magnetics Corp., Los Angeles, CA. 90016

tFerroxcube Corp. of America, Saugerties, N. Y. 12477
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40637A File No. 655

ZOUT= 500
361 Pout 2 100 mW

—

27,

T
&

v
O+
92CM-15386
Ly, Ly: 10-% turns, No.22 enameled wire, close-wound RFC: 4-turns No.30 enameled wire on ferrite bead Ferroxcubet
L3, Lyt 4-% turns, No.22 enameled wire, close-wound No.56-590-65/48, or equivalent
Lg, Lg: 1-% turns, No.20 bare wire 0.25 in. (6.35 mm) long All capacitor values are in picofarads unless otherwise specified
All coils wound on slug-tuned form, 0.234 in. (5.95 mm) O.D., All resistor values are in ohms and rated at % watt unless otherwise
with 0.5 in. (12.7 mm) x 0.5 in. (12.7 mm) x 1 in. (25 mm) specified

shield cans‘Carbonyl* S.F. 10-32 threaded slug, or equivalent
Qq, Qp, Q3: RCA40637A
* TRW/UTC Transformer Co. N.Y., N.Y. 10013

*Arnold Magnetics Corp., Los Angeles, CA. 90016
tFerroxcube Corp. of America, Saugerties, N. Y. 12477

Fig.2 — Typical frequency-multiplier chain, fiy = 13 MHz,
fouT = 156 MHz.

MAXIMUM TRANSISTOR
DISSIPATION (PT)—W

itk

|

T

!

o 50 100
TEMPERATURE — °C

92€$-22357

Fig.3 — Dissipation derating curves.

TERMINAL CONNECTIONS
Lead 1 — Emitter
Lead 2 — Base

Case, Lead 3 — Collector
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File No. 497

NG

Solid State
Division

RF Power Transistors

40836
40837

Features

High-Frequency Overilay
Power Transistors |
For Oscillators And Amplifiers In UHF/Microwave Equipment

= 0.5 W (min.) oscillator output at 2.0 GHz (40836)
= 1.25 W (min.) oscillator output at 2.0 GHz (40837)

® Ceramic-metal hermetic coaxial package with low
inductances and low parasitic capacitances

& Emitter connected to flange (for increased
internal feedback) for higher efficiency at S-band

JEDEC TO-215AA rses frequencies in Colpitts oscillator circuits
= For ial, stripline, and | d
RCA-40836 and 40837" are epitaxial silicon n-p-n planar Applications

transistors employing the ‘‘overlay” emitter-electrode
construction. These devices feature a low-loss, ceramic-metal,
coaxial package and are intended primarily for power
oscillator applications in the L- and S-band frequency ranges.

If the safe-area-of-operation conditions are not exceeded,
they may be used in class A amplifiers.

*Formerly RCA-Dev. types TA7403 and TA7679, respectively.

MAXIMUM RATINGS, Absolute-Maxi Vall
COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance (Rgg) = 102 ......

EMITTER-TO-BASE VOLTAGE

At case temperatures up to 76°C
At case temperatures above 75°C

For point of ement of ature
(on collector terminal), see dimensional outline.

TEMPERATURE RANGE:
Storage and Operating (Junction)

® L-and S-band power oscillators
® Common-emitter Class A amplifier

TERMINAL CONNECTIONS

Terminal No. 1 — Base -
Terminal No. 2 — Emitter
Terminal No. 3 — Collector

40836 40837

...... Veso 50 50
...... VCER 50 50
...... Veso 35 35
...... Ic 0.2 0.275
...... P

...... - 25 4.15
...... See Fig. 5 See Fig. 6

<*—— —65 to + 200——

°c

11-73
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40836, 40837 File No. 497

ELECTRICAL CHARACTERISTICS, at Case Temperature (T) = 25°C

Static
TEST CONDITIONS LIMITS
DC DC
CHARACTERISTIC SYMBOL | COLLECTOR CURRENT 40836 40837 UNITS
VOLTAGE(V) (mA) i
Vee e g Ic | MIN. | MAX.| MIN. | MAX.
Collector-Cutoff Current Ices 45 0 - 1 - 2 mA
Collector-to-Base Vv 0 0.1 50 - - - v
Breakdown Voltage (BR)CBO 0 1 - — 50 —
Collector-to-Emitter
Sustaining Voltage: B B
With external base-to-emitter VCER (sus) 5 50 50 v
resistance (Rgg) = 00
Emitter-to-Base Y] 0.1 0 35 - 35 - Vv
Breakdown Voltage (BRJEBO
Collector-to-Emitter 10 100 - 1 — —
Vg (sat) A
Saturation Voltage cef 20 | 200 | — . 1
Thermal' Resistance: ) RgjoT _ 50 - 30 | %cmw
(Junction-to-Collector Terminal)
Dynamic
POWER | SUPPLY LIMITS
CHARACTERISTIC SYMBOL | OUTPUT | VOLTAGE |[FREQUENCY| 40836 40837 UNITS
(Pog)-W |(Vgel-V GHz v, | Tve. [MIN. | TYP.
Common-Collector Oscillator 21 2 0.5 0.65 - -
Pos w
Output Power 28 2 - — 1125 | 1.36
Oscillator Circuit Efficiency n 0.5 21 2 20 - — — %
(See Fig. 11) o 1.25 28 2 - - | 20 -
Collector-to-Base Capacitance Cobo 30(VCB) 1MHz 3.0(Max.) 3.0(Max.) pF
SUPPLY VOLTAGE = -2i V SUPPLY VOLTAGE (Vce) = -Ziv
CASE TEMPERATURE (Tc) =25°C CASE TEMPERATURE(TC): 25°C
3
z 1.25 %2
L P
é | £ 2
] ]
w
£ s 2
q 07 515
2 £
'§' o. ; i
&
025 0.5
[}
1 (K] 2 25 0 1 1.5 2 25
FREQUENCY (f) —GHz FREQUENCY () - GHz
9255-3828 9255-4481
Fig.1—Typical power output vs. frequency for grounded Fig.2—Typical power output vs. frequency for grounded
collector power oscillator for 40836. collector power oscillator for 40837.
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File No. 497 40836, 40837
1000 | CASE TEMPERATURE (Tc) = 100°C 1000 | CASE TEMPERATURE (T¢) = 100°
<
z, S I
1 1 T (MAX) CONTINUOUS
4 ¢ (MAX) CONTINUOUS 82 O S OTTURE
C e 2 (Tyg)=200°C | T
s HOT-SPOT [ s
z TEMPERATURE o
& (Tg) = 200°C g
3 100 3 100
8
[:4
e s N § 6
] &
s 4 e
3 NOTE: 3 NOTE :
Tys IS DETERMINED BY USE OF Tys IS DETERMINED BY USE OF
. INFRARED SCANNING TECHNIQUES INFRARED SCANNING TECHNIQUES
10 10
1 2 4 6 8 0 2 24 4 6 8 100 | 2 4 3 8 0 12 2 4 6 100
COLLECTOR-TO- EMITTER VOLTAGE (Vgg)—V COLLECTOR-TO- EMITTER VOLTAGE (Vgg)—V
92Cs-22859 92Cs~-22855
Fig.3—Maximum operating area for forward-bias operation Fig.4—Maximum operating area for forward-bias operation
for type 40836. for type 40837.
=
| -6
- |
'y =
4 Iy
s =
3 3
>3 >4
g £,
g 2
2 H
x o
23 1]
o 2
@ 2
g g 2 ww
- 3
z 2
E3
=9
=
N U T
-100 -50 50 100 150 200 I s 75 w0 150 200 s
92CS-19066 44831
CASE TEMPERATURE (T¢)—°C CASE TEMPERATURE(T()= 25°C
Fig.5—Dissipation derating curve for type 40836. Fig.6—Dissipation derating curve for type 40837.
SUPPLY CURRENT (icg) =~110mA SUPPLY CURRENT (Ic) = ~ 150mA
FREQUENCY {f)=2 GHz FREQUENCY: () = 2 GHz
CASE TEMPERATURE (Tc)=25°C 1.5| CASE TEMPERATURE(T() = 25°C
=
% .
& 2
€ N £
x 08 &
=
g H
= 06 v
2 g
z
3 3
O 04 © os
w @
[ 4
02
[}
40 -2 -14  -i6 -i18 -20 -22 -24 -1 ST £ =25 Z
DC SUPPLY YOLTAGE (Vcg) - V
DC SUPPLY VOLTAGE (Vgg)—V 92CS-19067 9255-4485R1

Fig.7—Typicaloutput power vs. supply voltage for the 2-GHz,
grounded-collector oscillator (Fig.11) for type 40836.

Fig.8—Typical output power vs. supply voltage for the
2-GHz, grounded-collector escillator (Fig. 11) for
type 40837.
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File No. 497

SUPPLY VOLTAGE=-2IV PP Ico)= -
SUPPLY CURRENT (Icc) =~1I0mA ‘ﬂ; EDLV :gRRENT( cc)= - 150mA []
FREQUENCY ( )22 Gz FREQUENCY () - 2 GHz
15

= ==
| o7 = Ba SUPPLY VL TAGE (v e
@ O 2 il T o= -ny
g FHH § T - IZ]AI 1
xoe ™ - s !
z . & T
2 Nu=SSEEEES 2
v -
5os 5
& £
3 3
w 04 S0
& &

03

0.2 0

20 40 60 80 100 110 2 ) 60 80 100
e CASE TEMPERATURE (T() = 25°C
CASE TEMPERATURE ﬁc)‘ < 92C5-19072 c . 255443601

Fig.9—Typical ~outgut power. vs. collector-terminal
temperature for 40836 (circuit shown in Fig.11).

Fig.10—Typical ~output power vs. collector-terminal
temperature for 40837 (circuit shown in Fig. 11).

APPLICATION DATA

-2l v (40836)

Veg=- 28V (40837)

i

Ca

H

RCA
40636 Ce
0837
Cs
928S5-383IR2

Cq.Cg, C4: 470 pF, feedthrough
Allen-Bradley FA4C, or
equivalent
Co: 0.2uF, disc ceramic
C5, Cez 0.35 to 3.5 pF, Johanson
4702, or equivaient
RF choke, 0.5 in. (12.70 mm)
length of No. 32 wire
L3t Copper strip:
0.005 in (0.127)mm) thick
0.18 in. (0.457 mm) wide
0.3in (0.76 mm) long
Rqy: 1092, %W
Ry: 010500 £2,2W
Rz 1200 2,% W

Lq. Lot

NOTES: 1. The circuit shown above is tunable over the range of 1.8 GHz

to 2.1 GHz.

2. For operation below 1.8 GHz, increase emitter-base capacitance

and the value of L3.

3. For operation between 2.1 GHz and 2.3 GHz, increase the collectc -
base capacitance and decrease the value of L3.

Fig.11—Typical 2-GHz, grounded-collector power oscillator.
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File No. 497 40836, 40837

HOLD-DOWN SCREW
(4-40 X IIN., NYLON)

o 9255-3832R2

500 SCREW-ON TYPE
BULKHEAD RECEPTACLE
SEALECTRO NO. 50-046-0000,
OR EQUIVALENT

SYMBOL INCHES MILLIMETERS

A 0.53 1.35
B 0.16 0.41
C 0.25 0.63
D 0.75 1.90
E 0.75 19.05
F 0.625 15.87
G 1.25 28.57
H 0.062 1.57
J 1.0 25.4

K 0.375 9.52
L 0.281 7.14
M 0.75 19.05
N 0.93 2.36
P 0.421 10.69
Q 0.625 15.87
R 0.25 6.63
S 0.375 9.52
T 0.75 19.05

NOTE:

MATERIAL: 1/16 (1.52) THICK COPPER

Fig.12—Constructional details of 2-GHz power oscillator
shown in Fig.11.
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RGN

Solid State

File No. 514

RF Power Transistors

Division 40893
15-W, 470-MHz Emitter-Ballasted
Overlay Transistor

) - Silicon N-P-N Type for Class C Amplifiers in 12.5-V

Features:

RCA HF-36
Package H1761

= Low-ind|

Mobile Communications Equipment

® 5.2-dB gain (min.) at 470 MHz, Pog = 15W (min.)
® VSWR tested — @ :1,P|g =4.5W

= For operation in the 406—512-MHz band

® Integral emitter-ballasting resistors
Hermetically-sealed, ceramic-metal, stud package

radial leads for stripline circuits

& All leads isolated from mounting stud

with “‘overlay”” emitter-electrode construction.
Integral emitter-ballast resistance is employed for improved
ruggedness and increased overdrive capability

RCA-40893" is an epitaxial silic

con n-p-n plana

* Formerly RCA Dev. No. TA7686

The 40893 features a hermetic, ceramic-metal package with
rugged, low-inductance radial leads for stripline or lumped-
constant circuits.

This transistor is intended for use in high-power, broadband,

mobile uhf amplifiers operating from a 12.5-volt supply.

COLLECTOR-SUPPLY VOLTAGE Vec)=t25Vv
CASE TEMPERATURE (Tc)=25°C H H
22 T T THFF ns
z 20 5 MAXIMUM RATINGS, Absolute-Maximum Values:
{ 18 f" COLLECTOR-TO-EMITTER VOLTAGE:
£ H ” f HH With base open .. .............. VCceo 14 Vv
[ i COLLECTOR-TO-BASE VOLTAGE ..... Veeo 3% Vv
3 " i 4 EMITTER-TO-BASE VOLTAGE .. . . ... VEBO 420 v
£ 28 SEs : CONTINUOUS COLLECTOR CURRENT Ic 30 A
& NPy Lo : £ TRANSISTOR DISSIPATION . ... ... P
E OWer p T T
° T Pre 2y At case temperatures up to 1200C . . . 20 wW
At case temperatures above 120°C .... Derate at0.25 W/OC
TEMPERATURE RANGE: .........
4 H Storage & Operating (Junction) . . . . . -65 to. +200 ©C
2 t 1 CASE TEMPERATURE (During soldering):
390400 420 440 460 480 500 520 For 10 smax. ...... ..... - 230 °C
FREQUENCY (f)—MHz
92CS-194i0
Fig. 1-Typical output power vs, frequency.
971
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File No. 514 40893

ELECTRICAL CHARACTERISTICS, At Case Temperature (Tg) = 250C

STATIC
TEST CONDITIONS
pc be e LIMITS
CHARACTERISTIC SYMBOL Collector Base Current—mA UNITS
Volitage—V | Voltage—V
VcE VeB I3 Ic Min. Max.
Collector-Cutoff Current Ices 125 ] - 10 mA
Collector-to-Base
Breakdown Voltage V(BRICBO 0 20 36 - v
Collector-to-Emitter
Breakdown Voltage: V(BR)CEO 0 200 14 -
With base open v
With base connected
\ 200 36 -
to emitter {BRICES
Emitter-to-Base Breakdown
Voltage V(BRIEBO 5 4.0 - v
Thermal Resistance: o
{Junction-to-Case) Rguc 40 cw
DYNAMIC
TEST CONDITIONS LIMITS
S
CHARACTERISTIC SYMBOL V:::::lg: Input Power Frequency UNITS
Vee)-V (Pig) - W {f) - MHz Min, Typ.
Power Output PoE 125 4.5 470 15 - w
Power Gain Gpe 12.5 45 470 5.2 - dB
Collector Efficiency nc 125 4.5 470 60 = %
Load Mismatch’
(See Fig. 10) m 12,5 4.5 470 Go/No Go
Collector-to-Base
Capacitance Cobo 12(vcg) 1 60 (max.) pF
TYPICAL APPLICATION INFORMATION
UTPUT ER T POWER Collector Effici
CIRCUIT OUTPUT POW INPUT PO or Efficiency Figure No.
(Pog)—-W (Pjg)-wW (ne)—%
406-MHz Amplifier 18.0 4.5 68 4*
512-MHz Amplifier 14.5 4.5 65 4%
450-470-MHz Amplifier 16.0 4.5 60—72 4@
*  Amplifier tuned to indi d freq .

® Amplifier tuned at 470 MHz for maximum gain and minimum input reflection.
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40893 File No. 514

COLLECTOR-SUPPLY VOLTAGE (Vgc)=12.5 V i AMPLIFIER TUNED FOR MAXIMUM OUTPUT AT 470 MH;
FREQUENCY (f) =470 MHz ! COLLECTOR-SUPPLY VOLTAGE (Vcc)=12.5 V
CASE TEMPERATURE (Tc)=25°C t | CASE TEMPERATURE (T¢)=25°C
20 b T ot 1 | e .
I i 1 !
= 18 o 8
1 } £
W 16 c 80 | s '8
o ©° 14
14 2
] ” W
x 12!
g 12 60 g E 127
o In} - t
. 10 S @ lof
2 H & w
F 8 40 i Z 8
3 x & H
6 =4 = 6f
I & H
.4 20 o E 4
8 o _H
2 2
o [T i | o
I 2 3 4 5 [3 7 440 450 460 470 480 490 500
INPUT POWER (Pg)—W FREQUENCY (f)—MHz
92CSs-19411 92Cs-19412

Fig. 2—Typical output power and collector efficiency vs. Fig. 3—Typical performance of the 450-470-MHz amplifier
input power. shown shown in Fig. 4

L Les
. g*"_LOw +Vee=125v C1, C, C4, Cg —2—18 pF, Amperex HT10MA/218 ®
4

C3 — 30 pF, American Technical
s 2,750 Ceramics ATC-100 ®
L2 Ce—0.01 uF, disc ceramic
C7 — 1000 pF, feedthrough
Allen-Bradley FASC ®
L Cg “1000 F, ATC-100 m
= R1— 0478, 1w
L3 — 0.22 iH, rf choke
Lg — 10 turns No. 22
wire, 0.12” ID

Ly Cs

® Or equivalent

0 ?szgg) Allen-Bradley Co., Milwaukee, Wisc.
05 - ¥ American Technicai Ceramics
27| “18te — Huntington Station, N.Y.
s _+ 1.0 ,I * Produced by etching upper layer
@175) | (25.4) of double-clad teflon board:
DIMENSIONS IN INCHES AND MILLIMETERS 92s-19413 1/16 in, thick, € = 2.6

(MILLIMETER VALUES IN PARENTHESES)

Fig. 4—Amplifier test circuit for measurement of output
power, gain, efficiency, and load mismatch.

FREQUENCY (f)=470 MHz COLLECTOR —SUPPLY VOLTAGE (Vgc)=12.5V M
CASE TEMPERATURE (Tg)=25°C FREQUENCY (f) = 470 MHz
INPUT POWER (Pig)=4 W TR o ;
SR 20 1
18| 18
I E T
= 1,
| <
W e T
s o & 1o o
o
w E
3 9 2 s
= =
2D =] 6
a a
5 4 5 4
=3 - 5] &
2 2|
[¢] T
€ ! ! 16 o 20 a0 60 80 100 120
COLLECTOR~SUPPLY VOLTAGE (Vce) —V CASE TEMPERATURE (Tg)—°C
92CS—19414 92Cs-19415
Fig. 5—Typical output power vs. collector-supply voltage. Fig. 6—Typical output power vs. case temperature.
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File No. 514 40893

10, CASE TEMPERATURE (Tc)=100°C & [COLLECTOR-SUPPLY VOLTAGE (Vcc)=12.5 V (i
s ! T 1 OUTPUT POWER (Ppg)=I5 W
| | Zz CASE TEMPERATURE (Tc)=25°C
« 7 2 4
] T¢ MAX.(CONTINUOUS! 2y
- = Q
o z
s, ) oE
- z
I =
E 32 2
o 2
"z
@ AN L
2 89 RiN
S %z
'} -
a o
o W
s 32
i
5
[oX} : o .
100 400 420 440 460 480 500 520
COLLECTOR-TO-EMITTER VOLTAGE (VCE)—V FREQUENCY (f)— MHz
92CS$-19420 92C5-19416
Fig, 7-Maximum dc operating area for type 40893. Fig. 8—Typical large-signal series input impedance
vs. frequency.
G [COLLECTOR-SUPPLY VOLTAGE (Vcc)=12.5 V |
1 loutpur POWER (Pog)=15 W f
g T [cASE TEMPERATURE (Tc)=25°C
ou TERMINAL CONNECTIONS
-
§§ Terminal No, 1, 3 — Emitter
_‘E 12) Terminal No. 2 — Base
Ya Terminal No. 4 — Collector
a0
g5
g cL
% 8 u:
iy CL
ZzZ0
o
Dy 4 - - -
§‘z’ WARNING: The ceramic body of this device contains
3 .
sh beryllium oxide. Do not crush, grind, or abrade these
dg 0 portions b the dust Iting from such action may
g 2 be hazardous if inhaled. Disposal should be by burial.
2 -4 A tH
400 420 440 460 480 0 520
FREQUENCY (f)—MHz
92CS-19417

Fig. 9—Typical large-signal parallel collector load
impedance vs. frequency.

SPECIAL PERFORMANCE DATA

The transistor must withstand any load mismatch provided by
the following test conditions:

_ _ POWER . .
otz L iRcULATOR sl AP METER 1. The test is performed using the arrangement shown.
SOURCE (FIG. 4)
2. The tuning stub is varied through a half wavelength, which
>'_% effectively varies the load from an open circuit to a short
circuit.

sTUB

3. Operating conditions: V¢c = 12.6 V, rf input power = 4.6 W.

92C5-19418

4. Transistor dissipation rating must not be exceeded during
the above test so that the transistor will not be damaged
or degraded.

Fig. 10~Test set-up for testing load-mismatch capability.
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RG]

Solid State
Division

RF Power Transistors

40894 40896
40895 40897

High - Frequenc_y
Silicon N-P-N Transistors

For TV-Tuner, FM and AM/FM “‘Front-End”, and
IF Amplifier, Oscillator, and Converter Service

Features:

= High gain-bandwidth products:
fr = 1200 MHz typ. for tuner types
= 800 MHz typ. for if-amplifier types

= Very low coll

JEDEC TO-72 H-1299

RCA-40894, 40895, 40896, and 40897 are high-frequency
n-p-n silicon devices characterized especially for rf, mixer,
oscillator, and if stages of vhf, SSB, and FM receivers.

These devices utilize a hermetically sealed four-lead JEDEC
TO-72 package. All active elements of the transistor are in-
sulated from the case, which may be grounded by means of
the fourth lead in applications requiring minimum feedback

capacitance, shielding of the device, or both.

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE

COLLECTOR-TO-BASE VOLTAGE .....................
EMITTER-TO-BASEVOLTAGE ........................

TRANSISTOR DISSIPATION: . .........................
With heat sink, at case temperatures up to 25°C ..........
With heat sink, at case temperatures above 25°C .. ........

At ambient temperatures up to 25°C
At ambient temperatures above 25°C
TEMPERATURE RANGE:

to-base feedback capacitance:
Cch = 0.7 pF typ. for 40894, 40895

® Low noise figure:
3dB typ. at 200 MHz for rf amplifier type

® High power gain as neutralized amplifier:

Gpg = 15 dB min. at 200 MHz (40894)
= High power output as uhf oscillator:

Pog = 20 mW typ. at 500 MHz (40896)
® | ow noise figure:

NF = 4.5 dB max. at 200 MHz (40894)
= Low collector-to-base time constant:

rp'Ce = 14 ps max.

...... Vceo 12 v
...... VCBO 20 \Y
...... v EBO 25 v
...... Ic 50 mA
...... P

...... T 300 mwW
...... Derate linearly 1.71 mW/°C
...... 200 mW
...... Derate linearly 1.14 mW/°C

Storage & Operating (Junction) .................cuuuun. ... -65 to +200 °c
CASE TEMPERATURE (During soldering):
At distances 2> 1/32 in. (0.8 mm) from seating
surface for 10secondsmax. .................... ... 265 °c
12-71
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File No. 548 _ 4089440897

ELECTRICAL CHARACTERISTICS at Ambient Temperature (Tp) = 25°C unless otherwise specified

TEST CONDITIONS LIMITS
- DC COLLECTOR OR
FREQUENCY DC CURRENT TYPE 40894 TYPE 40895
CHARACTERISTICS | SYMBOLS MHz EMITTER\;IOLTAGE mA RF AMPLIFIER MIXER UNITS
Veg | Vee | Ves | e I Ig|Min. | Typ.| Max.|Min. | Typ. | Max.
Collector-Cutoff 15 ] - - 002] - - 0.02
Current
Iceo KA
Ta = 150°C 15 0 - - 1| - - 1
Collector-to-Base V(BR)CBO 0 0.001 20 - - |20 - - \
Breakdown Voltage ~
Collector-to-Emitter Vceofsus) 3 015 - - |15 - - \
Sustaining Voltage
Emitter-to-Base V(BR)EBO 001 © 25 - - |25 - - v
Breakdown Voltage ' .
Collector-to-Emitter VcElsat) 10 1 - - 0.4 - - 0.4 "
Saturation Voltage
Base-to-Emitter VgEg(sat) 10 1 - - 1 - - 1 v
Saturation Voltage
Static Forward Current- | hgg 6 1 50 80 250 |40 70 250
Transfer Ratio
Magnitude of Common-
N 1-Si
miter. Sl ona! e 100 6 5 o 14| 20[e |14 ]| 2
. fe 1 kHz 6 2 25 | 90 | 300 [25 | 90 | 300
ward Current
Transfer Ratio?
Collector-to-Base Ceb 0.1to1 10 o | - | o7 1] - | o7 1| pF
Feedback Capaci-
tanceb
Common-Base Input Cib 0.1t01 05 0 - - 2| - - 2 pF
Capacitance®
Collector-to-Base y'Ce 319 6 2 3 7 14 | 3 7 14 ps
Time Constant?
Small-Signal Power Gain
in Neutralized Com-

N " 10.7 12 5 - - - - - -
mon-Emitter Ampli- | Gpg 200 12 5 15 21 _ 15 21 ~ dB
fier Circuit? (see
Fig. 6)

Noise Figure? NF 200 6 15 - 3 45 - - - dB

3L ead No. 4 (case) grounded; Rg = 1269

DThree-terminal of the coll b
with the case and emitter leads connected to the guard terminal.

€Lead No. 4 (case) floating.
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40894—-40897

File No. 548
ELECTRICAL CHARACTERISTICS at Ambient Temperature (Ta) = 25°C unless otherwise specified
TEST CONDITIONS LIMITS
- DC COLLECTOR OR
FREQUENCY DC CURRENT TYPE 40896 TYPE 40897
CHARACTERISTICS | SYMBOLS MHz EMITTER\)/OLTAGE mA OSCILLATOR | 1F amPLIFIER UNITS
Ves | Vee | Ves e Ic 1g| Min. | Typ. { Max.|Min. | Typ. | Max.
Collector-Cutoff 15 0 - - 002 | - - 0.02
Current
'co i HA
Ta = 150°C 15 0 - - 1] - - 1
Collector-to-Base V(BR)CBO 0 0.001 20 - - l20 - - v
Breakdown Voltage ~
Collector-to-Emitter VCEQ(sus) 3 0} 15 - - |18 - - A
Sustaining Voltage
Emitter-to-Base V(8R)EBO 0o1| o 25 | - - |25 | - - v
Breakdown Voltage
Collector-to-Emitter Vcelsat) 10 1 - - 04 - - 04 \
Saturation Voltage
Base-to-Emitter VgEglsat) 10 1 - - 1 - - 1 \
Saturation Voltage
Static Forward Current- | hgg 6 1 27 50 250 |70 | 120 250
Transfer Ratio
Magnitude of Common-
:"‘"'::eé s::f"gff"" 100 6 5 9| 14 | 20|09 | 14] 2
ort sireuit, fhe] TkHz 6 2 25 | 90 300 |25 | 90 | 300
ward Current
Transfer Ratio?
Collector-to-Base Ceb 01to1 10 o - 0.7 11- |07 1 pF
Feedback Capaci- N i
tance?
Common-Base Input Cib 01to1 0.5 1] - - 2 - - 2 pF
Capacitance®
Collector-to-Base p'Ce 319 6 2 3 7 14 3 7 14 ps
Time Constant?
Small-Signal Power Gain
in Neutralized Com-
mon-Emitter Ampli- | Gpg 107 12 5 S e I L N B P
i 200 12 5 15 | 2 - - - -
fier Circuit? (see
Fig. 6)
Noise Figure? NF 200 6 15 - - - - - - dB

SLead No. 4 (case) grounded; Rg = 1250

DThree-terminal measurement of the collector-to-base capacitance
with the case and emitter leads connected to the guard terminal.

Lead No. 4 (case) flcating.
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MAGNITUDE OF SMALL-SIGNAL
FORWARD CURRENT-TRANSFER RATIO (Ihfel)

3

COMMON-EMITTER CIRCUIT, BASE INPUT;

QUTPUT SHORT-CIRCU TE

FREQUENCY (f) =I00MI

AMBIENT TEMPERATURE (Ta)=25 °C

COLLECTOR-TO-EMITTER VOLTAGE (Vcg) = 6V

o

3

o

1o [ 20 25 30
COLLECTOR CURRENT (i¢)-mA

35

92CS- 14169R!
Fig. 1—Small-signal beta characteristic for all types

TWO-PORT ADMITTANCE (y) PARAMETERS AS FUNCTIONS OF

FREQUENCY (f) FOR ALL TYPES

4089440897

COMMON EMITTER ClRCUIY BASE INPUT;

COMMON— EMITTER CIRCUIT INPUT

'SHORT~CIRCUITED. 221" SHORT—CIRCUIT!
COLLECTOR-TO EMITTER vomcz (Veg) = 4V COLL SCTOR - To-EMTER VOLTAGE (VGg) = 4V
COLLECTOR CURRENT (Ic)=1.5 20|COLLECTOR CURRENT (Ic)= 1.5mA
AUBIENT TEMPERATURE (T3) = fhsec AMBIENT TEMPERATURE (Ty) = 25°C
24 18 °
26 2
20| H I
o«
g [14 ES
32, 3 L
£3 Se o
O o
F »I- §IO 5
®
£aw g 2 8
oy a > 23
32 ] z
og 8 2 6 15 ©
5% @ 5
aQ = ]
22 4 bie r / 2 N boe E
e 52 e q0e 50
Sie 3 L —
o T (o) = - L 0
10 4 & 8o 4 1000 10 100 1000
FREQUENCY (f) — MHz FREQUENCY (f)—MHz
92CS~-14731RI 92CS-14730R!
Fig. 2—Input admittance (y;g) * Fig. 3—Output admittance (y o)
COMMON-EMTTER ORCUIT, BASE NPUT; COMMON—EMITTER CIRCUIT; INPUT SHORT — CIRCUITED.
N T LRI ED COLLECTOR-TO-EMITTER VOLTAGE (VCEg) = 4V
3 SO TP TOR TOEMI TER VOLTAGE (VCg) = 4V COLLECTOR CURRENT {Ic)= 1.5mA
S COLLECTOR CURRENT (l0)- 1 5m& AMBIENT TEMPERATURE (Ty) = 25°C
® Mose
& AMBIENT TEMPERATURE(Tp) - 25°C - NOTE: gre 5 NEGLIGIBLE AT FREQUENCIES UP TO 500 MHz
w ~ 2 9 b,
Q o re
H - 4 n
52 8g
EH =
2% gE o
3. 34
® 3%
23 §s N
frebg o= N
29 xw N
3 z wo
e b3
Fa z E
ol 4. i
<2 =8
z5 ﬁ ]
e by
. w ha
T @
] 200 400 600 800 1000
FREQUENCY (f) —MHz 0 1000

Fig. 4—Forward transadmittance (y o).

92€S—14728 RI

100
FREQUENCY (f)—MHz

Fig. 5—Reverse transadmittance (y,¢)

92C5-14729 Ri
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DC COMMON C

|
O rvee Tvee | Ls
= IN3195 IN3I95 i T0
- I 509
210 LOAD
| v
FROM (o o ![ExTERNAL 7
LF SHIELD 7
SOURCE # L2
2-10
[T Ce
s = -
|
; 1
10K 1 0.c0l
4 AY|
71
L WF
) ) ~Vee
+V,
cc 92CS 14753R|

NOTE: (Neutralization Procedure): (a) Connect a 50-2 rf volt-
meter to the output of a 200-MHz signal generator (Rg = 5082), and
adjust the generator output to 5 mV. (b) Connect the generator to
the input and the rf voltmeter to the output of the amplifier, as
shown abowe. (c) Apply Vgg and Ve, and adjust the generator
output to provide an amplifier output of 5 mV. (d) Tune C2, C6,
and C7 for maximum amplifier output, readjusting the generator
output as required to maintain an output of 5 mV from the ampli-
fier. (e) Interchange the to the signal g and the
rf voltmeter. (f) With sufficient signal applied to the output terminals
of the amplifier, adjust CN fora indication at the lifi
input. (g) Repeat steps (a), (b), (c), and (d) to determine if retuning
is necessary.

Q = Type 40894, 40895, 40896, or 40897

1-3/4 turns No. 18 wire 0.5 in. (12.7 mm) long, 0.5 in. (12.7
mm) ID

2 turns No. 16 wire, 0.5 in. (12.7 mm) long, 0.5 in. (12.7 mm)
iD

2 turns No. 18 wire, 0.25 in. (6.35 mm) long, 0.5 in. (12.7 mm)
ID. Position approximately 1/4 in. (6.35 mm) from Lo,

Lq:
Lyt

L3

All capacitances in pF unless otherwise specified.

Fig. 6—Neutralized amplifier circuit used to measure power gain and noise figure at 200 MHz for all types

TERMINAL CONNECTIONS

Lead 1 — Emitter
Lead 2 — Base
Lead 3 — Collector

Lead 4 — Connected to case
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NG

RF Power Transistors

Solid State
Division 18393
) 6- and 2-W, 2.3-GHz Emitter-Ballasted
B caa0898 Silicon N-P-N Overlay Transistors
wEpEc To218aa | FOr Microwave Power Amplifiers, Fundamental-
l Package) Frequency Oscillators, and Frequency Multipliers
1598 Features:
m Designed for 20- to 24-V equipment
RCA-40899 ® Emitter-ballasting resistors
® 6-W output with 6-dB gain (min.) at 2.3 GHz, 22 V — 40899
(JEDEC TO-201AA = 2-W output with 7-dB gain (min.) at 2.3 GHz, 22 V — 40898
Package) ® Stable common-base operation
a

e tances

Ceramic-metal hermetic packages with low inductances and low parasitic capaci-

® For coaxial, microstripline, and lumped-constant circuit applications

The RCA-40898 and 40899* are epitaxial silicon n-p-n planar
transistors with overlay multiple-emitter-site construction, de-
signed especially for 20- to 24-volt operation. They are in-
tended for solid-state equipment in microwave communica-
tions, S-band telemetry, microwave relay links, phased-array
radar, distance-measuring equipment, and collision-avoidance
systems in the frequency range from 0.5 to 2.4 GHz.

*Formerly RCA Dev. Nos. TA8439 and TA8440.

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE:................. Veeo
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance

(RGE) =100 ...oenvnii VCER
EMITTER-TO-BASE VOLTAGE: ................... Vego
CONTINUOUS COLLECTOR CURRENT: . Ic
TRANSISTOR DISSIPATION: .......... Pr

At case temperaturesup t0 75°C . .............
At case temperatures above 75°C, derate linearly . .
TEMPERATURE RANGE:
& O ing (J ion) ...l
CASE TEMPERATURE (During soldering):
For10smax .......oovviuinnennnnanannnns
(See Soldering Instructions on page 7.)

The ceramic-metal packages of the 40898 and 40899 have low
parasitic capacitances and inductances for stable operation in
the common-base amplifier configuration. The use of emitter-
ballasting resistors provides ruggedness and reliability.

These transistors can be used in large-signal applications in
coaxial, stripline, and lumped-constant circuits. The 40898 is
a good driver for a 40899 output stage.

40898 40899
45 45 v
45 45 v
3.5 3.5 A\
0.35 1.5 A
4.15 1438 w
0.033 0.118 w/°c
— —65t0 +200 —— °c
230 — °c

1271
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40898, 40899 File No. 538
ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 25°C
STATIC
TEST CONDITIONS LIMITS
DC DC
CHARACTERISTIC SYMBOL VOLTAGE CURRENT 40898 40899 UNITS
\ mA
Vee g | 18] Ic |MIN.| MAX. [ mMIN. | MAX.
Collector-Cutoff Current Ices 40 - 2 - 2 mA
Collector-to-Base Breakdown Voltage V(BR)CBO (4] 5 45 - 45 - v
Cc to-E mitter kd Voltage:
With external base-to-emitter
resistance (Rgg) = 10 ©2 V(BR)CER 10 45 - 45 - v
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0| 35 - 35 - v
Coll -to-Emitter 10 | 100 - 1 - -
Voltage Veglsat 20{ 100 | — - - 1 v
Thermal Resistance: (Junction-to-
Collector-Terminal) RgJcT 30 - 85 °c/w
DYNAMIC
TEST CONDITIONS LIMITS
INPUT | OUTPUT | SUPPLY 40898 40899
CHARACTERISTIC | SYMBOL | POWER | POWER | VOLTAGE anf?z leCY UNITS
P1g)-W | (Pog)W | (Veelv Z ] MIN. | MAX. | MIN. | MAX.
Output Power P 04 22 23 20 - - - w
(See Fig. 17) o8 15 22 23 - - |60 ]| -
. 04 2 22 23 7.0 - - -
Power Gain Gr 15 6 22 2.3 - -"le0| - a8
- 04 2 22 23 35 - - -
Collector Efficiency nc 15 6 22 23 _ _ a5 _ %
Collector-to-Base Capacitance cobo 30 (VCB) 1 MHz - 4 - 1.5 pF
TYPICAL APPLICATION INFORMATION
SEE SUPPLY 40898 40899
CIRCUIT & FREQUENCY FIG. VR/LTP;S’/E INPUT POWER | OUTPUT POWER | INPUT POWER | OUTPUT POWER
cc (P gl W (Pog)W (Pyg)W (Pog)W
Coaxial-Line 17 22 04 21 - -
2.3-GHz Amplifier 1 22 - - 15 6.5
Coaxial-Line
1.2-GHz Amplifier 2 2 - - 1 135
Lumped-Constant
1-GHz Amplifier i 22 o 38 - -
Lumped-Constant
2.GHz Oscillator 18 2 0.78 - -
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PERFORMANCE DATA

40898, 40899

CASE TEMPERATURE (Tg) =25°C CASE TE.MPERAT'URE (Tg) =25°C
COLLECTOR —SUPPLY VOLTAGE (Vgg ) =22V COLLECTOR — SUPPLY VOLTAGE (Vge) =22V
6 EMITTER. RESISTANCE (Rq) = 0758 AT 1.2 GHz
=0.24 Q2 AT 2.3 GHz
5
z 2 20
) I
5, B
'
£ 25 S H=d H
T 1 y Tt N 3
§ 3 I 0g § Py usn; RS0
[ le.' : = --ﬂl--. s = EF
2 INP, ! T w g 8 E; anaa!
[ o
3 u POWER (P, N 3 ~P07p° W)
18) <0 g ] Wep (Pre
] 4 *0.5
Wy
1 IBENERI
1 T TTT
1 TTTTTT
[ 1.0 . 2.0 2.5 3. 08 1.2 X 2.
- —GH
FREQUENCY (f)~ GHz 020519842 FREQUENCY (f)—GHz 92¢s-19843

Fig. 1-Typical output power vs. frequency for type 40898,

measured in the test set-up of Fig. 17.

Fig.2— Typical

tput power vs. freq
measured in the test set-up of Fig. 17.

y for type 40899,

Fig. 3—Typical output power and collector efficiency vs.

input power at 2.3 GHz for type 40898.

Fig. 4—Typical output power and collector efficiency

CASE TEMPERATURE (Tg ) = 25°C CASE TEMPERATURE (Tg ) = 25°C
COLLECTOR - SUPPLY VOLTAGE (Vg¢) =22V COLLECTOR — SUPPLY (Vgo) =22V
3| FREQUENCY (f) = 2.3 GHz FREQUENCY (f) =2.3GHz
« EMITTER RESISTANCE (R,) 0,240
®
| =10 |
3 = | ®
£ e 5
@ 5 8 N
o2 = 60 2 <8 H+rHeo 3
: Pop g g ) H
& O = am & z 2P o
z =T 50 W s t 60 it
a '3 = | w
5 1K " £
2 5 2 [P unur-auan
5! EER=CC ‘E‘°§ 3 ‘HEH 8
.o 3 H <
< ma S
T 30 2 20©
|
H
171 [s]
o1 0.2 03 0.4 0.4 08 . 16 2.0
INPUT POWER (P1g)—W
INPUT POWER(P1g)—W oscsotesas RPrg 52C5-19847

vs.

input power at 2.3 GHz for type 40899.

Fig. 5—Typical output power and collector efficiency vs.
input power at 1.2 GHz, for type 40898 in common-

base coaxial-line amplifier circuit

Fig. 6—Typical output power and collector efficiency

CASE TEMPERATURE (Tc) = 25°C CASE TEMPERATURE (Tg) = 25°C
COLLECTOR — SUPPLY VOLTAGE = 22 V| COLLECTOR—SUPPLY VOLTAGE (Vgc) =22V
. cc
G FREQUENCY (1) =12 GHz 24| FREQUENCY (1) =1.2 GHz
EMITTER RESISTANCE (Rq) 20.750
M B

E | 20
[ =: ol =
e £ 1 &
9'? 4 5 § I 11 0""0
& . & < P04 10070
z g o w T >
o3 & z H 2
a 70 U S 12 LI 80 i
5 T « = Mc 15
a T e 2 i

2 e, - o [ ]
2 i 5 60
o pur} 3 Tt 3

a 4 o
o -
o o1 0.2 03 04 0.4 08 12 16
INPUT POWER (Pyg)—W INPUT POWER (P1g)—W
92CS-19844 92Cs-19845

vs.

input power at 1.2 GHz for type 40899.
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40898, 40899 File No. 538
PERFORMANCE DATA (cont'd.)

CASE TEMPERATURE (Tg) = 25°C CASE TEMPERATURE (T¢ ) = 25°C
INPUT POWER (P1g) = 0.3 W INPUT POWER (P1g) =IW
b 8
3{FREQUENCY (f) 83 o EMITTER RESISTANCE (R, ) =0.24 0
FREQUENCY (f)=2.3 GHz
£
| 4
i T & i i
[ > @ -
2 2 16 100 &)
@ w = >
uw S & o
3 & z &
] 50 i S oo &
5 g 5 b
5 § a0 Q & 3
3 B 3 08 1] I k
8 T e &
30 © A oty = 40 o
|EEEEE N TTIT 8
FH aast
[s] ___ﬂ_l Tt 11T
12 16 20 24 28 18 20 22 24 2
COLLECTOR-SUPPLY: VOLTAGE (Vcc)—V COLLECTOR-SUPPLY VOLTAGE (Vcc)—V
92CS—-19848 92CS-19849
Fig. 7—Typical output power and collector efficiency vs. Fig. 8—Typical output power and collector efticiency vs.
collector-supply voltage at 2.3 GHz for type 40898. collector supply voltage at 2.3 GHz for type 40899.
CASE TEMPERATURE (Tg ) = 25°C CASE TEMPERATURE (T ) = 26°C
F Y (t) = 2 GHz F (1)= | MHz
2 HHE 200 3
I I T [
ppessan H 2
;I 1“‘ ] ,g 25
I - e
o N = H
% 1 HH°0 ja' 100 & i‘; 20|
g £ 21
o 3 ]
a 0P 15
= z =
g 5 ] 40895
[ o W i
° 2 =
© ]
HHEEETH 4089
1T T N
Ii =H H IIII][IHITIII]_
B -20 —24 28 = n 20 30 30
EMITTER-TO-COLLECTOR VOLTAGE (Vgg)—V COLLECTOR-TO-BASE VOLTAGE (Vgg) —V
92Cs-19850 92Cs—19851
Fig. 9—Typical output power and collector current vs. Fig. 10—Typical collector-to-base capacitance vs. collector-
emitter-to-collector voltage, for type 40898 in 2-GHz to-base voltage for types 40898 and 40899.
grounded-collector oscillator circuit shown in Fig. 18.
CASE TEMFIERATURE {T¢)=100°C I CASE TEMPERATURE(T()=100°C
] 2 |
350 Il T T
N T-SPOT
Ic (MAX.) CONTINUOUS .g.—.l____\
< TEMPERATURE AT =
2 ‘ \ TeweEmTURE | < T (MAX) CONTINOUS \
< 2o
K3 4 N\ HOT-SPOT
= = \ TEMPERATURE —
2100 z N |(1y5)=200%
3
5 3 \\
5 - N
2 NOTE: 2 \
3 HOT-SPOT TEMPERATURE 3
S (Tyg) IS DETERMINED BY g8 NOTE: W
2}— INFRARED HOT-SPOT TEMPERATURE
(Tyg) IS DETERMINED
o1 BY INFRARED SCANNING
19
2 3
1 10 20 ! 0 15 20
COLLECTOR-TO-BASE VOLTAGE(Vcg) -V COLLECTOR-TO-BASE VOLTAGE(Vcp! - V
92CsS-19853 92Cs-19852
Fig. 11—Safe area for dc operation of type 40898. Fig. 12—Safe area for dc operation of type 40899.
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DESIGN DATA"

COLLECTOR - SUPPLY VOLTAGE (Vcc) =22V
OUTPUT POWER: SATURATED

CASE TEMPERATURE (Tc) =25°C

INPUT IMPEDANCE =Ry
COLLECTOR LOAD IMPEDANCE =

jasuanzsaz:
1

T \

P
Q‘\

IMPEDANCE (Z) — &

RCA -40898

POINT FOR ZcL

MEASUREMENT

mesnEasssasEEsaRaRum:

2.5 3.

FREQUENCY (f)—GHz

92C5-19855

Fig. 13—Typical large-signal input impedance and large-signal

collector load impedance vs. frequency for type signal. tor load imp vs. freq y for
40898. type 40899.
-l I——.la7
AMPHENOL AMPHENOL
UG 21/DU v 2170 T RORSLENT
1 .
270 |=— SE rie-24 387 |- L SUPPRESSOR
=100 THREAD : PRESS FIT
DEPTH 10 I—— 40898 175 4 ;
: 3___ 560 - 0 | .
7 COOLING FINS [}
AMPHENOL PIN 0i2'sLoTS
: H SCREW
.062 _\ 375 DIA.
AMPHENOL
[N E‘j/‘ﬁmP"E"°L UG 21/DU
pra—
L T 10-32
1120 -670 BOB
BRASS .0005 FITTING
185 = 1120 SILVER PLATE
92Cs—19854
Fig. 15—Type 40898 in coaxial-line test fixture for 1.2- and 2.3-GHz amplifiers.
DIMENSIONS
0350 —
(.89 Foor 7 INPUT (X1) OUTPUT (Xp)
. N i le (025) COAXIAL OUTPgT CIRCUIT Center Center
2 CONNECTO!
w003 ] SORON NITRIDE ? Al ® | ° |conduetor] ®° | E | F |conductor
1 7 %"20 )D.Ajﬁ? ¥ 12GHz |1.385 |0875 [0282]| 0825 [1.778 |1.268 |0213| 1.05
A wC ;/ cs 98, Amplifier | (36.18) | (22.22){(7.16)| (2095) | 45.16) [ (3221)] (5.41)| (26.67)
tio0s) o+l R = ooia sty 23GHz |0772 | 0262 [0265| 0212 [0922 [0.412 [0270( 0245 °
oIA. & i e ENDS Ampliier |(19.61) | (6.65) |(673)| (6.39) | (23.49)|(10.42)| (688)| (622)
i / c oA F DIA. i
—
SORON NTRIDE '} DIMENSIONS IN INCHES AND MILLIMETERS
ey ) B . B
[N " e2s 035000 3 Dimensions in parentheses are in millimeters and are derived from the
/ (8.89) ~~ca basic inch dimensions as indicated.
COAXIAL INPUT

CONNECTOR™

|-— INPUT x.—+——ouTPuT xz—-|

92C5-15663R!

40898, 40899

COLLECTOR — SUPPLY VOLTAGE Wec) ‘ﬂ\” { {llll } {
OUTPUT POWER: SATURATED } : } I { ‘ T
o | CASE_TEMPERATURE (Tc) = 25°C HHH
! SERIES INPUT IMPEDANCE =Ry +iX|N
COLLECTOR LOAD IMPEDANCE =RgL +iXcL|
0 ! THH |\|
«'°H
1 SRS ERTIUI
= S| T
8 s N 1 AN
b 1 T
53 Re(Z¢p) BE!
do -
g HHHHH i i
E 11T TTIT 1 : IL} : I
POINT FOR Z|N RCA- 40899 - J',»ﬁ—rn
/.
F MEASUREMENT "r_,: 2
—10[]
H POINT FOR ZgL
H MEASUREMENT -
SOSTTTTTTI T TT T O T T T TTTTTTTTT T
0.8 12 '3 20 2.4
FREQUENCY (f) — GHz
92CS-19856

Fig. 14— Typical large-signal series lnput impedance and large-

MATERIAL: Center conductor—copper

Quter conductor for input & output—brass

*Conhex 50-04500150 (Sealectro Corp.), or equivalent.

Fig. 16— Type 40899 in coaxial-line test fixture for 1.2- and 2.3-GHz amplifiers. See Fig. 21 for component values.
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APPLICATION INFORMATION

POWER | Zg=5092

SOURCE PAD |—| REFLECTOMETER
RHODE 8 SCHWARZ
DC FEED UNIT
L DIELECTRIC TRANSISTOR DIELECTRIC
DOUBLE-SLUG ———  TEST FIXTURE  |———1 DOUBLE-SLUG |—
TUNER (SEE FIGS. 15816) TUNER
MICROLAB (BVCC MICROLAB
(FOR 40899 .
FXR 3IN TR FXR 3IN
+Vece
(FOR 40898
? ONLY)
*
BlAs | ZL=508 POWER |
TEE METER DO NOT USE BIAS TEES
FOR 40899 TEST
92CS-19857

Fig. 17—Block diagram of test set-up used for measurement of output power from 1.2- and 2.3-GHz common-base amplifiers.

[ VEg = -22V
9 Q

J——_Il ‘/R\Z/‘v m

C3

3 C1: 0.01 uF, disc ceramic
3Lz C5,C3: 100 pF, feed-through, Allen-Bradley FASC, or equiva-
fent
C4.C5: 0.35 — 3.5 pF, Johanson 4701, or equivalent
L1.L2: RF choke, 4 turns, No. 33 wire, 0.062 in. (1.57 mm)
1D, 3/16 in. (4.75 mm) long

i L3: 3/64-in. (1.17 mm) length of No. 22 wire
. Xq: 0.82 pF, ‘‘gimmick”, Quality Comp type 10%
L QC, or equivalent
L Rq: 5-109,1/2wW
- - S2SS4zR1 R2: 519,1/2W

R3: 1200 2, 1/2W

Fig. 18—Typical circuit for 2-GHz grounded-collector power oscillator using type 40898.

RCA

7g-0Q - 40898 L3 S z=00

C1.C5.Cq: 1-14 pF, ai ic, Joh 3901, or
C2: 0.35-3.5 pF, air-dielectric, Johanson 4701, or equiv-
AL alent
317 3 C3.C4: 1000 pF, feed-through, Allen-Bradley FASC, or equiv-
s alent
.
C7: 1000 pF, ceramic, leadless

275" L1.L2: RF choke, 0.1 uH, Nytronics Deci-Ductor
+Vec=22v (6.98) L3 0.01-in. (0.254 mm) thick, 0.157-in. (3.98 mm) wide

copper strip shaped as shown in inset drawing
Ry: 1Q,1/2W

9255-4234R3

Fig. 19—Typical circuit for 1-GHz power amplifier using type 40898.
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APPLICATION INFORMATION (cont'd)

(2= som €1 L1 L3 C7 (2 = 500)

Vee =22v 9255-4489

1-dB Bandwidth = 100 MHz

C1,C7: 510 pF, ATC-200 or equivalent
C2,Cg:  1-10 pF, Johanson 2954 or equivalent
C3: 10 pF, ATC-100 or equivalent

C4,.Cs: 470 pF, feed-through type, Allen-Bradley FASC
Ly: 37nH
Lp: 08nH
L3: 23nH
R: 0470
RFC: 5 turns, No. 28 wire, 0.05 in. (1.27 mm) ID, 0.4-in. (10.16
mm) long

Fig. 20— Typical lumped-constant circuit for 1-GHz power amplifier using type 40899.

RCA 40899 (z,=500)

[+ C2 | C C Ci C o3 R
cmeurt| 3]s 6 7 N
pF pF pF uF pF pF pF Q
1'2'6'.".2 1-10 | 1000 | 1000 | 0.01 | 1-10 — l03-35] 075
Amplifier
2'3'63" 1-10| 470| 470|001 |03-35|03-35f - 0.24
Amplifier

Ve 22V

92CS-15666RI

A Use only in the 2.3-GHz coaxial-line power amplifier circuit.
® Use only in the 1.2-GHz coaxial-line power amplifier circuit.

Cq &Cs: 1-10pF
Cs,Cg. & C7: 0.3-35 pF

Johanson 4581 or equivalent
Johanson 4700 or equivalent
REC: For 2.3-GHz circuit, 3 turns No. 32 wire 1/16 in. (1.569 mm) ID,
3/16 in. (4.76 mm) long.
For 1.2-GHz circuit, 6 turns No. 32 wire 1/16 in. (1.59 mm)
1D, 3/16 in. (4.76 mm) long.
X1, X2: Coaxial-line circuits; see Fig. 16.

Fig. 21—Coaxial-line amplifier circuits using type 40899 for operation at 1.2- and 2.3-GHz.

SOLDERING INSTRUCTIONS

When the 40898 or 40899 is to be soldered into a microstrip-
line or lumped-constant circuit, the terminals of the device
must be pretinned in the region where soldering is to take
place. The device should be held in a high-thermal-resistance
support for this tinning operation. A 60/40 resin-core solder

TERMINAL CONNECTIONS

Terminal No. 1—Emitter
Terminal No. 2—Base
Terminal No. 3—Collector

and a low-wattage (47 watts) soldering iron are suggested for
the pretinning operation. The case temperature should not
exceed 230°C for a maximum of 10 seconds during tinning
and subsequent soldering operations.

WARNING: The ceramic body of the RCA-40899 contains
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.
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NG

Solid State
Division

RF Power Transistors

40909

W, 2-GHz Emitter-Ballasted

Silicon N-P-N Overlay Transistor

For Microwave Fundamental-Frequency Oscillators

Features:
®  Emitter-ballasting resistors

® 2-W (min.) output at 2 GHz
w ® 4-W (typ.) output at 1 GHz
1629 ® Emitter connected to flange (for increased internal feedback) for higher
efficiency at S-band frequencies in Colpitts oscillator circuits
® Beryllium-oxide ceramic for low thermal resi: b 1 stud and
JEDEC TO-201AA PACKAGE emitter flange
= For coaxial, stripline, and lumped circuit ti
'RCA-40909‘ is an epitaxial silicon n-p-n transistor with over- coaxial, stripline, or lumped-constant circuits. Intended
lay multiple-emitter-site construction. It is designed for use applications for this transistor include microwave communi-
in power oscillators at microwave frequencies. The ceramic- cations, relay links, distance-measuring equipment, and

metal coaxial package of the 40909 has low parasitic capa- collision-avoidance systems.

citances and inductances, and lends itself to mounting in

‘Formerly RCA Dev. No. TA7943

MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-BASEVOLTAGE .. . .. ... ... ... Veso 50 A

COLLECTOR-TO-EMITTER VOLTAGE:
With external base-to-emitter

resistance (RRE)=10Q ... .. ... .. ... L. L L VCER 50 \
EMITTER-TO-BASEVOLTAGE . . ...................... VEBO 35 \

CONTINUOUS DC COLLECTOR

CURRENT . ............. e e e e e e e g 0.7 A
TRANSISTORDISSIPATION . . . .. ... e, Pt
At case temperature up to 75°C . . . .. ... . L. 10.4 w
At case temperatures above 75°C
deratelinearly . ... ............. .. ... .. ....... 0.083 w/c
TEMPERATURE RANGE:
Storage & Operating (Junction) . . .. ................... —65 to 200 °c
CASE TEMPERATURE (During soldering):
For10smax. . ................ ... ... ... 230 °c
(See Soldering Instructions on page 4.)
11-73
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File No. 547 40909
ELECTRICAL CHARACTERISTICS, at Case Temperature (Tg) = 259C unless otherwise specified.
STATIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Collector Current LIMITS "UNITS
Voltage (V) (mA)
VCE lE ‘B IC Min Max.
ICES 45 - 2
‘Collector-Cutoff Current Ices mA
(Tc = 100°C) 5 - 5
Collector-to-Base
Breakdown Voltage V(BRICBO 0 5 50 - v
Collector-to-Emitter
Breakdown Voltage:
With external base-to-emitter V(BRICER 10 50 - v
resistance (Rgg) = 10 Q
Emitter-to-Base
Breakdown Voltage V(BRIEBO 01 0 35 - v
Collector-to-Emitter
Saturation Voltage Veelsat 20 100 - ! v
Thermal Resistance: °
(Junction to Collector-Stud) RoucT - 85 cw
DYNAMIC
TEST CONDITIONS
DC Emitter
CHARACTERISTIC SYMBOL Frequency Supply Voltage LIMITS UNITS
(f) — GHz (Vgg) -V Min. | Max.
Oscillator Output Power
(See Fig. 6) Po 2 25 2.0 - w
Oscillator Circuit
Efficiency n 2 % 20 - %
TYPICAL APPLICATION INFORMATION
I Collector Current DC Emitter Output Power
Application (Ie) — mA Supply Voltage (P) — W
¢ (VEg) -V °
2-GHz Oscillator 400 25 25
1-GHz Oscillator 400 25 4.0
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40909
PERFORMANCE DATA
= ‘: “‘ “l CASE TEMP IRE (Tg ) =25°
250 ; TEMPERATURE (Tg )=25°C [
CASE TEMPERATURE (T¢)=25°C : FREQUENCY (f) = 2 GHz
‘
|
,
‘

o
o

»
o

1%
o

n
o

OSCILLATOR OUTPUT POWER (Py)-W

5

Lo 2 14 16 18 20
FREQUENCY (f)-GHz

92CS-19796
Fig. 1-Typical oscillator output power vs. frequency for the
test set-up of Fig. 5.

CASE TEMPERATURE = 25°C TR i
FREQUENCY (f)= 2GHz TEHE

o LEMITTER- SUPPLY VOLTAGE (vg)-25v [T

o
o

»

8

OSCILLATOR CIRCUIT EFFICIENCY (7)-%

o
o

~

0
>

1
i
H
[s

OSCILLATOR OUTPUT POWER (Pg)-W
w

5]

B
i
S
TNt e R e
o 100 200 300 400 500
COLLECTOR CURRENT (Ic)-mA

T

92CS~19798
Fig. 3—Typical oscillator output power and circuit efficiency
vs. collector current.

POWER
LORIMETER
SUPPLY A ETE

TEST
OSCILLATOR

WAVEMETER

92CS-19794

Fig. 5—Block diagram of test set-up for measurement of
oscillator output power.

TERMINAL CONNECTIONS

Terminal No. 1 — Base
Terminal No. 2 — Emitter
Terminal No. 3 — Collector
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OSCILLATOR OUTPUT POWER (Pg)-W
”

\=x0°‘“k

VS |

2 ‘R(‘“ iaSan

o T

e

! 200mA

0T

o H S
16 18 20 22 24 26

EMITTER - SUPPLY VOLTAGE (Vgg)-V
92CS-19797
Fig. 2—Typical 2-GHz oscillator output power vs. emitter-
supply voltage.
’_W)B CASE TEMPERATURE (T¢) = 1000 C
I T

7
6 |—lc MAX. CONTINUOUS

AOT-SPOT
TEMPERATURE|
(Ty5)=200°C

COLLECTOR CURRENT (I¢c) -mA

? [NOTE:HOT SPOT TEMPERATURE (T,g)
IS DETERMINED BY INFRARED
SCANNING

1 H 4 68 g H 1 5 8y
COLLECTOR-TO0-BASE VOLTAGE (Vcp) - V. 92C5-22852

Fig. 4—Safe operating area for dc operation.

SOLDERING INSTRUCTIONS

When the RCA-40909 is soldered into a circuit, the terminals
must be pretinned in the region where soldering is to take
place. The device should be held in a high-thermal-resistance
support for this tinning operation. A 60/40 resin-core solder
and a low-wattage (47 watts) soldering iron are suggested for
the pretinning operation. The case temperature should not
exceed 230°C for a maximum of 10 seconds during tinning
and subsequent soldering operations.

WARNING: The ceramic body of this device contains
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be h dous if inhaled. Disposal should be by burial.
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75-ohm
TRANSMISSION
LINE

7/

*Cq: Adj feedback itor for ies below 1.4 GHz,
0.3-3.5 pF, Johanson 4700 {(Johanson Mfg. Corp., Boonton,

N.J. 07005) or equivalent.
RFC: 5 turns No. 28 wire, 0.05 in. (1.27 mm)1.D.,0.4 in. (10.16 mm)

long.

-1979!
ouTPUT 920519795

Fig. 6—Schematic diagram of basic oscillator circuit

UNIVERSAL BREADBOARD OSCILLATOR CIRCUIT'
FOR OPTIMIZING MECHANICAL DIMENSIONS

N
OUTPUT COUPLING CAPACITOR

'ADJUSTABLE eI E
CENTER- CONDUCTOR| END BLOCK
LENGTH

ADJUSTABLE S| LLOW PROPER
OUTPUT COUPLIN POSITION OF OUTPUT
CAPACITOR . PLING

L]
Fig. 7—Top view of test oscillator with cover removed.

Fig. 8—Side view of test oscillator with cover removed.

A
Oscillation
COVER Frequency| A B c o} E F G
! :
"ﬂﬂw % 310 | 0775| 2.30 |0.600| 0.775 |0.250] 1.20
— F 1GHz |28 74)|(19.69)|(58.42)|(15.24)| (19.69)|(6.35) (30.48)
G,
o o ] 2.00 |0.775 | 0.975 | 0.160 | 0.775 |0.250] 0.600
E 920519799 2GHz |(66.80)(19.69)|(24.77)| (4.06) | (19.69)|(6.35) |115.24)
D i in p are in s, derived from the basic

inch dimensions shown,

Fig. 9—Drawing (inside view) of oscillator, showing dimensions.
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Division
40915
0.2-t0-1.4-GHz Low-Noise
Silicon N-P-N Transistor
AC For High-Gain Small-Signal Applications
_I 4
E Features:
| ® Low noise figure:
NF = 2.5 dB (max.) with 11 dB gain at 450 MHz
= 3.0dB (typ.) at 890 MHz
= 4.5dB (typ.) at 1.3 GHz ®  High gain-bandwidth product
® High gain (tuned, unneutralized): ® Large dynamic range
JEDEC TO-72 H-1299 Gpg = 14 dB (min.) at 450 MHz = Low distortion
= 6.5 dB (typ.) at 1.3 GHz

RCA-40915* is an epitaxial silicon n-p-n planar transistor in-
tended for low-power, small-signal applications where both

COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=IOV

COLLECTOR CURRENT (Ic)=1.5 mA

AMBIENT TEMPERATURE (T )=25°C

low noise and high gain are desirable. It utilizes a hermetically 5
sealed four-lead JEDEC TO-72 package. All of the elements o
of the transistor are insulated from the case, which may be T a
grounded by means of the fourth lead. <
——— w
*Formerly RCA Dev. No. TA8104. 5 3
o
w
" 2
3
z
MAXIMUM RATINGS, Absolute-Maximum Values:
Collector-to-Base Voltage .. ....... Vego 35 \' -

. ) 200 400 600 800 1000 1200 1400
Collector-to-Emitter Voltage ....... Veceo 15 \ FREQUENCY (f)— MHz
Emitter-to-Base Voltage ........... Vego 356 v 92¢s- 20062

. Fig.1—Typical noise figure vs. frequency.
Collector Current (Continuous) .. ... Ic 40 mA
Transistor Dissipation: Pr
At ambient temperatures up N2
025°C ... 200 mw &
At ambient temperatures above =
25°C Derate linearly I
at 1.14 mwW/°C g 2
'3
Temperature Range: b
Storage and Operating 5
. S
(Junction) .............. —65 to +200 °C g,
<
@
z COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=I0V
3 AMBIENT TEMPERATURE (Tp )= 25°C
NOTE: 1 CALCULATED FROM MEASURED
VALUES OF S-PARAMETERS
I T T T T I T T T T T T T T
o 5 10 15 20
COLLECTOR CURRENT (I¢) - mA 920519735
Fig.2—Gain-bandwidth product vs. collector
current.
276 9-74



File No. 574 40915
ELECTRICAL CHARACTERISTICS at Ambient Temperature (Tp) = 25°C
TEST CONDITIONS
DC be
CHARACTERISTIC SYMBOL COLLECTOR CURRENT LIMITS UNITS
VOLTAGE (mA)
v) "
ves | Vee | e | g | ic | MIN.| max.
STATIC
Collector Cutoff Current IceBO 10 0 - 20 nA
Collector-to-Base V(BR)CBO 0 0.01 35 - \
Breakdown Voltage
Coliector-to-Emitter V(BR)CEO 0 {01 15 - \
Breakdown Voltage
Emitter-to-Base V(BR)EBO 0.01 0 35 - \
Breakdown Voltage
DC Forward-Current hEg 10 3 20 - -
Transfer Ratio
Thermal Resistance: RoJa - 880 °c/w
(Junction-to-Ambient)
DYNAMIC
Device Noise Figure (f = 450 MHz) NF 10 15 - 25 dB
Small-Signal Common-Emitter Gpg 10 15 13 - dB
Power Gain (f =450 MHz)
Unneutralized Amplifier
At minimum noise figure
Collector-to-Base Output Cobo 10 0 - 1.0 pF
Capacitance (f = 1 MHz)
: I { { E I I { I I ! 5] FREQUENCY {f )= 450 MHz
I ] J_l_'_t AMBIENT TEMPERATURE (Tp)=25°C
— ’)MHI_
? N
o g 24
N '
Y B —
E+ +H = 3v S—
g 2003, 5 v =3
3 10 &, COLLECTOR-TO-EMITTER
a 1 W °| VOLTAGE (Vcg)= 10V
g g
E 0
w H L PREQUE, !
® o H EET e
+{COLLECTOR-TO-EMITTER VOLTAGE (Vcg) =IOV
J/ITIAMBIENT TEMPERATURE (Ta)=25°C, 2G= 2L =508 o L L
© R § 10 12 14 16 8 ! ) o
COLLECTOR CURRENT (I¢) -mA COLLECTOR CURRENT (IC)-mA 2Cs-19737

92CS-19736

Fig.3—Typical insertion power gain vs. collector current.

Fig.4—Typical noise figure vs. collector current.
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40915

FREQUENCY (f)=450 MHz
AMBIENT TEMPERATURE (T3)=25°C

POWER GAIN AT MINIMUM NOISE FIGURE (Gpg)-d8

N
!
t
t

File No. 574

0.0l 02 03 040506 07 08 09 |
P T TP I TP T T PO VY |
ITER
REFLECTION-COEFFICIENT SCALE

CEN

i ECEEEeH oo adhidigisad i csora
0 10 2 4 = %
COLLECTOR CURRENT (Ic)-mA s2cs-19738 -90°
Fig.5—Typical power gain (at minimum noise
figure) vs. collector current. . P . .
gu Fig. 8—Typical input reflection coefficient.
Vgg** Vg 1oV
DQUBLE - DQUBLE-
10-d8 STUB STUB
Ij PAD TUNERS
FREQUENCY (1):450 MHz BIAS
w PERATURE (T, )= 25° SIGNAL DEVICE TEE
5 AMBIENT TEMPERATURE (Ty)=25°C GENERATOR NbER
L TEST*
I T+20 10-dB
L PAD RF
"y AMPLIFIER
gs N
== o
“Z+0 o o
= A 4? NOISE
wi s~ SOURCE SELECTIVITY
35 o . FILTER
3z 1O
58 © gc‘oﬂ
2 o PRECISION
£z < ATTENUATOR  MIXER
3 NOISE-
10 FIGURE
2 0 20 METER
COLLECTOR CURRENT (I¢)-mA
92Cs-19739

Fig.6—Typical output power level (with 1 dB of
gain compression) vs. collector current.

COLLECTOR-TO-EMITTER VOLTAGE (Vgg)=lOV
TERMINATIONS: 50Q
AMBIENT TEMPERATURE (Tpa)225°C

*
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Fig.7—Typical forward and reverse transfer coefficients.
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OSCILLATOR

92CS-19743

* In General Radio type 1607-P44 transistor mount,
or equivalent.

* Vg adjusted for Ic = 1.5 mA.

Fig.9—Block diagram of test setup tor measurement
of power gain and noise figure.

o0*

REVERSE TRANSFER COEFFICIENT (S()—dB
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PIN
(Zg=509)

0 0l 02 03040506 07 08 09 |
AT PR IVINT PTRVL TN IO YT NPT |

CENTER
REFLECTION COEFFICIENT SCALE

Ls

N

Lala

Lg:

*vg

Fig.1

* = o
+Vpy “Vee FlovV

: 1.0- 30 pF
: 1.0-20 pF
: 0.04 uF
: 1-10 pF

: 2 turns No. 18 wire, 3/16 in. (0.188 mm)
1D, 0.10 in. (2.54 mm) long

: 3 turns No. 18 wire, 3/16 in. (0.188 mm)
ID, 0.15 in. (3.81 mm) long

: 0.22-uH rf choke

3 turns No. 18 wire, 3/16 in. (0.188 mm)

1D, 0.15 in. (3.81 mm) long

g adjusted for Ic = 1.6 mA
1—Circuit diagram of 450-MHz amplifier

(unneutralized) used for measurement
of power gain and noise figure.

TERMINAL CONNECTIONS
Lead 1 — Emitter

Lead 2 — Base

Lead 3 — Collector

Lead 4 — Case

92Cs-19744

40915
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File No. 550

RG]

Solid State
Division

RF Power Transistors

40934

High-Power Silicon N-P-N
VHF/ UHF Transistor

12.5-Volt Type For Class C Amplifier Applications

Features:
® L ow-inductance radial leads — particularly useful for stripline circuits
RCA HF-31 Package ® Hermetically sealed ceramic-metal package
(“Studless TO-216 AA™) = Electrically isolated mounting surface
# 2-watt minimum output at 470 MHz
H-1676
= 7-dB gain at 470 MHz
. T .
RCA-40934" is an epnaxc.al silicon n-p-n planar transnstor COLLECTOR SUPPLY YOLTAGE (Yeg) - 257 | T .
that features overlay emitter-electrode construction and CASE TEMPERATURE (T¢) = 25° C T
a hermetic ceramic-metal package with leads isolated from 60 I HHH
the mounting surface. This rugged, low-inductance, radial- 1 i T
lead device is designed for stripline as well as lumped- = &0 + pr,,"
. . o~ T 4‘4
constant circuits. § ‘o NG e THHATAT
g " TR T
B3 N ot
*Formerly RCA Dev. No. TA7941. g ., oTR¥
5 : 4\‘7 T —
g deasss
5
S 20
1.0 T ~
H
Type 40934 is electrically identical to the RCA-2N5914, H
but employs a “studless TO-Z16AA"’ package. 200 400 600 800

MAXIMUM RATINGS, Absolute-Maximum Values:

FREQUENCY (f) - MHz

92LS-3034R2

Fig. 1—-Typical output power vs. frequency.

COLLECTOR-TO-BASE BREAKDOWN VOLTAGE . ... ......'uuunnnnnn ..

COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE:
With base connected to emitter

COLLECTOR CURRENT:

ContinuUouS . . . ..t e e e e e

TRANSISTOR DISSIPATION:
At case temperatures up to 75°C
At case temperatures above 75°C, derate linearly at
TEMPERATURE RANGE:

V(BRICBO 36

V(BRICES 36
V(BRICEO 14

VEBO 35
e 05
P

5.7

<< <

0.0456 w/ec

Storage & Operating (Junction) . . ... ....... ..ttt 65 to
+200°C
CASE TEMPERATURE (During soldering):
For 10 s Max. .. ... i e e e 230 oc
280 672



File No. 550 i 40934

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tel)= 259C

STATIC
TEST CONDITIONS
DC DC pe
COLLECTOR| BASE
M Ll UNI
CHARACTERISTIC SYMBOL VOLTAGE |VOLTAGE CU?RAE)NT MITS NITS
) ) ™
Vce VBE e 's Ic__|mMIN. | MAX.
Collector-Cutoff Current ICEO 10 0 - 0.3 mA
Collector-to-Base
.. - A\
Breakdown Voltage V(BRICBO 0 05 36
Collector-to-Emitter
Breakdown Voltage: .
With base open V(BRICEQ Y 262 14 — v
With base connected
252 | 36 -
to emitter V(BRICES 0
Emitter-to-Base
0. 0 3.4 -
Breakdown Voltage V(BRIEBO 5 5 v
apyised through a 25-mH inductor; duty factor = 50%
DYNAMIC
TEST CONDITIONS
DC Collect Input F LIMITS
CHARACTERISTIC symBoL St ‘(’v“ ‘)” v | Power ("‘)"l‘z:"" uNITS
upply tVee =V | (pyg)-w ZI'WMIN. | TvP.
Power Output PoE 12.5 0.4 470 2.0 w
Power Gain Gpg 125 04 470 7 dB
Collector Efficiency c 125 0.4 470 65 %
Load Mismatch (Fig. 8) LM 125 0.4 470 Open circuit -
through short
circuit
Collector-to-Base Capacitance Cobo 12 15
1 - pF
Ic=0 (max.)
" . 12
Gain-Bandwidth Product T IC = 200 mA 900 MHz
FREQUENCY (f) = T TR
CASE TEMPE%?A’T::‘E)?“F‘:) = 25°C THHE ’,\‘Lf“'“- 1
- TN COLLECTOR SUPPLY VOLTAGE (Vcg)=12.5 V
T o 2% w CASE TEMPERATURE (T¢)=25°C
HHH‘IQ& z T TTT
z TS g T 1T
| < € 3 I ; 1] 2
W P w5 =TT 520-
< S . TR T
& Hoo 2a, PP
H z
g ; 5%
2 3%
5 i H
° 2 g .
mEE )
o .
]
=)
I !
o« —
&
0.4 0.6 08 [
INPUT POWER (P g)—W 100 200 400 500
92L5-3038R2 FREQUENCY (f)—MHz
. . . ) 92C$-20003
Fig. 2—Typical output power vs. input power at 470 MHz for Fig. 3—Large-signal parallel equivalent input resistance
40934 in circuit shown in Fig. 7. vs. frequency.
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40934 File No. 550
ICOLLECTOR SUPPLY VOLTAGE (VGC)=12.5V COLLECTOR SUPPLY VOLTAGE (Vcc)=(2.5 v
CASE TEMPERATURE (Tg)=25°C G CASE TEMPERATURE (Tc)=25°C
8 15 I 3
2 %
2 o
= 8 ,H
Q %3
& 5 E
g b
O &
[=4 W ogg
2 £ *
z 2 A
(=3 =3 By
Z1 3 u o
e 9 £ &
£ £)20.73 s &
3 . 2 X
o -2 5 &
L g &
Epe gn 4
z E
H g
> 75 b
100 00 0 400 500 100 200 300 400 500
FREQUENCY (f)-— MHz FREQUENCY (f) - MHz
92¢s-20004 9255-4498RI
ig. 4— -1 1 7 i . : ; . .
Fig. 4—Large-signal parallel equivalent input capacitance vs. Fig. 5—Large-signal parallel equivalent output resistance
frequency. vs. frequency.

COLLECTOR SUPPLY VOLTAGE {Vgc)=12.5 V|
CASE TEMPERATURE (Tc )=25°C

VCC='2‘5V

cée

27,2500

PARALLEL EQUIVALENT OUTPUT CAPACITANCI
N
k=]

100 00 00
FREQUENCY (f)—MHz
92¢$-20005

Fig. 6—Large-signal parallel equivalent output capacitance
vs. frequency.

PIE=0AW | 470-MHz
470-MHz AMPLIFIER
DRIVER (FIG.7)
Vee=l2.5v
sTuB™
92CS-19792

The transistor must withstand any mismatch in load; the load
can be varied from open circuit to short circuit by adjustment
of the tuning stub through a half wavelength. (The dissipation
rating of the transistor should not be exceeded during the
test.)

Fig. 8—Test set-up for checking load-mismatch capability of
40934.
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2g=500 |

N

L d J

92CS-19791

C1,C2,C3: 0.9-7.0 pF, ARCO 400 or equivalent
C4: 1.5-2.0 pF, ARCO 402 or equivalent
Cg: 1000 pF, feedthrough
Cg: 0.1 uF, ceramic
Cy: 2-18 pF, Amperex HT10MA/218 or equivalent, con-
nected between the base and emitter with the shortest

possible leads.
Ly,L2: 1 turn No.16 wire, 3/16 in. (4.78 mm) 1.D;, 1/8 in. (3.18
mm) long
L3: 1 turn No.20 wire, 3/16 in.(4.78 mm) 1.D.,1/8in.(3.18
mm) long

L4: Ferrite choke, 4509 impedance; Ferroxcube
VK-200-09-3B or equivalent

Fig. 7—470-MHz amplifier test circuit for measurement of

output power, gain, and load-mismatch capability.

TERMINAL CONNECTIONS

Terminal No. 1, 3 — Emitter
Terminal No. 2 — Base
Terminal No. 4 — Collector

WARNING: The ceramic heat-sink portion of this device
contains berylium oxide. Do not crush, grind, or abrade
this portion b the dust Iting from such action
may be h i if inhaled. Disposal should be by
burial.




File No. 551

NG

Solid State
Division

RF Power Transistors

40936

JEDEC TO-60

H-1307

20-W (PEP) Emitter-Ballasted
Overlay Transistor

For 2- to-30-MHz Single-Sideband
Linear Amplifier Applications

Features:
m For class A or class B amplifier service

& 20 W(PEP) output {min.) at 30 MHz with:
gain = 13 dB (min.); collector efficiency = 40% (min.);
intermodulation distortion = -30 dB (max.)

m Low-Thermal-Resistance Package

RCA — 40936* is an epitaxial silicon n-p-n planar transistor
with overlay emitter-electrode construction. It is designed
especially for use in linear amplifiers to provide high power
in class A or class B service. This device is intended for
2-t0-30-MHz single-sideband power amplifiers operating from
28-volt power supplies.

MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-EMITTER VOLTAGE:

WithVge ==16V .......c.vvinnnnn VcEy 65 V

With external base-to-emitter resistance

RBE=58 ..ooivirarnnrneneneninnns Veer 40 V
EMITTER-TO-BASE VOLTAGE ........... VEBO 4 v
COLLECTOR CURRENT:

Peak ......cniiiiiiiaaiaanirianaaans 10 A

CoNntinUOUS .......ouevvnnrnsennnnnnn ic 33 A
TRANSISTOR DISSIPATION . ............. Pr

At case temperatures up to 750C -. 50 w

At case temperatures above 75°C Derate linearly

at 0.4 W/°C.

TEMPERATURE RANGE:
&0 ) PRY

LEAD TEMPERATURE (During soldering):
At distances > 1/32 in. (0.787 mm) from

insulating wafer for 10smax . . . ... .. 230 °C

The inherent high-frequency capability of the overlay struc-
ture, together with individually ballasted emitter sites, makes
it possible to forward-bias the device into the active region
without incurring thermal instability.

*Formerly RCA Dev. No. TA8236.

COLLECTOR SUPPLY VOLTAGE (Vo) =28V
FREQUENCIES (TWO-TONE) =30 MHz , 30.00! MHz
QUIESCENT COLLECTOR CURRENT =20 mA
CASE TEMPERATURE (Tc) = 25°C

INTERMODULATION DISTORTION {iMD)-dB
:
o
o

10 15 20 25
OUTPUT POWER (Pog) — W (PEP)
92CS-19770

Fig. 1—Typical intermodulation distortion vs. output power.

11-73
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40936 - File No. 551

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tg) = 25°C

STATIC
TEST CONDITIONS
DC DC DC
COLLECTOR BASE
CHARACTERISTIC SYMBOL VOLTAGE VOLTAGE CU(F:nR:)NT LIMITS UNITS
v) v)
Ve | VeE VBE Ie | Ic MIN. | MAX.
Collector-to-Emitter
Sustaining Voltage: .
With base-emitter VeEv (sus) -5 200 65 - v
junction reverse biased
With external base-to-
a 40 - A
emitter resistance (Rgg)=59 VCER(sus) 200
Emitter-to-Base
Breakdown Voltage V(BRIEBO . 20 4 - v
Collector-to-Emitter
Cutoff Current Iceo 30 - 5.0 mA
Collector-to-Base
Cutoff Current IcBo 60 - 10 mA
Collector-to-Base Capacitance
{f= 1 MHz) Cobo % - | 8 | FF
Thermal Resistance o
(Junction-to-Case) Ro.c - 25 cw
2Fuised through an inductor (25 mH); duty factor = 50%,
DYNAMIC (30-MHz Single-Sideband Amplifier)
TEST CONDITIONS
DC
COLLECTOR| OUTPUT DC
CHARACTERISTIC | SYMBOL | SUPPLY | POWER FRE(ﬁﬂS)NCY CURRENT| wLIMITS |UNITS
VOLTAGE W(PEP) (mA)
(V)
Vee POE f Ic MIN. | MAX.
RF Input Power:
Average PiE 28 10 30 20 - 0.5 w
Peak envelope (PEP) P 28 20 30 20 - 1.0 w
Power Gain Gpg 28 20 30 20 13 - dB
Collector Efficiency ne 28 20 30 20 40 - %
Intermodulation Distortion* IMD 28 20 30 20 - -30 dB

*Referenced to either of the two tones, and without the use of feedback to enhance linearity,
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File No. 551 40936

Voo Lq: 3 turns No. 12 wire, 1/4 in. (6.35 mm)
s 1.D.,-1/2'in. (12.7 mm) long
(_5_ Lyt 6turns No. 14 wire, 3/8 in. (9.53 mm)
(NV?’E ) 1.D., 3/4 in. (19.05 mm) long
o 1 Ly 6 turns No. 10 wire, 3/4 in. {19.05 mm)

L = 1.D., 3/4in. (19.05 mm) long

L Cy: 140—-680 pF, Arco 468, or equivalent
15+j208 2 | 3 C,:  170—780 pF, Arco 469, or equivalent

2
= C3: 0.05 pF, ceramic
5 2 osom C4: 0.1 UF, ceramic
A 40936 L Cg: 1000 pF, feedthrough
2.0+l0Q c_,_! Cg:  24—200 pF, Arcd 425, or equivalent
NOTE 2) I 7 Cy:  32-250 pF, Arco 426, or equivalent
L#c, Ryt 202,1W
R Lo, Ry 300Q,5W
RFC: 350%,Ferrite choke, Ferroxcube* No. 01-03B, or equivalent
* Ferroxcube Corp. of America, Saugerties, N.Y.
< NOTES:
92LS-1878R2

1. Vpgp adjusted for a quiescent collector current of 20 mA.
2. Impedances measured at socket terminals.

Fig. 2—30-MHz linear amplifier test circuit used for measurement of dynamic characteristics.

19l cASE TEMPERATURE (Tg)=100°C G0[COLLECTOR SUPPLY VOLTAGE (Vcc) =28V T
O e s ceremanen o FIEUEIGES O T 0 w50 001w ST
U F INFRARI = m, A
< I 'ldAX TiiH?‘llQUE €D 50| CASE TEMPERATURE (T¢)=25°C =
| e Ic MAX. © X L =
4 ) H : :
1 ™ ° B T B
c £ aofiH
z HOT -SPOT TEMPERATURE 1= T = et
& (Tyg) =200°C E aes Re R ees aasetes Sy o)
£ ] e i Eas asaasstass: e
3 g fEiase peana e :
« N\ & 30 : :
2 i ; st ]
15 x t T T
5 2 SRy T
4 20 B |
8 s E2 BE :
3 7
[s] T
8 E
10F —— "
i Fheds Reesspauts sou = Eaemi e =
o e :
1 10 30 100 HiiEea cmsa e EESsenssesicommnscaniosii
COLLECTOR-TO-EMITTER VOLTAGE (Vog) —V o 5 10 15 20 25 30 35
OUTPUT POWER (Pog) — W (PEP)
9205722851 92L5-1880R2
Fig. 3—Maximum operating area for forward-bias operation. Fig. 4—Typical collector efficiency vs. output power.
COLLECTOR SUPPLY VOLTAGE (Vcc)=28V  H FREQUENCIES (TWO-TONE) =30 MHz , 30,001 MHz
FREQUENCIES (TWO-TONE)=30 MHz , 30.001 MHz mJ[',Efggh;; COLLECTOR CURRENT =20 mA
g QUIESCENT COLLECTOR CURRENT =20 mA 50|CASE TEMPERATURE (TQ) = 25°C
i i
H i
z @ t T
- & 40
2 g i
& S 2 e
L 5 i ;
30 5-30 R 8 sopEs
'y B H
o T
o = T
e 5 ] S :
€20 3-40 2 20 e
z 3 H = !
o 2 H = T
[ [+ H a
S0 % 3 1o
2 102
2 :
3 :
!
20 40 60 80 100 20 140 o [ 20
CASE TEMPERATURE (Tc) -°C COLLECTOR SUPPLY VOLTAGE (Vgg) -V
92Cs-19771 92Cs-19772
Fig. 5—Typical output power and intermodulation distortion Fig. 6—Typical output power vs. collector supply voltage.

vs. case temperature.
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40936 File No. 5651
1000 -
COLLECTOR SUPPLY VOLTAGE (Vcc) =28V FREQUENCY (f)= 1 MHz
© | CASE TEMPERATURE (T¢) =25°C W 100 CASE TEMPERATURE (Tg)=25°C
4 A o
] s
2 S 90
W

g 5]
£ 100 S S
_— 8 v e
SO 4 g 80
= 4 S
E 4 3
2 3
£ . / £
e &
S 1o / v
E o8 re 5
Z e I 5 60
3 4 =

2 50

12 10 15 20 25 30 35 40

0.3 04 05 06 07 08 09 10 COLLECTOR-TO~BASE VOLTAGE (Vgg)-V

BASE-TO-EMITTER VOLTAGE (Vgg)-V 92Cs-19773
92LS- 2153R1
Fig. 7—Typical transfer characteristic. Fig. 8—Variation of output capacitance with collector-to-
base voltage.
TERMINAL CONNECTIONS
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Case, Mounting Stud,

Pin No. 1 — Emitter

Pin No. 2 — Base
Pin No. 3 — Collector

portions b

WARNING: The ceramic body of this device contains
beryllium oxide. Do not crush, grind, or abrade these
the dust r

ing from such action may

be h ous if inhaled. Disp

| should be by burial.




File No. 553

m@m ; RF Power Transistors

Solid State
Division 40940

5-W, 400-MHz Silicon N-P-N
Overlay Transistor

For VHF/UHF High-Power Amplifiers

Features:

= 5 W output at 400 MHz with 5.2 dB power gain

m 75W output at 100 MHz with 8.7 dB power gain
JEDEC TO-216AA He1693 s Low-ind ic-metal, hermetic package
w  All electrodes isolated from the stud

RCA type 40940* is an epitaxial silicon n-p-n planar tran- TERMINAL CONNECTIONS
sistor with “overlay’’ emitter-electrode construction. In the Terminals 1,3 — Emitter
overlay structure, a number of individual emitter sites are Terminal 2 — Base
connected in parallel and used in conjunction with a single Terminal 4  — Collector

base and collector region. This arrangement provides a sub-
stantial increase in emitter periphery for higher current or
power, and a corresponding decrease in emitter or collector WARNING: The ceramic body of this device contains
areas for lower input and output capacitances. The overlay beryllium oxide. Do not crush, grind, or abrade these
structure thus offers greater power output, gain, efficiency, portions b the dust resulting from such action may
and frequency capability. be hazardous if inhaled. Disposal should be by burial.

*Formerly RCA Dev. No. TA7982.

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-EMITTER VOLTAGE:

With Dase OPEN ...ttt eenieiii e inea e Veceo 40 \
COLLECTOR-TO-BASE VOLTAGE ... .....ceveianianainnneeinnes Vceo 65 v
EMITTER-TO-BASE VOLTAGE ....... ...ttt VEBO 4 \'
COLLECTOR CURRENT: e

CONLINUOUS & vt v veeeecensonnenetnronennssnaesnssssanssnaeensnans 1.5 A

[ <P 0.5 A
TRANSISTOR DISSIPATION: Pt

At case temperatures Up 10 75°C . ...ttt 8.33 w

At case temperatures above 75°C, derate linearly at .................... 0.067 w/°C
TEMPERATURE RANGE:

Storage & Operating (JUNCLION) . . ... vvvvnennevenernnenneaeeneeenes —65 to +200 °c
CASE TEMPERATURE (During Soldering):

FOP 10 S MAX. s« v vt e et eeneeeeeeaaeeaaneaaseaneneanionnennanens 230 °c
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40940 - File No. 553

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tg) = 25°C

STATIC
TEST CONDITIONS
DC DC DC
CHARACTERISTIC SYMBOL COLLECTOR BASE CURRENT LIMITS UNITS
VOLTAGE-V | VOLTAGE-V mA
Vee Vge g s Ic | MIN.| MAX,
Collector-to-Emitter Cutoff Current:
With base open IcEO 30 0 - 01| ma
Collector-to-Emitter Saturation
Voltage Vcglsat) 100 | 500 - 1 A"
Collector-to-Emitter Breakdown Voltage:
With base connected to emitter V(BR)CES 0 2002 65 - v
With base open V(BRICEO 0 {200°| 40 -
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 ] 4 - \
Thermal Resistance:
{(Junction-to-Case) Rgyc - 15 °C/wW
3Pulsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
' TEST CONDITIONS
CHARACTERISTIC symgoL | DCCOLLECTOR | INPUT [ OUTPUT LIMITS UNITS
SUPPLY POWER POWER FR(E‘Q_[:AE'_":CY
(VeehVv (Pye)-w (Pop)-wW MIN. | MAX.
Output Power (See Fig. 11) 28 15 400 5 -
—_— PoE w
(See Fig. 9) 28 1 100 75
Power Gain Gpg 28 5 400 5.2 - dB
Collector Efficiency nc 28 400 50 - %
Collector-to-Base
Capacitance Cobo 30 (VCB) 1 - 1 pF
TYPICAL APPLICATION INFORMATION
CIRCUIT COLLECTOR SUPPLY OUTPUT POWER INPUT POWER COLLECTOR EFFICIENCY
VOLTAGE (Vgc)-V (Pog)W PighW (ng)-%
400-MHz Narrowband Amplifier :
(See Fig. 10) » 5 5 60
100-MHz Narrowband Amplifier
(See Fig. 9) 28 75 1 70
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COLLECTOR SUPPLY VOLTAGE (vcc)=28 v COLLECTOR SUPPLY VOLTAGE (VCC)=28 V
CASE TEMPERATURE (Tc)=25°C CASE TEMPERATURE (Tg)= 25° €
10 P———
8 2
E— oy~ £ 600
:, — TS 3
L Es00
w RF 0. =
N .75 ~ =
o P
a ur Po \ ™ S
= 4 Wep 7S | I~ a
'E IE)eg S g 400
3z T\\ E
a I~ =]
\~ =
- 2 30
2 H
5 ¢
3 2z
° I
o
1 200
100 200 300 400 [ 50 100 150 200 250 300
FREQUENCY (f)—MHz COLLECTOR CURRENT (Ig)—mA 92C$-12569R2
92CS-12571R2 . . .
Fig. 1—-Output power vs. frequency. Fig. 2—Gain-bandwidth product vs. collector current.
COLLECTOR-SUPPLY VOLTAGE (Vcc)=28V w FREQUENCY (f)=IMHz
CASE TEMPERATURE (T¢)=25°C I CASE TEMPERATURE (Tc)=25°C
T 80 8" 1T
o S
N = V|
70 © o
Fe £ H
S £ s £ R
& o] 5]
z 8 0 & g 10
; o 8
o
g o 50 ]
s © 'OE 8 ? H
g e &
= 8 [
3 4 40 o & 5
3 o
° &
w
2 30 b}
o
o
5 ! [ 26 30 40 50 0 G
X ]
INPUT POWER (P[g)-W COLLECTOR-TO-BASE VOLTAGE (Vcp)-V
92CS-19785 92CS-19786

Fig. 3—Typical output power and collector efficiency vs.

Fig. 4—Collector-to-base capacitance vs. collector-to-base volt-

input power. age.
COLLECTOR-TO-EMITTER VOLTAGE (VCG)=28 V COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V
CASE TEMPERATURE (Tc)<25° C CASE TEMPERATURE (T) = 25°C
w N
400 g " I~
54 é T~ -122—" a 50—
3] . N e
3
. 5! N—
sz T2
£ £ A
= e
&y 200 52 250 ]
IS <
Iz 13 N Nt RV
A S = COLLECTOR GOR%
a o T~
= 100 k4
- w
3
[¢] ] 8
40 100 4 s00 40 100 500
FREQUENCY (f)—MHz FREQUENCY (1) = MHz ozcs-i2573R2

92Cs-12574R2

Fig. 5—Parallel output resistance vs. frequency.

Fig. 6—Series input resistance vs. frequency.
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COLLECTOR SUPPLY VOLTAGE (VCC)=28 V COLLECTOR SUPPLY VOLTAGE (vcoc)=28 V |
CASE TEMPERATURE (Tc)=25° ¢ CASE TEMPERATURE (Tg) = 25°C
3 5
g 125
AN H
20|
" N g o A 4
L 2
H £ 75 & //A
Eu sl Pa o
gsa Cor, za K5 L/
1 Leey, cl s o) /
a-~ OR ¢y, RR, i 5~ o 3 v
> ENT (1) =50 mA o) RREV._<Z /
5S | L ¢ Ec\'QRcu b4
e 250 g8 - o 2 /
o E o - 700
5 4 beet——1"T"]
g s ==
2
o -5
40 100 500 “ FREQIflgNCY ()= MH 500
FREQUENCY (f) — MHz secs i2sTon z 92cs-12572R2

Fig. 7—Parallel output capacitance vs. frequency.

+Vec=28V 92CS ~19787

C1 . Co, C3, C4: 7-100 pF
Csz 0.005 pF disc ceramic
. Cs: 1000 pF
C7: 0.01 uF disc ceramic
Lq: 2 turns No. 16 wire, 0.375 in. (9.5 mm) ID, 0.75 in.
(19.05 mm) long

Lo, Lg: 1.5uH
L4t 7 turns No. 16 wire, 0.375 in. (9.5 mm) ID, 1 in.
(25.4 mm) long
Ry: 1000

Fig. 9—100-MHz amplifier test circuit for measurement of
power output.
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Fig. 8—Series input reactance vs. frequency.

&
N 1.61
”‘(40,597'[

INPUT STRIP|
0.49

(12.94)

3375 4
(856) I~ 0.115
352 @92

L-025 (8540
1 635 92Cs-19788

Cq, Cy, C3: 2-18 pF, Amperex HT10MA/218, or equivalent
C4, 05: 1 uF electrolytic
Cs: 1000 pF, ATC-100, or equivalent
Fl1: 5.1 2, % W carbon
RFC: 0.12uH

NOTES:

1. Di i in par are in milli s and are derived
from the basic inch dimensions as indicated.

2. Produced by removing upper layer of double-clad, Teflon board,
Budd Co. Polychem Div. Grade 108T, 1 oz, 1/32 in. (0.79 mm)
thick, (e = 2.6), or equivalent.

Fig. 10-400-MHz amplifier test circuit for measurement of
power output.



File No. 554

NG/

Solid State
Division

RF Power Transistors

40941

Features:

RCA HF-31 H-1676

RCA—40941* is an expitaxial silicon n-p-n planar transistor
employing an advanced version of the RCA-developed “‘over-
lay” emitter-electrode design. This electrode consists of many
“isolated emitter sites connected together through the use ofa
diffused-grid structure and a metal overlay which is deposited
on a silicon oxide insulating layer by means of a photo-
etching technique. This overlay design provides a very high

MAXIMUM RATINGS, Absolute Maximum Values:
COLLECTOR-TO-BASE VOLTAGE

COLLECTOR-TO-EMITTER VOLTAGE:
With base open
With external base-to-emitter

resistance (RBg) =10

EMITTER-TO-BASE VOLTAGE

COLLECTOR CURRENT:

CONLINUOUS « + « « « v v v et e e e e e e e e e

TRANSISTOR DISSIPATION:

At case temperatures upto 75°C . . . . . oo e

At case temperatures above 75°C,
derate linearly at

TEMPERATURE RANGE:
Storage & Operating (Junction)
CASE TEMPERATURE
(During soldering) :
For 10 s max

Cobo = 4 pF max.

Silicon N-P-N Overlay Transistor

High-Gain Driver for VHF/UHF Applications
in Military and Industrial Communications Equipment

= High power gain, unneutralized class C amplifier:
1 W output at 400 MHz (10 dB gain)
1 W output at 250 MHz (15 dB gain)
1 W output at 175 MHz (17 dB gain)
1 W output at 100 MHz (20 dB gain)

= Low output capacitance

emitter periphery-to-emitter area ratio resulting in low
output capacitance, high rf current handling capability, and
substantially higher power gain.

The 40941 is intended for class-A, -B, or -C amplifier,
frequency-multiplier, or oscillator circuits: it may be used in
output, driver, or pre-driver stages in vhf and uhf equipment.
*Formerly RCA Dev. No. TA7680.

.......... VeBo 55 Vv
.......... Vceo 30 \
........... VCER 55 v
.......... VEBO 35 v
Ic
........... 0.4 A
Pr .
........... w
........... 0.04 w/°C
........... —65 to +200 °c
........... 230 °c

12-71

291



40941 File No. 554
ELECTRICAL CHARACTERISTICS, At Case Temperature (Tg) = 25°C unless otherwise specified.
STATIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Voltage Current LIMITS UNITS
(V) (mA)
VcE VEB I3 Ig lc | Min.|Max.
Collector-Cutoff Current:
With base-emitter junction reverse-biased ICEX 55 1.5 — | 0.1
At Tg = 200°C 30 15 — o1 mA
With base open ICEO 28 0 - 120 HA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 0.1 55 | — \
Collector-to-Emitter Breakdown Voltage:
With base open V(BR)CEO 0 5 30| -
With external base-to-emitter resistance v
(RRE) =10 Q V(BR)CER 0 5 55 | —
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 35| - \
Emitter-Cutoff Current IEBO 3.5 - 101 mA-
Collector-to-Emitter Saturation Voltage VCE(sat) 20100 - |10 \
DC Forward-Current h 5 360 5 -
Transfer Ratio FE 5 50 | 10 | 200
Thermal Resistance:
{Junction-to-Case) Reuc 7 °c/w
DYNAMIC
LIMITS
TEST & CONDITIONS symoL | FREGUENCY UNITS
MINIMUM | MAXIMUM:
Power Output (Vcc =28 V):
PIE = 0.1 W (See Fig. 2) Poe 400 10 - w
Large-Signal Common-Emitter Power Gain (Vg = 28 V):
PIE = 0.1W GpE 400 10 - dB
Collector Efficiency (Vog =28 V): e 400 45 _ %
Plg = 0.1 W, POE = 1 W, Source Impedance =50
Magnitude of Common-Emitter, Small Signal, Short-Circuit
Forward-Current Transfer Ratio
IC =50 mA, Vo = 15 V hte 200 25 -
Common-Base Output Capacitance (Vg = 28 V) Cobo 1 - 4 pF
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92CS- 19862

Fig. 5— Variation of colle to-base capaci

File No. 554
PERFORMANCE DATA
Pour
COLLECTOR SUPPLY VOLTAGE (Vc)= 28V Cs, Ls (2,+50 @)
CASE TEMPERATURE (Tc):25°C .
IN
2G50 <;
(26=50 @) 2,
x A
w
S 20 e
o L e =
a
S
3 "O;yt” 200 L ]
4
§ ~pllrp ”.0\
e s £
2 10 — % N = 4
& "°>'\° N 2%~ c1: 335pF
2 g C2,Cs5: 880pF
o8 Ca: 12pF 92¢8-19664
C4: 1,000 pF feedthrough Veg*-28V .
Cg: 09-7pF
100 200 400 600 800 Ly: 2 turns No. 18 wire, 0.26 in. (6.35 mm) ID, 0.125 in.
FREQUENCY (f)— MHz R (217 mm) long
92cs-13146 RZ Lz Ferrite f choke, 1 tum, Z = 4500
. LaLs: RF choke, 0.1H
. — U .
Fig. 1—-Power output vs. frequency. Ls: 2-1/2 tums, No. 18 wirs, 0.25 in. (6.3 mm) 1D, 0.187 in.
(476 mm) long
Ry: 6.60,1W
o] CASE TEMPERATURE (Tg)=28°C Fig. 2-RF am.pllf/er circuit for power output test (400-MHz
" | operation).
E 28
1500,
! 8 Ve 8l CASE TEMPERATURE (T¢)= 100°C
- v
< OLLECTOR- Tot. T
5 — s < 1 MAX.
2 i &» E
g | \
| ) HOT SPOT TEMPERATURE
= (T,g) = 200°C
x -
8 H
E 3 @
e x 100
H 3 s—MNoYE: T,g IS DET oY \V/
P 2 € o USE OF INFRARED
: 8 YAty \
= [ 24 T
< o
© 4
3 Vego MAX.
° €0 80 100 A
COLLECTOR CURRENT (Ic)—mA
92Cs-13158 10
. 10 ’ 100
Fig. 3—Gain-bandwidth product vs. collector current COLLECTOR-TO-EMITTER VOLTAGE (Vcg) —V
. . 92¢CS-17671
Fig. 4—Safe area for dc operation.
= [ FREQUENCY (11=I MHz COLLECTOR SUPPLY VOLTAGE (Vcc)®15 V
a =
T g| CASE TEMPERATURE (Tc)-257C CASE TEMPERATURE (Tc) » 25°C
Ky 35—
3 a
s | 1
8 =
Y 8 3 [~
£ \ K} <
g iy \Q\
3 g ~
Y a g s ™~
2 g \ 50
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w o« T
] @ {I¢) =100 ma
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o
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92CS-I131S0RI

Fig. 6—Typical series input resistance vs. frequency.
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T

2,
Cla
w
—

COLLECTOR SUPPLY VOLTAGE (Vgcl)=ISV COLLECTOR-TO~EMITTER VOLTAGE (Vcg) =I5V
CASE TEMPERATURE (T¢) = 25°C CASE TEMPERATURE {Tc) = 25°C
i 5000}
i 7, 5
‘T 12] 2_;
N
E €
-5 i
w z C,
g . o= 7 g e
g RO 2 s 50 ><"Top
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w e
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§ —t B /\5 §
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4 g ,
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8 S
- 100}
50 100 500 50 100
FREQUENCY (f)—MHz FREQUENCY (f)— MHz
92CS-I315iRH

Fig. 7—Typical series input reactance vs. frequency.
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COLLECTOR-TO-EMITTER VOLTAGE (Veg) = 15V
CASE TEMPERATURE (T¢) = 25°C
[y i8
1 e
o
o 14
g 2l \\
N\
3 \COLLE
: NN
§ Clan
6 —"TRE
5 T (Ic)= 25 ma
% . "
g oo
T 2
I
50 00 $00
FREQUENCY (f}~—MHz
92CS-I3IS5RI
Fig. 9—Typical parallel outp vs. frequency

TERMINAL CONNECTIONS
Terminals 1, 3—Emitter
Terminal 2 —Base
Terminal 4 —Collector

WARNING: The ceramic body of this device contains
beryllium oxide. Do not crush,:-grind, or abrade these
portions because the dust resulting from such action may
be h dous if inhaled. Disposal should be by burial.

500

92CS-13154R2

Fig. 8—Typical parallel output resistance vs. frequency.



File No. 579

(R

Solid State
Division

RF Power Transistors

40953 40954 40955

Features

1.75-, 10-, and 25-W, 156-MHz
Silicon N-P-N Overlay Transistors
For High-Power VHF Amplifiers

m Designed for vhf marine transmitters

40954 m 25 W (min.) output at 156 MHz (12.5-V supply)
40953 40955 . i
= [nfinite VSWR load-tested at constant input power,
JEDEC T0-39 RCA HF-44 f=156 MHz, Vcc = 15.5 V (40955)
11381 Ha779

RCA-40953, 40954, and 40955" are epitaxial silicon n-p-n ;gs?g:’:ﬁgufl!’(;'éﬁygfw
planar transistors of the overlay emitter electrode con- CASE TEMPERATURE (T¢)=25°C
struction. They are intended for high-power-output, vhf, H
class-C amplifier service in low-voltage-supply applications. T
These devices are especially intended for use in vhf marine é"
transmitters operating from a 12.5-volt supply. The 40954 4 »
and 40955 are emitter-ballasted, and all 40955 units are E 30
tested at constant input power { f = 1566 MHz, Vcc =155V, Z
infinite load VSWR). 3
S
* Types 40954 and 40955 are the former RCA Dev. Nos. TA8559 B
and TA8561, respectively. 5
1
12.5 13.5 14.5
COLLECTOR SUPPLY VOLTAGE (Vcc)—V
92C€S5-20110
Fig.1—Power output vs. supply voltage for
amplifier shown in Fig. 6.
MAXIMUM RATINGS, Absolute Maximum Values:
40953 40954 40955
COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE:
With base shorted to emitter ... .......... ... ... V(BR)CES 36 36 36 \Y
With base OPEN . . . oottt V(BR)CEO 14 14 14 \%
EMITTER-TO-BASE VOLTAGE .. ......... ... ...... VEBO 35 3.5 3.5 \
CONTINUOUS COLLECTOR CURRENT . ............. Ic 0.33 4.5 5 A
TRANSISTOR DISSIPATION: PT
At case temperatures upto 75°C .. ... 3.5 25 35.7
At case temperatures above 75°C, derate linearly . ....... 0.028 0.2 0.286 w/°C
TEMPERATURE RANGE:
Storage and operating (Junction) .. ........ ... ——— —65to +200 — °c
LEAD TEMPERATURE (During soldering):
At distances > 1/32 in. (0.8 mm) from seating plane for
O SIMAXe  « o e oo e et e et e 230 °c
11-72
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40953, 40954, 40955 File No. 579

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 250C

STATIC
TEST CONDITIONS LIMITS
DC DC
CHARACTERISTIC SYMBOL Volitage Current 40953 40954 40955 UNITS
\ mA
Vce |VEB| IE |IB| Ic |MIN.|MAX.| MIN. [MAX.| MIN.| MAX.
Collector-Cutoff Current:
Base connected to emitter ICES 12,5 0 - 1 -1 10 -1 10 mA
Collector-to-Emitter
Breakdown Voltage: 0 253| 14 - - | = - | =
With base open V(BR)CEO 0 [200 ]| - - 14| - 14| — v
With base connected v 0 252| 36 - - | - - | -
to emitter (BRICES 200| - | - 36| — 36 | -
Emitter-to-Base Breakdown v 0.5 0 3.5 — — - — — v
Voltage (BRIEBO 5 o | - |- | 38| - {35]|-
Thermal Resistance:
(Junction-to-Case) RoJC - | 357 - | s - 135 |°c/w
@ pylsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
DC COLLECTOR [ Loco onn LIMTs
TEST & CONDITIONS| SYMBOL |SUPPLY VOLTAGE (f)-MHz 40953 40954 40955 UNITS
(Vcc) -V MIN. | MAX.| MIN.| MAX.[ MIN.| MAX.
Power Qutput:
Pie = 0.1 W (40953) | POE 12,5 156 175 - 10 — 25 - w
1.76 W (40954)
9 W (40955)
Large-Signal Common-
Emitter Power Gain: | Gpg 125 156 124 — 7.6 - 45| - dB
Pog=1.75 W (40953)
10 W (40954)
25 W (40955)
Collector Efficiency:
PoE=1.75W (40953)| n¢ 12,5 156 50 — 60 — 60 - %
10 W (40954)
25 W (40955)
Collector-to-Base
Output Capacitance | Copo 12,5 (VcB) 1 — 15 - 30 — 80 pF
Type 40953 Types 40954 and 40955 .
TERMINAL CONNECTIONS TERMINAL CONNECTIONS ‘
LEAD 1 — EMITTER LEADS 1 & 3 — EMITTER
LEAD 2 — BASE LEAD 2 — BASE
LEAD 3 — COLLECTOR, CASE LEAD 4 — COLLECTOR

WARNING: The body of types 40954 and 40955 contains
beryllium oxide. Do not crush, grind, or abrade that portion
because the dust resulting from such action may be
hazardous if inhaled. Disposal should be by burial.
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File No. 579 40953, 40954, 40955
FREQUENCY (f)=156 MHz ] ] HH FREQUENCY (f)=156 MHz
POWER INPUT (P1g)=0.1W CASE TEMPERATURE (T¢)=25°C
CASE TEMPERATURE (T¢)=25°C d T T
14 T . 35 I
E H B
1 H 5
[ -3 30|
ISP o
-
ER: o E s
e a
3 5
: H o
I H ] 4
W 20pT
Z iop 2
a 8 o
15] H
8 i 17
12.5 14.5 10 f
COLLECTOR SUPPLY VOLTAGE (Vcc)—V 3 4 5 6 7 8 9 10
92¢s-20111 POWER INPUT (Pg)— W
92Cs-20109
Fig.2—Power output vs. supply voltage for Fig.3—Typical power output vs. power input
amplifier shown in Fig. 7. at 156 MHz for type 40955 in circuit
shown in Fig. 9.
- T T FREQUENCY (f)=156 MHz
FREQUENCY (f) =156 MHz t CASE TEMPERATURE (T )=25°C3
CASE TEMPERATURE (T¢)=25°C ! T
HH
1417 E o 5
T H | N 5\ E T H ]
13 Ve M A~ 3t f
- 3
u 1] T 1gR oLtk i <] H ng
o~ | _f_M\‘ IERREENNE| o
= 10 2.5 N T
12 T \_EC‘OR \ ,:_.
5 oo i T | a
e B En 5
3 " s sV z
5 bz = E
2 10 4
2 H ERERREEE = u &
! ! |
8[TTT T IT 1T I ! i t f iEassaanaa:
! 8 9 10 1" 12 13 14
POWER INPUT (P1g)—W COLLECTOR-TO-EMITTER VOLTAGE (Vcg)—V
92Cs-2013 92Cs-20112
Fig.4—Typical power output vs. power input Fig.5—Typical power output vs. supply volt-
at 156 MHz for type 40954 in circuit age at 156 MHz for type 40953 in
shown in Fig. 9. "qc)c circuit shown in Fig. 8.
5V
TIORT,
3 Co Ciz o te
R Ry Rg
ps Cq Cio Cia
= = = T2
RCA %} Ly n RCA
40953 i <y 40955 Cis  Poyr=25W
W
PyzOIW L 7
B
[ ®
L Lo !
= I3 .
[ ¢ [ %E'—G " ZTeis
L
R = 92CM- 20103
c1,2: 18 pF silver mica Ra: 2082, 1/4 W
C3, 9, 12: 0.02 uF disc ceramic L1: 2 turns No. 20 enameled wire 3/16 in. (4.76 mm) 1D, 1/8 in. (3.175 mm) long
Ca, 10, 14: 0.001 uF feedthrough Lg: 1 turn No. 28 enameled wire on Ferroxcube bead #56 590/4B
Cs: 10 pF silver mica L3: 0.39 uH, Nytronics Deci-Ductor, or equivalent
Cg: 100 pF silver mica L4: 1 turn No. 20 enameled wire 1/8 in. (3.175 mm) ID, 1/16 in. (1.68 mm) long
C7, 15, 16: 14—150 pF, ARCO 424, or equivalent Ls, : Z = 4508, Ferroxcube VK-200-09/3B, or equivalent
Cg, 13: 120 pF silver mica T+,2 : Twisted pair of No. 20 enameled wire 14 turns/in.
C11: 7-100 pF, ARCO 423, or equivalent Formed in a loop 3/8 in. (9.52 mm) diameter, cross connected
Rq,3,4:12Q,1/4W (End of one winding connected to beginning of other)

Fig.6—156-MHz, 25-W

plifier for marine equipt
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40953, 40954, 40955

File No. 579

PouT=IOW

92€5-20107

C1, 2: 18 pF silver mica
C3: 5 pF
C4, 7: 0.001 uF feedthrough
Cs: 50 pF silver mica
Ce: 82 pF silver mica
Cg: 0.002 uF ceramic
Cg: 15—115 pF, ARCO 406, or equivalent

72500

A}

it
Ce

||l-4

Vee=12.5V
92C€S-20104

R1:39Q, 174 W C1, 2, 3, 4: 7--35 pF, ARCO 403, or equivalent

el

2: 3602, 1/4 W

L1: 2 turns No. 20 enameled wire 3/16 in. (4.76 mm) ID, 1/8 in. (3.175 mm) long

L2: 4 turns No. 18 bare tinned wire 5/32 in. (3.96 mm) ID, 5/16 in. (7.93 mm)
long; tap 3-1/2 turns from collector .

L3: 8 turns No. 18 bare tinned wire 5/32 in. (3.96 mm) 1D, 9/16 in. (14.28 mm)

long; tap 1 turn from Cg

Cs: 1,000 pF feedthrough

Cg: 0.005 pF disc ceramic

L1: 2 turns No. 16 wire, 3/16 in. (4.76 mm) 1D, 1/4 in. (6.35 mm) long
L2: Z =450 Q Ferracube VK-200-09/3B, or equivalent

L3: 2 turns No. 14 wire, 1/4 in. (6.36 mm) ID, 5/16 in. (7.93 mm)

L4: 3 turns No. 14 wire, 3/8 in. (9.52 mm) 1D, 3/8 in. (9.52 mm) long

L4: RFC, Z = 4500, Ferroxcube VK-200-09/38, or equivalent Fig.8—156-MHz amplifier test circuit for measurement of power

Fig.7—156-MHz, 10-W amplifier for marine

Voo =125V

C
C:

TO
SUPPLY

N

C.

&

Ce

L

=’c~, 7, =500 T

92€5-20105

Fig.9—156-MHz amplifier test circuit
output of 40954 and 40955.
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O =1 Ty
COLLECTOR k—/Kl: .
Cg:

T Cy:

output of 40953,

: 7-100 pF, ARCO 423, or equivalent
: 4-40 pF, ARCO 422, or equivalent

C3:
: 0.001 uF feedthrough

0.1 uF ceramic

150 pF, ATC-100-B-150, or equivalent
14-150 pF, ARCO 424, or equivalent
24--200 pF, ARCO 425, or equivalent

: 1/2 turn No. 14 wire, 1/4 in. (6.35 mm) ID
Lo:

RFC, Z = 4509, Ferroxcube VK-200-09/38, or equivalent

: Twisted pair of No. 20 enameled wire; 14 turns/in.

Formed in a loop 3/8 in. (9.52 mm) diameter, cross connected
{End of one winding connected to beginning of other)

for measurement of power



File No. 581

NG/

Solid State
Division

RF Power Transistors

40964
40965

Features:
= High power gain:

H-1381

Silicon N-P-N
Overlay Transistors

High-Gain Devices for Class C
VHE/UHF Multiplier and Amplifier Service

JEDEC TO-39 6 dB {min.) up to f = 470 MHz (40964 tripler)
7 dB (min.) at f = 470 MHz (40965 ampilifier)

RCA types 40964 and 40965 are epitaxial silicon n-p-n

. COLLECTOR SUPPLY VOLTAGE (Vcc) = 12V
planar transistors featuring the overlay emitter-electrode CASE TEMPERATURE (T¢) =25°C
construction. They are intended for vhf/uhf mobile and ST H
portable transmitters where intermediate power output is f P 8]

L o
required at low supply voltage. § Rme
Type 40964 is especially useful as a frequency tripler into the © I
450-t0-470-MHz band. The 40965 is intended for amplifier H
service in this band. - a3

g
[ . 5 Ru
® Formerly RCA Dev. Nos. TA7614 and ‘TA7588, respectively. 5 05

[}
100 200 0 400
FREQUENCY (f)— MHz 9285 ~4100R1

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ........coiiuiiunnrennns
COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE

With external base-to-emitter resistance

(RBE) =330 .ottt i ii e icainiaens

With baseopen ........... Cedreseatenseensaians P
EMITTER-TO-BASE VOLTAGE ........... e,
CONTINUOUS COLLECTOR CURRENT . ........ovvrun....
TRANSISTOR DISSIPATION:

At case temperatures upto 250C . .......... ... e

At case temperatures above 250C .. ....... ... . e
TEMPERATURE RANGE:

Storage & Operating (Junction) . .. .....................
LEAD TEMPERATURE (During soldering):

At distances > 1/32 in. (0.8 mm) from seating plane for 10 s max

Fig. 1— Typical power output vs. fre-

quency for 40965.

36 \'Z

VCER(sus) 36 v
VCEO(sus) 14 \Y
VEBO 2 \"
ic 0.2 A
PT

3.5 w

See Fig. 6
-65t0 200 ©C
230 oC

5-72
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40964, 40965 File No. 581
ELECTRICAL CHARACTERISTICS, Case Temperature (T¢) = 250C
STATIC
"TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL Voltage Current 40964 UNITS
V dc mA dc 40965
VcE I { B | Ic | Min. Max.
Collector-Cutoff Current ICEO 10 0 - 0.1 mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 36 - v
Collector-to-Emitter Sustaining Voltage:
With base open VCEQ(sus) 0 53 |14 - v
With external base-to-emitter
resistance (Rgg) = 33Q “VCER(sus) 53 | 36 -
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 4] 2 - \
Thermal Resistance:
- [
(Junction-to-Case) Rouc 50 cw
@Pulsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | SYMBOL Collector Input Power | Frequency 40964 40965 |[UNITS
Supply (Vce)-Vde | (Pjg) -W (f) ~-MHz | mip. Typ. [Min.] Typ.
156.7-470 04 |044 |- |-
12 0.1 470 ~ [= Jos [oss
Power Output POE w
8 0.1 156.7-470 - 1033|- |-
) 470 - |- |- |033
12 0.1 1 56‘.3:170 6 6.4 il el
Power Gain GPE v = - 7 7.4 dB
156.7-470 - |52 |- |-
8 0.1
470 - |- |- |82
12 04 15(;.;:70 25 |- ;0 -
Collector Efficiency | n¢ S — %
8 o1 156.7-470 - |26 |- |-
. 470 - - - 40
Collector-to-Base veg=12V _ 1 _ 5 [ 5 oF
Capacitance Cobo Ic=0 max.) (max.)
Gain-Bandwidth Vce=12V
Product fr Ic=50 mA - 700 700 | MHz

300

TERMINAL CONNECTIONS

LEAD 1 — EMITTER
LEAD 2 — BASE
LEAD 3 — COLLECTOR, CASE



File No. 581 40964, 40965
OUTPUT FREQUENCY (f) =470 MHz =T i H % | FREQUENCY (f) =470 MHz { II I}
CASE TEMPERATURE (T¢) = 25°C | CASE TEMPERATURE (T¢) = 25°C % I
5501 T n 800 T T T T T
B He ' HHEE
u WS (NCE!
1T 1P gX z TTOAGE
z > € gaavsin
€ 500 o\s 700 v \
] oY) | = AT eR
-~ H 53 o T T ,10;14
o & s00H et
£450 2 2’ 60 o H
g o §
z a00 A 2 so H =18
a O, - l
= 2
2 ot s Y T
a £ 40
5 3
o
300H H 3001
250H] T I I 200 FHH1 f T It I
50 100 150 200 250 50 100 150 200 250
INPUT POWER (Pjg) —mW 9285-4102R1 INPUT POWER (Pjgl—mW
Fig. 2— Typical power output vs. power ) 9255-4104R1
input for 40964 in the tripler Fig. 3— Typical power output vs. power
circuit shown in Fig. 4. input for 40965 in the amplifier
circuit shown in Fig. 5.
*Vee (z+500)
c3 == (Zg=500)
)
L2 f, 4TOMH:;
- 2
iy =IS6.TMHz 40360 3 c6 L4 ou(Yz._=son)
(zg=500) u . A
ci | _L_ N
3 cc 9255-4105
ez $F e C1,C2,C3: 0.9-7 pF, ARCO 400, or equivalent
o5
7-35 pF, ARCO 403, or equivalent
+— CS5: 22 pF 5%, silver mica
= 9255-4103 C6: 470 pF, feedthrough
C7: 0.1/1F, disc ceramic
C1,C2: 860 pF, ARCO 404, or equivalent L1: 1-1/2 turn No. 18 wire, 1/4 in. (6.35 mm)
‘C3: 0.01 IJF’ disc ceramic 1D, 1/8in. (3.17 mm) long
ca: 1000 pF' feedthrough L2: 0.39 uH, Nytronics Deciductor, or equivalent
C5:  1.5-20 pF L3: 1turn Nr/). 18 \ivire, 7132)in. (5.65 mm)
Y : in. (3. long
C6: 0.9-7 pF, ARCO 400, or equivalent . ID, 1/8 in. (3.17 mm
C7,C8: 1.5-20 pF, ARCO 402, or equivalent L4: 1 turn No. 18 wire, 1/4 in. (6.35 mm)
L1,L2: 2'turns No. 18 wire, 1D, 1/8in. (3.17 mm) long

1/4 in. (6.35 mm) 1D,
1/4 in, (6.36 mm) long
L3: 3turns No. 18 wire,
1/4in. (6.35 mm) 1D,
5/16 in. (7.93 mm) long
L4: 2 coils (1-1/4 turns No. 22 enamel wire, 1/4 in.

*Mounted as close as possible to base and emitter leads.

Fig. 5—470-MHz amplifier test circuit for measurement of power
output for type 40965.

(6.35 mm) 1D, cl d) wound in op
directions, with 1/8 in. (3.17 mm) space between
each section

R: 332, 1/4 W, carbon

Fig. 4— Tripler circuit (166.7 to 470 MHz) for measurement of power
output for type 40964.

o

DISSIPATION (PT)—W

MAXIMUM TRANSISTOR

T

i :
Hellimbh

5 0 100 150 200
CASE TEMPERATURE(Tc)—°C

92LS-1224RI

Fig. 6— Derating curve for both types.
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File No. 596

MRE RF Power Transistors
Solid State 40967
Division 40968

For UHF Amplifier Service

Features:

2-W and 6-W 470-MHz
Silicon N-P-N Overlay Transistors

= All devices tested at infinite VSWR with rated power input

RCA HF-44 PACKAGE and Vec =155V
= Devices capable of rated power output at elevated heat-sink
H-1779 temperatures
RCA-40967 and 40968® are epitaxial silicon n-p-n planar TERMINAL CONNECTIONS

transistors with overlay emitter-electrode construction. They

are intended especially for uhf class C amplifier service in Leads1 &3 — EMITTER

low-voltage-supply mobile applications.

.Formerly RCA Dev. Nos. TA8562 and TAB563, respectively.

Lead2 — BASE
Lead4 — COLLECTOR

WARNING: The ic bodies of these d

beryllium oxide. Do not crush, grind, or abrade these
portions b the dust resulting from such action may
be h dous if inhaled. Disposal should be by burial.

MAXIMUM RATINGS, Absolute Maximum Values

COLLECTOR-TO-BASEVOLTAGE ........cvvvvvenennnnnnnnns Veeo

COLLECTOR-TO-EMITTER VOLTAGE: :
Withbaseopen ..........cvviiiiinenininnnenennnnanns

EMITTER-TO-BASE VOLTAGE

TRANSISTOR DISSIPATION:

At case temperatures up to 75°C
TEMPERATURE RANGE:

Storage and operating (Junction) .................eeuein....
LEAD TEMPERATURE (During soldering):

At distances > 1/32 in. (0.8 mm) from seating plane for 10 's max .

40967 40968
36 36 \%
14 14 v
35 35 v
0.5 15 A
5.7 10.7 w
<«— —6510+200 —» oc
« 200 oc
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File No. 596 40967, 40968

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tg) = 25°C

STATIC
TEST CONDITIONS LIMITS
. bC DC
CHARACTERISTIC SYMBOL Voltage Current 40967 40968 UNITS
[\ (mA)
Vce Veg | I | '8 | ¢ | MIN. | MAX. | MIN. | MAX.
Collector-Cutoff Current:
Base connected to .
emitter ICES 125 0 - 1 - 5 mA
Collector-to-Emitter . ) 25 14 _ _ _
Breakdown Voltage: V(BR)CEO 0 a| — _ 14 _
With base open \"
With base'connected ViBRICES 0 25 36 _ _ _
to emitter 0 50| — _ 36 _
Emitter-to-Base Breakdown 05 o | 35 _ _ _
Voltage V(BRIEBO 1 o | - _ | as _ v
Thermal Resistance:
(Junction-to-Case) Rgsc - 2 - 17 | °cw
Qpylsed through a 26-mH inductor; duty factor = 50%
DYNAMIC
DC COLLECTOR FREQUENCY LIMITS
TEST CONDITIONS SYMBOL | SUPPLY VOLTAGE 40967 40968 UNITS
(Vge) -V {f) — MHz MIN. | MAX. [ MIN. | MAX.
Power Output:
Pig = 0.4 W (40967)
2'W (40968) POE 125 470 2 - 6 - w
Collector Efficiency:
POE = 2 W (40967)
6 W (40968) ¢ 125 470 60 - 60 - %
C Base Output Capaci Cobo 12.5(vcg) 1 - 15 [ - 30 pF

COLLECTOR SUPPLY VOLTAGE (Vcg)=12.5 V FREQUENCY (f)=470 MHz I
ASE TEMPERATURI =25°
FREQUENCY (f)=470 MHz CASE TEMPERATURE (Tc )= 25°C
TR R Saes
SSEsas: T
e b
9f s 3
} |
H o
o
= < o
| - = H T
5
- o
g £ *
o . E ) 2
ot i A «
5 E: c & :
2 A ¢ ER: !
£ £ : : e i
o - b t i
o - e T
& T =
z e H :
g e ; B &
e b e P PP [ i !
0 0.5 [ 15 2 25 3 100 200 300 400
POWER INPUT (Pg)—W POWER INPUT (Prg)—mW
92CS$-20416 92€5-20229
Fig.2—Typical power output vs. power input

Fig.1—Typical power output vs. power input

at 470 MHz for both types. for 40967.
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40967, 40968 File No. 596

304

FREQUENCY (f)=470 MHz H A
CASE TEMPERATURE (T¢ )= 25°C
103754t 5 !
= H
| 8
< 5
&
~ T } NgC H
= Kt 1 i
5 & : Eae gsaaninccNiReny
E f Vec® oV E:
o Wa:
& ap
= b H
o H muu|
a wa
20 £
o) HHH ! :
B 2
POWER INPUT (Prg)—w
92Cs-20230
Fig.3—Typical power output vs. power input
for 40968.
$12.5v DETAIL "A"
Le 1.30
(33.02)
< J—r : ‘I_L
RcA 40967 © ZLrson 5238 0.450
OR 40568 i (570 (.43
2g*509
m" cETAIL “3
> <i
le % !
R 3 4 Tes T
I'—l?s'vz,lssx
Ls
=
szcs-20232
*Produced by etching upper layer
NOTES: C3 placement as close to base lead as possible. of double copper-clad Teflon-fiber
C2 tapped 0.6 in. (15.24 mm) from base. board, 0.0625 in. (1.58 mm) thick
C4 tapped 0.70 in. (17.78 mm) from collector. (e = 2.6).

C1,3: 15 pF, American Technical Ceramics, ATC-100° L2: See Detail “A”

C2,4,5: 2-18pF,Amperex HT 10KA/218® L3: See Detail “B”
C6: 300 pF, ATC-100® L4: 10 turns No. 18 wire, 0.125 in. (3.17 mm) ID
C7: 1000 pF, feedthrough L5: Ferroxcube bead No. 56-590-65/ 46® over resistor lead
C8: 0.01 uF ceramic disc R1: 047Q,1W

L1: 0.22yH RFC . s - .
Dimensions in parentheses are in millimeters and are derived

®Or equivalent from the original inch dimensions.

Fig.4—470-MHz test amplifier for 40967 and 40968.



File No. 656

NG

Solid State
Division

RF Power Transistors

40970
40971

RCA HF-40 H-1781

Types 40970 and 40971% are epitaxial

transistors with overlay multiple-emitter-site construction and
emitter-ballasting resistors for improved ruggedness and in-

creased overdrive capability.

30-W and 45-W, 12.5-V, UHF Mobile,

Silicon N-P-N Overlay Transistors

With Internally Mounted Input-Matching Networks

Features:

= Internally d input “T" hi ks
using MOS base-to-emitter capacitors

= Low input Q and increased input resistance for optimum
broadband performance

= With 4 oiagio

load-mi h at rated input power with Vgg = 15.5V

\

= Emitter-ballasting and low thermal resistance (R ) JC) for added reliability

silicon n-p-n planar TERMINAL CONNECTIONS
Terminals No. 1 & 3 — Emitter
Terminal No. 2 — Base

Terminal No. 4 — Collector

The 40970 and 40971 incorporate internally mounted base-to-

emitter MOS capacitors in an individual *“T" matching network

for each base cell, thus providing high input resistance and low WARNING:  The ceramic heat-sink portion of these

input Q for broadband performance capability.

These transistors are intended for use in high-power broadband
mobile uhf amplifiers operating from a 12.5-volt supply.

* Formerly RCA Dev. Nos. TA8172 and TA8493.

be by burial.

devices contain beryllium oxide. Do not crush, grind, or
abrade these portions because the dust resulting from
such action may be hazardous if inhaled. Disposal should

40970 40971

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE ..ottt VeBo 36 36
COLLECTOR-TO-EMITTER VOLTAGE. . .. .. .t VecEo 16 16
EMITTER-TO-BASE VOLTAGE . .+« v vveeeaaiinnaaeeeeeceeaanonns VEBO 4 4
TRANSISTOR DISSIPATION: Pt

At case temperature up to 120%C oo 53.5 80

At case temperature above 120°C, derate @t ... ......euueeeennunnnnnnnn 0.67 1
TEMPERATURE RANGE:

Storage and Operating (JUNCion) .. ........o.eeeiiiiiie i —65 to +200
CASE TEMPERATURE (during soldering)

T O R 117 S R 230

< <<

w/°C

9-74
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40970, 40971 File No. 656

ELECTRICAL CHARACTERISTICS at Case Temperature (T¢) = 25°C

STATIC
TEST CONDITIONS
VOLTAGE | CURRENT LIMITS
CHARACTERISTIC SYMBOL Vde mA dc UNITS
40970 40971
Vee | Ve | 1E| 1c | MIN. | max. | MmIN. | max.
Collector-to-Emitter Breakdown
Voltage: V(BR)CEO 200 | 16 - 16 - v
With base open
With base connected to emitter V(BR)CES 0 200 | 36 _ 36 _
Emitter-to-Base Breakdown v 5 0 4 - - - v
Voltage (BRJEBO 01 0 | - 4 -
Collector Cutoff Current ICES 125 0 - 5 - 10 mA
Thermal Resistance:
{Junction-to-Case) Rguc — 1.5 - 1 °c/w
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | SYMBOL| SUPPLY INPUT POWER | FREQUENCY 40970 40971 UNITS
VOLTAGE (Pig)-W (f) - MHz MIN. [ MAX.| MIN. | MAX.
(Vee)-v
Output Power POE 125 10 470 30 - - - w
15 470 - — | a5 _
Power Gain Gpg 125 10 470 4.7 - - - dR
15 470 - - 47 _
Collector Efficiency | n¢ 125 10 470 60 - - -~ y
b
15 470 - - 55 -
Collector-to-Base
Capacitance Cobo 12.5 - 1 — 10 — 220 pF
(Veg)
Load Mismatch 10 470 GO/NO GO -
(See Fig. 17) M 155
€ Fig. 15 470 - GO/NO GO

COLLECTOR suPPLv vor.uss (Veg)=12.5 v %%lélbicgﬁgy S(l'ﬂ)’PLY VOLTAGE (Vee)=i25V
FREQUENCY (f):470 M o
AMPLIFIER RETUNED AT EACH INPUT LEVEL AMPLIFIER RETUNED AT EACH INPUT LEVEL
T . L T .
o E R ®
s 1 . i
| ) 1 | 9]
] > 8 >
&£ 2 < HH 5
= u « o
w Q H H70 9
3 e o H &
a w a w
2 5 5 e
a a oc THHI 60 [
= 5 [ L25°C THHHH o
=3 w =3 IBH w
o e =3 1 -
HiE 2 [EEH t a3
i 8 i s0 O
1
i L T tH
, +
1 -+ e 1 T
I egaaettos EEeees | H oliti [
[ 2 4 6 8 10 12 10 12 4 16 18 26
INPUT POWER (P|g)—W INPUT POWER (P|g)—W
92Cs-22410 92cs-~22411

Fig. 1 — Typical output power and collector efficiency vs. input power Fig. 2 — Typical output power and collector efficiency vs. input power
for 40970 in test circuit of Fig. 13. . for 40971 in test circuit of Fig. 13.
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40970, 40971

T
COLLECTOR SUPPLY VOLTAGE (Veg) =125V i
CASE TEMPERATURE (T )=25°C
AMPLIFIER R

AT EACH POINT
HURERE

o
a

TS

S snasananunan:

T

OUTPUT POWER (Pog)—W

COLLECTOR EFFICIENCY (nc)—%

390 430 450 470 490 510
FREQUENCY (1) —MHz
92Cs-22412
Fig. 3 — Typical output power and coll ficie vs. freq

for 40970 in test circuit of Fig. 13.

COLLECTOR SUPPLY VOLTAGE (Vcc)=12.5V
CASE TEMPERATURE (T¢ 1:25°C
AMPLIFIER WAS TUNED AT 470 MHz FOR MINIMUM

INPUT VSWR AND MAXIMUM OUTPUT POWE

H

i
+

40

153

30

1 AQL}

kx
Pogs
b3

2/
T,
Sy

:_E:_‘.
pEssts

i

OUTPUT POWER (Pog)—W

H
A
3

S
5
1

COLLECTOR EFFICIENCY (v,c)—%

Fig. 5 — Typical broadband output power and collector efficiency

450

FriH
460 470 480 490
FREQUENCY ()—MHz
92C5-20659

vs. frequency for 40970 in amplifier circuit of Fig. 15.

COLLECTOR SUPPLY VOLTAGE (Vgc)=12.5V i3}
CASE TEMPERATURE (T¢) =25°C
AMPLIFIER RETUNED AT EACH POINT
50 9 P s . gus alf
= 3
L £
w
o >
& H
I+ w
W o
E3 w
o ™
a w
2 g
a =4
[ o
3 w
3
o
=
444l rriiyaedr
390 40 430 450 470
FREQUENCY (f)—MHz
92CS5-22413
Fig. 4 — Typical output power and fficiency vs. freq
for 40971 in test circuit of Fig. 13.
COLLECTOR SUPPLY VOLTAGE (VcC)=12.5V
CASE TEMPERATURE (T¢ )=25°C :
INPUT POWER (Pig)=I5W g
50| AMPLIFIER TUNED AT 470 MHz FOR MINIMUM o
VSWR AND MAXIMUM OUTPUT POWER = 2
= ST i 2222 |
! 5
o 40 =
&£ I}
= z
[+ w
w =
30 =
H £
a w
s <
g e
5 2
o =i
3
o
o
je3s
T T
i R st st e tacil
450 460 470 480 490

FREQUENCY (f) —MHz
92€S-22414

Fig. 6 — Typical broadband output power and collector efficiency vs.
frequency for 40971 in amplifier circuit of Fig. 15.

FREQUENCY (f)= 470 MHz
CASE TEMPERATURE (Tc)=25°C
INPUT POWER (Pg)=I0W

" :

+

FREQUENCY (f)=470 MHz

CASE TEMPERATURE (T¢)=25° C

INPUT POWER (Pjg)s 15 W
T

T T
FHHT

Fig. 7 — Typical output power vs. collector supply voltage for 40970.

= A = me
| a0 1 eoif
& F W H
¢ i é :
« [ T
w 60 T
- [
2 2
= £ 40
2 3 T T
2 o T
:
H 20
i I f i E HHH
10 12 14 16 6 8 10 12 14 16
COLLECTOR SUPPLY VOLTAGE (Vcgl—V COLLECTOR SUPPLY VOLTAGE (Vgo)—V
92CS-20663 92CS-22416

Fig. 8 — Typical output power vs. collector supply voltage for 40971.
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COLLECTOR SUPPLY VOLTAGE {vgel=125Vv
INPUT POWER (P|g)=i0 W H
CASE TEMPERATURE (T¢)=25°C 8

T
:
t

-0
2

1|
N
3

S
3

[

INPUT RESISTANCE (R,
INPUT REACTANCE (X

420 440 460 480 500 520
FREQUENCY (f)— MHz

opty

[]
380 40

92CS~2066 4RI

Fig. 9 — Typical large-signal series input impedance vs. frequency
for 40970.

COLLECTOR SUPPLY VOLTAGE (Vcc)=12.5V]
INPUT POWER (Pg)=I5W

CASE TEMPERATURE (Tg)=2
seaey ;

°c

Ty

INPUT RESISTANCE (R|N)—Q
INPUT REACTANCE (X)) —§

380 400 420 440 460 480

FREQUENCY (f)—MHz

Fig. 10 — Typical large-signal series input impedance vs. frequency

for 40971.

COLLECTOR SUPPLY VOLTAGE (Vcc)=12.5 v t
OUTPUT POWER (Pog)=315 W B
CASE TEMPERATURE (Tg)=25°C B

o

[

RESISTANCE (Rg )— &
REACTANCE (Xgy)—@

t
400 420 440 460 480 e0B agp
FREQUENCY (f)— MHz

92Cs-20665
Fig. 11 — Typical coll. load resi: and coll load
vs. frequency for 40970.
C7 Vee = 12.5V
L} “
z =500
Laq
cio
V'
T

BASE
{TERMINAL 2)

COLLECTOR SUPPLY VOLTAGE (Vge)=12.5V

OUTPUT POWER (Pgog)=48 W

CASE TEMPERATURE (Tg)=25°C

RC ve
ag
[
33
gx
ww
0O
EH
47
an -l
w W
= o
2
=3 t
400 420 440 460 480
FREQUENCY (f) — MHz
Fig. 12 — Typical coll load resi: and colle
vs. frequency for 40971.
DETAIL “A”
INSULATOR

EMITTER
(TERMINAL 1)

1H

NOTE: A 0.002-in. {(0.05-mm) insulator must be used under each

COLLECTOR
""" (TERMINAL 4)

INSULATOR
TYPE 40970 OR
40971

EMITTER
(TERMINAL 3)
92CS~20670RI

L1:0.22 uH RFC
L2: Ferroxube Bead No. 56-590-65/48%

emitter terminal to prevent grounding of the microstrip lines
(see Detail “A").
C1, C4: 10 pF, disc, Allen-Bradley®
C: 2 pF, disc, Alien-Bradley®
C3, C6, C9: 0.8—10 pF, Johanson®
C5, C10: 8.2 pF, disc, Allen-Bradley®
C7: 1000 pF, feedthrough
C8: 0.01 uF, disc, ceramic

®0r equivalent

L3, L4: See detail of construction (Fig. 14)
L5: 10 turns, No.20 wire, 0.187 in. (4.75 mm) ID
R1: 047 Q,1W

Allen-Bradley Co., Milwaukee, Wisc.
Amperex, Hicksville, N.Y.

Joh: Mfg. Corp., B 1, NLJ

Fig. 13 — Amplifier test circuit for measurement of output power, gain,
e

fficiency, and load
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40970, 40971

2.25 . 0.275
(57.15) —0ig ey (7.0 o.825
ozl 7
A § i (2.5)
71 oasoTve l,o s - [<15Y -t
f // (11.43) a5 0120 “—r°_4°°
0500 _| / 4 4 1 o) (10-2)
2.7 1 n o089 Y
) o0.0m P’—" 1100 L4 .y
T | 450 -8 T koo @9 90555 2%
N 1 bR i :
(
92C5-20660 ’l (%2355? a0
.03
3y -itioo
NOTE 1: Produced by etching upper layer of double copper-ciad Teflon
glass epoxy board: 1/16 in. (1.568 mm) thick, e = 2.6.
NOTE 2: D in pai are in 02cs-22419

Fig. 14 — Construction details for L 3and L 4 in amplifier test circuit
of Fig. 13.

Veg=l2.5V

92CSs- 22‘"5

DELETE C5 FROM
CIRCUIT THAT
USES 40970

NOTE: Capacitors C3 and C4 are placed directly under base and
collector terminals to ground
C1,C2: 2—18 pF, Amperex No. HT10MA/218®
C3: 47 pF, disc, Allen-Bradley®
C4: 47 pF, disc, Allen-Bradiey®
C5: 6.8 pF, disc, Allen-Bradley® {omit from circuit that uses
40970)
C6: 1000 pF, disc, Allen-Bradiey®
C7: 1 uF, electrolytic
C8: 1000 pF, feedthrough
L1: 0.22 uH RFC
L2: Ferroxcube Bead No. 56-590-65/48®
1.3, L4: See detail of construction (Fig. 16)
L5: 15 turns, No.18 wire, 0.187 in. {4.75 mm ) iD
R1: 0.47 2, 1W

Allen-Bradley Co., Milwaukee, Wisc.
*0r equivalent Amperex, Hicksville, N.Y.
quival Ferroxcube Corp. of America, Saugerties, N. Y.
Fig. 15 — 450-470-MHz broadband amplifier circuit for 30 watts (using
40970) or 45 watts (using 40971).

NOTE 1: Produced by etching upperlayer of double copper-clad Teflon
glass epoxy board: 1/16 in. (1.58 mm) thick, e =2.6.

NOTE 2: Dimensions in parentheses are in millimeters.

Fig. 16 — Construction details for Lgand L 4in 450-470-MHz broadband
amplifier circuit of Fig. 15?

470-MHz 470-MHz PowER
SIGNAL CIRCULATOR AMPLIFIER o—q
SOURCE
>4
STUB
- 92¢s-19418

The transistor must withstand any load mismatch provided by

the following test conditions:

1. The test is performed using the arrangement shown.

2. The tuning stub is varied through a half-wavelength, which
effectively varies the load from an open circuit to a short

circuit.

Operating conditions: Vg = 16.5 V; rf input power = mnow

for 40970, = 15 W for 40971.

. Transistor dissipation rating must not be exceeded during
the above test so that the transistor will not be damaged or
degraded.

w

S

Fig. 177 — A for testing load-mi: h bility of
40970 and-40971.
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NG

Solid State
Division

RF Power Transistors

40972 40973 40974

40972
JEDEC T0O-39

H-1381

40973
40974

RCA HF-44

H-1779

1.75-,10-, and 25-W, 175-MHz
Silicon N-P-N Overlay Transistors

For High-Power VHF Amplifiers

Features:
® Designed for vhf mobil itters
® 25 W (min.) output at 175 MHz (Vg = 125 V)

= Infinite VSWR load-tested at constant input power,
f=175 MHz, V¢ = 15.5 V (40974)

RCA-40972, 40973, and 40974 are epitaxial silicon These devices are especially intended for use in vhf mobile
n-p-n planar transistors of the overlay emitter-electrode ‘transmitters operating from a 12.5-volt_supply. The 40973
construction. They are intended for high-power-output and 40974 are emitter-ballasted, and all 40974 units are
vhf class C amplifier service in low-voltage-supply tested at constant input power (f = 175 MHz, Vg = 155 V,

applications.

infinite load VSWR).

MAXIMUM RATINGS, Absolute Maximum Values:

40972 40973 40974

COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE:

With base shorted to emitter

TRANSISTOR DISSIPATION:

At case temperatures up to 750C
At case temperatures above 750C, derate linearly ........... 0.028 0.2 0.286 W/oC
TEMPERATURE RANGE:

...................... V(BR)CES 36 36 36 \
..................................... V(BRICEO 14 14 14 v
...................... VEBO 35 35 35 \
................... Ic 0.33 45 5 A

Pr
...................... 35 25 35.7 w

Storage and operating (Junction) .. ................. ... .. —65 to +200 oC
LEAD TEMPERATURE (During soldering):

At distances > 1/32in. (0.8 mm) from seating plane for

10smax. ... 230 oC
310 8-72
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ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25°C

40972, 40973, 40974

STATIC
TEST CONDITIONS LIMITS
Voltage Current ’
CHARACTERISTIC SYMBOL Vde mA de 40972 40973 40974 UNITS
vce |Ves| g |18 | 1c |[MIN. [MAX. [ MIN.|MAX. | MIN.| MAX.
Collector Cutoff Current:
Base connected to emitter ICES 125| 0 0 - 1 -1 10 -1 10 mA
Collector-to-Emitter
Breakdown Voltage: 0| 2521 14 | — - | - -1 -
With base open V(BR)CEOQO 0 |200 | — — 14| — 14 | — v
With base connected v 0 252| 36 | — - - - | -
to emitter (BR)CES 20| - | - 3| — 36 | —
Emitter-to-Base Breakdown v 0.5 0 35 - - - - - v
Voltage (BR)EBO 5 o | -| - | 38 - 35| —
Thermal Resistance:
(Junction-to-Case) RgJC - | 357 - 5 - 135 °c/W
@ pylsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
"DCCOLLECTOR | cocoieney LIMITS
TEST & CONDITIONS | SYMBOL |SUPPLY VOLTAGE ()-MHz 40972 40973 40974 UNITS
: veel -V [MIN.| MAX.| MIN.| MAX.| MIN.| MAX.
Output Power:
Pl =0.1 W (40972) } POE 125 175 175 — 10 - 25 - w
1.75W (40973)
9 W (40974)
Large-Signal Common-
Emitter Power Gain: | Gpg 12.5 175 124} - 176 | — 45| — dB
POE =1.75 W (40972)
10 W (40973)
25 W (40974)
Collector Efficiency:
POE =1.75 W (40972} nc 12,5 176 50 | — 60 - 60 - %
10 W (40973)
25 W (40974)
Collector-to-Base
Output Capacitance | Cobo 12.5 (VcB) 1 - 15 - 30 - 80 pF
TERMINAL CONNECTIONS TERMINAL CONNECTIONS
FOR 40972 FOR 40973 AND 40974

LEAD 1 — EMITTER

LEAD 2 — BASE

LEAD 3 — COLLECTOR, CASE

LEADS 1 & 3—- EMITTER
LEAD 2 — BASE

LEAD 4 — COLLECTOR

WARNING: The bodies of types 40973 and 40974
contain beryllium oxide. Do not crush, grind, or abrade
that portion because the dust resulting from such action

may be h

1 ch

d ifinhaled. Disp

Id be by burial.
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File No. 597 .
FREQUENCY (f)=175 MHz ] FREQUENCY (f) =175 MH
CASE TEMPERATURE (T¢)=25°C H CASE TEMPERATURE (Té)=25°C -
B R B : H o
il ES H i 25 H &
-
I [ o i
~ = H B ENR R =
8 lg o T \sz,\‘ g
= ~ S T ] el
e 3 B i EEa S
& y <O, ] [t ] &
z S o oft 1= nsy [}
& N SaRY . §
5 2 b H ! ¢
g N I p
5 EY 75 ©
3 © % o
H N20 me Y
NeE ] T ]
| i 8 T 70 8
; H
i 7 i T I H 65
0.5 t B 2.
" 2 14 INPUT POWER (Pjg)—W
COLLECTOR-TO-EMITTER VOLTAGE (Vcg)—V 9205-20417
92C5-20419
Fig.1—Typical output power vs. supply Fig.2—Typical output power and collector
voltage for RCA-40972 in the cir- efficiency vs. input power for
cuit of Fig. 4. RCA-40973 in the circuit of Fig. 5.
FREQUENCY (f)=175 MHz
CASE TEMPERATURE (T¢)=25°C E
8 Z;:500
[ 26=50Q
= &
| 30 |
o ~
< ' &
et 25 < -€ g
y 159 o®3 g 4
T oM
S 20 oY 5
5 ’ 2
E is CES2 5y ., ® 92¢5-20104R1
3 PP o e 1] <
o
0 s u C1, 2, 3, 4: 7-35 pF, ARCO 403, or equivalent
§ Cs: 1,000 pF feedthrough
i E 70 Cg: 0.005 pF disc ceramic
3 3 7 § 5 10 L1: 2 turns No. 16 wire, 3/16 in. (4.76 mm) ID, 1/4 in. (6.35 mm) long
INPUT POWER (Pjg)—W L2: Z = 450 Q Ferrocube VK-200-09/3B, or equivalent
92CS-20418 L3: 2 turns No. 14 wire, 1/4 in. (6.35 mm) 1D, 5/16 in. (7.93 mm)
Fig.3—Typical output power and collector L4: 3 turns No. 14 wire, 3/8 in. (9.52 mm) D, 3/8 in. (9.52 mm) long
efficiency vs. input power for
RCA-40974 in the circuit of Fig. 5. Fig.4—175-MHz amplifier test circuit for measurement of output
power from RCA-40972.
Vee .
su,,%,_,, C1: 7-100 pF, ARCO 423, or equivalent
C2: 4—40 pF, ARCO 422, or equivalent
C3: 0.1 uF ceramic
T Cg: 0.001 uF feedthrough
T0 . . 100.8. .
COLLECTOR Cs: 150 pF, ATC-100-B-150, or eq«{uvalent
(S Cg: 14—150 pF, ARCO 424, or equivalent
ce T C7: 24-200 pF, ARCO 425, or equivalent
L1: 1/2 turn No. 14 wire, 1/4 in. (6.35 mm) ID
L2: RFC, Z = 4502, Ferroxcube VK-200-09/3B, or equivalent
e Z.=502 T1: Twisted pair of No. 20 enameled wire; 14 turns/in.
hdd 1
* Formed in a loop 3/8 in. (9.52 mm) diameter, cross connected
= 92€5-20I05R1 (End of one winding connected to beginning of other)
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RG]

Solid State
Division

RF Power Transistors

40975 40976 40977

40975
40976

JEDEC TO-39
H-1381

40977
RCA HF-44

H-1779

RCA-40975, 40976, and 40977 are epitaxial silicon n-p-n
planar transistors of the overlay emitter electrode con-
struction. They are intended for high-power-output, vhf,
class C amplifier service in low-voltage-supply applications.

These devices are especially intended for use in vhf AM
transmitters operating from a 12.5-volt supply. The 40977
is emitter-ballasted, and all 40977 units are tested at constant
input power (f = 118 MHz, V¢ = 25 V, infinite load VSWR).

0.05-,0.5-,and 6-W, 118-136-MHz
Silicon N-P-N Overlay Transistors

For High-Power VHF Amplifiers

Features:

® Designed for vhf aircraft transmitters
® 6 W (min.) output at 118 MHz (12.5-V supply)

= Infinite VSWR load-tested at constant input power,
=118 MHz, Vcc = 25 V (40977)

INPUT POWER (Pyy)=5 mW HH ]
COLLECTOR SUPPLY VOLTAGE (Vcg)=12.5V 149
5 15| CASE TEMPERATURE (Tc)=25°C
! . T
| I 11
(=l s I 1
g I
g » L T
2 T AVG.)—CA ST 1T
T LT pou T S ARRIER ey L
5 i | Ly MODUL g |
2 | N En N AT;kH m
£ H e
@ T
i} T PouT (ave TS el
VG,) ~—il
& T CARRIER T
« -
pel
o
=
2
o
0
115 120 i 130 135
FREQUENCY (f) — MHz
92CS-24884

Fig.1 — Typical performance characteristics of the amplifier
shown in Fig.2.

MAXIMUM RATINGS, Absolute Maximum Values: 40975 40976 40977
COLLECTOR-TO-EMITTER BREAKDOWN VOLTAGE:

With base shorted to emitter V(BR)CES 55 60 60 \

With base open . V(BR)CEO 30 30 30 v
EMITTER-TO-BASE VOLTAGE Lo VEBO 35 35 35 \
CONTINUQOUS COLLECTOR CURRENT Ic 0.4 0.5 5 A
TRANSISTOR DISSIPATION: Pt

At case temperatures up to 75°C . . 35 5 25 w

At case temperatures above 75°C , derate Imearly . 0.028 0.04 0.2 w/ec
TEMPERATURE RANGE:

Storage and operating (Junction) —65 to +200 oc
LEAD TEMPERATURE (During solderlng)

At distances > 1/32 in. (0.8 mm) from seating plane for

10 s max. A .o 230 ocC

9-74 313



40975, 40976, 40977

ELECTRICAL CHARACTERISTICS, At Case Temperature (T¢) = 25°C

File No. 606

STATIC
TEST CONDITIONS LIMITS
DC DC
CHARACTERISTIC SYMBOL | voltage Current 40975 40976 40977 UNITS
\ mA
VCE|VEB| Ig |18 ]| Ic |MIN.|MAX.|MIN.| MAX.| MIN. [MAX.
Collector Cutoff Current:
Base connected to emitter ICES 125 0 — 0.1 - 1 — 10 mA
Collector-to-Emitter
Breakdown Voltage: 0 5 30 — 30 — — -
With base open V(BR)CEOQ 0 |2008 | — — — — 30 — v
With base connected 0 5 55 — 60 - - -
to emitter V(BR)CES 0 2008 | — — — — 60 -
Emitter-to-Base Breakdown 0.5 0 35 - 35 - - -
Voltage V(BR)EBO 5 0 - - — - 35 - Vv
Thermal Resistance:
(Junction-to-Case) ReJC - 35.7| — 25 - 5 oc/w
@ Pulsed through a 25-mH inductor; duty factor = 50%.
DYNAMIC
DC COLLE LIMITS
CTOR FREQUENCY
TEST & CONDITIONS ISYMBOL} SUPPLY VOLTAGE 40975 40976 240977 UNITS
(Voe) — V (f) — MHz
b MIN.| MAX.[MIN|MAX.| MIN. [MAX,
Power Output:
P)g = 0.005 W (40975) POE 125 18 0.05| - - — — -
0.05W (40976) 12,5 L - - Jos| - | - | - | W
0.5W (40977) 12.5 - - - - 6 —
12W  (40977) 25 - = | =] = [22] -
Large-Signal Common-
Emitter Power Gain:
PoE = 0.05 W (40975) Gpg dB
0.5W (40976) 125 118 10 - 10 — 108 | —
6W  (40977)
Collector Current:
POE = 0.05 W (40975) mA
0.5W (40976) Ic 125 118 — 60 — | 140 — | 950
6W  (40977)
Collector Efficiency:
POE=6W  (40977) e 25 118 - - - — 55 | — %
Collector-to-Base
QOutput Capacitance Cobo 125 (VcB) 1 - 4 — 15 — 30 pF

b pylsed Input: Rep. rate = 1 kHz
Envelope shape = Square wave
Duty factor = 50%
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(2g=2p)

—y)

40975, 40976, 40977
Vee
125 v
Vee
12.5 V MODULATED
c7 Cio
§Ll
g'—!
J:Cs Le . (z =50 )
] ==Cs8
RCA RCA G2
40976 ) 4097,
R3 Cqy A cn
: =3
Rq ==Cs IL2 ILa
) —L— 92CS- 20613RI

C1.C2,C7.C10: 1,000 pF feedthrough

D1: 1N5397, or equivalent

La:

Z =450 §2, Ferroxcube No.

C3: 0.02 uF disc ceramic Ly:8 tun.\s No.20 wife, VK200-09/3B, or equivalent
C4: 250 pF silver mica 5/32in. 1D, 5/8 in. Ls: 10 turns No. 20 wire, 5/32in. ID, 11/16 in.
Cg: 300 pF disc ceramic long; tap 3:1/2 turns long; tap 3 turns from output side
Ce: 50 pF silver mica from Vg side Le: 3'turns No.20 wire, 3/32 in.ID,3/16 in. long
CB_: ?gopFFs‘h.'fr mica L2: 1 turn through Ferroxcube Rq:22Q, 1/2W, carbon
Coi 120 0F silver o ferrite bead No.56-690-65/48, R2: 15 K2, 1/2 W carbon

Ci: 36560 PF, .R“’ or equivalent R3: 470 Q, 1/2 W carbon

it 6 oF ditemtieient L3: '81/2 turns No.20 wire, 5/32in.ID, Ry: 47 2, 1/2 W carbon
12:62pFs 6/8 in. long; tap 1-1/2 turns Rg: 15 2, 1/2 W carbon

from Vo side
Fig.2 — 118-t0-136-MHz 6-W AM amplifier for aircraft
Vee=12.5v
' . Vee12.5 Vv

1l Te Cs (2 =500 3

c,l = — €4 (z_-50Q)

(Zg=50Q)
(26 =504) C3 {4

!J L\

C1q: 0.2 uF disc ceramic
C2: 470 pF feedthrough
C3: 250 pF silver mica
C4: 300 pF disc ceramic
Cs: 50 pF silver mica
Cg: 39 pF silver mica

92CS - 20614

Lq: 8 turns No.20 wire, 3/16 in. 1D,
5/8 in. long CT

Rq: 1.6 kR, 1/2 W carbon

R2: 470 2, 1/2 W carbon

R3: 47 2, 1/2 W carbon

Fig.3 — 118-MHz amplifier test circuit for 40975.

= _
= 925-20615R)

C4: 1,000 pF feedthrough L4: 8 turns No.20 wire, 3/16 in. 1D, 5/8 in.
C2: 0.05 uF disc ceramic
C3: 50 pF silver mica
Cj4: 68 pF silver mica

long; tap 3 turns from ground
L2: 7 turns No.20 wire, 3/16 in. ID, 5/8 in.
long; tap 3-3/4 turns from collector
L3: 1 turn ferrite choke, Ferroxcube Corp.
ferrite bead No. 56-590-65/48, or
equivalent

Fig.4 — 118-MHz amplifier test circuit for 40976.
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40975, 40976, 40977 File No. 606

Vee=i2.5v C1:0.05 UF disc ceramic
C2: 1,000 pF feedthrough
C3: 7.5 pF disc ceramic
C4: 68 pF molded mica

- N Cs: 120 pF silver mica
(26500 ‘s (zL=s0 @) Cg: 62pF silver mica
'_) ey C7: 8—60 pF ARCO 405, or equivalent
Lq: Z = 750 §2, Ferroxcube VK200-10/38,
or equivalent
Lo: 7 turns No.20 wire, 3/16 in. ID, 5/8.in.
{ long; tap 1-1/2 turns from ground side
cr L3: Z = 450 £2, Ferroxcube VIK200-09/3B, or
equivalent
Lg4: Nine 3/4-turns No.20 wire, 3/16 in. ID,
13/16 in. long; tap 3 turns from output side
92¢5-20616 Lg: 3 turns No.20 wire, 3/16in.ID, 3/8 in. long

Fig.5 — 118-MHz amplifier test circuit for 40977.

TERMINAL CONNECTIONS TERMINAL CONNECTIONS
FOR 40975 and 40976 FOR 40977
LEAD 1 - EMITTER LEADS 1 & 3 — EMITTER
LEAD 2 — BASE LEAD 2 — BASE
LEAD 3 - COLLECTOR, CASE LEAD 4 — COLLECTOR

WARNING: The body of type 40977 contains beryllium oxide.
Do not crush, grind, or abrade that portion because the dust
resulting from such action may be hazardous if inhaled. Dis-
posal should be by burial.
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File No. 616

NG

Solid State
Division

RF Power Transistors

41008 41009 41010
41008A 41009A

iy ﬁ& 41008

41009

HF-47

H-1789

H-1788

Types 41008, 41008A, 41009, 41009A, and 41010 are
epitaxial silicon n-p-n planar transistors with overlay emitter-

electrode construction,

They are especially intended for handheld broadband uhf
class C amplifier service in low-voltage-supply applications.

0.5-W, 2-W, and 5-W, 470-MHz, 9-V
Silicon N-P-N Overlay Transistors

For Low-Voltage Handheld UHF
Broadband Amplifier Service

Features:
® Infinite VSWR capability with rated power input
and Vg =9V

® Devices capable of rated power output at elevated heat-sink
temperatures

WARNING: The bodies of these devices contain beryllium
oxide. Do not crush, grind, or abrade that portion because
the dust resulting from such action may be hazardous if in-
haled. Disposal should be by burial.

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE

COLLECTOR-TO-EMITTER VOLTAGE:

With base open
EMITTER-TO-BASE VOLTAGE

TEMPERATURE RANGE:

Storage and operating (Junction) - - -

41008 41009

41008A 41009A 41010
......................... VCBO 36 36 36 \2
......................... Vceo 14 14 14 \
........................ VeBgo 3.5 3.5 35 \%

<«—— —65 to +200 —» ©OC

LEAD TEMPERATURE (During soldering):

At distances > 1/32 in. (0.8 mm) from seating plane for 10 s max.. .

TERMINAL CONNECTIONS
FOR 41008 and 41009
TERMINALS 1 & 3 - EMITTER

TERMINAL 2 — BASE
TERMINAL 4 — COLLECTOR

4——— 200 ———» ©OC

TERMINAL CONNECTIONS

FOR 41008A, 41009A and 41010

TERMINALS 1 & 3 — EMITTER
TERMINAL 2 — BASE
TERMINAL 4 — COLLECTOR

9-73
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41008, 41009, 41010 .
41008A, 41009A . File No. 616

ELECTRICAL CHARACTERISTICS, At Case Temperature (T ) = 25°C

STATIC
TEST CONDITIONS uUMITS
VOLTAGE CURRENT 41008 41009
CHARACTERISTIC SYMBOL Vde mA de 41008A 41009A 41010 UNITS
Vee | Ves | 'e |18 | '¢ | MIN.| MAX. | MIN.| MAX.| MIN. | MAX.
Collector Cutoff Current:
Base connected to Ices 9 0 - 05 = 1 - 5 mA
emitter
Collector-to-Emitter 0 5@ 14 — - - — -
Sustaining Voltage: Vceolsus) 0| 25%| - - 14 - - -
With base open 0| 75%| - - - - 14 - v
With base connected o 5% | 36 - - - - -
to emitter Vcgslsus) ] 2% | - - 36 - - -
0 75¢ | - - - - 36 -
Emitter-to-Base Breakdown 05 [} 35 - - - - -
Voltage V(BR)EBO 1 0 - - 35 - - - v
5 0 - - = - 35 .
Thermal Resistance:
(Junction-to-Case) Roic - 50 - 15 - 10 ‘e
@ pyised through a 25-mH indurtor; duty factor = 50%
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC DC COLLECTOR | FREQUENCY| 41008 41009,A 41010 UNITS
SymsoL SUPPLY VOLTAGE (f) — MHz A
(Veg) -V MIN.| MAX. [ MIN.| MAX.| MIN.| MAX.
Power Output:
Plg=0.15W (41008, A)
05 W (41009, A) PoE 9 470 05 - 2 - 5 - w
2 W (41010)
Coliector Efficiency:
Pog = 0.5 W (41008, A)
2W (41009, A) nc 9 470 60 - 60 - 60 - %
5 W (41010)
Collector-to-Base Output Capacitance| Cqpq 9 (Vgg!) 1 - 4 - 6 - % pF
CASE TEMPERATURE (Tc)=25°C CASE TEMPERATURE (T¢ )=25°C
FREQUENCY (f) =470 MHz FREQUENCY (f)=470 MHz
FHHHH
HHHIN R A
H = e L3t
,I. |3 NeC
w ~
e 8 ,
- ~ H
& 8 o\
S 3 8
a075 25y = = a 2
5 e, T A & 1 5
[ o N et
£0.50 o I = & A
o> T 6Nl °
02 & i
o 0 100 150 200 200 300 40 500
INPUT POWER (P\g)— mW INPUT POWER (Pjg)—mW
92CS-20477 92¢5-20478
Fig.1 — Typical power output vs. power input at 470 MHz for 41008 Fig.2 — Typical power output vs. power input at 470 MHz for 41009
and 41008A in the circuit of Fig.9. and 41009A in the circuit of Fig.9.
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File No. 616 41008, 41009, 41010

41008A, 41009A
CASE 'r:upzm;wae (Tg)=25°C 5—W HANDHELD AMPLIFIER
FREQUENCY (f) = 470 MRz
COLLECTOR EFFICIENCY (no )=75% (TYR) CASE TEMPERATURE (Tc)=25°C
8 | 12| Pin=0.05 W
f
= T
[ = 10
™ |
& T *
x 6 3 i
i o =
H o G
2 u 5
oS H z i =
p=3 a %
a 4 5 H/ E
3 a £ e w
3 £
N@IV L
3 / 2 2 =
a
i S
HH 2
T 50
) ] 1.5 2 2.5 420 430 440 450 460 470 480
INPUT POWER (P1g)—W FREQUENCY (f) —MHz
92CS-21060 92Cs-21061

Fig.3 — Typical power output vs. power input at 470 MHz for 41010 Fig.4 — Typical power output vs. frequency for amplifier chain using 41008
in the circuit of Fig.9. or 41008A, 41009 or 41009A, and 41010 with supply voltages
of 9 and 10.5 volts, measured in the circuit of Fig.6.

1.5— W HANDHELD AMPLIFIER
CASE TEMPERATURE (Tg)=25°C

w

o

PiN=0.05W
e
= e 0.5V
| T T T
x S 1E= 3
> |
11 L
<2 ] PeGVHH ®
>
& N 2
g - g
o T 2
s 7.5V w
5 ==t w
a
E ! T isnandi 70 o
3 1@9V H o
o
a
H
<

420 430 440 450 460 470 480

— MH;
FREQUENCY (f) — MHz s205-21062

Fig.5 — Typical power output vs. frequency for amplifier chain using
41008 or 41008A and 41009 or 41009A with supply voltages
of 7.5, 9, and 10.5 volts, measured in the circuit of Fig.7.

Lo

O Vee 9V

L7
Z=500
La
L8
Piy =0.05 W =
LS
e 92CM- 21063
Zy=14+i55) 2 Zy=14.2+i56) 0 Z)y=(23+]5.010
2o, = (20+]525) 9 2c) = (16+( 751 Ze = 0+i85)Q
c c°1: 10 pF disc ceramic Ry: 1.2k, 1/4 W carbon Ly Lyt Single loop No. 20 wire 0.0625 in.
2:C11: 2-18 pF Amperex HT10KA/218, Ry: 682, 1/4 W carbon (1.58 mm) tong, 0.187 in.
or equivalent L3: Single loop No. 20 wire 0.375 in. (4.76 mm) 1D
C3.Cg: 0.01 uF ceramic (9.52 mm) long, 0.0625 in.  Lg, Lg: 5 turns No. 20 wire 0.375 in.
Cy4: 2 pF disc ceramic (1.58 mm) 1D (9.52 mm) long, 0.125 in.
Cg: 470 pF disc ceramic Ly: Single loop No. 20 wire 0.25 in. {317 mm) 1D
Cg: 0.1 uF ceramic 16.35 mm) long Ly: Single loop No. 20 wire 0.75 in
€7.C10- C12: 33 oF disc ceramic L3 Lg, Lg: 0.22 uH Nytronics Deci-Ductor, (19.05 mm) long, 0.185 in.
Cg: 10 pF disc ceramic or equivalent (4.70 mm) 1D

Fig. 6—5-W, 9-volt amplifier with impedance data.
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41008, 41009, 41010 File No. 616
41008A, 41009A

| ’ O vee=9V
jL:cs :_%cs g %ce
§ Mo LSE 41009
41008
41008A §—q-ff—rver Zi=so@
PN =0.05 W Lt L2
o} :) LS
c2 R2 £C4
= 92CS-21064

Zy=(4+j55) Q Zy=(4.2+i55) @
Zo =(20+]625) @ Zg = (16+]7.56)

Cq: 1C pF disc ceramic
C,,Cg: 2-18 pF Amperex HT10KA/218, or Lo: Single loop No. 20 wire 0.25 in.
equivalent (6.35 mm) long

C3, Cg: 0.01 uF ceramic L3, Lg: 0.22 uH Nytronics Deci-Ductor,
Cy: 2 pF disc ceramic or equivalent
Cs; 470 pF disc ceramic L4: Single loop No. 20 wire 0.0625 in.
Cg: 0.1 uF ceramic (1.58 mm) long, 0.187 in.
C, Cqo: 33 pF disc ceramic (4.76 mm) 1D
Rqi: 1.2k, 1/4 W carbon Lg: 5 turns No. 20 wire 0.375 in.
Ro: 68 O, 1/4 W carhon (9.562 mm) long, 0.125 in.

LT: Single loop No. 20 wire 0.375 in. (3.177 mm) ID
(9.52 mm) long, 0.0625 in. Ly: Single loop No. 20 wire 0.75 in.
(1.58 mm) 1D (19.05 mm) long, 0.185 in.

(4.70 mm) 1D

Fig. 7—1.5-W, 9-volt amplifier with impedance data.

oA

INPUT REFL.

POWER | power SZOPV;ER

METER | mETER LY
Vadad

SIGNAL
GENERATOR TR SERTOR DIRECTIONAL 208 || SowER’
COUPLER paD F—— GO%ER

SOURCE

92CM- 21065

Fig.8 — 470-MHz power output test set-up for all types.
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41008A, 41009A
41008 o4 Vees9V
41008A
41009
41009A §L3
c8
41010‘ ,_“_eb Z_ =500
cl
26 =508
L
- <,
c2
RI
A 'l' 92CM-21066
4¢———1.30
(‘33.02!
L Cq, €2, C5, Cy: 218 pF Amperex HT10KA/218*
0.225 L2 0.450 C3: 15 pF American Technical
(5.71) (11.43) Ceramics, ATC-100*
. C4: 1000 pF feedthrough
T Cg: 0.01 uF disc ceramic
Cg:

: 300 pF American Technical
Ceramics, ATC-100*
: 0.22 uH choke
: See A
: 10 turns No. 18 wire 0.125 in.
(3.17 mm) ID, 1 in.
{25.4 mm) long
L4: SeeB
Rqy: 047 Q,1W
Notes: Cg placement as close to base lead

8
| 2.25
¢ ™ (57.18)

,_
Y
N
D e
Jo

as possible.

Note 1: Dimensions in parentheses are in millimeters and are C,, tapped 0.60 in. (15.24 mm) from

derived from the basic inch dimensions as indicated. base.

Cg tapped 0.70 in. (17.78 mm) from

Note 2: Produced by removing upper layer of double-clad, collector.

Teflon board, Budd Co. Polychem Div. Grade 108T *Or equivalent

1 0z. 0.0625 in. (1.562 mm) thick, { ¢ = 2.6), or

equivalent.

Fig. 9—470-MHz amplifier test circuit for measurement of power output for all types.

20V
10 A
INPUT REFL. POWER
POWER POWER SUPPLY
METER | METER
? ? Yad
TRANSISTOR 20 dB QYmear
SIGNAL . DIRECTIONAL POW
GENERATOR CIR D'QE%L'SEN?L UNDER COUPLER PAD METER
SOURCE
by
;ZL
STUB == 92CM- 21067

Fig. 10—Load-mismatch-capability test set-up for all types.

41008, 41009, 41010



File No. 658

IR/

Solid State
Division

RF Power Transistors

41024

Features:

JEDEC T0O-39 H-1381

RCA-41024 is an epitaxial silicon n-p-n planar transistor
of the overlay-emitter-electrode construction. It is intended
as a high-power amplifier, fundamental-frequency oscillator
and frequency multiplier. It may be used in final, driver, and
predriver amplifier stages in uhf equipment and as a funda-
mental-frequency oscillator at 1.68 GHz.

In the overlay structure, a number of individual emitter sites

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE . . . .. ...........

COLLECTOR-TO-EMITTER SUSTAINING VOLTAGE:

With external base-to-emitter resistance (Rgg) = 10 Q . .

With base open

EMITTER-TO-BASE VOLTAGE . . . ... ............

TRANSISTOR DISSIPATION:

At case temperatures up to 265°C . .. ... ... ... ...
At case temperatures above 25°C . .. .. ... .. .. ...

TEMPERATURE RANGE:

Storage and Operating (Junction). . . . . .. ... ......

LEAD TEMPERATURE (During soldering):
At distances >

1/32 in. (0.8 mm) from seating plane for 10 s max.

1-W, 1-GHz Silicon N-P-N
Overlay Transistor

High-Gain Device for Class B- or C-
Operation in UHF Circuits

® 1-watt output min. at 1 GHz (5 dB gain)
® For sonde applications
0.3-watt output typ. at 1.68 GHz (Ve =20 V)

connected in parallel are used in conjunction with a common
collector region. Compared with other structures, this arrange-
ment provides a substantial increase in emitter periphery for
higher current or power, and a corresponding decrease in
emitter and collector areas for lower input and output capaci-
tances. The overlay structure thus provides greater power
output, gain, efficiency, frequency capability, and linearity.

................. VeBo 55 \Y
................ VCER 55 Y
................ VcEo 24 \Y
................. Vego 3 \Y
................. Ic 0.4 A
Pt
................ 35 w
................. See Fig. 1
................. —65 to 200 ©°C
......... 230 oc

TERMINAL CONNECTIONS

Lead 1 — Emitter

Lead 2 — Base

Lead 3 — Collector, Case
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File No. 658 41024

ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 250C
TEST CONDITIONS

CHARACTERISTIC SYMBOL Voltage Current LIMITS UNITS
) V dc mA dc
Ve Vce e g Ic Min. Max.

Collector Cutoff Current:

With base open Iceo 15 0 - 20 uA

With base connected to emitter Ices 50 - 1
Collector-to-Base

Breakdown Voltage V(BR)CBO V] 0.1 55 - A\
Collector-to-Emitter

Sustaining Voltage: _ v

With external base-to-emitter VeeRlsus) 5 55

resistance (Rgg) = 10 2

Emitter-to-Base

Breakdown Voltage V(BR)EBO 0.1 0 3 - v
Collector-to-Emitter

Saturation Voltage Vcglsat) 10 100 — 0.5 \

Collector-to-Base Capacitance
(Measured at 1 MHz) Cob 30 1] - 3.0 pF

Magnitude of Common-Emitter
Small-Signal Short-Circuit
Forward-Current Transfer Ratio
(Measured at 200 MHz)

|hfe| 15 50 6.0 -

RF Power Output
Common Emitter Amplifier PouT 28
at 1 GHz (See Figs. 2 and 5)

1@

aFor Pin=0316W, minimum efficiency = 35%.

[CASE TEMPERATURE (T¢)=25°C

COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=28V

1T
T

1
T
1

25|

3

[

n
>

I

MAXIMUM TRANSISTOR
DISSIPATION (Py)—W

T

POWER OUTPUT (Poy7)—W
N4

=3
g

!

+
it
T Hr b

]
-50 o 50 100 150 200 04 06 08 1.0 12
CASE TEMPERATURE(Tg)—°C FREQUENCY (f)—GHz

9205-1224RI
92LS-1841R2

Fig. 1— Derating curve. Fig. 2— Typical power output vs. frequency.
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File No. 658

CASE TEMPERATURE (T¢)=25°C FREQUENCY {t)=1.68 ohz
ER INPUT (Pyy)=0.3W X
::EQP:J’:JNCY (,,“(GHT COLLECTOR CURRENT (L¢)=80mA [T
CIRCUIT OF FIG. 5 = CASE TEMPERATURE (T()<25°C [
= 125 | o.s
! T
= S
3 °
< oo £ o4
2 5
E o075 g o3
° 3
g os § o2
3 o
8 a
L o025 w ool
o 5 10 15 2 25 30 35 40 o 5 10 15 2 25 30 35 40
— COLLECTOR SUPPLY VOLTAGE(Vgc) —V
COLLECTOR TO EMITTER VOLTAGE (Veg)—y cc -

Fig. 3— Typical rf power output vs. collector-to-emitter voltage.

Fig. 4— Typical oscillator power output vs. collector supply voltage.

PIn
(2g:50Q)

vee=28V

c3

C4

92¢s-22278
C1,C5,C7: 1-10 pF air-dielectric, Johanson®
C2: 0.6-6pF
C3: 0.1 uF, 50V disc
C4: 470 pF Feedthrough
C6: 10pF, ATC
L1: 0.1 uH RFC, Deciductor®
L2,L3: 0.16in. {4.06 mm) wide, 1 in. (25.4 mm) long on
0.0625 in. (1.569 mm) thick Teflon-Fiberglas
board ( € = 2.6)
L4: 1 turn, 0.125 in. (3.17 mm) ID, No. 26 wire
a: 0.300in. (7.62 mm)
b: 0.25in. (6.35 mm)

mr e~~~ —T——=———= 'ouT
' 3 , Pd—e I (z; =500)
| r— | +
! | & I
| 41024 |
! ca !
I ; % 0
u L2 [
! 3 |
! |
| c3 ,C4 g
| K ' i
= L 1
l_____ A T
R TRANSIS1.R MOUNT
Vi
“yec i
o=—b—| 92L5-1845R2
C1,C2: 0.35—-35 pF
C3, C4: 500 pF feedthrough
d: 0.75 in. (19.1 mm) output line, center conductor
width = 0.16 in. (4.06 mm)
L1, L2: RF choke —5 turns, No. 28 wire, 0.125 in {3.17 mm)
dia. x 0.5 in. (12.7 mm) long
R: 0-50 ohms

Transistor Mount:

0.0625 in. (1.59 mm)

.Or equivalent

Fig. 5— RF amplifier circuit for power-output test at 1 GHz.
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(R

Solid State
Division

RF Power Transistors

41025 41026

Features:

HF-41 package

H-1788

RCA-41025 and 41026* are epitaxial silicon n-p-n planar
transistors with overlay multiple-emitter-site construction.
They are designed especially for equipment using 25- to 30-V
collector supplies in uhf and microwave communications,
L-band microwave relay links, distance-measuring equipment,
transponders, and collision-avoidance systems.

The ceramic-metal stripline packages of these devices have low

* Formerly RCA Dev. Nos. TA8647 and TA8648.

MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-BASE VOLTAGE
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance

(RBe) =108 .
EMITTER-TO-BASE VOLTAGE
CONTINUOUS COLLECTOR CURRENT.
TRANSISTOR DISSIPATION:

At case temperature up to 75°C .

At case temperature above 75°C .

TEMPERATURE RANGE:
Storage and operating (Junction).

CASE TEMPERATURE (during soldering)
For 10 s max.

Derate linearly at

3-W and 10-W 1-GHz Emitter-Ballasted
Silicon N-P-N Overlay Transistors

For Use in UHF/Microwave Common-Emitter Power Amplifiers,
Oscillators, and Frequency Multipliers

= Designed for supply voltages of 25 to 30 V

8 Emitter-ballasting resistors

= 3-W output with 7-dB gain (min.) at 1 GHz, 28 V (41025)

= 10-W output with 6-dB gain (min.) at 1 GHz, 28 V (41026)

m Ceramic-metal stripline package with low inductances and
low parasitic capacitances

= Suitable for stripline and microstripline circuits

parasitic capacitances and inductances that permit stable
operation in the common-emitter configuration.

\deal as a driver for the 41026, the 41025 can also be used
in large-signal applications. The use of emitter-ballasting re-
sistors and the low-thermal-resistance package make the
41026 especially suitable for large-signal cw or pulsed appli-
cations at frequencies from 0.7 GHz to 1.3 GHz in stripline
and microstripline circuits.

41025 41026
VcBO 50 50 \
VCER 50 50 \Y
VEBO 3.5 3.5 \%
Ic 0.35 1.5 A

PT

7.15 21 w
0.057 0.168 w/ec
—65 to +200 °c
230 oC
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ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 259C unless otherwise specified.
STATIC

TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL VOLTAGE CURRENT 41025 41026 UNITS
V dc mA dc

vee | vee | e [1c | miIN. | mAx. MIN. | max.

Collector Cutoff

Current ICES 45 0 - 2 - 2 mA
Collector-to-Base

Breakdown Voltage V(BR)CBO 0 5 50 - 50 - v
Emitter-to-Base

Breakdown Voltage V(BR)EBO 01| o 35 - 35 - \Y

Collector-to-Emitter
Breakdown Voltage

With external base- V(BR)CER 10 50 — 50 — \Y
to-emitter resistance
(RBE) =102
Thermal Resistance
—_ — o]
(Junction-to-Case) Rouc 175 6 cw
DYNAMIC
TEST CONDITIONS LIMITS
UPPLY
CHARACTERISTIC SYMBOL | FREQUENCY V%LTAGE 41025 41026 UNITS
GHz Vee)Vide | wind max. | min. f max.
Output Power, Pjg = 0.6 W P 1 28 3 - - -
=25W OE 1 28 o 10 - w
Power Gain, Pog =3W 1 28 7 — - -
=10W Cpe 1 28 i 6 - a°
Collector Efficiency, PO =3 W 1 28 50 - — — %
=10w c 1 28 N s0 | -
Collector-to-Base Capacitance
Veg=30V Cobo 1 MHz - -1 s -] 12 pF
TYPICAL APPLICATION INFORMATION
CIRCUIT SEE FIG. SUPPLY VOLTAGE INPUT POWER OUTPUT POWER
(Vce) =V de (P|E)—W (POE)-W
Microstripline 1-GHz Amplifier
(41025) 10 28 0.6 3.3
Microstripline 1-GHz Amplifier
(41026) 1 28 2.5 11.0
Microstripline 1.0-to-1.2-GHz Oscillator
(41025) 12 28 - 3.2
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Vi
POWER &
SOURCE
VARIABLE REFLECT- TEST CALORI-
ATTEN. OMETER CIRCUIT METER

DOUBLE STUB TUNER

MICROLAB S2-05N OR

EQUIVALENT 926517659

Fig.1 — Block diagram of test arrangement for measuring
transistor performance.

COLLECTOR SUPPLY VOLTAGE (Vcc) =28V
c LEC OPE:AWRE To) fz(s < COLLECTOR SUPPLY VOLTAGE (V) =28 V
ASE TEM c CASE TEMPERATURE (T¢)= 25°C
Rg= 100 RB=0
: 7 T
ES = 1
|« 4
- 5 I t
§ B ST
« ¥
- 0 T s
e 3 S W Yo ;
i} Tr °
3 0.5y &
2 0 R =2
- 255, 3 :
z 5]
Pt
21
(=]
T ;i
[ i I 8
0.9 | 10 1.2 13
07 0.8 0.9 1.0 [B] 12 13 FREQUENCY (f)— GHz
FREQUENCY (f) — GHz 92C$-20562
92CS- 20561
Fig.2 — Typical output power vs freq for 41025 itter Fig.3 — Typical output power vs fi for 41026 itter
amplifier in test arrangement of Fig.1. amplifier in test arrangement of Fig.1.
ins) 60 14] T 80
i -
3
® 12 o
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Fig.4 — Typical 1-GHz output power and collector efficiency vs. input Fig.5 — Typical 1-GHz output power and collector efficiency vs. input
power for 41025 in test arrangement of Fig.1. power for 41026 in test arrangement of Fig.1.
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’——-" UT POWER (Fig) =0.6 W i I INPUT POWER (Pg) =25 W Im|

CASE TEMPERATURE (T ) =25°C H " CASE TEMPERATURE (*rcnzs'c

FREQUENCY (f ) = | GHZ 12 LFREQUENCY (f )+ 1 ®

*H T | T |

1 g o H-®o FH ~
= R L ©
I . -
u 5 8 A A H &
L2 60 z o 8 €02
- T - I I3}
« HB S 2 3 &
£ % Ys &
o — o
I o «

z 2
- 50 O 4 505
=Y o =] w
@ w o 3
E ] 5 2 °
8 3 o ©
o
o
2 w4 l6 8 20 T22 24 26 28 6 18 20 22 24 26 28 30
COLLECTOR SUPPLY VOLTAGE (V) COLLECTOR SUPPLY VOLTAGE (Vpe) —V
92CS- 20565 92CS-20566

Fig.6 — Typical 1-GHz output power and collector efficiency vs. supply Fig.7 — Typical 1-GHz output power and collector efficiency vs. supply
voltage for 41025 in test arrangement of Fig.1. voltage for 41026 in test arrangement of Fig.1.

281 COLLECTOR SUPPLY VOLTAGE(VCChZGV
CASE TEMPERATURE (T()=25
INPUT POWER (P|g)=0.6 W

IMPEDANCE (2)—Q
(Re+jIm)

165
145
2 \ZcL MEASURED
B Zin MEASURED ™) Nt
_H aT'riis pLane | AT THIS PLANE
fivz:
8 : \
6
o H

0.7 0.8 .9 1 [E .3
FREQUENCY (f)— GHz
92CS-20567

Fig.8 — Typ/cal large-signal series input impedance and large-signal

load i vs. for 41025.
12} t COLLECTOR SUPPLY VOLTAGE (Vcc) 28v
T CASE TEMPERATURE (T¢)=2
1l INPUT POWER (Pig)= 2. 5w
10} & ii
)
ol
Im(ze))
L
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=

s ©
ze
F P
w 7)5 MEASURED Zoy MEASURED
H 4| atrHis pLANE | AT THIS PL

3 HHE
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7 (1] 09 (8 X .3

FREQUENCY (f)—GHz
92C$-20568

Fig.9 — Typ/cal large-signal senes input impedance and large-signal
load i vs. for 41026.
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41025, 41026 ..

MICROSTRIP MATERIAL:
1/32-INCH TEFLON FIBERGLASS

DIMENSION
A

NWIVZIrXCTOMMOO®

1.900
0.086
0.086
0.470
0.086
1.10
0.300
282
197
0.275
0.300
0.300
0.400
0.170
0.400

INCHES | MILLIMETERS

48.26
218
218
11.94
218

27.94
7.62

71.63

50.04
6.99
7.62
7.62

10.16
4.32
10.16

?lu -———J-——-JKD

92CS-20569

C1.C3= 30 pF, ATC 100®
Cg, Ca = 1-10 pF, JOHANSON 2957°
Cg, Cg = 1000 pF, ALLEN-BRADLEY FASC®
RFC4, RFCp = No. 32 wire, 5 turns 0.062 in. (1.67 mm)
dia., 0.300 in. {7.62 mm) long
Rg =10

® or equivalent

Fig. 10—Microstripline circu:t for 1-GHz power amplifier using 41025.

fe—D—= E

MICROSTRIP MATERIAL:
1/32-INCH TEFLON FIBERGLASS

DIMENSION

INCHES | MILLIMETERS

rFREOTMTMOO D>

0.885
0.885
0.080
1.725
0.545
1.125
0.870
2.320
0.290
0.270

22.48
22.48
203
43.82
13.84
28.58
22.10
58.93
7.37
6.86

Vee
Ce
1]

RFCp

F—=] [ l—6—

e-x -
b

o

~

92CS-20570

Cq, Co = 330 pF, ATC 100®
C3, C4 = 1000 pF, ALLEN-BRADLEY FASC.
Cg, Cg =1 UF,50-V, electrolytic
Rg =0t030Q
RFCq, RFC2= No. 32 wire, 5 turns
0.062 in. (1.57 mm) dia., 0.300 in.
(7.62 mm) long

®or equivalent

Fig.11—Microstripline circuit for 1-GHz power amplifier using 41026.

329



41025, 41026

File No. 641

Ry

RCA
41025
¢ RFC
R2 = s
= / = RFC3
EQUIVALENT
REPRESENTATION
OF C4.0SCILLATION
FREQUENCY =L

IS DETERMINED

PRIMARILY BY
C4q ADJUSTMENT.

MICROSTRIP MATERIAL:
1/32-INCH TEFLON FIBERGLASS

DIMENSION | INCHES | MILLIMETERS
A 0.300 7.62
B 1.500 38.10
H 0.150 3.81

RFC L —
A

o 508

c3 =

Rp

92CS-20571

Cq.C2, C3 =470 pF feedthrough, .
ALLEN-BRADLEY FACS
C4 = 1-20 pF, JOHANSON 4802®
Cs = 0.3 — 3.5 pF, JOHANSON 4701®
Cg = 1-10 pF, JOHANSON 4581°

R1=22kQ
Ro =180 2
Rg=10%Q

RFC4, RFCo, RFC3 = No. 32 wire, 5 turns
0.062 in. (1.57 mm)
dia.,0.300 in. (7.62 mm)
long

Fig.12—Microstripline circuit for 1.0- to 1.2-GHz oscillator using 41025.

SOLDERING INSTRUCTIONS

When these devices are to be soldered into microstripline cir-
cuits, the transistor terminals must be pretinned in the region
where soldering is to take place. The device should be held in a
high-thermal-resistance support for this tinning operation. A
60/40 resin-core solder and a low-wattage (47 watts) soldering
iron are suggested for the pretinning operation. The case tem-
perature should not exceed 230°C for a maximum of 10 sec-
onds during tinning and subsequent soldering operations.
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TERMINAL CONNECTIONS

TERMINALS 1 & 3 — EMITTER
TERMINAL 2 — BASE
TERMINAL 4 — COLLECTOR

WARNING: The ceramic bodies of these devices contain
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.
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IR

Solid State
Division

RF Power Transistors

41027 41028

3-W and 10-W 1-GHz Emitter-Ballasted
Silicon N-P-N Overlay Transistors

For Use in UHF/Microwave Common-Emitter Power Amplifiers,
Oscillators, and Frequency Multipliers

Features:

= Designed for supply voltages of 20 to 25V

s Emitter-ballasting resistors

® Load VSWR capability of 3:1 at 1 GHz

@ 3-W output with 6-dB gain (min.) at 1 GHz, 22 V (41027)
[]

-

HF-41 Package

10-W output with 5.5-dB gain (min.) at 1 GHz, 22V (41028)
Ceramic-metal stripline package with low inductances and
low parasitic capacitances
m Suitable for stripline and microstripline circuits

H-1788

parasitic capacitances and inductances that permit stable
operation in the common-emitter configuration.

RCA-41027 and 41028* are epitaxial silicon n-p-n planar
transistors with overlay multiple-emitter-site construction.
They are designed especially for equipment using 20- to 25-V

collector supplies in uhf and microwave communications,
L-band microwave relay links, distance-measuring equipment,
transponders, and collision-avoidance systems.

Ideal as a driver for the 41028, the 41027 can also be used in
large-signal applications. The use of emitter-ballasting resistors
and the low-thermal-resistance package make the 41028 es-

pecially suitable for large-signal cw or pulsed applications
at frequencies from 0.7 GHz to 1.3 GHz in stripline and
microstripline circuits.

The ceramic-metal stripline packages of these devices have low

* Formerly RCA Dev. Nos. TAB649 and TA8650.

MAXIMUM RATINGS, Absolute-Maximum Values: 41027 41028
COLLECTOR-TO-BASE VOLTAGE VcBO 45 45 \
COLLECTOR-TO-EMITTER VOLTAGE:

With external base-to-emitter resistance

(Rge)=10Q2. . . . . . VCER 45 45 \Y%
EMITTER-TO-BASE VOLTAGE .. . . . . . . .. . VEBO 3.5 3.5 \%
CONTINUOUS COLLECTOR CURRENT. . . . . . . . . . . . Ic 0.35 1.5 A
TRANSISTOR DISSIPATION: PT

At case temperature up to 75°C . Lo e 7.15 21 w

At case temperature above 75°C . Derate linearly at 0.057 0.168 w/ec
TEMPERATURE RANGE:

Storage and operating (Junction). —65 to +200 °oc
CASE TEMPERATURE (during soldering)

R 230 oc

For 10 s max. e
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ELECTRICAL CHARACTERISTICS, at Case Temperature ( T¢) = 259C unless otherwise specified,
STATIC

TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL VOLTAGE CURRENT 41027 41028 UNITS
V dc mA dc

Vee| vee | te [ic | mIN. [ mMax. | mMIN. | mAX.

Collector Cutoff

Current Ices 40 0 - 2 _ 2 mA
Collector-to-Base

-Breakdown Voltage V(BR)CBO 0 5 45 - 45 - Y
Emitter-to-Base

Breakdown Voltage V(BR)EBO 01] o 35 - 35 - \

Collector-to-Emitter
Breakdown Voltage

With external base- V(BR)CER 10 45 - 45 - Vv
to-emitter resistance
(RBE)=10Q
Thermal Resistance o
(Junction-to-Case) Rouc A 175 6 c/w
DYNAMIC
TEST CONDITIONS LIMITS
SUPPLY
CHARACTERISTIC SYMBOL | FREQUENCY | VOLTAGE 41027 41028 | uniTs
GHz Ve Ve | win|max. | min [max.
Output Power, Py =0.75 W P 1 22 3 — — -
=28W OE 1 22 -1 - 10 - w
Power Gain, Pog =3 W 1 22 6 - - —
- 10w Gre 1 22 -] - | ssf — | ¢
Collector Efficiency, Pog = 3 W 1 22 50 — — -
- nc %
=10W 1 22 — — 50 —
Collector-to-Base Capacitance
Veg=30V Cobo 1 MHz - -| s - 12 pF
TYPICAL APPLICATION INFORMATION
CIRCUIT SEE FIG. SUPPLY VOLTAGE INPUT POWER OUTPUT POWER
(Vce) -V de (PIE)-W (POE)-W
Microstripline 1-GHz Amplifier
(41027) 10 22 0.75 3.3
Microstripline 1-GHz Amplifier
(41028) 1 22 2.8 11.0
Microstripline 1.0-to 1.2-GHz Oscillator
(41027) 12 22 - 2

332



File No. 640 41027, 41028
COLLECTOR SUPPLY VOLTAGE (Vcc)=22 Vi
CASE TEMPERATURE (T¢ 1=25°C
Rg =108 H
ES
I H
o 4
o H
e H
v & . i
POWER cc g 3 :
SOURCE T 5 heSW
5 2 0.
I
oAD |o| VARIABLE | | REFLECT- TEST CALORI- 3
ATTEN. OMETER CIRCUIT METER ~ ° -
|
DOUBLE STUB TUNER
MICROLAB S2-05N OR
EQUIVALENT o2cs 17658 t ; P !
o7 o 09 1.0 L1 12 13
FREQUENCY (f) —GHz
92CS-20575
Fig.1 — Block diag of test ar for ing Fig.2 — Typical output power vs. freq for 41027
performance. emitter amplifier in test arrangement of Fig.1.
% COLLECTOR SUPPLY VOLTAGE (Vog 1722 V] O enaron ‘(’3”;“352‘5"_%0 =22V .
CASE TEMPERATURE =25°C i cr= LN
-0 'F Y (f)=1GH; |
12 "B + Eeaass: e -
fises: t : HHH ©
= 1 = t =
| [
~ ~ 4= S
4 g g
£ & I3 [
« 3 - T 60 i
g I : : £
e s z I ot
E t A
g IHE RS, g
I - 2 50 &
5 5 1 ! “
a 2 - o
= = T 2
3 =3 T Q
° O T a0 °
1 I
Emm H
SNEEENEN T T 1 30
o7 o8 09 1O M 2 13 2 . 04 0. 08
FREQUENCY (f ) —GHz INPUT POWER (Pig) —W
92C$-20576 92¢S-20577
Fig.3 — Typical output power vs. freq for 41028 Fig.4 — Typical 1-GHz output power and collector efficiency vs.

emitter amplifier in test arrangement of Fig.1.

input power for 41027 in test arrangement of Fig. 1.

CASE TEMPERATURE (T¢ ) =25°%C

COLLECTOR SUPPLY VOLTAGE (Vg1 =22 V

INPUT POWER (Pjg) =075 W

CASE TEMPERATURE (T¢ ) =25°C

Fig.5 — Typical 1-GHz output power and collector efficiency vs.
supply voltage for 41027 in test arrangement of Fig.1.

FREQUENCY () = | GHz FREQUENCY (f)= | GH .
&
k‘ * E -|~Q
~ | | &
w - - 4 -
) ) 8

S s £ e POE 3
& ; &
¥ 2 < 6 & b 70 2
H H H : &
10 H S < a3 i 5 w

- & i : i 4
2 8 N 50 & . el i N 60 S
’5 « E "‘ b ks
3 6 = i 4
g > i rae: 3
40 3 ° : s0 3

8 Ease
30 HHH B
2 3 a 12 14 16 18 20 22 24 26 .
INPUT  POWER (Pjg) — W COLLECTOR SUPPLY VOLTAGE (Vgg) —V
92CS-20578 92CS-20579

Fig.6 — Typical 1-GHz output power and collector efficiency vs.
supply voltage for 41027 in test arrangement of Fig.1.
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:
INPUT POWER (Pyp)=2.8 W 28 T COLLECTOR SUPPLY VOLTAGE (vcc)-zz v
CASE TEMPERATURE (T¢ ) =25°C 261N CASE TEMPERTURE (T¢ )= 2
FREQUENCY (f) = | GHz . e INPUT POWER (Pg)=0.75 "
N & 24
= R 1 i H
| t 3 - 22
- e, & s,
(=} T 1 ~ | 0
a t + t i 5 - H
- = OE z Noo8 -
@
; 70 5 §§ 16
'S
g i & 3%
7 ! i a& 1
g a ZcL MEASURED
5 5 i % 60 & $ e N
2 : 5 A
s w 10| T : :
° 50 o 8 : :
1 T © Re (ZIN
2 B C e
o P H 4 T i
16 18 20 22 24 26 28 30 0.7 08 09 3

COLLECTOR SUPPLY VOLTAGE (Vgg) -V

Fig.7 — Typical 1-GHz output power and collector efficiency vs.
supply voltage for 41028 in test arrangement of Fig.1.
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92CS -20580

FREQUENCY (f)—GHz

load i

vs. fr

H| INPUT POWER (Py)

= COLLECTOR SUPPLY VOLTAGE(Vcc)= 22v
T CASE TEMPERTURE ( )=

Fig.9 — Typlcal large-signal serles /nput impedance and large-signal
load i for 41028.

vs. fr

9 : Xr;n‘ch) “J—L‘
o g — H
L e
Ne 7 H
W E !
gq. 6 + |
<@ - " A\ es!
«© 2oL MEASURED = W
S P b e S
! H
2 abn ; i e
’74, T =
2 axses
£ T
| T
: Eacaat:
o7 08 09
FREQUENCY (”—GHI

92Cs-20582

92CS-20581

Fig.8 — Typical large-signal series input impedance and large-signal
d: y of 41027.
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500
509
[ =
= il
92CS-20860
MICROSTRIP MATERIAL:
1/32-INCH TEFLON FIBERGLASS
DIMENSION | INCHES | MILLIMETERS
A 1.900 48.26
B 0.086 218 Cy, C3 = 30 pF, ATC 100®
c 0.086 218 Cy.Cq = 1-10 pF, JOHANSON 2957®
D 0.470 11.94 Cs, Cg = 1000 pF, ALLEN-BRADLEY FAsC®
E 0.086 2.18 RFC1, RFC2 = No. 32.wire, § turns 0.062 in. (1.57 mm)
F 1.10 27.94 dia., 0.300 in.(7.62 mm) long
G 0.300 7.62 Rg = 10§z
H 2.82 71.63
J 197 50.04 [} .
K 0.275 6.99 Or equivalent
L 0.300 7.62
M 0.300 7.62
N 0.400 10.16
P 0.170 4.32
s 0.400 10.16
Fig. 10—Microstripline circuit for 1-GHz power amplifier using 41027.
Vee
Ce
Cq
RFCp
jo— G —]
L
! €2 500

c 4
so9 !
T
=aa ——
= .. 92C5-20861
D——= E l—

MICROSTRIP MATERIAL:
1/32-INCH TEFLON FIBERGLASS

PR——

DIMENSION | INCHES| MILLIMETERS Cq,Co = 330 pF, ATC 100°
A 0.885 22.48 C3,C4 = 1000 pF, ALLEN-BRADLEY FA5C®
.8 0.885 2248 Cg, Cg =1 MF,50-V, electrolytic
c 0.080 2.03 Rg =0t030Q
D 1725 43.82 RFCq, RFCo= No. 32 wire, 5 turns
E 0.545 1384 0.062in.{1.67 mm) dia., 0.300 in.
F 1.125 28.58 (7.62mm) long
G 0.870 22.10
J 2.320 58.93 ° .
K 0.290 7.37 Or equivalent
L 0.270 6.86

Fig.11—Microstripline circuit for 1-GHz power amplifier using 41028.
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41027, 41028

EQUIVALENT =4
REPRESENTATION
OF Cq. OSCILLATION Re

C4 ADJUSTMENT.

>
zi
-FREQ
IS DETERMINED -
PRIMARILY_BY

MICROSTRIP MATERIAL:
1/32-INCH TEFLON FIBERGLASS

DIMENSION| INCHES | MILLIMETERS|
A 0.300 7.62
B 1.500 38.10
H 0.150 3.81

5080

| [z

92CS-20859

C1,Cp,C3=470pF feedthrough,
1.C2,C3 ol .
ALLEN-BRADLEY FACS'
C4 = 1-20 pF, JOHANSON 4802°
Cs=0.3 - 3.5 pF, JOHANSON 4701®

Cg = 1—10 pF, JOHANSON 4581®
Ry =22k
Ry =180 Q

Rp =108

RFCq, RFCy, RFC3 = No. 32 wire, 5 turns
0.062in. (1.57 mm)
dia.,0.300 in. (7.62 mm)
iong

_—_

° .
Or equivalent

Fig.12—Microstripline circuit for 1.0- to 1.2-GHz oscillator using 41027.

SOLDERING INSTRUCTIONS

When these devices are to be soldered into microstripline cir-
cuits, the transistor terminals must be pretinned in the region
where soldering is to take place. The device should be held in a
high-thermai-resistance support for this tinning operation. A
60/40 resin-core solder and a low-wattage (47 watts) soldering
iron are suggested for the pretinning operation. The case tem-
perature should not exceed 230°C for a maximum of 10 sec-
onds during tinning and subsequent soldering operations.
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TERMINAL CONNECTIONS

TERMINALS 1 & 3 — EMITTER
TERMINAL 2 — BASE
TERMINAL 4 — COLLECTOR

WARNING: The ceramic bodies of these devices contain
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.
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G/

Solid State
Division

RF Power Transistors

41038

750-mW, 1.68-GHz Oscillator Transistor

Features:

= Emitter-ballasting resistors

= 750-mW oscillator power at
1.68 GHz (20 V)

m Collector connected to case

u For coaxial, stripline, and

TERMINAL CONNECTIONS

Lead No. 1 — Emitter
Lead No. 2 — Base
Lead No. 3 — Collector, Case

H-1208

Type 41038* is an epitaxial silicon n-p-n planar transistor with
overlay multiple-emitter-site construction and emitter-ballasting
resistors. Intended applications for this transistor include

ESSE————

* gormerly Dev. No. TA8340.
MAXIMUM RATINGS, Absolute-Maximum Values:

lumped-element circuits

microwave communications, relay links, distance-measuring
equipment, collision-avoidance systems, and low-cost radio-
sonde service.

COLLECTOR-TO-BASE VOLTAGE . ... ..coiiiiiii e Veso 45 \%
COLLECTOR-TO-EMITTERVOLTAGE ... .. e VcEo 21 \Y
EMITTER-TO-BASE VOLTAGE ... o VEBO 3.5 \%
TRANSISTOR DISSIPATION: Pt
At case temperatures UPp 10 100°C ... vvueiunenernareaern e s 3.1 w
At case temperatures above 100°C ... .. .nounernerunen e Derateat  0.031 w/°C
TEMPERATURE RANGE:
Storage and Operating (JUNCHION) . .. .. .uusvrnnernnssranneeese e —65 to 200 °c
SUPPLY VOLTAGE (Vgc)=20 FREQUENCY (1)=1.68 GHz
CASE TEMPERMURVEC((’T”,;_,;,C CASE TEMPERATURE (T¢) =25°C
HH
111
= SN =
Lo Sua !
8 =au g
i 08 e 2 o8
w 1 3
. 0.6 206
a 5
3 04 5 0af]
(=]
0.2 0.2
X [ [N 13 1.4 15 1.6 1.7 18 2 4 6 8 0
FREQUENCY (f)— GHz SUPPLY VOLTAGE (Vgg)—V
92¢s-22383 92¢s-22384
Fig.1 — Typical output power vs. fi for 41038 oscill: intest  Fig.2 — Typical output power vs. supply voltage for 41038 oscillator in

arrangement of Fig. 5.

test arrangement of Fig. 5.

9-73
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ELECTRICAL CHARACTERISTICS at Case Temperature (Tp) = 25°C

Static TEST CONDITIONS
VOLTAGE CURRENT
CHARACTERISTIC SYMBOL LIMITS UNITS
Vdc mA dc
Vce| VBE Ige |18 ] Ic MIN. | MAX.
Collector Cutoff Current IcES 40| 0 0 - 2 mA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 5 45 - v
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 0 3.5 - v
Thermal Resistance (Junction-to-Case) RgJc - 32 °c/w
Dynamic POWER SUPPLY
CHARACTERISTIC SYMBOL OUTPUT VOLTAGE | FREQUENCY LIMITS UNITS
(POB)—W (Vee)-Vv GHz MIN. | MAX.
Common-Collector Oscillator Pos 20 1.68 0.76 _ w
Output Power
Oscillator Circuit Efficiency 10 0.75 20 1.68 20 — %
Collector-to-Base Capacitance Cobo 30(Veg) 1 MHz - 4 pF
SUPPLY VOLTAGE (V¢c)=20V 1000,| -cASE TEMPERATURE (T¢) = 100°C |
FREQUENCY (f) =1.68 GHz ° |
!
) HOT-SPOT —+
z I sz’smn.og:
[ 4 Ic(MAX.) CONTINUOUS (Tus) zo.o ,
'?.; : T T
Tos 8 l l
I3 £ 100 NOTE: Tyg IS —
E3 ] o DETERMINED BY
Q06 I3 USE OF INFRA-
=4 RED SCANNING
5 o TECHNIQUES
£ oa u
3 2 21v —4
o
0.2 2
10
4 ! i 10 100
CASE TEMPERATURE (T¢ )—°C COLLECTOR-TO-EMITTER VOLTAGE (Vgg)—V
92¢s-22385 92cs-22382
ig.3 — i 3 P for 41038 ille . .
Fe3 i:}:";;‘;i::;::r;f: rwoel, gy.c;.se i Fig.4 — Maximum operating area for forward-biased operation.
CURRENT METER VOLT METER POWER SUPPLY
TEST CIRCUIT
on et rer e AL SAMPLER —s—{ TERMINATION
HECHAAL S
POWER METER Y METER AECTRuM
92CS-22387
Fig.5 — Test arrangement for measurement of output power from 41038
oscillator.
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Vee=-20

v

0.3- 3.5 pF air piston capacitor, Johanson 4700 or equivalent
5 pF chip capacitor, ATC-100 or equivalent
1000 pF feedthrough capacitor, Allen-Bradley FASC or equivalent
choke, 0.12 uH, Nytronics or equivalent
0.150-in. (3.8 mm) transistor lead length
0.82 2, 2 watt
0-500 Q, 2 watts
2.2k, 1 watt
Produced by removing upper copper layer from 1/32-in. (0.79-mm)
Teflon-fiberglass double-clad circuit board (e = 2.6).
92CM-22388

Fig.6 — L-band oscillator circuit using 41038.
EXPONENTIAL
TAPER

50
OUTPUT

L( :

26.7)

—— NN/ . A‘V\/\r—]
TUNING =
VOLTAGE
Vees-20 V. (OV MAX.)
C1,C2, C3: 1000 pF feedthrough,Filtercon SMFB-A1 or equivalent
Ca: 2.2 pF, two 1-pF ATC-100 or equivalent in parallel
C5: 0.3 - 3.5 pF, Johanson 4700 or equivalent
R1: 10 , 1/2 watt, carbon
R2: 0 — 500 2, 2 watts
R3: 2.2 kS, 1/2 watt, carbon
D: variable-capacitance diode, 7 - 15 pF across tuning voltage range
L: loop of transistor base lead OJ_15
(3.81)
0.15
(3. 81)“
X1:

produced by removing upper copper layer from 1/32-in. (0.79 mm)
Teflon-fiberglass double-clad circuit board (¢ = 2.6).

92CM-22389

Fig.7 — 950-MHz voltage-controlled oscillator.

41038
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NG

Solid State
Division

RF Transistors

41039

Features:

JEDEC TO-39 = High Gain:

H-1381

RCA-41039* is an epitaxial silicon n-p-n planar transistor
employing overlay emitter-electrode construction. It is in-
tended for small-signal applications where both large dynamic
range and high gain are needed.

* Formerly RCA Dev. No. TA8865.

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASEVOLTAGE .....ovvtnitinnannnennennnn,

COLLECTOR-TO-EMITTER VOLTAGE:
With base open ............
EMITTER-TO-BASE VOLTAGE

TRANSISTOR DISSIPATION:
At case temperatures up to 75°C

At case temperatures above 75°C

TEMPERATURE RANGE:

Storage & Operating (Junction) ...................... ... ...

LEAD TEMPERATURE (During soldering):

Silicon N-P-N Overlay Transistor

For VHF Broadband Amplifiers in CATV and MATV Equipment

® Low Device Noise Figure:
200-MHz narrow-band (30 mA) = 3 dB max.
60-MHz narrow-band (30 mA) = 2 dB typ.
50-250-MHz broadband = 6.5 dB typ.

Gpg (200 MHz, 30 mA) = 15 dB min.
Gy (50-250 MHz, broadband) = 10 dB typ.
f1 (30 mA) = 1.8 GHz min.

® Low Distortion:
Cross-modulation (40 dBmV, 17 V, 60 mA) = —67 dB typ.
IMD (40 dBmV, 17 V, 60 mA) = —75dB typ.

® Collector-to-Rase Time Congtant:

(f = 31.9 MHz) = 7 ps typ.

.......................... VCBO 40 \
Veeo 25 v
Vero 35 v
'C 0.25 A
Pr
25 w
0.02 wi/°c

°

.......................... —65 to 200 Cc

At distances 2> 1/32 in. (0.8 mm) from seating plane for 10 s max.. ...............ovuuunnn.. ... 230 (o
TERMINAL CONNECTIONS
Lead 1 — Emitter
Lead 2 — Base
Lead 3 — Collector, Case
340 2.74



File No.764 41039
ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C
STATIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYmMBOL Voltage Current LIMITS
v mA UNITS
Vee Vce e | g |l Min. | Max.
Collector-Cutoff Current lcgo 18 [1] - 100 BA
Collector-to-Base Breakdown Voltage V(BR)CBO 0 1 40 — \Y
Emitter-to-Base Breakdown Voltage V(BR)EBO 0.1 (1] 35 - v
-to-Emi ining Vi :
Collector-to-Emitter Sustaining Voltage: VCEO(S"“) ° 20 25 _ v
With base open
Collector-to-Emitter Saturation Voltage VCE(sat) 10 | 100 - 0.25 v
DC Forward-Current Transfer Ratio hee 15 50 60 350
Thermal Resistance: R 50 .
(Junction-to-Case) 6.C
DYNAMIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Voltage Current LIMITS
v mA UNITS
Ves Vee e |1 | Min. | Max.
Small-Signal, Common-Emitter
Power Gain (f = 200 MHz) Cee 18 o 18 - 8
Noise Figure (Measured) ; a
5 - 3
(f = 200 MHz) See Fig. 3 NF 30 32 a8
Wideband Voltage Gain
(f = 50-250 MHz) See Fig. 4 Gy 17 60 95 - dB
12-Channel Cross Modulation
Distortion (f = 50-250 MHz;
output level = 40 dBmV) cmb i 60 ~62 - d8
See Fig. 4
Gain-Bandwidth Product 15 30 1.8 -
f.
T H
(f = 200 MHz) 15 60 2 - en
Collector-to-Base Capacitance
C, 30 - 2.
(f =1 MH2) obo s PF

a Because of insertion loss of input test circuit, device noise figure is approximately 0.2 dB less than measured.
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ggli.lasté"r‘g;;-m-szragmn VOLTAGE (Vcg)= 15V COLLECTOR-TO-EMITTER VOLTAGE (Vcg)= 15V
= z CASE TEMPERATUR =250
SOURCE RESISTANCE (Rg)=500 S E(Te)-25°C
CASE TEMPERATURE (T )=25°C x
T T T /
I (]
© ° &
° H | o
| T o
< 2 25
I z 2
z 4 w 41 /
w £ o~
. H 3 S
3 w
2 H 2
- .| w
w o //
Y o
(=] z
z .
- I 1.5
1
t
1t H INRNI ] HH I o T T
0 20 40 3 a 3
10 50 100 250 1000
COLLECTOR CURRENT (Ic)—mA _
03¢5 23552 FREQUENCY (f)—MHz 02523553
Fig. 1 — Typical measured narrow-band noise figure vs. collector current. Fig. 2 — Typical measured narrow-band noise figure vs. frequency.
AMPLIFIER
H - |
NoDEL o gD 500 |(SEE FIG. & 500 "] NF<3dB
OR EQUIVALENT FOR CIRCUIT) Gp230d8
200-MHz
INPUT
92CS- 23554
Fig. 3 — Noise-figure test setup.
T dpjpseie|  [enoacomo auetirin
- iz A UATOR [———— R -8
RF GENERATOR AMPLIFIER INPUT FOR CIRCUIT)
HARMONICS AND
RESIDUAL MODULATION
>90 dB DOWN
FIELD STRENGTH WAVE ANALYZER
Ao SaBLE 3-d8 METER GENERAL RADIO
" OUTPUT SPLITTER JERROLD MODEL MODEL 1900, OR
704,0R EQUIV- EQUIVALENT
_ SPECTRUM ANALYZER TUNE TO CHANNEL 13 TUNE TO £=15 kHz
32,1222,'3.,3":3‘;'5;\, HEWLETT- PACKARD 100 % MODULATION AT
PER CHANNAL MODEL H-P 141 T, =15 kHz
85541, 85528, OR
EQUIVALENT
92C€S-23555

Fig. 4 — Cross-modulation-distortion setup.
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40° 30° 20° 10®° 0° 10° 20° 30° 40°
50° 50°
|
0.3
60° Z 60°
R i
X 0.2
70° FORWARD TRANSMISSION 890 LHHINETY
COEFFICIENT VS. FREQUENCV N I %
Reliif
3 il
Si2 WU 0. [
0° . V.0 A
8 G & e
N
H B &
b ! t 300 B ESSSEESEssan
90°1 T -+
ERALALARESS -
COLLECTOR-TO-EMITTER VOLTAGE (Vcg)=20V {5
COLLECTOR CURRENT (Ig)= 30 mA
100° 2g *Z *50Q !
S2) (5N
110° 8
REVERSE TRANSMISSION
COEFFICIENT VS. FREQUENCY
120° 1200
i
12 1 S21
130° £ 130°
140° 150° 160° 170° 180° 170° 160° 150° 140°
92CS-23695
Fig. 5 — Typical transmission coefficients.
+Vee
(3
_E_ ) C1: 10 pF, disc ceramic
Y La  Ba 800 C2: 2.3-14.2 pF, E. F. Johnson 160-170*
C3: 3-35 pF, ARCO 404*
C4, C5: 1000 pF, feedthrough
SHIELD\ C6: 1000 pF, disc ceramic
26500 30 €7,C8: 0.97 pF, ARCO 400
2 \, L1: RF choke, Ferroxcube #VK200-19/4B*
ci > L2: 2 turns No. 12 wire, 0.25 in. (6.35 mm)
RI 1D, 0.25 in. (6.35 mm) long
g /‘(c-r L3: 3 turns No. 14 wire, 0.25 in. (6.35 mm)
e C5== ID, 0.45 in. (11.43 mm) long, tapped
R2 at 1-1/2 turns
u 3 L4: 5-1/2 turns No. 14 wire, 0.25 in.
18 (6.35 mm) ID, 0.5 in. (12.7 mm) long
v R1: 220 Q, 1/2 W, carbon
£ R2: 200 £, 1 W, carbon
= “2: * Or equivalent
92CS-23557

Fig. 6 — 200-MHz narrow-band amplifier.

70°

80°

100°

Hnoe

41039
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jaanmas £ comeonEnT(4-)

COLLECTOR TO-EMITTER VOLTAGE (VCE) 20V
COLLECTOR CURRENT (Ic)=30mA

I r ~ 4

92Cs-23558
Fig. 7 — Typical reflection coefficients.
—O+20v COLLECTOR -TG- EMITTER VOLTAGE (Vgl=17 v
@ OUTPUT LEVEL =40 dBmV
1 CASE TEMPERATURE {Tg)=25°C
a
- H
e
z =750 2 -40
=3
=
@«
© .50
e
(2]
a
3 -60
5
cé g 7
5]
H
o
3 _go
g
92CS-23559 o
€1,3,4,5: 0.001 uF, disc ceramic R2: 9102, 1/2 W, carbon ) 20 40 60 80
€2: 0.2 F, disc ceramic R3: 560 9, 1/4 W, carbon COLLECTOR CURRENT (Ic)— mA
C6: 18 pF, disc ceramic R4: 390, 1/4 W, carbon 92C5-23560
L1: 0.224H R5: 50 £, 1/2 W, carbon
T1: Core, Indiana General CF101, or Fig. 9 — Typical 12-channel cross modulation of 50-250 MHz
R1: 3.6k, 1/2 W, carbon . e
equivalent; 6 turns primary, broadband amplifier.
2 turns secondary

Fig. 8 — 60-250 MHz broadband amplifier.
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NG

Solid State
Division

RF Power Transistors

41044

The RCA-41044* is an epitaxial n-p-n planar transistor
with overlay emitter-electrode construction. It employs in-
tegral silicon emitter-ballasting resistors for ruggedness. This
transistor operates at 20 volts, and is intended for common-
collector operation as a fundamental-frequency oscillator at
frequencies up to 4.5 GHz.

* Formerly RCA Dev. No. TA8955.

MAXIMUM RATINGS, Absolute-Maximum Values:

Features:
® 0.35-W (min.), 0.40-W (typ.) output at 4.36 GHz
® 0.65-W (typ.) output at 3.2 GHz
RCA HF-56 Package a Multicell structure for low thermal resistance
(cé: alsoﬂbe supplied = Emitter-ballasting resistors
without flange upon
9 up = Collector connected to flange
request.) H-1823R1 . P
® For stripline and lumped-constant circuits

TERMINAL CONNECTIONS

Terminal 1 — Base
Terminals 2 and 4 — Collector
Terminal 3 — Emitter

0.4-W, 4.36-GHz Oscillator Transistor

COLLECTOR-TO-BASEVOLTAGE ..........ccnnncnnnn VeBo 40 \
EMITTER-TO-BASE VOLTAGE .....ovvvennearonnsnns VEBO 3.5 Y
TRANSISTOR DISSIPATION: Pt

At case temperatures up to 100°C ... ...t 5 w

At case temperatures above 100°C

derate Hnearly .. .......ooveerrnemennnanseeenss 0.05 w/ec

TEMPERATURE RANGE:

Storage and Operating (Junction) ..ot —65 to +200 oc

N

CASE TEMPERATURE (During soldering):

FOr 10 SMAX. +vvverernmnenneennesnnnnasssssssns 230 ocC
974



FREQUENCY (f)—GHz

92C5-23956

Fig. 1 — Typical oscillator output power vs. frequency.
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SUPPLY VOLTAGE ( Veg)l—v

41044 File No. 783
ELECTRICAL CHARACTERISTICS, At Case Temperature ( Tc) = 25°C
STATIC
TEST CONDITIONS
DC DC
CHARACTERISTIC SYMBOL Voltage Current LIMITS UNITS
(v) (mA)
Ves I3 Ic Min. Max.
Collector Cutoff Current lcBo 20 0 — 05 mA
Collector-to-Base
Breakdown Voltage V(BR)CBO 0 5 40 . \
Emitter-to-Base
Breakdown Voltage V(BR)EBO 0.1 0 3.5 - v
Thermal Resistance
(Junction-to-Collector Rgyc - 20 ocw
Flange)
DYNAMIC
TEST CONDITIONS
CHARACTERISTIC SYMBOL Frequency Supply Voltage LIMITS UNITS
(f) — GHz (Veg) =V
Min. Max.
Oscillator Output Power Po 4.36 -20 0.35 - w
Oscillator Circuit
Efficiency n 4.36 —20 15 - %
Collector-to-Base Capacitance
Veg =30V Cobo 1 MHz - 4 pF
SUPPLY VOLTAGE (V¢cl=-20V A FREQUENCY (f)=4.36 GHz
CASE TEMPERATURE (T¢)=25°C CASE TEMPERATURE (T )=25°C
= 08 >
1 1
3:0 07 H-+H f 0.5,
& A &
§ 06 § 04
5 1 5
% 05 u % 0.3
5 4 & o.
RN
2 3
@ 03 3 o
(=] o
0
3 45 -10. -2 14  -16 -18  -20

92€$-23957

Fig. 2 — Typical 4.36-GHz oscillator output power vs.

supply voltage.
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500 Veg=-20V 008
o A'A'A%

Veg=-20V

675,
17.14771

¢ L—osno—']

3.1

Dimensions are in inches and (millimeters).

Dimensions are in inches and (millimeters).
C1: 0.4-25 pF, Johanson 7281 or equivalent
€2,C3: Filtercon, Allen-Bradiey SMFB-A1 or equivalent
RFC: 050 in. {12.7 mm) of =32 wire {lay flat on circuit)
Dielectric material: 1/32-in. (0.79 mm) Teflon-fiberglass
double-clad circuit board (¢ = 2.6). Lines X1 and X7 are
produced by removing upper copper layer to dimensions

C1: 0.6-4.5 pF, Johanson 7271 or equivalent

0.63 in. (16.0 mm) of =32 wire (lay flat on circuit)
Dielectric materiat: 1/32:in. (0.79 mm) Teflon-fiberglass
double-clad circuit board (¢ = 2.6). Lines X4 and X2 are
produced by removing upper copper layer to dimensions
shown.

shown.
92CS-23958 92CS- 23959
Fig. 3 — Schematic diagram of 3.2-GHz oscillator circuit. Fig. 4 — Schematic diagram of 4.36-GHz oscillator circuit.
AMMETER 3':_,?,",',‘[:_5 —— VOLTMETER
TEST MAXIMALLY FLAT|
CIRCUIT COAXIAL SAMPLER |—%— TERMINATION
COUPLER
POWER METER FREQUENCY METER| AeECT oM

92Cs-22387RI

Fig. 5 — Test arrangement for measurement of output power from 41044 oscillator.

Fig. 6 — Photograph of 4.36-GHz oscillator.
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NG

Solid State
Division

RF Power Transistors

RCA0610-30

Features:

RCA HF-55 Package

H-1822

Type RCA0610-30° is a multicell epitaxial silicon n-p-n planar
transistor with overlay emitter construction. It uses integral
silicon emitter-site ballast resistance for improved ruggedness
and increased overdrive capability, internally mounted MOS
capacitors for input matching, and gold metallization with bar-
rier-layer protection for improved reliability. The RCA0610-30
is intended for high-power broadband uhf amplifiers.

The unique external shunt tuning is made possible by two
additional leads from the collector. These leads allow the
circuit designer to tune the output capacitance (Cog) for
optimum performance over a particular frequency range.

MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-BASE VOLTAGE .
EMITTER-TO-BASE VOLTAGE .
TRANSISTOR DISSIPATION:

At case temperature up to 75°C

At case temperature above 75°C, derate at
TEMPERATURE RANGE:

Storage and Operating {Junction)

30-W, Broadband, 620-t0-960-MHz,
Emitter-Ballasted, Gold-Metallized Transistor

®  GIGAMATCH stripline package:
Internal input-matching network; Zjy ~ (10 +j0) Q
External shunt matching at collector; ZoyT ~ (6 +j0) Q
with shunt resonance
= Emitter-ballasting and low Rg ¢ for added reliability
® Suitable for broadband operation (620 — 960 MHz)
= Gold metallization with barrier-layer protection

Approximately 75 per cent of the required inductance for
full-bandwidth operation is contained within the package;
the external circuit provides the additional inductance in the
form of the two lengths of stripline that can be terminated to
the ground plane by dc blocking capacitors.

For narrow-band operation the RCAG610-30 can be used with-
out collector shunt tuning by clipping off the two external
shunt leads.

® Formerly RCA Dev. No. TA8923.

Veeo 50 \Y

VEBO 35 v
PT

50 w

0.4 w/°c

~65 to +200 oc

348
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File No. 790 RCA0610-30

ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 259C

STATIC
TEST CONDITIONS
CHARACTERISTIC SYMBOL DC Collector DC Current LIMITS UNITS
Voltage (V) (mA)
Ves I |lIc Min. Max.
Collector-to-Base Reverse Current IcBO 28 0 - 5 mA
Collector-to-Base Breakdown Voltage | V(BR)CBO 0 |25 50 - \Y
Emitter-to-Base Breakdown Voltage V(BR)EBO 05| 0 35 \"
Thermal Resistance
R — 25 oC,
(Junction-to-Case) 9.C W
DYNAMIC
TEST CONDITIONS
MEO Freq y DC Coll
CHARACTERISTIC SYMBOL (f) — MHz Supply Voltage LIMITS UNITS
(Vee) -V Min. | Max.
Output P
utput Fower POB 620 — 960 28 0 | - w
(P1g = 4.75 W)
P Gai
ower Bamn Gpe 620 — 960 2 8 | - dB
(POB = 30 W)
Collector Efficiency 20 — 960 28 55 o
{PoB = 30W) nc 620 - - 6
Collector-to-Base Capacitance c 1 MM 20 F
(Veg =30V) obo z P
SHUNT ——1
COLLECTOR
SHUNT __‘
COLLECTOR SUPPLY VOLTAGE (Vcc)=28V
EMITTER ,—L o OUTPUT POWER (Pog)=30W
. T }Illl}:%ll|==
g HHHHHHHHH
= THIS SHUNT LENGTH PROVIDES AN 1]
— z OPTIMUM MATCH FOR RESTRICTED- [T
0.100 — x TH OPERATION BY BRINGING |
(2.54 & THE COLLECTOR LOAD REACTANCE [T
& o.100 TO jOAT CENTER FREQUENCY fC. i
BASE £ = MmN+ fmax H
3 H fc~ 2 a8
= : -
470 pF e i
< l }
0.0
WRAP - AROUND &
GROUND PLANE |+ 5
w —y
T I
T
f ) A
60! 700 800 900 1000
CENTER FREQUENCY (fc)—MHz
92C5-24286 92CS-24287
Fig.1 — Use of external shunt leads to tune the output capacitance Fig.2 — Typical optimum length of shunts in external collector
of RCA0610-30. circuit vs. center frequency.
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RCA0610-30

COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V

EXTERNAL SHUNT LENGTH (%) =0.040 IN.

(1.02 mm)

CASE TEMPERATURE (T¢)=25°C

File No. 790

INPUT POWER (Prg)= 4.7 W FOR Ve =28 V
=52 WFOR Vcc =24V
EXTERNAL SHUNT LENGTH (2)=0.040 IN.

1.02mm)
CASE TEMPERATURE (Tg)=25°C

1 E
HH TR !
3 so 5 o
4} . E3 IEEEEEEEANNEARNENENEE) 13
1 U T Y £
2 HHH o I} Pos_ FOR COLLECTOR SUPPLY VOLTA >
L 40 B o 40 mmmam F
ps M T L z Ll I Pog (Vec=24V) w
] = T B g = g
& 30 = g H 30| W w
= L1 £ Lt z
a 20 1 r a 28 V) 70 5
5 1 5 ot o
° ENERREE © 3
= 60 3

[} T Tso

600 700 1000 600 70¢ 800 90C 1000

FREQUENCY (f)—MHz FREQUENCY (f)—MHz
92CS-24288

Fig.3 — Typical tuned output power vs. frequency for RCA0610-30

in the test set-up of Fig.8.

OUTPUT POWER (Pogl—W

50

»
o

INPUT POWER (Pyg)= 4.5 W

w
o

COLLECTOR EFFICIENCY (¢ )—%

j3e mmae it
(diacEesaeineun s}

20 40 60
CASE TEMPERATURE (T¢ ) —°C

92CS-24290

Fig.5 — Typical tuned output power and collector efficiency vs. case

temperature for RCA0610-30 in the test set-up of Fig.8.

92CS-24289

Fig.4 — Typical tuned output power and collector efficiency vs.
frequency for RCA0610-30 in the test set-up of Fig.8.

OUTPUT POWER (Pgg)= S0W
COLLECTOR SUPPLY VOLTAGE (Vge)=28 vV
EXTERNAL SHUNT LENGTH (§)=0.040 IN.
10 1.02 mm)
CASE TEMPERATURE (T¢ )= 25°C :f
= T L. -
o
9 o
1 SR CPe £
— >
@© 1 =3
g °f o 2
o
z I
a ™
o w
g 8
3 I
4 08
-
=
o
o
50
600 700 800 900 1000
FREQUENCY (f)—MHz
92Cs-24292

Fig.7 — Typical broadband power gain and collector efficiency vs.
frequency for RCA0610-30 in the circuit of Fig.11.

350

T
INPUT POWER (P1g)=4.5 W
COLLECTOR SUPPLY VOLTAGE (Vcg): 28 V
EXTERNAL SHUNT LENGTH (2)=0.040 IN,
(1.02 mm| .
CASE TEMPERATURE (T )= 25°C H 3
E is
| 1 %)
“o ] &
] £
a’
< a0 L s
g = H &
- [}
2 30 &
)5 w
£ s
£ A 70 ©
3 c s
bt w
ui 5! 3
=] 60 ©
S
50
§00 700 800 900 1000
FREQUENCY (f)—MHz
92€S-24291

Fig.6 — Typical broadband output Ppower and collector efficiency vs.
frequency for RCA0610-30 in the circuit of Fig.11.

Vi
POWER 53
SOURCE T
PAD VARIABLE REFLECT- TEST
ATTEN. OMETER CIRCUIT

TRIPLE STUB TUNER
MICROLAB S3 -0O5N OR
EQUIVALENT

POWER
METER

92C5-24293

Fig.8 — Block diagram of test set-up for measuring

tuned performance of RCA0610-30,
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RCA0610-30

; S T e s B S [Senais: 413
o T T el | 9] sl 13l Te[ a3 b o 1= f113] g
- AEsisTANCE ComPONENT( ), 08 CONDUCTANCE CoMPONENT () i RN 318
1000 Henes 1500 [ e, i
800 - : % b < yéss: HY
oy 100 SO ' RN 5T
15620 MHz < X > AR N
X (. ‘ et e A
g”; 5 COLLECTOR SUPPLY VOLTAGE (Vcc)=28V ({5
e\ EXTERNAL SHUNT LENGTH (21=0.040 IN. X2
%) (1.02 mm) il
s INPUT POWER (Ppg)=4.5W <

OUTPUT POWER (PoB)-SEE FIG.7

92CS-24294

Fig.9 — Typical large-signal collector load impedance of RCA061 0-30.

COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V
INPUT POWER (P1g)=4.5W

af—tat4ol | o T Tef1a)

- HHT$ 1000 3|3l [9 Lz _0a
o " RentlL) on ComeonenT(%) I Lt ¢
HE A ot 20 [EvES 50. ) \ - "

92CS-24295

Fig.10 — Typical large-signal input impedance of RCA0610-30.
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Vecr28V
Q ce
+—
1 ﬂ“
RCA0610-30
24 =509
L z =509
c5
= 92CS-24296
NOTE: Capacitors C1 and C3 are placed directly from pads to ground
via wrap-around or low-mductance plated-through holes.
Cq — Cs: 470 pF Vi Chip C: itors (Vitramon, Inc.
Box 544, Bridgeport, Ct. 06601)®
Cg: 26 uF, 50 V, electrolytic
L4, Ly:  See details of construction (Fig.12)
® Or equivalent.
Fig.11 — 620 — 1000 MHz broadband 30-watt amplifier circuit.
2 0-050 .
—
(0“;?60) (I 27) 0.060
7 % - /(I .52)
Lo.0s7 3639
;.2’20’ I1.45) 1 9225 e A’/ (
o (30.99) _ | (5.72)"]
0.100 1.365 0.155
0.400 0.086(17.27) (2.
1I0.16) (218) {254 (34.67) o790l . (3.93)
K3 1 | (2.18) ¢.600
L { ¥ 4)
0.175 ¥ (?763% 7 & box ]
: ]. ol (4.7)
(.4 s )-—I G5 1] —
0.050 0.141
04730 230 .27y (3.56)
(8 38)
31.24) X
$ED 0799, 0.100. (3:43)
: (2.54) 92CM- 24298
%*
WRAP - AROUND OR
PLATED-THROUGH
GROUND PLANE
Dielectric material: 1/32-in. (0.79-mm) Teflon-fiberglass double-clad
circuit board (e = 2.6). L4 and L are produced by removing up-
per copper layer to dimensions shown.
Fig.12 — Construction details for L1 and L2 in 620 — 1000 MHz
broadband amplifier circuit of Fig.11.
TERMINAL CONNECTIONS WARNING: The ceramic heat-sink portion of this device
pol
Terminal 1 — Emitter contains beryllium oxide. Do not crush, grind, or abrade
Terminal 2 — Base this portion b the dust resulting from such action
Terminal 3 — Shunt may be h i if inhaled, Disposal should be by burial.

Terminal 4 — Collector
Terminal 5 — Shunt
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IR

Solid State
Division

RF Power Transistors

RCA2001

Features:

RCA HF-46

(RCA HF-46 can also be supplied
without flange upon request.)

H-1796R1

The RCA2001 is an emitter-ballasted epitaxial silicon n-p-n
planar transistor that uses overlay multiple-emitter-site con-
struction. It is designed especially for use in microwave
communications, L- and S-band telemetry, microwave relay
links, phased-array radar, distance-measuring equipment, trans-
ponders, and collision avoidance systems.

The ceramic-metal stripline package of the device has low
parasitic capacitances and inductances, which afford stable
operation in the common-base configuration.

MAXIMUM RATINGS, Absolute-Maximum Values:
COLLECTOR-TO-BASE VOLTAGE
EMITTER-TO-BASE VOLTAGE.
TRANSISTOR DISSIPATION:

At case temperature up to 75°C

At case temperature above 75°C .
TEMPERATURE RANGE:

Storage and operating {Junction) .
LEAD TEMPERATURE (During soldering):

At distances = 0.02 in. (0.5 mm) from seating plane
for 10 s max.

Derate linearly at

1-W, 2-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For Use in Microwave Power Amplifiers,
Fundamental-Frequency Oscillators, and Frequency Multipliers

= 1-W output with 7-dB gain (min.) at 2 GHz, 28 V
Load VSWR capability of 10:1 at 2 GHz
Emitter-ballasting resistors

Stable common-base operation

m Ceramic-metal hermetic stripline package with low induc-
tance and low parasitic capacitances
m  For stripline, microstripline, and lumped-constant circuits

This transistor is especially suitable for large-signal cw or
pulsed applications in stripline, microstripline, and lumped-
constant circuits.

VCBO 50 %

VEBO 3.5 \%
PT

5 w

0.04 w/ec

—65 to +200 °c

230 °oc

2-74
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RCA2001 File No. 759

ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 250C

STATIC
TEST CONDITIONS LIMITS
Voltage Current
CHARACTERISTIC SYMBOL V dc mA dc RCA2001 UNITS
Vce | Ves I | Ic MIN. | MAX.
Collector Cutoff Current:
With emitter open Iceo 28 0 - 0.5 mA
Collector-to-Base Breakdown v
Voltage (BR)CBO 0 5 50 - v
Emitter-to-Base Breakdown
Voltage V(BR)EBO 0.1 0 35 - \
Thermal Resistance:
(Junction-to-Case) Rgyc — 25 oc/wW
DYNAMIC
TEST CONDITIONS LIMITS
VOLTAGE | FREQUENCY POWER
CHARACTERISTIC SYMBOL V de GHz W RCA2001 UNITS
Vce f Pi | PoB MIN. | MAX.
Qutput Power PoB 28 2 0.2 1 — w
Large-Signal
Common-Base Gp 28 2 1 7 — dB
Power Gain
Collector Efficiency nc 28 2 1 30 - %
Collector-to-Base
Qutput Capacitance Cobo VeB = 28 1 MHz _ 3 oF
COLLECTOR SUPPLY VOLTAGE (Vgg)=28 V COLLECTOR SUPPLY VOLTAGE (Vcc) =28V H
CASE TEMPERATURE (Tc)=25°C CASE TEMPERATURE (Tc)»25°C 1
EMITTER RESISTANCE (Rq) =08 FREQUENCY (f)= 2 GHz
EMITTER RESISTANCE (Re)=4.7 0
E = |
[ 1o H 2
@ @ T » 1
< [ H R S
s 2 = 25 2084 SaE
w w >
ES E o
2 15 I T 18702 W g s =
5 T - 5 2
E HH ] R0 £ ors a0 &
3 008 s S 8
- o C 5
0.5 0s = 35 O
1T . 3
1T T 3
0.26 H Hiso ©
o 12 14 16 18 22 2.4 26 0 0. 0.1 0.15 02
FREQUENCY (f)— GHz INPUT POWER (P1p)—W
92Cs-23397 92Cs-23398
PP i Fig.2 — Typical output power and collector efficiency vs.
Fig.1 — Typical output power vs. frequency. input power at 2 GHz.
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INPUT POWER (P1g)=0.2 W

CASE TEMPERATURE (Tc)=25°C

175| FREQUENCY (f) = 2 GHz
T

Ed .

[ ®

@ |

o ~

a O

£ 25 [
@

5 5

z

2 °c® 45 W

[ o

2 0w

g Hao W

° H

¢ g

i ol 135 I:'l

TTT o}

H an 8

0.25) TITT 1NN 30
12 1% [ 18 20 22 24 26 28
COLLECTOR SUPPLY VOLTAGE (Vgg)—V
92cs-23399

Fig.3 — Typical output power and collector efficiency vs.
supply voltage.
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Fig.4 — Input and output impedances.

RCA2001
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DEVICE
08 UNDER TEST 500 vee
POWER
SOURCE
PAD VARIABLE REFLECT- TEST CALORI-
ATTEN. OMETER CIRCUIT METER

TRIPLE STUB TUNER
MICROLAB S3-15N OR

EQUIVALENT 9205-2'554

Fig.6 — Block diagram of test set-up for measurement of
performance from 1- or 2-GHz common-base
Ve =428V amplifier.

92C5-21553

C1,C4: 0.35-3.5 pF, Johanson 4702 or equivalent
C2, C3: 470 pF feedthrough, Allen-Bradley FB28 or equivalent
L1: Microstripline, 0.031 in. (0.79 mm) Teflon-Fiberglas,
0.18 in. (0.45 mm) wide, 0.350 in. (0.889 mm) Iong,
€=26
L2: Microstripline, 0.031 in. (0.79 mm) Teflon-Fiberglas,

0.18 in. (0.45 mm) wide, 0.66 ‘in. (16.76 mm) long, TERMINAL CONNECTIONS

€=26
RFC: 3 turns No. 32 wire, 0.0625 in. (1.568 mm) ID, 0.25 in. Terminal 1 — Emitter
(6.35 mm) long Terminals 2 & 4 — Base
R1: 47

Terminal 3 — Collector

Fig.5 — 2-GHz test circuit for both types.

WARNING: The ceramic body of these devices cont:
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.

<
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NG

Solid State
Division

RF Power Transistors

RCA2023-12

Features:

RCA HF-50 Package

H-1808R1

The RCA2023-12 is an epitaxial n-p-n planar transistor with
overlay emitter construction. It employs integral silicon
emitter-ballasting resistors for improved -ruggedness and in-
creased overdrive capability. The RCA2023-12 is internally
matched for use in amplifier applications in the range from
2.0 GHz to 2.3 GHz with a 50-ohm (nominal) source and a

MAXIMUM RATINGS, Absolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE
EMITTER-TO-BASE VOLTAGE
TRANSISTOR DISSIPATION:
o
At case temperature up to 75 C
At case temperature above 75°C
TEMPERATURE RANGE:

Storage and operating (Junction) ........ ... e

LEAD TEMPERATURE (During soldering):

At distances 2> 0.02 in. (0.5 mm) from seating plane for 10 s max. . ..

TERMINAL CONNECTIONS

Terminal 1 — Collector
Terminals 2 & 4 — Base
Terminal 3 — Emitter

WARNING: The ceramic heat-sink portion of this
device contains beryllium oxide. Do not crush, grind, or
abrade this portion because the dust resulting from
such action may be hazardous if inhaled. Disposal should
be by burial.

12.5-W, 22-V, Broadband (2.0-to-2.3-GHz)
Emitter-Ballasted Transistor

= GIGAMATCH stripline package:
Internal input-matching network (50 & nominal)
Internal shunt tuning at collector

= Gpg = 7 dB (min.) at 22 V, 2.0 to 2.3 GHz

m Emitter ballasting and low Ry g for reliability and ruggedness
= Broadband operation (300-MHz bandwidth)

s Infinite load-VSWR capability at 22 V, 2.0 to 2.3 GHz

® Pog = 15 W (typ.) at band edge

supply voltage of 18 to 26 volts. It is intended for high-power
broadband microwave communications, primarily telemetry
and relay links in the 1.9-to-2.4-GHz range. The low thermal
resistance of the hermetic stripline package of this transistor
makes it suitable for large-signal cw or pulsed applications in
stripline, microstripline, and lumped-constant circuits.

Veso 45 \"

35 v
625 w
05 w/°c
o
............................... —65 to +200 (s
.............................. 230 °c
COLLECTOR SUPPLY VOLTAGE (Vgg)=22 V
EMITTER RESISTANCE (Rg)= 0
4:1| CASE TEMPERATURE (Tg) =25°C
INPUT POWER (P| N=25W
[ T 1 T EENEN
« T
5 30 u
> f 44
-
5
H
2z
H
2
m
I} 1
2 2.1 2.2 23 24
FREQUENCY (f) — GHz
92CS—24580

Fig. 1 — Typical input VSWR for RCA2023-12 driven by a
50-ohm (nominal) source.
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RCA2023-12 File No. 801
ELECTRICAL CHARACTERISTICS, at Case Temperature (T¢) = 25°C
STATIC
TEST CONDITIONS
LIMITS

CHARACTERISTIC SYMBOL Voltage Current UNITS

Vde mA dc

Ve Ig Ic MIN. MAX.
Collector Cutoff Current lcBO 22 0 - 15 mA
Collector-to-Base Breakdown Voltage V(8R)CBO 0 15 45 -
Emitter-to-Base Breakdown Voltage V(8R)EBO 05 0 35 - v
Thermal Resistance (Junction-to-Flange) | Rg F - 2 ‘cw
DYNAMIC

TEST CONDITIONS
LIMITS
CHARACTERISTICA SYMBOL | VOLTAGE | FREQUENCY POWER UNITS
Vde GHz w
Vee f Pig Pos MIN. MAX.

Output Power PoB 22 20-23 25 125 - w
Power Gain Gpg 22 20-23 125 |7 - dB
_Collector Efficiency e 22 20-23 25 40 - %
input VSWR 22 20-23 25 - 3

“Measured in the test circuit of Fig. 6 and the test set-up of Fig. 7.

O
»“"
##m““
]
BRBSKIX
LA
LELKe

358

Normalized to 50
Collector Supply Voltage (Vo) =22V
Emitter Resistance (Rg) =0
Input Power (Pjg) =25 W

Fig. 2 — Typical large-signal input impedance and collector

10ad impedance for RCA2023-12.
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RCA2023-12

OUTPUT POWER (Pog) —W

24[COLLECTOR SUPPLY VOLTAGE (Vcc) 22v
CASE TEMPERATURE (T?

EMITTER RESISTANCE (Re) = 0
22|SOURCE IMPEDANCE (Zg) =509

i

iy Lt

1 T
1T

L

T

b i

1T T Il

2l 2 2
FREQUENCY (f) — GHz

92CSs—2458!

Fig. 3 — Typical narrow-band output power of RCA2023-12 as
a function of frequency.

OUTPUT POWER (Pog)—W

FREQUENCY (f)=2.I5 GHz

CASE TEMPERATURE (Tc)=25°C
26|EMITTER RESISTANCE (Rg) = O
SOURCE

(Zg)=50Q

24

e,

22

20

u A
A

COLLECTOR EFFICIENCY (n¢) —%

3

1

1

1
20 22 24
COLLECTORI SUPPLY VOLTAGE (Vg ) —V

26

92CS-24583

Fig. 5 — Typical narrow-band output power and collector
efficiency of RCA2023-12, as functions of

collector supply voltage.

COLLECTOR SUPPLY VOLTAGE (Vcc)=22 V] —++1
EMITTER RESISTANCE (Re) =0
SOURCE IMPEDANCE (Zg) = 50 &
20| INPUT POWER (Pg)=2.5 W
SERRNE o 3|2
. P ge—H
= I ! PR x
| '8 T T /eké‘,?‘t ,['jf :l-"’
- Feo® 1 N 05.4)?/ -’- -~
] ] = NG G B 5
<16 L ]
« 5 =]
w 4 . g
2 50 W
a t %
5 ! 5
[ = 00 H TN 4 D
£ 12 — 4 3
=)
3 T T
| T 8
[l n! 7! oc'
10 SEEmaan = 40
T T
il aEeesees -
T T T 35
2 2.1 22 23
FREQUENCY (f)—GHz
9205 -24582

Fig. 4 — Typical broadband performance of RC‘A2023-12,
measured in the circuit of Fig. 7.

— 0072
(1.82)

“| (12, -,)l‘ RCA2023~12

+0OVee
92CS—-24584

C1,C2: 10 pF, ATC-100 or equivalent

RFC: 0.7 in. {17.8 mm) of No. 30 wire (lay on circuit board)

C3: Filtercon, Allen-Bradley SMFB-A1 or equivalent

X1, X2: 1/32-in. (0.79-mm) Teflon-fiberglass double-clad circuit
board (€ = 2.6) lines. X1 and X2 are produced by removing upper

copper layer to dimensions shown.
Note 1: Trim stub section length for optimum performance at 2.3 GHz

(or use capacitive tuning screw).
Note 2: Trim transformer width for optimum performance at 2.0 GHz.

Fig. 6 — 2.0-t0-2.3-GHz test circuit.

CIRCULATOR

VARIABLE
ATTENUATOR
POWER
SOURCE

INCIDENT REFLECTED
POWER POWER

|

BIDIRECTIONAL
COUPLER

TEST
CIRCUIT

QUTPUT
POWER
METER

92CS—24585

Fig. 7 — Test set-up for rf measurements.
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(RGN

Solid State
Division

RF Power Transistors

RCA2310

Features:

RCA HF-46

(RCA HF-46 can also be supplied
without flange upon request.)

H-1796R1

aE P

10-W, 2.3-GHz, Emitter-Ballasted
Silicon N-P-N Overlay Transistor

For Use in Microwave Power Amplifiers,
Fundamental-Frequency Oscillators, and Frequency Multipliers

= 10-W output with 8.2-dB gain (min.) at 2.3 GHz, 24 V
® Load-VSWR capability of 10:1 at 2.3 GHz

® Emitter-ballasting resistors

® Stable common-base operation

RCA2310® is an emitter-ballasted epitaxial silicon n-p-n planar
transistor that uses overlay multiple-emitter-site construction.
It is designed especially for use in microwave communications,
L- and S-band telemetry, microwave relay links and trans-
ponders in the frequency range of 1.5 GHz to 2.4 GHz.

The ceramic-metal siripline package of this device has iow
parasitic capacitances and inductances, which afford stable
operation in the common-base configuration.

MAXIMUM RATINGS, Absolute-Maximum Values:

TRANSISTOR DISSIPATION:
- )
At case temperature up to 75 C
At case temperature above 75°C
TEMPERATURE RANGE:

Storage and operating (Junction) . ...........................

LEAD TEMPERATURE (During soldering) :

At distances 2> 0.02 in. (0.5 mm) from seating plane for 10 s max.

TERMINAL CONNECTIONS

Terminal 1 — Emitter
Terminals 2 & 4 — Base
Terminal 3 — Collector

y suitable for S-band tel

y use

® Ceramic-metal hermetic stripline package with low induc-
tance and low parasitic capacitances
= For stripline, microstripline, and |

This transistor is especially suitable for S-band telemetry and
other large-signal cw or pulsed applications in stripline, micre-
stripline, and lumped-constant circuits.

® Formerly RCA Dev. No. TA8803.

Vego 45 v
Vego 35 v
I 35 A
Pr
43 w
....... Derate linearly at 0.333 w/°c
....................... —65 to +200 °c
230 c

WARNING: The ceramic heat-sink portion of this device
contains beryllium oxide. Do not crush, grind, or abrade
this portion because the dust resulting from such action
may be hazardous if inhaled, Disposal should be by burial.
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File No.765 RCA2310
ELECTRICAL CHARACTERISTICS, at Case Temperature (Te) = 25°C
STATIC
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL Voltage Current RCA2310 UNITS
V dc mA dc
Vee Ves e | ¢ MIN. MAX.
Collec?tor C\ftoff Current: 180 28 ° _ 0.5 mA
With emitter open
Collector-to-Base Breakdown Voltage V(BR)CBO 0 45 - A\
Emitter-to-Base Breakdown Voltage V(BR)EBO 01 35 - \
Forward Current Transfer Ratio hge 5 500 15 120
Thermal Resistance: °
R - 3 C/W
{Junction-to-Case) 0.C 4
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC SYMBOL VOLTAGE FREQUENCY| POWER
V de GHz W RCA2310 UNITS
! Vee f Pig | Pog | MIN- MAX.
Output Power Pos 24 23 15 10 - w
L -Signal Ci -B:
arge-Signal .ommon ase G 2 23 10] 82 _ a8
Power Gain
Collector Efficiency N 24 2.3 10 30 - %
Collector-to-Base Output Capacitance Cobo Veg = 28 1 MHz - 16 pF
COLLECTOR SUPPLY VOLTAGE (Vcc)=24V I CASE TEMPERATURE (T¢)=25°C
INPUT POWER (Pp) = SAT. FREQUENCY (f)=2.3 GHz n|
CASE TEMPERATURE (Tg)=25°C 13| EMITTER RESISTANCE (Re)=0 2
. .
| 4T H - | 12 ]
iy T B 1] o
g L - g M
: " = T g S B =
% F ! Pog +H H "g" N i i
a2 12 : i : & 10 25
e ! ] H 5 e :
o ‘H: T { 1 } t n ] = i ] .
5 EEEEHE : 5 ° =
° T ™ ° T
IEERERESEEN T 444 e
b . gt
il T T T AEEE
T ] o
9 T T T T 1T ] 7 H I I 1]
15 1.6 "7 1.8 19 2 21 2.2 23 2.4 4] 025 05 075 1 126 1.5 1.75 2 2.25
FREQUENCY (f) — GHz INPUT POWER (PTg)— W
92cs-23561 92c5-23562

Fig. 1 — Typical saturated output power-vs. frequency.

Fig. 2 — Typical output power vs. input power and supply voltage

at2.3

GHz.
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COLLECTOR SUPPLY VOLTAGE (vcc)=24 vV ] 1] & § [coLLecToR suppLY voLTAGE (Vegi=2av [11]]
CASE TEMPERATURE (Tc)=25°C il == | OUTPUT POWER (Ppg) = SAT. 3t ﬁ
12| FREQUENCY (f)=2.3 Gtz 1R ] ® 5 § 15| CASE TEMPERATURE (Tg)=25°C - iz on)
1 11 1 11 T = E b + 444 4 H4 4
H 'HF,”-_f}"-' i lo E5 L : - = f
1 T L Ll & 5’3'011 +HH . HH-H- !
8 o | RYSE S abi 111 ? 3 a8 | b it 1 1,
- sRdRds B z S & shitd fhdd R
z 10 34w 2 +H
w 1111 ' iy o =6 [17RelZgL) HH
2 1T T I 117 & §§ m—— = i =
& ] T ] T3« R °C'Re(21m T T
5 jagss i i s gz idnacaaIRERRRIE
& B 7e 1 I E z 2 T | | I H- u
= 8 e o o H+
3 guuw T w 52 [Im (zc,_ 1
4 o
1 | I a z20 L] SERENEEERE
7 31 o o -
| ﬁ 8 @V HH SuRENEEEE
g3 H aEEEEEREE
s o 8. T
0 025 05 0.75 125 1.5 .75 15 16 1708 19 2 21 22 23 24
INPUT POWER (PTg)—W FREQUENCY (f) — GHz
92CS-23563 92¢s-23564
Fig. 3 — Typical output power and collector efficiency vs. input Fig. 4 — Typical input i J: and load if d:
power at 2.3 GHz. vs. frequency.
Xy X
2 X,
0.50 0.50
0.085 e 0.085
S0 & RCA23i0 50 9 (IZ.T)_-‘ r*(lz 7)’*
wpuT  C! UTRUT (216)73 i (2.16)
ca 0.03 077 o 77 0.04
(. 76)1 _ (19.6)  (19.6) ___[u,oz)
NOTEI,2 NOTE 1.3 —, |_IF ¥
0.25 [ o2s
2 c3 (6.35) NOTE 1,2 NOTE 1,3 T (6.35)
0.82 - . 0.82
he—
Re +Vee (20.8) (20.8)
DIMENSIONS N INCHES AND MILLIMETERS 92¢5-23565
' MILLIMETER VALUES ARE IN PARENTHESES
=
- Note 1: Amplifier center fr and hing may be adj in
the 2.1-2.2 GHz range by trimming the stub lengths of X, and
C1,C4: 10 pF, ATC-100, or equivalent X 9e by S 9 1
C2,C3: Filtercon, Allen-Bradley SMFB-A1 or equivalent 2
RFC: 3 turns No. 28 wire 0.0625 in. (1.58 mm) dia., Note 2: Input stubs may be replaced by a single 0.3-3.5 pF air dielectric
0.25 in. (6.35 mm) long variable capacitor.
Re: 0100.240, 1 W, choose for best nc Note 3: Output stubs may be replaced by a single 0.3-3.5 pF air dielectric

Dielectric Material: 0.031 in. (0.79 mm) thick Teflon- -Fiberglas
double-clad circuit board (e = 2.6)

variable capacitor.

Fig. 5 — Typical 40-MHz bandwidth, 2. 15-GHz, 9-W amplifier using the RCA2310.

0.55 in.
(13.97 mm)

0.55 in.
(13.97 mm)

RCA2310 50 2
€3 outpuT

iNpUT - CI
0.25 in- 5
Qe mm)
= 92cs-23566
C1,C3: 10 pF, ATC-100, or equivalent

Cc2: Filtercon, Allen-Bradley SMFB-A1 or equivalent
RFC: 0.70 in. (17.8 mm) length of No. 32 wire (laid
flat on circuit)
Dielectric Material: 0.031 in. (0.79 mm) thick Teflon-Fiberglas
double-clad circuit board (e = 2.6)

Fig. 6 — 2.3-GHz test circuit.
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Fig. 7 — Black diagram of test set-up for measurement of performance

of 2.3-GHz common-base amplifier.



File No. 657

RGN

Solid State
Division

RF Power Transistors

RCA3001 RCA3003 RCA3005

1-W, 2.5-W, and 4.5-W 3-GHz
Emitter-Ballasted N-P-N Transistors

Features:

= 1-W output with 7-dB gain (min.) at 3 GHz (RCA3001)
» 2.5-W output with 5-dB gain (min.) at 3 GHz (RCA3003)
= 4.5-W output with 5-dB gain (min.) at 3 GHz (RCA3005)

RCA HF-46
(RCA HF-46 can also be supplied
without flange upon request.)

H-1796R1

RCA3001, RCA3003, and RCA3005 are emitter-ballasted
‘epitaxial silicon n-p-n planar transistors that use overlay
multiple-emitter-site construction. They are designed for use in
microwave communications, S-band telemetry, microwave
relay links, phased-array radars, transponders, and altimeters.

The hermetic stripline package of these devices has low

MAXIMUM RATINGS, Absolute-Maximum Values:

= Emitter-ballasting resistors

= Stable common-base operation -

® Hermetic stripline package with low ind
» Load-VSWR capability of 10:1 at 3 GHz

and low parasiti pi

parasitic capacitances and inductances, which afford stable
operation in the common-base configuration.

These transistors are suitable for large-signal cw or pulsed
applications in stripline, microstripline, and lumped-constant
circuits.

RCA3001 RCA3003 RCA3005

COLLECTOR-TO-BASE VOLTAGE . ................. VeBO 50 50 50 \
EMITTER-TO-BASE VOLTAGE .................... VEBO 35 35 35 v
TRANSISTOR DISSIPATION: Pr

At case temperature up to 75°C ... ... iie e 5 8.34 14.7~ w

At case temperature above 75°C . ... Derate linearly at 0.04 0.067 0.118 w/°C
TEMPERATURE RANGE:

Storage and operating (Junction) .................. —65 to +200 ——— °c
LEAD TEMPERATURE (During soldering) :

At distances = 0.02 in. (0.5 mm) from seating plane

FOr 108 MAX. .« e e eveeeeeaeeaaeeaaeeaaeenns 230 °c

9-74
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RCA3001 RCA3003 RCA3005 File No. 657

ELECTRICAL CHARACTERISTICS, at Case Temperature (Te) = 25°C

STATIC
TEST CONDITIONS LIMITS
Voltage | Current
RCA
CHARACTERISTIC SYMBOL V de mA de CA3001 RCA3003 RCA3005 UNITS
Vce| Ves| e | 1c viN. [ max.| min.| max. | min.] max.
Collector Cutoff Current:
2 0 — .5 - X - .
With emitter open lceo 8 0 05 05 mA
Collector-to-Base Breakdown
Voltage V(BR)CBO 05|58 - |5s]| - [s | - v
Emitter-to-Base Breakdown
Voltage V(BR)EBO o1)of3s5| - [35] - |3s| - v
Forward Current Transfer Ratio heg 5 100} 15 120 15 120 15 120
Thermal Resistance: °
(Junction-to-Case) Rouc - 25 - 5 - 85 cw
DYNAMIC
TEST CONDITIONS LIMITS
CHARACTERISTIC | SYMBOL VOLTAGE | FREQUENCY| POWER RCA3001 RCA3003 RCA3005 | UNITS
V dc GHz . w
Vee f PIB [POB | MIN.| MAX.] MIN. | MAX.| MIN.| MAX.
28 3 0.2 1.0 — - - - -
Output Power Pog 28 3 0.8 - — 2.5 - - — w
28 3 1.4 — - - — 4.5 —
Large-Signal 28 3 1.0 7 - — - — —
Common-Base Gpg 28 3 25 — - 5 - - - dB
Power Gain 28 3 4.5 - - — — 5 —
28 3 1.0 30 - — — — —
Collector Efficiency nc 28 3 25 - - 30 — — — %
28 3 45 - - - - 30 —
Collector-to-Base
Output Capacitance] Cobo | VcB = 28 1 MHz - 3 - 5 - 7 pF
COLLECTOR SUPPLY VOLTAGE (Voc)+28V R Lt FH ] COLLECTOR SUPPLY VOLTAGE (vcc)=28 v EFRHITHITITHY
CASE TEMPERATURE (T¢ 1=25°C fii CASE TEMPERATURE “'c”:‘f"i : :
3.5 L LIFH T ESEERSEaNLa:! T R i £
254 b Sas : : FHHH
B e +
= ’ FHiH j ] =
1 Mgt b 1
3 Hir 7 Ro,HH HHIH 2
& T R : [
& ‘L &
= =
=] 2
a a
5 5
(=} 1 o I8 HHH
: I i
Al B
ol i ‘ i HiH
. .4 X X 2 34 K 4 [ 2.
FREQUENCY (f)—GHz FREQUENCY (f)—GHz
92CS-21996 92CS-21997

Fig.1 — Typical output power vs, frequency for RCA3001. Fig.2 — Typical output power vs. frequency for RCA3003.
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OUTPUT POWER (Pog)—W

RCA3001 RCA3003 RCA3005
COLLECTOR SUPPLY VOLTAGE (Vccl=28V H COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V
CASE TEMPERATURE (T¢)=25°C H = |CASE TEMPERATURE (T¢)=25°C
| FREQUENCY (f) =3 GHz
7 L 2|fF
in -]
S k
e H i Epgane
§ 2 ®
= i HTE TR |
5 N 2 i i L
% i 5 H H, £
5 o H 2 34
! e ° 33 5
25, H S
" A Hhae 2
H iiilech ]
4 H 1 I HiH 31 §
& 30 g
i H
T 2o 3
2 i 5 iles ©
2 22 24 26 2.8 32 34 o ¥ 0.3 0.4
FREQUENCY (f)—GHz INPUT POWER (Prg)—W
92Cs-21998 92CS-21999

Fig.3 — Typical output power vs. frequency for RCA3005.

Fig.4 — Typical output power and collector efficiency vs. input power

at 3 GHz for RCA3001.

OUTPUT POWER (Pog)—W

COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V

CASE TEMPERATURE (T)=25°C

CY (f)=3 GHz

t
t
COLLECTOR EFFICIENCY {(5¢)—%

OUTPUT POWER (Pog)—W

COLLECTOR SUPPLY VOLTAGE (Vcc)=28 V
CASE TEMPERATURE (T¢)=25°C
CY (f)=3 GHz

FREQUE

o
@

jpoba sesen eauey

W
o
COLLECTOR EFFICIENCY (96 )—%

1 a8 34
RH B et i
it Cir3a
R IEE RS R ERE IR NRE i—T 3 H i 33
L fSRser I haceis i i
il i i e
TR HE !f: 2 1 H3t
o 0.2 0.4 0. 0.8 i2 5
INPUT POWER (P1g)—W INPUT POWER (P1g)—W
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Fig.5 — Typical output power and collector efficiency vs. input power Fig.6 — Typical output power and collector efficiency vs. input power
at 3 GHz for RCA3003. at 3 GHz for RCA3005.
COLLECTOR SUPPLY VOLTAGE (Vec)=28 V. tiip COLLECTOR SUPPLY VOLTAGE (Vgc)=28 V
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Fig.7 — Typical output power and collector efficiency vs. input power

at 2.3 GHz for RCA3001.

Fig.8 — Typical output power and collector efficiency vs. input power

at 2.3 GHz for RCA3003.
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File No. 657 RCA3001 RCA3003 RCA3005
« S COLLECTOR SUPPLY VOLTAGE (Vcg)=28V HHHH
S, 70| OUTPUT POWER (POB)= sat- —| 0.225
=z O CASE TEMPERATURE (T¢)=25°C 0.300 _r (5.8)
S :"EGC TIHRT T Emasae: : 0925 50 Q
£ i il ﬁff;@ @35) 4 outRUT
3 i it i x2
Z N a0 (9]
S T
& — 305H 0.250
= (64) =
w 2z 20
z 3 - P—c(uoo
w
3 &0 2.5)
g2 1
2 o O =
3
2 ; 10 92cs-2201IRI
Z o
'l S - +F
5 9 | "."‘ C1 : 5pF, ATC-100 or equivalent
w é 0 o= "f HHH t t C2 : Filtercon, Allen-Bradley SMFB-A1 or equivalent
2 22 24 26 28 . s 3"2' 34 RFC: 0.70 in. (17.8 mm) of #32 wire (lay flat on circuit)
. Dielectric material: 1/32-in. (0.79 mm) Teflon-fiberglass
920522009 double-clad circuit board (e = 2.6). Lines Xq and X3 are
Fig.15 — Typical input imp " and coll Joad imped: vs. produced by removing upper copper layer to dimensions
frequency for RCA3005. shown.
Fig.16 — 3-GHz test circuit for RCA3001.
RCA30
0.150 ?R 03 0.150
(3.8) RCA3005 (3.8)
50 O
ok ouUTRUT
ct
0.350+
(8.9)
+Vee 92c5-22012
c1 : 5pF, ATC-100 or equivalent
C2 : Filtercon, Allen-Bradley SMFB-A1 or equivalent
RFC: 0.70in. (17.8 mm) of 32 wire (lay flat on circuit)
Dielectric material: 0.01-in. (0.25 mm) Teflon-fiberglass
double-clad circuit board (e = 2.6). Lines X1 and X are
produced by removing upper copper layer to dimensions
shown.
Fig.17 — 3-GHz test circuit for RCA3003 and RCA3005.
vee TERMINAL CONNECTIONS

POWER
SOURCE

TEST
I CIRCUIT '

Block diagram of test set-up for measurement of
performance from 2.3-GHz or 3-GHz common-
base amplifier.

VARIABLE REFLECT-
ATTEN. OMETER

TRIPLE STUB TUNER
MICROLAB S3-15N OR

EQUIVALENT 92¢s-21554

Fig.18 —

Terminal 1 — Emitter
Terminals 2 & 4 — Base
Terminal 3 — Collector

WARNING: The ceramic body of these devices contains
beryllium oxide. Do not crush, grind, or abrade these
portions because the dust resulting from such action may
be hazardous if inhaled. Disposal should be by burial.
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Di ional Outlines

TO-5 fwc PLANE
|
— A — *l"

JIT B=
lL R - @

§

l_,_’:]*‘__\hz ’ Ii’i‘>\\>(\

a NOTE 7

NOTES:

1. This zone is controlled for ic handling. The variation in
actual diameter within the zone shall not exceed 0,010 in. (0.254 mm).

N

(Three leads) ¢by applies between Iq and Iy. ¢b applies between

I3 and 1.5 in. (38.20mm) from seating plane. Diameter is uncontrolled
in 13 and beyond 1.5 in. (38.10 mm) from seating plane.

3 M from i di of the actual device.

Leads having maximum diameter 0.019in. (0.483 mm) measured in
gaging plane 0.054 in. (1.37 mm) + 0.001in. (0.25 mm) — 0.000 in.
(0.000 mm) below the seating plane of the device shall be within 0.007 in.
(0.178 mm) of their true positions relative to the maximum-width tab.

E0x.

i —):>>\NOTE 5
NOTES:

. {Three leads) @b2 applies between 11 and 12. ¢b applies between I2 and
0.5 in. (12.70 mm) from seating plane. Diameter is uncontrolled in I
and beyond 0.5 in. (12.70 mm) from seating plane.

>

TO-18 SEATING PLANE
I
N
I.—C_:I

$D D)

N

. Leads having maximum diameter 0.019 in. (0.483 mm) measured in
gaging plane 0.054 in. (1.37 mm) + 0.001 in. {0.025 mm) — 0.00 in.
(0.00 mm) below the seating plane of the device shall be within 0,007 in.
(0.178 mm) of their true positions relative to a maximum-width tab.

3. Measured from maximum diameter of the actual device.
TO-39 SEATING
PLANE
A
#0|
¢D
-
[:% J,
Q TEMPERATURE

MEASURING POINT 92CS-1564IR2

Note 1: This zone is controlled for automatic
handling. The variation in actual dia-
meter within this zone shall not exceed
0.010in. (0.254 mm).

Note 2: (Three leads) ¢ by applies between I4
and ly. ¢b applies between lpand 05
in. (1270 mm) from seating plane,
Diameter is uncontrolled in Iy and

368

SYMBOL INCHES _ | MILLIMETERS [
MIN. [ MAX. [ MIN. | mAX.
A 0240 | 0260 | 610 | 6.60
ob 0016 | 0021 | 0.406 | 0533 | 2
by 0.016 | 0.019 0.406 | 0.483 2
oD 033 | 0370 | 851 | 9.40
Dy 0.305 | 0.335 7.75 851
e 0.200 TP, 5.08T.P, 4,5
e 0.100T.. 254Tp. 5
h 0009 | 0125 | 0220 | 318
i 0028 | 0034 | 0711 | 0864 | 5
3 0029 | 0045 | 0737 | 114 | 35
l 1500 | - faio [ — 2
I - fooso | - |1y 2
1 0250 | - | 635 | _ 2
[ 0100 | - | 254 | _ 1
[ - - - - 6
. - (0007 | - | o078
a 45° T.p, - 57

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS

5. The device may be measured by direct methods or by the gage and gaging

procedure described on gage drawing GS-1.
6. Details of outline in this zone optional. 9255.3821
7. Tab centerline.

INCHES MILLIMETERS
SymBoL [ MIN. | MAX. NOTES

A 0170 | 0.210
b 0016 | 0.021
sbz | 0.016 | 0.019
oD 0.209 | 0.230
¢Dy | 0178 | 0.195

e 0.100TP. 254TP. 2,4
e1 0.050 T.P. 1277TP. 2,4
F 0.030 0762

i 0.036 | 0.046 | 0914 | 1.17 4

K 0028 | 0048 | 0711 | 1.22 3
1 0.500 12.70 1

" 0.050 127 1

2 0.250 6.35 1

a« 450 IT.P. 5

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS

4. The device may be measured by direct methods or by the gage and gaging

procedure described on gage drawing GS-2,

5. Tab centerline. 92Cs-20223
INCHES MILLIMETERS
YMBOL MIN. MAX. N. AXC NOTES

¢a 0.190 | 0.210 4.83 533

A 0.240 | 0.260 6.10 6.60

¢b 0.016 | 0.021 0.406 | 0533 2

b2 0.016 | 0.019 0.406 | 0.483 2

¢D 0.350 | 0.370 8.89 9.40

¢Dq 0.315 | 0.335 8.00 851

h 0.009 | 0.125 0229 | 318

j 0.028 | 0.034 0.711 | 0.864

k 0.029 | 0.040 0.737 | 1.02 3

I 0.500 12.70 2

Iq 0.050 127 2

12 0.250 6.35 2

P 0.100 254 1

Q a4

a 450 NOMINAL

B 900 NOMINAL

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS

beyond 05 in. (12.70 mm) from
seating plane,

Note 3: Measured from maximum diameter of
the actual device.

Note 4: Details of outline in this zone optional.



Di ional Outlines

" -+ ”
Low-Profile TO-39 — INCHES MILLIMETERS | \oree
SEATING WMIN._| MAX._| MIN. | WMAX.
(PLANE $a 0.190 | 0210 | 483 | 533
A 0.160 0.180 4.07 457
b 0.016 0.021 0.406 | 0.533 2
$ b2 0.016 | 0.019 0.406 0.483 2
¢ D 0.350 | 0.370 8.89 9.40
$ Dy 0315 | 0.335 8.00 851
h 0.009 | 0.125 0.229 | 3.18
i 0.028 0.034 0.711 0.864
k 0.029 | 0.040 0.737 1.02 3
1 0.500 12.70 2
1 0.050 1.27 2
2 0.250 6.35 2
P 1
Q 4
a 450 NOMINAL
WSICERTUE - sacs-z0mss B | s00nowmaL
MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
NOTES:
1: This zone is controlled for automatic handling. The variation in actual diameter
within this zone shall not exceed 0.010 in. (0.254 mm).
2: (Three leads) ¢b2 applies between |1 and 12. ¢b applies between 12 and 0.5 in.
(12.70 mm) from seating plane. Diameter is controlled in 11 and beyond 0.5
in. (12.70 mm) from seating plane.
3: Measured from maximum diameter of the actual device.
4: Details of outlinein this zone optional.

TO-39 with Mounting Flange

—
. ]
i 1

[ i 1 {
[V

LF iu [V | D -
3$§ADS/J]

R.
BOTH ENDS

INDEX TAB.

92€5-25070

92CS-20893
INCHES MILLIMETERS |
SYMBOL  mUiN. | MAX. | MIN. | MAX. NOTES
A - 0.328 - 8.33
B 0.240 | 0.260 | 6.10 | 6.60
B4 0009 | 0.125 | 0.229 | 3.18
s 0.016 | 0.019 | 0.406 | 0.483

D 0.335 | 0.370 | 851 | 9.40
Dy 0.305 | 0.335 | 7.75 | 851

0.495 | 0505 | 1257 |12.83
e 0.200 T.P. 5.08 T.P. 1
e 0.100 T.P. 254 T.P. 1
F 0.062 | 0.068 | 157 | 1.74
G 0.995 | 1.005 | 25.27 | 2653
i 0.028 | 0.034 | 0711 | 0.864
k 0020 | 0.045 | 0737 | 1.14
L 0.43 - |109 -
Q 0685 | 0.691 | 17.40 |17.55
Q 0559 | 0565 |14.20 |14.35
Q, 0.128 | 0132 | 325 | 3.35
R 0.156 T.P. 396 T.P. 1
Ry 0.064 | 0.066 | 1.63 | 1.67
a 489 T.P. 1,2

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
NOTES:

1. True position.

2. Tab centerline.
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Dimensional Outlines

TO-46
SEATING PLANE

92CS- 22386

NOTES:

1. (THREE LEADS) ¢by APPLIES BETWEEN 21 AND ¢5. ¢b APPLIES
BETWEEN £ AND 0.5 IN. (12.70 MM) FROM SEATING PLANE .
DIAMETER IS UNCONTROLLED IN 21 AND BEYOND 0.5 IN.
(12.70 MM) FROM SEATING PLANE.

2. MAXIMUM DIAMETER LEADS AT A GAGING PLANE 0.054 IN.
(1.37 MM) + 0.001 IN. (0.025 MM) - 0.000 IN. (0.000 MM) BELOW
SEATING PLANE TO BE WITHIN 0.007 IN. (0.178 MM) OF THEIR
POSITION RELATIVE TO MAXIMUM-WIDTH TAB AND TO THE
MAXIMUM 0.230 IN. (5.84 MM) DIAMETER MEASURED WITH A

TO-60 —
1 (3 | |
€ ©—r-0

e ’\ 2

N

e

f———— ¢ D—rf

92¢5-18019.

370

INCHES MILLIMETERS
symBoL | miN. | max. | min. | MAX. | NoTES

A 0.065 | 0.085 165 | 2.16
b 0016 | 0.021 0.406 | 0.533 1
by 0012 | 0019 0305 0483 | 1
D 0209 | 0.230 531 | 584
#Dq 0178 | 0.195 452 | 495

e 0.100 Tp. 254Tp. 2

e 0.050 T.p. 127 TP, 2
h 0.040 1.02
i 0.036 | 0.046 0914| 1.17
k 0.028 | 0.048 0711 1.22 4

2 0.500 12.70 1
i 0.050 127 1
22 0.250 635 1
a 450 TP, 450 TP, 3,5

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
SUITABLE GAGE. WHEN GAGE IS NOT USED, MEASUREMENT
WILL BE MADE AT SEATING PLANE.
3. INDEX TAB FOR VISUAL ORIENTATION ONLY.
4. MEASURED FROM MAXIMUM DIAMETER OF THE ACTUAL

DEVICE.
5. TAB CENTERLINE..

INCHES | MILLIMETERS
symeoL| miN. | max. | min. | max. | NOTES
A 10215 | 0320 | 546 | 813
A - |oes | - | a9 2
¢b 0030 |0048 | 0762 1.17 4
¢D 0360 |0437 | 914 1110 2
¢D1 | 0320 0360 | 813 | 914
E | 04224 (0437 1077 | 1110
e |0185 (0215 | 470 | 5.46
e; 0090 |0110 | 220 | 279
F 10090 [0135 | 220 | 343 1
4 |o03s5 |0480 | 9.02 |12.19
¢M | 0163 [0.189 | 414 | 480
N | 0375 |o0455 | 953 [1156
Ny - |oors | - | 198
#W | 01658 0.1697 | 4.212| 4310 3,5

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS

NOTES:

1. Dimension does not include sealing flanges

2. Package

ptional within di

3. Pitch diameter — 10-32 UNF 2A thread (coated)

4. Pin spacing perimts insertion in any socket having a
pin-circle diameter of 0.200 in. (5.08 mm) and con-

specified

tacts which will pins with a di +
of 0.030 in. (0.762 mm) min., 0.046 in. (1.17mm) max.
5. The torque applied to a 10-32 hex nut assembled on the

thread during installation should not exceed 12 inch-

pounds.



Dimensional Outlines

TO-72 D
e e
i
? A
SEATING P :U:” L
PLANE 2 D\U’n 1 INSULATION
— -2,

¢b2 b 92CS-174:

Note 1: (Four leads). Maximum number leads omitted in this outline,
“none”” (0). The number and position of leads actually present are
indicated in the product registration. Outline designation deter-
mined by the location and minimum angular or linear spacing of any
two adjacent leads.

Note 2: (All leads) ¢by applies between lyand Iy, ¢b applies
between |5 and .500" (12.70 mm) from seating plane. Diameter is
uncontrolled in I and beyond .500" (12.70 mm) from seating plane.
Note 3: Measured from maximum diameter of the product.

Note 4: Leads having maximum diameter .019" (.483 mm) measured in
gaging plane .054" (1.37 mm) + 001" {.025 mm) — .000" (.000 mm)

TO-201AA BOTTOM

VIEW

=N

B TERMINAL No.l
j—_“—" -.l ‘ lNA No.2
N l lTERMl L No. ‘D3¢B| -
F ) i i T
¥ -r -
F2
T—J—’ TERMINAL No.3 ¢Dz‘,i ' l__
L
Ji E—
l L2 $82
1
|
TO-215AA
$8 CERAMIC
D
TERMINAL No.1 I__¢ ' l

TERMINAL No.2

—

REFERENCE POINT
FOR CASE-TEMERATURE
MEASUREMENT

¢ D2

—

92€5-19062

¢ D

INCHES MILLIMETERS
SYMBOL NOTES
MIN. | MAX. MiN. MAX.
A 0.170 | 0.210 4.32 533
¢b 0.016 | 0.021 0.406 0533 2
¢bo 0.016 | 0.019 0.406 0.483 2
¢D 0.209 | 0.230 531 5.84
$Dq 0.178 | 0.195 452 495
e 0.100 T.P. 254 TP. 4
eq 0.050 T.P. 127 TP 4
h 0.030 0.762
44RI i 0.036 | 0.046 0.914 117
k 0.028 | 0.048 0711 122 3
| 0.500 12.70 2
I 0.050 127 2
12 0.250 6.35 2
a 45° T.P. 45° TP, 4,6

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS

below the seating plane of the product shall be within .007" (.178 mm)
of their true position relative to a maximum width tab.

Note 5: The product may be measured by direct methods or by gage.

Note 6: Tab centerline.

MILLIMETERS

INCHES
SYMBOL
MIN. | MAX. | MIN. | MAX.
R
B 0165 | 0175 | 4.19 | 444
#B1 0115 | 0125 | 292 | 317
¢B 009 | 0110 | 229 | 279
®D 0495 | 0505 | 1257 | 12.83
3 ¢D1 0245 | 0255 | 622 | 648
5 #Dg 0055 | 0065 | 139 | 165
" ¢D3 0245 | 0255 | 622 | 648
F 0045 | 0060 | 114 | 152
Fq 0025 | 0035 | 063 | 088
Fa 0145 | 0175 | 368 | 4.44
L 0095 | 0115 | 241 | 292
Ly 0165 | 0195 | 4.19 | 495
215671 L2 0040 | 0060 | 102 | 152
M 0045 | 0055 | 114 | 1.39
R 0027 | 0033 | 068 | 083
MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
INCHES MILLIMETERS
SYMBOL = R TN, | max, | VO ES
¢B 0.118 0.122 2997 3.098 1
o8, | 0.080 | 0.004 | 2286 | 2387| 2
oD 0.497 0.503 | 12.624 | 12.776 3
oDy 0.180 NOM. | 457 NOM.
oDz 0.162 NOM. | 411 NOM.
F 0.028 0.039 0.7 0.99
Fq 0.009 0.011 0.229 0.279
Fz 0.114 0.126 2.90 3.20
L 0.098 0.104 249 2,64
Ly 0.179 0.191 455 485

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
NOTES:

1. Silver or KOVAR*
2. Solid silver
3. Gold-plated KOVAR

-
*Trademark, Westinghouse Electric Corp.
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Dii ional Outlines
TO-216AA
INCHES MILLIMETERS
SYMBOL I0in. | maX. | min, max_| VOTES
A |o0150 | 0230 [381 | 584 -
T b 0.195 | 0205 | 4.953 | 5.207 .
L2 by [ 0135 | 0145 | 3429 | 3683 -
l bz 10095 | 0.105 [ 2413 | 2667 -
c 0.004 | 0.010 | 0.102 | 0.254 3

r—— —T' r oD | 0305 | 0320 | 7.75 | 8.12 5

oDy | 0110 | 0130 | 280 | 330 1

b &5 - b E E 0275 | 0300 | 6.99 7.62 5

L & ‘J [ _1_ l L | 0265 | 0200 | 674 | 7.36 -

X Y Ly | 0455 | 0510 1156 |12.95 -
M | 0053 | 0064 | 135 | 162 -
TERt f TERMINAL X j oM | 0120 | 0163 | 305 | 4.14 =
TERMINAL .| - L2 N 0425 | 0470 [10.80 [11.93 -
No.2 l Ny - | oo - | 198 4
Ny | 0110 | 0150 | 280 | 3.81 -
b " Q {0120 | 0170 | 305 | 431 .
P ! Q; | 0025 | 0045 | 0.64 | 1.14
f‘l ! ] T Qz - - - - 5
Q2 J ! I T A oW - - - — 2
I Q ! c
| SEATING PLANE f MILLIMETER DIMENSIONS ARE DERIVED
M ] —F FROM ORIGINAL INCH DIMENSIONS
oW N NOTES:
@ 1.0.053 - 0.064 INCH (1.35 - 1.62 mm) WRENCH FLAT.

M 2. PITCH DIA. OF 8-32 UNC-2A COATED THREADS (REF:
r_T—-r UNITED SCREW THREADS ANS B1.1 - 1960). THE APPLIED
GfEEE Te————F TORQUE SHOULD NOT EXCEED 5 IN.-LBS. CLAMPING

o0 A A Np FORCES MUST BE APPLIED ONLY TO THE FLAT SUR-
SECTION A—-A i FACES OF THE STUD.
3. TYPICAL FOR ALL LEADS.
so55-376304 a. :VEVNGTH OF INCOMPLETE OR UNDERCUT THREADS OF
5. BODY CONTOUR OPTIONAL WITHIN Qy, ¢D, AND E.
TO-217AA
SYMBOL INCHES MILLIMETERS NOTES
MIN. | MAX. | MIN. MAX.
A 0.295 | 0.325 7.50 8.25 -
B1 0.135 | 0.150 3.43 3.81 -
B2 0.235 | 0.250 5.97 6.35 -
£ B3 0.055 | 0065 | 140 | 165 5
ob 0.020 | 0.025 0508 0.635 | 4Pins
oD 0.650 | 0.680 | 16.51 | 17.27
E 0.360 | 0.380 9.15 9.65 -
e 0.111 | 0.131 2.82 3.32 1
eq 0.213 | 0.233 5.42 5.91 1
L 0.114 | 0.133 2.90 3.37 -
once pLane L ’Jl \ ﬂ oM 0.220 | 0.249 5.59 6.23
-——}—_}_‘ N 0.420 | 0460 | 1067 | 11.68 -
o ]‘ N1 - 0.090 - 2.28 -
A Q - 0.015 - 0.038 -
oW — — - — 2

SEATINGlPLANE

NOTE 4 7

M

Ny

$w —>

92CS-15765R1

372

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
NOTES:

1. The pin center-to-center dimensions are measured at the gage plane.
2.% in. 28 UNF 2A (Mod). Applied torque not to exceed 12 inch-

pounds.
3. This device may be operated in any position.
4. Seating plate to be flat within 0.003 inches.
5. Typical 4 places.



Di ional Outlines

HF-28
o
a —— e & —=f symgo | NCHES MILLIMETERS
ey —»] g e MIN. | MAX.| MIN. [ MAX.
o] Cofle A 0.225 | 0.250| 6572 | 635
I B 0.145 | 0.160| 369 | 4.06
TERMINAL T By | 0.65 0.180| 4.20 4,57
No3 | T L c 0.004 | 0.010| 0.102 | 0.254
'"Dlﬁﬁﬁ’;‘ﬁ" % D 0.657 | 0.667|16.69 | 16.94
—~ I D, 0.190 | 0.210| 483 | 533
1 ¢ £, N E 0.155 | 0.165| 394 | 4.9
> ¥ F Eq 0.140 | 0.165| 356 | 4.19
0! /‘ I /‘ 4*‘ F 0058 | 0.063| 148 | 1.72
0.235 | 0265 | 597 | 673
— TERMINAL TERMINAL T op 0.000 | 0.096| 2.286 | 2.438
Q 0.062 | 0077| 158 | 1.95
— |81 q 0.420 | 0.446 [10.67 | 11.17
TERMINAL NOTE: EMITTER IS GOLD PLATED
Nol R MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
HF-31

——L—-I fe—— L —=}

B2

. <
TERMINAL No. & | svmpoL |NGHES _[MILLIMETERS | | o
MIN. | MAX.| MIN. | MAX.

A 0.090 | 0.135| 2.29 | 342 -
B 0.195| 0.205| 4.96 | 5.20 -
Bq 0.135] 0.145| 3.43 | 3.68 -

~
%
4.

r B2 0.095 | 0105 | 2.42 | 2.66 -
B g E [ 0.004 | 0.010}| 0.11 0.25 1
L Q ¢D 0,305 | 0.320 | 7.48 | 8.12 -

E 0.275 | 0.300 | 6.99 | 7.62 -

TERMINAL No. 12 N ===~ L 0.265 | 0290 | 6.74 | 7.36 -

L1 0,455 | 0.510 | 11.56 | 12.95 -
] L Q 0.055 | 0.070 | 1.40 | 1.77 -
TERMINAL No. 2 J Q1 0.025 | 0045| 0.64 | 1.14 —

r\o’\j MILLIMETER DIMENSIONS ARE DERIVED

TERMINAL No. 3

'Il [P ¢ FROM ORIGINAL INCH DIMENSIONS
i NOTE: 1, TYPICAL F
I [ T I 1 i ﬁ ! OR ALL LEADS 9255-4462 R1
P LT by
~ SYMBOL INCHES MILIMETERS | nOTES |-
\QF_-32 b MIN. | MAX. | MIN. | MAX.
TERMINAL No. 4
: \D A 0160 | 0.210 | 4.07 | 5.33
¢D b 0.135 [°0.145 | 3.429 | 3.683
TERMINAL No. | bq 0.095 | 0.105 | 2413 | 2.667
c 0.004 | 0.010 | 0.102 | 0.254 1
4D 0.305 | 0320 | 7.75 | 8.12
__J E 0275 | 0300 | 699 | 7.62
\ // Fq 0.057 | 0.067 | 1.448 | 1.701
L 0.455 | 0510 | 11.56 | 12.95
TERMINAL No. 2 TERMINAL oP 0.115 | 0125 | 2.921 | 3.175
L N
Q 0.085 | 0.105 | 2.16 | 2.66
Qq - - - - 2
aa, 4] N L_ . q 0.590 | 0.610 | 14.99| 15.49
‘ : R 0.115 | 0.125 | 2.821 | 3.175
1 ‘ ] 1 MILLIMETER DIMENSIONS ARE DERIVED
0 I I ] FROM ORIGINAL INCH DIMENSIONS
SEA‘nNél L — F'I NOTES: 1. TYPICAL TWO LEADS.
9205 - 19827 2. BODY CONTOUR OPTIONAL WITHIN Q1, ¢ D,
ANDE.
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Di ional Outlines

HF-36

o i T
¥ P
Q : ¢
§  SEATING PLANE | i
Pl — = T
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N
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40, f
92CS-19419
HF-40
wlelebofele
) By
l_-‘g__ __—TERMINAL No.4
o
e by = [ b1~

_.‘ TERMINAL No.3
€ ¢

TERMINAL No.! L 52—‘ TERMINAL No.2
- [ ] L
A

| I— L+ F
4y {11 RN}
q
92CS-20666
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INCHES MILLIMETERS

symeoL MIN. MAX. MIN. MAX. NoTES
A 0.185 |0.240 4.70 6.1 -
8 0.195 }0.205 4.96 5.20 -
:1] 0.135 |0.145 3.43 3.68 -
By 0.095 |0.105 242 2.66 -
[ 0.004 |0.010 0.1 0.25 3
$D 0.319 |0.335 8.12 8.52 -
¢ Dq 0.033 |0.065 0.84 1.65 1
#$ Dy 0.305 |0.320 7.48 8.12 -
E 0.276 |0.300 6.99 762 -
G 0.635 |0.730 16.11 18.51 -
L 0.265 |0.290 6.74 7.36 -
(%] 0.456 | 0.510 11.56 12.95 -
M 0.120 [0.163 3.05 4.14 -
N 0.450 | 0.490 1ma 1245 -
Np - 0.078 - 1.98 4
Ny 0.095 |0.135 242 3.43 -
Q 0.145 [0.170 . 3.68 4.31 -
Q 0.025 |0.045 0.64 114 -
oW 0.1399 |0.1437 3.531 3.632 2

NOTES:

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
1. 0.053-0.064 INCH (1.35 — 1.62 mm) WRENCH FLAT.

2. PITCH DIA. OF 8:32 UNC-2A COATED THREAD. (ASA B1. 1-1960).

3. TYPICAL FOR ALL LEADS.

4. LENGTH OF INCOMPLETE OR UNDERCUT THREADS OF ¢ W

5. RECOMMENDED TORQUE: 5 INCH-POUNDS

INCHES MILLIMETERS

SYMBOL TN, | wax. MIN. | max.
A 0.260 | 0.280 6.604 7.112
b 0.153 | 0.157 3.866 3.987
by 0.210 | 0.220 5.334 5.588
by 0.203 | 0.207 5.156 5.257
¢ 0.006 | 0.007 0.153 0.178
D 0.240 | 0.250 6.096 6.350
oD 0490 | 0510 | 12446 | 12954
e 0.070 | 0.080 1778 2,032
e 0.045 | 0.055 1.143 1.397
F 0.165 | 0.185 4.191 4.699
L 0970 [ 0990 | 24638 | 25146
Ly 1430 | 1470 | 36322 | 37.338
L3 0.070 | 0.080 1778 2,032
oP 0.115 | 0125 2921 375
q 0723 | 0728 | 18364 | 18.491
R 0.120 | 0.130 3.048 3.302
B8 450 450

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS




Di I Outlines
HF-41
L
e L2 .——-l
Eal / SYMBOL INCHES MILLIMETERS
v MIN. | MAX. | MIN. | MAX.
' A 0185 | 0216 | 470 | 546
A1 0114 | 0122 | 290 | 3.10
B 0380 | 0390 | 9.66 | 9.90
b 0220 | 0230 | 558 | 584
c 0002 | 0008 | 005 | 020
¢D 0270 | 0290 | 686 | 7.38
D4 0245 | 0255 | 622 | 648
L 1.040 | 1.060 | 26.42 | 26.93
L2 0520 | 0530 | 1320 | 13.45
M 0058 | 0.062 | 147 | 157
M1 0056 | 0.064 | 142 | 162
N 0445 | 0455 | 1129 | 1155
f—eo— N2 | 0125 | 0135 | 318 | 343
1 r———\‘_f%_f Q 0070 | 009 | 178 | 228
. : = A a1 450 NOM. 450 NOM.
1 «g 450 NOM. 450 NOM.
NOTE — = MILLIMETER DIMENSIONS ARE DERIVED
g N FROM ORIGINAL INCH DIMENSIONS
= ' NOTE: PITCH DIA. OF 8-32 UNF-2A COATED
l Nz | THREAD (ASA B1. 1-1960)
—F 1
M'_’l I'7 92C5-20420
INCHES MILLIMETERS
YMBOL MIN. MAX. | MIN. MAX.
HF-44 L A 0.250 0275 | 6.35 6.98
A1 0.163 0.173 4141 4.394
B 0.299 0307 | 7.595 7.797
b 0.221 0229 | 5614 5.816
b1 0.110 0115 | 2794 2,921
c 0.0045 0006 | 0113 0.152
#D 0.370 0390 | 9.40 9.90
oD1 0.320 0330 | 8128 8.382
L 1.040 1055 | 26.42 26.79
L2 0.520 0530 | 13.208 | 13.462
m 0.070 0080 | 1778 2.032
M1 0.055 0.065 | 1397 1.651
N 0.455 0475 | 1156 12.06
N2 0.100 0130 | 254 3.30
iy L a 0.085 0095 | 2150 | 2413
a 45° NOM. 45° NOM.

—1

—]
SEE NOTE

=1

[—]

=

92CS-20106

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS

NOTE: PITCH DIA. OF 832 UNC-2A COATED THREAD

(ASA B1. 1-1960)
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Di ional Outlines

HF-46

TERMINAL 3

e
\\V
L@}

D

e —

TERMINALS 264

Rl

HF-47

c a

N

—————

TERMINAL |
SYMBOL INCHES MILLIMETERS
Min. Max. Min. Max.
T A 0.155 0.165 3.937 4.191
Al 0.120 0.140 3.05 3.55
¢B 0.225 0.240 5.72 6.00
#B1 0.160 0.180 4.07 457
Cc 0.055 0.065 1.397 1.651
D 0.790 0.810 20.07 20.57
D1 0.113 0.117 2.871 2971
D2 0.028 0.032 0.712 0.812
E 0.240 0.260 6.10 6.60
L 0.740 0.760 18.80 19.30
oP 0.120 0.132 3.26 3.35
0.005 Nom. 0.127 Nom.
q 0.557 0.567 14.15 14.40
MILLIMETER DIMENSIONS ARE DERIVED

92CS-21556R1

FROM ORIGINAL INCH DIMENSIONS

$0—f
-3

[
L

-
r
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C

92CS-21068

INCHES MILLIMETERS
SymeoL MIN. MAX. MIN. MAX.
A 0.127 0.153 3.23 3.89
A1 0.056 | 0.060 143 153
B 0.380 | 0.390 9.66 9.90
b 0.220 0.230 5.58 5.84
o3 0.002 0.008 0.05 0.20
D 0.270 0.290 6.86 7.38
D4 0.245 0.255 6.22 6.48
L 1.040 1.060 26.42 26.93
L2 0.520 0.530 13.20 13.45
Q 0.070 0.090 1.78 2.28

al 450 NOM. 450 NOM.

x2 450 NOM. 450 NOM.

l MILLIMETER DIMENSIONS ARE DERIVED
_"L—?— ‘;}r FROM ORIGINAL INCH DIMENSIONS




Vasl

HF-50
A ——
" —
_—10‘3::["
\‘\ ,~ TERMINAL 1
!
— + | 6
|
TERMINAL 2 !
u/TERMINAL 3 (typ)
c_—————‘
H 1 :_E H J K
I S S
HF-55

 TERMINAL 3

| TERMINAL 5

Vasl

TERMINAL 2

te—D

1

LLVTERMINAL 1

pare————

-

i

_i‘l
ay
¥

92C5-24297

INCHES MILLIMETERS
SYMBOL

MIN. | MAX.| MIN. | MAX.

A 0.890 | 0.910 | 22.61 | 23.11
B 0.645 | 0.655 | 16.39 | 16.63
c 0.390 | 0.410 9.91 | 10.41
D 0.045 | 0.055 1.14 1.36
E 0.004 | 0.010 0.10 0.25
¢F 0.117 | 0.125 297 3.17
G 0.390 | 0.410 9.91 | 10.41
H 0.115 | 0.150 292 3.81
J 0.057 | 0.067 145 1.70
K 0.110 | 0.130 2.79 3.30
L 0.150 | 0.230 3.81 5.84

MILLIMETER DIMENSIONS ARE DERIVED

FROM ORIGINAL INCH DIMENSIONS

92Cs-23888RI

INCHES MILLIMETERS
SYMBOL MIN. | MAX.| MIN. | MAX.
A 0.890 | 0.910 | 22.61 |23.11
B 0.645 | 0.655 | 16.39 | 16.63
C 0.390 | 0.405| 9.91 |10.29
o] 0.045 | 0.055 114 1.35
E 0.004 | 0.010 0.10 0.25
oF 0.117 | 0.125 297 3.17
G 0.390 | 0.410 9.91 | 10.41
H 0.115 | 0.150 2.92 3.81
J 0.057 | 0.067 1.45 1.70
K 0.110 | 0.130 279 3.30
L 0.150 | 0.230 381 5.84
N 0.135} 0.145 323 | 3.68

| Outlines

MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
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Dimensional Outlines

HF-56
P
/R/ SYMBOL INCHES MILLIMETERS
- Min. Max. Min. Max.
TERMINAL 3 W TERMINALY A 0.155 0.165 3.937 4.191
02 l Al 0.120 0.140 3.05 355
i ¢B 0.225 0.240 5.72 6.00
o q — ! #B1 0.160 0.180 4.07 4.57
—f‘ c 0.055 0.065 1.397 1.651
D 0.790 0.810 | 20.07 2057
D1 0.113 0.117 2.871 2.971
N Ean D2 0.028 0.032 0.712 0.812
klj E 0.240 0.260 6.10 6.60
L 0.440 0.460 | 11.18 11.68
l‘*‘ _.J oP 0.120 0.132 3.26 335
Q 0.005 Nom. 0.127 Nom.
TERMINALS 28 4 q 0.557 0567 | 1415 | 1440
L MILLIMETER DIMENSIONS ARE DERIVED
FROM ORIGINAL INCH DIMENSIONS
$8 .
‘ l Fé_ﬁl:l.l 92CM- 23960RI
e
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Solid State
Division

Solid State Devices

Operating Considerations
1CE-402

Operating Considerations for
RCA Solid State Devices

Solid state devices are being designed into an increasing
variety of electronic equipment because of their high
standards of reliability and performance. However, it is
essential that equipment designers be mindful of good
engineering practices in the use of these devices to achieve
the desired performance.

This Note summarizes important operating recommen-
dations and precautions which should be followed in the
interest of maintaining the high standards of performance of
solid state devices.

The ratings included in RCA Solid State Devices data
bulletins are based on the Absolute Maximum Rating
System, which is defined by the following Industry Standard
(JEDEC) statement:

Absolute-Maximum Ratings are limiting values of opera-
ting and environmental conditions applicable to any electron
device of a specified type as defined by its published data,
and should not be exceeded under the worst probable
conditions.

The device manufacturer chooses these values to provide
acceptable serviceability of the device, taking no responsi-
bility for equipment variations, environmental variations, and
the effects of changes in operating conditions due to
variations in device characteristics.

The equipment manufacturer should design so that
initially and throughout life no absolute-maximum value for
the intended service is exceeded with any device under the
worst probable operating conditions with respect to supply-
voltage variation, equipment component variation, equip-
ment control adjustment, load variation, signal variation,
environmental conditions, and variations in device charac-
teristics.

It is recommended that equipment manufacturers consult
RCA whenever device applications involve unusual electrical,
mechanical or environmental operating conditions.

GENERAL CONSIDERATIONS
The design flexibility provided by these devices makes
possible their use in a broad range of applications and under

many different operating conditions. When incorporating
these devices in equipment, therefore, designers should
anticipate the rare possibility of device failure and make
certain that no safety hazard would result from such an
occurrence.

The small size of most solid state products provides
obvious advantages to the designers of electronic equipment.
However, it should be recognized that these compact devices
usually provide only relatively small insulation area between
adjacent leads and the metal envelope. When these devices
are used in moist or contaminated atmospheres, therefore,
supplemental protection must be provided to prevent the
development of electrical conductive paths across the
relatively small insulating surfaces. For specific information
on voltage creepage, the user should consult references such
as the JEDEC Standard No. 7 “Suggested Standard on
Thyristors,” and JEDEC Standard RS282 “Standards for
Silicon Rectifier Diodes and Stacks”.

The metal shells of some solid state devices operate at the
collector voltage and for sorze rectifiers and thyristors at the
anode voltage. Therefore, consideration should be given to
the possibility of shock hazard if the shells are to operate at
voltages appreciably above or below ground potential. In
general, in any application in which devices are operated at
voltages which may be dangerous to personnel, suitable
precautionary measures should be taken to prevent direct
contact with these devices.

Devices should not be connected into or disconnected
from circuits with the power on because high transient
voltages may cause permanent damage to the devices.

T‘ESTING PRECAUTIONS

In common with many electronic components, solid-state
devices should be operated and tested in circuits which have
reasonable values of current limiting resistance, or other
forms of effective current overload protection. Failure to
observe these precautions can cause excessive internal heating
of the device resulting in destruction and/or possible
shattering of the enclosure.

380
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1CE-402

TRANSISTORS AND THYRISTORS
WITH FLEXIBLE LEADS

Flexible leads are usually soldered to the-circuit elements.
It is desirable in all soldering operatings to provide some
slack or an expansion elbow in each lead to prevent
excessive tension on the leads. It is important during the
soldering operation to avoid excessive heat in order to
prevent possible damage to the devices. Some of the heat can
be absorbed if the flexible lead of the device is grasped
between the case and the soldering point with a pair of pliers.

TRANSISTORS AND THYRISTORS
WITH MOUNTING FLANGES

The mounting flanges of JEDEC-type packages such as
the TO-3 or TO-66 often serve as the collector or anode
terminal. In such cases, it is essential that the mounting
flange be securely fastened to the heat sink, which may be
the equipment chassis. Under no circumstances, however,
should the mounting flange of a transistor be soldered
directly to the heat sink or chassis because the heat of the
soldering operation could permanently damage the device.
Soldering is the preferred method for mounting thyristors;
see “Rectifiers and Thyristors,” below. Devices which cannot
be soldered can be installed in commercially available
sockets. Electrical connections may also be made by
soldering directly to the terminal pins. Such connections may
be soldered to the pins close to the pin seals provided care is
taken to conduct excessive heat away from the seals;
otherwise the heat of the soldering operation could crack the
pin seals and damage the device.

During operation, the mounting-flange temperature is
higher than the ambient temperature by an amount which
depends on the heat sink used. The heat sink must have
sufficient thermal capacity to assure that the heat dissipated
in the heat sink itself does not raise the device mounting-
flange temperature above the rated value. The heat sink or
chassis may be connected to either the positive or negative
supply.

In many applications the chassis is connected to the
voltage-supply terminal. If the recommended mounting
hardware shown in the data bulletin for the specific
solid-state device is not available, it is necessary to use either
an anodized aluminum insulator having high thermal con-
ductivity or a mica insulator between the mounting-flange
and the chassis. If an insulating aluminum washer is required,
it should be drilled or punched to provide the two mounting
holes for the terminal pins. The burrs should then be
removed from the washer and the washer anodized. To insure
that the anodized insulating layer is not destroyed during
mounting, it is necessary to remove the burrs from the holes
in the chassis.

It is also important that an insulating bushing, such as
glass-filled nylon, be used between each mounting bolt and
the chassis to prevent a short circuit. However, the insulating
bushing should not exhibit shrinkage or softening under the
operating temperatures encountered. Otherwise the thermal
resistance at the interface between device and heat sink
may increase as a result of decreasing pressure.

PLASTIC POWER TRANSISTORS AND THYRISTORS

RCA power transistors and thyristors (SCR’s and triacs)
in molded-silicone-plastic packages are available in a wide
range of power-dissipation ratings and a variety of package
configurations. The following paragraphs provide guidelines
for handling and mounting of these plastic-package devices,
recommend forming of leads to meet specific mounting
requirements, and describe various mounting arrangements,
thermal considerations, and cleaning methods. This informa-
tion is intended to augment the data on electrical character-
istics, safe operating area, and performance capabilities in the
technical bulletin for each type of plastic-package transistor
or thyristor.

Lead-Forming Techniques

The leads of the RCA VERSAWATT in-line plastic
packages can be formed to a custom shape, provided they are
not indiscriminately twisted or bent. Although these leads
can be formed, they are not flexible in the general sense, nor
are they sufficiently rigid for unrestrained wire wrapping

Before an attempt is made to form the leads of an in-line
package to meet the requirements of a specific application,
the desired lead configuration should be determined, and a
lead-bending fixture should be designed and constructed. The
use of a properly designed fixture for this operation
eliminates the need for repeated lead bending. When the use
of a special bending fixture is not practical, a pair of
long-nosed pliers may be used. The pliers should hold the
lead firmly between the bending point and the case, but
should not touch the case.

When the leads of an inline plastic package are to be
formed, whether by use of long-nosed pliers or a special
bending fixture, the following precautions must be observed
to avoid internal damage to the device:

1. Restrain the lead between the bending point and the
plastic case to prevent relative movement between the
lead and the case.

5. When the bend is made in the plane of the lead
(spreading), bend only the narrow part of the lead.

3. When the bend is made in the plane perpendicular to that
of the leads, make the bend at least 1/8 inch from the
plastic case.

4. Do not use a lead-bend radius of less than 1/16 inch.

5. Avoid repeated bending of leads.

The leads of the TO-220AB VERSAWATT in-line
package are not designed to withstand excessive axial pull.
Force in this direction greater than 4 pounds may result in
permanent damage to the device. If the mounting arrange-
ment tends to impose axial stress on the leads, some method
of strain relief should be devised.

Wire wrapping of the leads is permissible, provided that
the lead is restrained between the plastic case and the point
of the wrapping. Soldering to the leads is also allowed. The
maximum soldering temperature, however, must not exceed
2750C and must be applied for not more than 5 seconds at a
distance not less than 1/8 inch from the plastic case. When
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1CE-402

wires are used for connections, care should be exercised to
assure that movement of the wire does not cause movement
of the lead at the lead-to-plastic junctions.

The leads of RCA molded-plastic high-power packages
are not designed to be reshaped. However, simple bending of
the leads is permitted to change them from a standard
vertical to a standard horizontal configuration, or conversely.
Bending of the leads in this manner is restricted to three
90-degree bends; repeated bendings should be avoided.

Mounting

Recommended mounting arrangements and suggested
hardward for the VERSAWATT package are given in the data
bulletins for specific devices and in RCA Application Note
AN-4142. When the package is fastened to a heat sink, a
rectangular washer (RCA Part No. NR231A) is recommended
to minimize distortion of the mounting flange. Excessive
distortion of the flange could cause damage to the package.
The washer is particularly important when the size of the
mounting hole exceeds 0.140 inch (6-32 clearance). Larger
holes are needed to accommodate insulating bushings;
however, the holes should not be larger than necessary to
provide hardware clearance and, in any case, should not
exceed a diameter of 0.250 inch.

Flange distortion is also possible if excessive torque is
used during mounting. A maximum torque of 8 inch-pounds
is specified. Care should be exercised to assure that the tool
used to drive the mounting screw never comes in contact
with the plastic body during the driving operation. Such
contact can result in damage to the plastic body and internal
device connections. .An excellent method of avoiding this
problem is to use a spacer or combination spacer-isolating
bushing which raises the screw head or nut above the top
surface of the plastic body. The material used for such a
spacer or spacer-isolating bushing should, of course, be
carefully selected to avoid “cold flow” and consequent
reduction in mounting force. Suggested materials for these
bushings are diallphtalate, fiberglass-filled nylon, or
fiberglass-filled polycarbonate. Unfilled nylon should be
avoided.

Modification of the flange can also result in flange
distortion and should not be attempted. The package should
not be soldered to the heat sink by use of lead-tin solder
because the heat required with this type of solder will cause
the junction temperature of the device to become excessively
high.

The TO-220AA plastic package can be mounted in
commercially ~ available TO-66 sockets, such as UID
Electronics Corp. Socket No. PTS-4 or equivalent. For
testing purposes, the TO-220AB in-line package can be
mounted in a Jetron Socket No. DC74-104 or equivalent.
Regardless of the mounting method, the following
precautions should be taken:

1. Use appropriate hardware.

2. Always fasten the package to the heat sink before the
leads are soldered to fixed terminals.

3. Never allow the mounting tool to come in contact with
the plastic case.

382

4. Never exceed a torque of 8 inch-pounds.

5. Avoid oversize mounting holes.

6. Provide strain relief if there is any probability that axial
stress will be applied to the leads.

7. Use insulating bushings to prevent hot-creep problems.
Such bushings should be made of diallphthalate, fiber-
glass-filled nylon, or fiberglass-filled polycarbonate.

The maximum allowable power dissipation in a solid
state device is limited by the junction temperature. An
important factor in assuring that the junction temperature
remains below the specified maximum value is the ability of
the associated thermal circuit to conduct heat away from the
device.

When a solid state device is operated in free air, without a
heat sink, the steady-state thermal circuit is defined by the
junction-to-free-air thermal resistance given in the published
data for the device. Thermal considerations require that a
free flow of air around the device is always present and that
the power dissipation be maintained below the level which
would cause the junction temperature to rise above the
maximum rating. However, when the device is mounted on a
heat sink, care must be taken to assure that all portions of
the thermal circuit are considered.

To assure efficient heat transfer from case to heat sink
when mounting RCA molded-plastic solid state power
devices, the following special precautions should be
observed:

1. Mounting torque should be between 4 and 8 inch-
pounds.

2. The mounting holes should be kept as small as possible.

3. Holes should be drilled or punched clean with no burrs or
ridges, and chamfered to a maximum radius of 0.010
inch.

4. The mounting surface should be flat within 0.002
inch/inch.

5. Thermal grease (Dow Corning 340 or equivalent) should
always be used on both sides of the insulating washer if
one is employed.

6. Thin insulating washers should be used. (Thickness of
factory-supplied mica washers range from 2 to 4 mils).

7. A lock washer or torque washer, made of material having
sufficient creep strength, should be used to prevent
degradation of heat sink efficiency during life.

A wide variety of solvents is available for degreasing and
flux removal. The usual practice is to submerge components
in a solvent bath for a specified time. However, from a
reliability stand point it is extremely important that the
solvent, together with other chemicals in the solder-cleaning
system (such as flux and solder covers), do not adversely
affect the life of the component. This consideration applies
to all non-hermetic and molded-plastic components.

It is, of course, impractical to evaluate the effect on
long-term device life of all cleaning solvents, which are
marketed with numerous additives under a variety of brand
names. These solvents can, however, be classified with
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respect to their component parts as either acceptable or
unacceptable. Chlorinated solvents tend to dissolve the outer
package and, therefore, make operation in a humid atmos-
phere unreliable. Gasoline and other hydrocarbons cause the
inner encapsulant to swell and damage the transistor. Alcohol
is an acceptable solvent. Examples of specific, acceptable
alchols are isopropanol, methanol, and special denatured
alcohols, such as SDA1, SDA30, SDA34, and SDA44.

Care must also be used in the selection of fluxes for lead
soldering. Rosin or activated rosin fluxes are recommended,
while organic or acid fluxes are not. Examples of acceptable
fluxes are:

Alpha Reliaros No. 320-33

Alpha Reliaros No. 346

Alpha Reliaros No. 711

Alpha Reliafoam No. 807

. Alpha Reliafoam No. 809

Alpha Reliafoam No. 811-13

. Alpha Reliafoam No. 815-35

Kester No. 44

If the completed assembly is to be encapsulated, the
effect on the molded-plastic transistor must be studied from
both a chemical and a physical standpoint.

SRR VI RE S

RECTIFIERS AND THYRISTORS
A surge-limiting impedance should always be used in
series with silicon rectifiers and thyristors. The impedance
value must be sufficient to limit the surge current to the
value specified under the maximum ratings. This impedance
may be provided by the power transformer winding, or by an
external resistor or choke.

A very efficient method for mounting thyristors utilizing
the “modified TO-5” package is to provide intimate contact
between the heat sink and at least one half of the base of the
device opposite the leads. This package can be mounted to
the heat sink mechanically with glue or an expoxy adhesive,
or by soldering, the most efficient method.

The use of a “selfjigging” arrangement and a solder
preform is recommended. If each unit is soldered individ-
ually, the heat source should be held on the heat sink and the
solder on the unit. Heat should be applied only long enough
to permit solder to flow freely. For more detailed thyristor
mounting considerations, refer to Application Note AN3822,
“Thermal Considerations in Mounting of RCA Thyristors”.

MOS FIELD-EFFECT TRANSISTORS

Insulated-Gate Metal Oxide-Semiconductor Field-Effect
Transistors (MOS FETs), like bipolar high-frequency
transistors, are susceptible to gate insulation damage by the
electrostatic discharge of ~energy through the devices.
Electrostatic discharges can occur in an MOS FET if a type
with an unprotected gate is picked up and the static charge,
built in the handler’s body capacitance, is discharged through
the device. With proper handling and applications
procedures, however, MOS transistors are currently being
extensively used in production by numerous equipment
manufacturers in military, industrial, and consumer applica-

*Trade Mark: Emerson and Cumming, Inc.

tions, with virtually no problems of damage due to
electrostatic discharge.

In some MOS FETs, diodes are electrically connected
between each insulated gate and the transistor’s source.
These diodes offer protection against static discharge and
in-circuit. transients without the need for external shorting
mechanisms. MOS FETs which do not include gate-
protection diodes can be handled safely if the following basic
precautions are taken:

1. Prior to assembly into a circuit, all leads should be kept
shorted together either by the use of metal shorting
springs attached to the device by the vendor, or by the
insertion into conductive material such as “ECCOSORB*
LD26” or equivalent.

(NOTE: Polystyrene insulating “SNOW” is not suffi-
ciently conductive and should not be used.)

2. When devices are removed by hand from their carriers,

the hand being used should be grounded by any suitable

means, for example, with a metallic wristband.

Tips of soldering irons should be grounded.

4. Devices should never be inserted into or removed from
circuits with power on.

w

RF POWER TRANSISTORS
Mounting and Handling

Stripline rf devices should be mounted so that the leads
are not bent or pulled away from the stud (heat sink) side of
the device. When leads are formed, they should be supported -
to avoid transmitting the bending or cutting stress to the
ceramic portion of the device. Excessive stresses may destroy
the hermeticity of the package without displaying visible
damage.

Devices employing silver leads are susceptible to
tarnishing; these parts should not be removed from the
original tarnish-preventive containers and wrappings until
ready for use. Lead solderability is retarded by the presence
of silver tarnish; the tarnish can be removed with a silver
cleaning solution, such as thiourea.

The ceramic bodies of many rf devices contain beryllium
oxide as a major ingredient. These portions of the transistors
should not be crushed, ground, or abraded in any way
because the dust created could be hazardous if inhaled.

Operating

Forward-Biased Operation. For Class A or AB operation,
the allowable quiescent bias point is determined by reference
to the infrared safe-area curve in the appropriate data
bulletin. This curve depicts the safe current/voltage combina-
tions for extended continuous operation.

Load VSWR. Excessive collector load or tuning mismatch
can cause device destruction by over-dissipation or secondary
breakdown. Mismatch capability is generally included on the
data bulletins for the more recent rf transistors.

See RCA RF Power Transitor Manual, Technical Series
RMF-430, pp 39-41, for additional information concerning

the handling and mounting of rf power transistors.
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INTEGRATED CIRCUITS

Handing

All COS/MOS gate inputs have a resistor/diode gate
protection network. All transmission gate inputs and all
outputs have diode protection provided by inherent p-n
junction diodes. These diode networks at input and output
interfaces protect COS/MOS devices from gate-oxide failure
in handling environments where static discharge is not
excessive. In low-temperature, low-humidity environments,
improper handling may result in device damage. See
ICAN-6000, “Handling and Operating Considerations for
MOS Integrated Circuits”, for proper handling procedures.

Mounting

Integrated circuits are normally supplied with lead-tin
plated leads to facilitate soldering into circuit boards. In
those relatively few applications requiiing welding of the
device leads, rather than soldering, the devices may be
obtained with gold or nickel plated Kovar leads.* It should be
recognized that this type of plating will not provide complete
protection against lead corrosion in the presence of high
humidity and mechanical stress. The aluminum-foil-lined
cardboard “sandwich pack” employed for static protection
of the flat-pack also provides some additional protection
against lead corrosion, and it is recommended that the
devices be stored in this package until used.

When integrated circuits are welded onto printed circuit
boards or equipment, the presence of moisture between the
closely spaced terminals can result in conductive paths that
may impair device performance in high-impedance appli-
cations. It is therefore recommended that conformal coatings
or potting be provided as an added measure of protection
against moisture penetration.

In any method of mounting integrated circuits which
involves bending or forming of the device leads, it is
extremely important that the lead be supported and clamped
between the bend and the package seal, and that bending be
done with care to avoid damage to lead plating. In no case
should the radius of the bend be less than the diameter of the
lead, or in the case of rectangular leads, such as those used in
RCA 14-lead and 16-lead flat-packages, less than the lead
thickness. It is also extremely important that the ends of the
bent leads be straight to assure proper insertion through the
holes in the printed-circuit board.

Operating

Unused Inputs

All unused input leads must be connected to either Vss
or Vpp, whichever is appropriate for the logic circuit
involved. A floating input on a high-current type, such as the
CD4049 or CD4050, not only can result in faulty logic
operation, but can cause the maximum power dissipation of
200 milliwatts to be exceeded and may result in damage to
the device. Inputs to these types, which are mounted on
printed-circuit boards that may temporarily become
unterminated, should have a pull-up resistor to Vss or Vpp.
A useful range of values for such resistors is from 10 kilohms
to I megohm.

384

Input Signals
Signals shall not be applied to the inputs while the device
power supply is off unless the input current is limited to a
steady state value of less than 10 milliamperes. Input
currents of less than 10 milliamperes prevent device damage;
however, proper operation may be impaired as a result of
current flow through structural diode junctions.

Output Short Circuits

Shorting of outputs to Vss or Vpp can damage many of
the higher-output-current COS/MOS  types, such as the
CD4007, CD4041, CD4049, and CD4050. In general, these
types can all be safely shorted for supplies up to S volts, but
will be damaged (depending on type) at higher power-supply
voltages. For cases in which a short-circuit load, such as the
base of a p-n-p or an n-p-n bipolar transistor, is directly
driven, the device output characteristics given in the
published data should be consulted to determine the
requirements for a safe operation below 200 milliwatts.

For detailed COS/MOS IC operating and handling
considerations, refer to Application Note ICAN-6000
“Handling and Operating Considerations for MOS Integrated
Circuits”. .

SOLID STATE CHIPS
Solid state chips, unlike packaged devices, are non-
hermetic devices, normally fragile and small in physical size,
and therefore, require special handling considerations as
follows:

1. Chips must be stored under proper conditions to insure
that they are not subjected to a moist and/or contam-
inated atmosphere that could alter their electrical,
physical, or mechanical characteristics. After the shipping
container is opened, the chip must be stored under the
following conditions:

A. Storage temperature, 40°C max.
B. Relative humidity, 50% max.
C. Clean, dust-free environment.

2. The user must exercise proper care when handling chips
to prevent even the slightest physical damage to the chip.

3. During mounting and lead bonding of chips the user must
use proper assembly techniques to obtain proper elec-
trical, thermal, and mechanical performance.

4. After the chip has been mounted and bonded, any
necessary procedure must be followed by the user to
insure that these non-hermetic chips are not subjected to
moist or contaminated atmosphere which might cause
the development of electrical conductive paths across the
relatively small insulating surfaces. In addition, proper
consideration must be given to the protection of these
devices from other harmful environments which could
conceivably adversely affect their proper performance.

*MiI-M-38510A, paragraph 3.5.6.1 (a), lead material.
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40-Watt Peak-Envelope-Power
Transistor Amplifier for AM Transmitters
in the Aircraft Band (118 to 136 MHz)

By

Boris Maximow

This Note describes a broadband amplifier for use
in amplitude-modulated (AM) transmitters operating in
the aircraft communication band (118 to 136 MHz). The
amplifier circuit is simple and easy to duplicate and
requires a minimum of adjustments. The design leaves
ample room for modification, improvement, or adaptation
to specific needs. Fig.1 shows the schematic diagram
of the amplifier, Fig.2 shows its performance over the
aircraft band, and Table I lists its features.

The amplifier shown in Fig.l uses RCA 2N3866,
40290, 40291, and 40292 epitaxial silicon planar tran-
sistors of the ““overlay’’ emitter-electrode construction.
These transistors are intended for low-voltage, high-
power operation in amplitude-modulated class C amp-
lifiers. In addition to standard breakdown-voltage ratings,
the 40290, 40291, and 40292 transistors have rf break-
down-voltage characteristics which assure safe operation
with high f voltages on the collector. The 40292 tran-
sistors used in the final amplifier stage are 100-per-cent
tested for load mismatch at a VSWR of 3:1. During this
test, the transistor is fully modulated to simulate actual
operation for added reliability.

The amplifier is capable of delivering peak envelope
power of 40 watts at a modulation of 95 per cent with a
collector voltage of 12.5 volts-dc. Unmodulated drive of
5 milliwatts is required at the input. The over-all ef-
ficiency of the amplifier is 48 to 53 per cent, and the
envelope distortion is less than 5 per cent for amplitude
modulation of 95 per cent.

Load Mismatch Test

The suitability of 40292 transistors for use in the
output stages of amplitude-modulated transmitters is
determined by means of a load mismatch test which simu-
lates the adverse load conditions that may occur in
actual practice. The test setup is shown in Fig.3. The
choice of C and L inthe load circuit is dictated by practi-
cal values of these components. The circuit should
resonate with the variable capacitor half-way in. With a
variable reactive load, the impedance moves along the
outer circle of a Smith Chart so that the loading changes
between short and open circuit with intermediate values
of capacitive and inductive reactances. The VSWR at
the output of the transistor is limited to 3:1 by the 3-dB
pad inserted between the variable load and the output of
the test circuit. The transistor under test and the input
drive are modulated to assure that the transistor operates
near its full peak power capability.

At the start of the test cycle, the variable capacitor
begins to rotate through its 360-degree range. When the
capacitor plates are 50-per-cent engaged, the tuned
circuit resonates. The resonant circuit presents an
apparent short or open circuit to the 3-dB pad, depending
on whether the \/4 line is in or out of the circuit. All
intermediate positions present reactances of varying
amplitudes.

Output Power and Modulation

Because the only useful power in an AM transmitter
is sideband power, it is reasonable to use this power as

10-68
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2:50Q
f=118-136 MHz C20
Py=5mwW
z=500
O
Vee MOD. Vgc
+125V0C +12.5V DC
C; 300 pF, silver mica, ARCO,or equiv. Cyo ~8-60 pF, ARCO #404, or equiv. L, ~5.5T. #22-13/64" dia. Closely
1 P ' 20 2 Wound tap 2.0 T. Cambion
C, ~0.005 . F ceramic Ry --4700hms 0.5 W Ly -6T. 3{3{-}3/54" dia. interwind | IRN-9
- . core mat'|
C3 C4 C5 Gs C” 017 1000pF feedthrough RZ 1500 ohms 0.5W

L, —4T. #22-13/64" dia, interwind) ©F equiv.
w/L3

Cg CyC12C1g ~0.5 uF ceramic Ry ~47ohms0.5W
_ Lo ~5T. #22-13/64" dia, C.T. interwind
C; ~"50 pF, silver mica, ARCO,or equiv. R4 15 ohms 0.5W 5 W/L6
C10C13Cy5 82 pF, silver mica, Rg ~330hms 0.5W Lg —5T. #22-13/64" dia. interwind W/L5
ARCO, o0 iv.
~150 oF ‘IOI ' ?::W Ly —7T. #22-13/64"" dia, 9/19" R.F.C. —1T. #28 ferrite bead Ferroxcube
C14C16C1 ~150p ARCO.of ey, L. tap L5 T. #56-590-65/4B or equiv.

Fig.1 - A 40-watt peak enve lope power transistor amplifier.

TABLE | - PERFORMANCE FEATURES OR 40-WATT
PEAK ENVELOPE POWER TRANSISTOR AMPLIFIER

DCSupply Voltage 12.5 v
Peak Envelope Power 40 w
Modulation 95 %
Efficiency 48-53 %
Envelope Distortiﬁn for 95% AM <5 %
Second Harmonic >10 dB down

AVERAGE POWER Pay
AMPLITUDE=MODULATED 95 PER CENT

P e—
CARRIER POWER Pc

120 125 30 135 140
FREQUENCY—MHz

POWER OUTPUT—w
=

MODULATOR

SOURCE OF 118 MHz

'0"5 MODULATED DRIVE

Fig.2 - Typical output power as a function of frequency. . Fig.3 - Load mismatch test setup.
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a reference in evaluation of the transmitter. When a
single-tone sinusoidal modulating signal is used, the
total sideband power Pog in a modulated wave is given by

< m2 )

Peg = Pavl — = (¢)]
B

S| AV 2+m2

where Py is the average power and m is the modulation
index. This relationship is convenient to use because
P,y is easy to measure and

Pav
3

PSB =

for 100-per-cent modulation.

The performance of an AM transmitter can also be
expressed in terms of peak envelope power PPE. The
peak envelope power is equal to 2.66 Pyyin a 100-per-
cent modulated wave. The value of PPE indicates the
ultimate peak power-handling capabilities of the tran-
sistors being used.

It is unfortunate that carrier power is sometimes
used as a reference inevaluation of the performance of AM
transmitters, especially transistorized transmitters. Un-
like the sideband power Pgp, the carrier power Po doesnot
always have a definite relationship to Ppy and Ppg.
When the carrier is used for a reference, “carrier shift”’
and “‘upward modulation’’ must be considered. Use of
these terms in conjunction with Pc to define transmitter
modulation only complicates the definition of per-cent
amplitude modulation. For example, Fig.4 shows an

o O
Vear. Vmin. Vmax.
T - - T

Fig.4 - The amplitude modulated wave; Vegr is the
amplitude of carrier before modulation.

amplitude-modulated wave. The amplitude modulation
AM in per cent is defined as follows:

Al (Vmax * Vinin ) 100
=\ X 2
V max * Viin @

Use of this equation indicates that when Vipjy =0,
the wave is 100-per-cent modulated without reference to
the carrier. The following expressions are based on
carrier amplitude Vcqr or carrier power PC:

Vmax
AM = - 1> X 100 3)
vCal’
m2
Pav =Pc (1+7) @

These expressions contain the tacit assumption that
carrier level must not vary from the unmodulated state,
which may not be the case. If the modulation is adjusted
to 100 per cent by the use of Eq. (2) and PAy is measured,

_values can easily be computed forPgp, PpE, and even

Pe.

Design Considerations

The need for wideband performance in aircraft trans-
mitters precludes the use of sharply tuned circuits to re-
duce harmonic power in the output; instead, low-pass
filters are used. Any configuration of active devices
that reduces the harmonic content in the output helps to
ease the requirements placed upon these filters. One
such configuration is' a push-pull amplifier, which in-
herently has low even harmonics in the output. The
higher input impedance of a push-pull stage as compared
to a single-ended parallel combination of two transistors
is also advantageous for obtaining wider bandwidths be-
cause only one-half as much current is injected into the
input of push-pull transistors as:into parallel devices
during one-half cycle.

The coupling circuits in the amplifier of Fig.1 are
basically double-tuned interstage circuits, as shown in
Fig.5. “Ry and Cy represent the collector output re-

TRANSISTOR No.! TRANSISTOR No.2

Fig.5 - A double-tuned interstage.

sistance and the collector output capacitance of the
driver transistor. L; and R; represent the input series
inductance and the input series resistance of a tran-
sistor. (For simplicity, coil resistances are omitted.)
Q values for the two circuits shown in Fig.5 are ex-
pressed as follows:

Ry

@ = i ®)
L, +L;

Q, o@at Ly ®)

R;
For large ‘bandwidths, it is desirable that Qq be much
larger than Q. Lp, C2, and L; are series resonant at
some frequency f, within the bandwidth; Ly and Cy can
then be determined as follows:

Llcl =

@)
@2

In practice, the resonant frequency f, may not be exactly
the center frequency of the passband, but may tend
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toward the high end of the bandwidth to compensate for
degradation of the frequency response of the transistor
itself. Normally, thereis no problem obtaining relatively
high values of Q; because transistors have large col-
lector output resistance R;. However, it is more diffi-
cult to obtain a low value of Q2 in a transistor double-
tuned interstage circuit because high-power transistors
have low series input resistance Rj. Theontribution of
the inductive series input reactance L; may be sufficient
to raise the value of Q; to undesirable levels and thereby
limit the obtainable bandwidth.

This problem can be solved by use of an L-section
and its transforming properties. The inductive input
impedance of a transistor may be represented by the
solid lines of Fig.6.

The definite Q value associated with this input
impedance may be represented as Q;. If a capacitor C;
is addedto the transistor inpuf of Fig.6, as shown by the

) Li
RT-> ;":ci Ri
1

Fig.6 - Transistor input as an L-section.

dotted line, the resistance Rj can be transformed up by
the L-section to a new value R, as follows:

Rp+R; Q2 +1) ®

The value of the capacitor C; is calculated as follows:

1 L;
Ci= — = -
' wRp w22 +R? ®

When an L-section is used in conjunction with a double-
tuned interstage circuit, the value Q'z of the second
circuit is given by

, wLZ
% = = (10)

This value is, of course, lower than that shown in Eq.
(6). Consequently, an L-section can be used to match
resistances of not-too-different magnitudes and at the
same time maintain low values of Q. The value of L;
in the circuit is given by

R; Rp

Li:Z

-1 11

There are limits to the results that can be accom-
plished with this type of transformation. For some
combination of L; and R;, the required value of Cj may
be too large to be practically realizable. In addition,
Ry is a frequency-dependent parameter. For very low
values of Q;» the capacitor C; loses its effectiveness
because R becomes very nearly equal to R;.

388

Double-tuned interstage coupling circuits were used
throughout the amplifier shown in Fig.1. When it was
necessary to use a two-winding transformer, as in the
case of Tl and T2, bifiliar windings were employed for
tighter coupling. In other cases, autotransformers with
their high coefficient of coupling were used quite suc-
cessfully. Eq.(7) was used as the starting point for
determination of the inductances in the primaries of the
double-tuned interstages; the collector to base capaci-
tance CCBof the transistor was substituted for Cy. Turn
ratios were determined by the impedance levels to be
transformed. The load resistance Ry for each stage was

determined as follows: (VCC)2
R, - —— 12
2Po

where Ve is the collector supply voltage and P, is the
power output. The collector-emitter saturation voltage
is omitted for simplicity.

A single 40292 transistor is capable of delivering
6 watts of output power with an input of 2 watts and a
supply of 12.5 volts dc at 135 MHz. For these conditions,
the load resistance Ry, is given by

(12.5)2

L = 12 =13 ohms

This value of 13 ohms from one-half of the primary winding
of T is transformed to 50 ohms in the secondary winding.
This impedance levelallows the use of a 1:1 transformer,
which is convenient for bifilar winding. For 40292
transistors, R; is approximately 6 ohms and XL; is about
3 ohms. An L-section is used in the inputs to the 40292

transistors inthe push-pull amplifier. To maintain a low

value of Q;, the leads on the base-to-emitter capacitors
(C14 and Cyg) were kept short and the capacitors were
placed as close to the base and the emitter as possible.

The values of Cy4 and Cyg of Fig.1 were determined
empirically.  The effective capacitances may differ
appreciably from the nominal value of 150 picofarads shown.

Drive power of about 3 to 3.5 watts is required for
the push-pull amplifier. This power is provided by the
40291 driver transistor operating into a 24-ohm load,

(Vep)?
[ -

2P,
Because the input resistance to the driver is sufficiently
high (12 ohms), no L-section is used. The load re-
sistance for the 40290 pre-driver transistor is selected
to provide the required input to the driver of about 0.6
watt. The 100-milliwatt input required for the pre-driver
stage is supplied by.the 2N3866 class A input stage.
Again, a double-tuned interstage circuit is used for
coupling. The class A amplifier is biased to'a quiescent
current of 40 milliamperes for maximum gain, and has a
load line of approximately 300 ohms, which is computed
from

= (12.5)2/65J

Vee
Ic

13)

Rioad line =



An autotransformer is used to transform the 300-ohm
load down to about 12 ohms at the predriver. The input
of the 2N3866 stage is matched to the 50-ohm source.
This stage has a gain of about 13 dB which increases
the power from the 5-milliwatt input. The problem of
subharmonic generation was solved by use of cores in
the interstage transformers. Stable operation is obtained
if the stages are kept 1.25 inches apart.

The final amplifier and the driver are modulated
symmetrically about the carrier level. The predriver
is modulated more in a positive direction as a result
of the resistor-diode arrangement(R4,R5,D1,D2) shown in
the circuit diagram.

Several precautions should be taken to avoid con-
ditions which may lead to the destruction of transistors.
For example, over-modulation should not be allowedto
occur because excessive negative excursions of the
collector voltage may forward-bias the collector-to-base
junction to a destructive point.  Also, when a trans-
mitter is keyed off, a steady-state current flow of the
order of 2 amperes is suddenly interrupted in the modu-
lation transformer. The resulting transient voltages may
easily exceed the transistor breakdown ratings. Use of a
sener diode rated at twice the supply voltage in the
collector circuit provides a protection from this type of
transient. Finally, if the 3:1 VSWR in the output is
likely to be exceeded, a load-mismatch protective device
such as a VSWR. detector circuit (described in Ref.1)
should be used.

Performance and Adjustment

The curves of Fig.2 show typical values of average
modulated power Ppy at an amplitude modulation of

AN-3749
95 per cent, and carrier power Pc, as measured by a
a bolometer-type power meter. The peak envelope power

Ppg is computed as follows:

@+ m?

Ppg =P
PE-PAVv T 9

mla

Output- power variation across the aircraft band is about
0.5 dB for both curves shown inFig.2. Forthis perform-
ance, the coil Ly was stretched or compressed for maxi-
mum power output at 136 MHz and optimum bandwidth,
and the trimmer Cpq was adjusted for the best combi-
nation of output flatness and efficiency. Efficiency is
somewhat better at higher than lower frequency; harmonic
rejection is better at lower frequencies, and may be as
good as 20 dB. A spectrum analyzer is required for
detection of subharmonics when the slugs in Ly and Tg
are adjusted.

Conclusion

Because of the normal variation in the transistor
parameters, weaker drivers should bepaired with ““hotter’’
output transistors and vice versa for better uniformity in
the output power. Because of their adaptability to broad-
band circuits, low working voltages, and small size, the
above transistors are thelogical choice for aircraft trans-
mitters. The use of these transistors in aircraft trans-
mitter requires no expensive tuning mechanisms such as
those used with tubes that have inherently high-Q cir-
cuits and, consequently, narrow bandwidth.
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UHF Power Generation Using
RF Power Transistors

by H.C. Lee

One major usage of tf power transistors is in uhf/
microwave power generation. RF power transistors are
widely used for both narrowband and broadband power
amplification.  Transistors suitable for power ampli-
fication must be capable of delivering power efficiently
with sufficient gain at the frequency band of interest.
The usefulness of an rf power transistor is not measured
by its power-frequency product or its emitter geometry,
but rather by its ability to meet cost limitations and
over-all performance objectives including reliability re-
quirements in a given application or circuit.

This Note discusses the use of rf power transistors
in high-power generation that uses multiple transistors,
pulse operation, and broadband power amplifiers. Oper-
ational principles and design approaches for these appli-
cations are presented, and practical and reliability
aspects are discussed. The selection of an rf power
transistor for a given application involves two steps:
(1) determination of the rf capability of the device, and
(2) establishment of the- reliability of the device for its
actual operation.

RF Performance Criteria

The important rf performance criteria in transistor
power-amplifier circuits are power output, power gain,
efficiency, and bandwidth. State-of-the-art single over-
lay transistors, as shown in Fig.1, can now produce cw
power as follows:

Frequency Power  Gain Efficiency
(MHz) (W) (dB) (%)
76 100 7 90
400 50 6 70
1200 10 10 50
2300 7 6 40

When transistor performances are compared, it is important
to consider gain and efficiency, as well as power output
and frequency, because additional gain can be achieved
only at the expense of collector efficiency with the use
of additional transistors. Forexample, Fig.2 demonstrates
the use of two transistors which: have the same power
output, but different gain and collector efficiency. The
high-gain unit shown in Fig.2(a) is capable of delivering
an output of 2.5 watts at 1 GHz with a gain of 10 dB and
a collector efficiency of 50 per cent. The low-gain unit
shown in Fig.2(b) is also capable of 2.5 watts output at
1 GHz, but has a gain of only 5 dB and a collector ef-
ficiency of only 30 per cent. As shown in Fig.2, two
low-gain transistors are required to provide the same
performance as the high-gain, high-efficiency unit. Be-
sides the use of an additional transistor, the system of
Fig.2(b) requires twice as much dc power as that of
Fig.2(a). In this case, the additional gain of 5 dB is
achieved at the expense of 5.9 watts of dc power. From
the practical point of view, the system of Fig.2(b) is
more complex, and the dissipation of the output transistor
is higher.

Package Considerations

The package is an integral part of an rf power
transistor. A suitable package for uhf applications
should have good thermal properties and low parasitic
reactance. Package parasitic inductances and resistive
losses have significant effects on circuit performance
characteristics such as power gain, bandwidth, and
stability. The ‘most critical parasitics are the emitter
and base lead inductances. Table I gives the inductances
of some of the more important commercially available rf
power-transistor packages. Photographs of the packages
are shown in Fig.3. The TO-60 and TO-39 packages
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Fig.1 - State-of-the art power output of single rf power
transistor as a function of frequency.
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Fig.2 - A comparison of one-and two-transistor systems that have
the same output power but different gain and collector efficiencies.
TABLE | - Inductances of Packages shown in Fig.3.
Lead Inductances - nH
Package Le Ly
TO - 39 3 3
TO - 60 (isolated emitter) 3 3
TO - 60 (grounded emitter)(2N5016) 0.6 2
HF - 19 (hermetic stripline) Approximately Same
HF - 11 (coaxial case) (2N5470) 0.1 0.1
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JEDEC T0-39 JEDEC TO-60

HF-19
Hermetic Strip-Line Type
Ceramic-to-Metal Package
(Isolated Electrodes)

HF-11
Coaxial Package

Fig.3 - Commercially available tf power transistor packages.

were first used in devices such as the 2N3375 and the
2N3866. The base and emitter parasitic inductance for
both TO-60 and TO-39 packages is in the order of 3
nanohenries; this inductance represents a reactance of
7.5 ohms at 400 MHz. If the emitter is grounded in-
ternally to a TO-60 package (as in the 2N5016), the
emitter lead inductance can be reduced to 0.6 nanohenry.
The plastic stripline package (used in the 2N5017) has
an emitter lead inductance of 0.4 nanohenry and a base
lead inductance of 0.6 nanohenry. The main advantage
of the rf plastic package is that a substantial reduction
in parasitic inductance is achieved because the emitter
and base leads can be placed closer to the transistor
chip. Hermetic low-inductance radial-lead packages are
also available. The HF-19 package introduced by RCA
utilizes ceramic-to-metal seals and has rf performance
comparable tothat of antf plastic package. The parasitic
inductances can be reduced further in a hermetic coaxial
package. The HF-11 package used in the 2N5470 has
parasitic inductances in the order of 0.1 nanohenry.

Table II compares the performance of the TO-39
package, the HF-19 hermetric stripline package, and the
HF-11 coaxial package with the same transistor chip.
At a frequency of 1 GHz and an input power of 0.3 watt,

TABLE Il - Package Inductances with same transistor
chip.
Using Same Transistor Chip

f-GHz Pin-W Po-W P.G.-dB 7 (28 V)-%
TO - 39 1 0.3 1 5 35
HF - 19 1 0.3 1.5 7 45
HF - 11 1 0.3 2.2 8.6 50
HF - 11 2 0.3 1 5 35

the coaxial package performs significantly better than
either the stripline or the TO-39 package. The coaxial
package results in an increase of output power by a
factor of two as compared to the TO-39 package. In
addition, the coaxial-package transistor is capable of
delivering an output of more than 1 watt with a gain of
5 dB at 2 GHz. A well-designed coaxial package out-
performs any other rf package currently available.
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Reliability Consideration

When the rf capability of a transistor has been
established, the next step is to establish the reliability
of the device for its actual application. The typical
acceptable failure rate for transistors used in commercial
equipment is 1 per cent per 1,000 hours (10,000 MTBF);
for transistors used in military and high-reliability
equipment, it is 0.01 to 0.1 per cent per 1000 hours. Be-
cause it is not practical to test transistors under actual
use conditions, dc or other stress tests are normally used
tosimulate rf stresses encountered in class B or class C
circuits atthe operating frequencies. Information derived
from these tests is then used to predict the failure rate
for the end use equipment. The tests generally used to
insure reliability include high-temperature storage tests,
dc and tf operating life tests, dc stress s(tep tests, burn-
in, temperature cycling, relative humidity, and high-
humidity reverse bias. The end-point measurement for
these tests should include collector-to-emitter voltage
VeEo, in addition to the common end points collector-to-
emitter current ICEO’ collector-to-base voltage VCBO'
collector-to-emitter saturation voltage Vog(sat), power
output, and power gain.

One of the common failure modes in uhf/micro-
wave power transistors is degradation of the emitter-to-
base junction. The high-temperature storage life test
and the dc and tf operating life tests can excite this
failure mode. The failure mode can be detected by
measurement of VEBOQ, which is not included in most
life-test end-point specifications.

Plastic uhf power transistors are more sensitive
to emitter-to-base-junction degradation than similar
hermetic devices. It is believed that the enhancement
of this failure mode in plastic devices is caused by
moisture penetration into the very close geometries used
in uhf power transistors. Temperature cycling is also
a problem that affects the reliability of uhf plastic
power transistors because large thermal-expansion differ-
ences exist between the plastic and the fine bonding
wires (usually 1 mil) used in the devices.

UHF power transistors are complex electrical,
thermal, chemical, and mechanical systems. The well-



designed uhf power transistor is a systems solution to
the integration of these parameters. It appears that the
plastic environment is a less viable solution to this
systems problem than a hermetic approach. Although a
plastic environment has been an excellent systems
solution for low-frequency and vhf power transistors, in
which much larger bonding wires, metallic strips, and
rugged device geometries are used, it is not a completely
satisfactory solution for uhf power transistors.

Safe-Area Curves for RF Operation

The importtant parameters of a transistor which
are directly related to reliability and tf performance
include rf breakdown voltages, thermal characteristic,
and load-mismatch capability.

Although a safe-area curve to avoid second break-
down on the collector-current-vs-collector-to-emitter volt-
age (Ic - VCg) plane can be established for forward-bias
or class A operation, such a curve for class B, class C,
or pulsed operation is difficult to define because the
breakdown voltages under tf conditions are considerably
higher than the dc breakdown voltages, and the thermal
resistance is a function of Vo and I. The safe oper-
ating area for class B or C conditions at tf frequencies
is a function of these parameters, as well as the thermal
time constant of the device. In general, the safe oper-
ating area for class C or B operation can be expected to
be higher than that for dc conditions.

VSWR capability, or the ability of an rf power
transistor to withstand a high VSWR load, is another
important consideration. VSWR capability is a function
of frequency of operation, operating voltage, and circuit
configuration. A well-designed circuit operated at low
supply voltage at a frequency at which power gain is
not excessive is less prone to VSWR mismatch. Four
modes of difficulty are experienced in the load-mismatch
test, as follows:

(1) slow thermal failure as a result of low if swing
and very poor efficiency;

(2) high-speed failure as a result of the high
positive peak value of rf swing;

(3) an instability (non-destructive) which occurs
because the high value of Vog causes ava-
lanching (such a condition in the common-
emitter configuration produces a negative re-
sistance characteristic and results in a spurious
signal generator);

(4) an instability caused by the negative overswing
which can severely forward-bias the collector-
base junctionand trigger a low-frequency oscil-
lation which resembles a motorboating or
squelched oscillation.

Additional work is required for further characterization
of transistor parameters, as related to VSWR capability,
f breakdown, and safe operating area.
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Pulse Operation of RF Power Transistors

A large potential application for rf power tran-
sistors is in pulse equipments such as DME (distance
measuring equipment), CAS(collision avoidance system),
and radar. The ratio of peak to average or cw power
obtainable with a transistor is much less than that which
can be obtained with a vacuum tube because a transistor
is a current-amplification device, while a vacuum tube is
avoltage-amplification device. The ability of an rf power
transistor to deliver higher pulsed output power than cw
power depends on the transistor current-handling capa-
bility, thermal capability, and rf voltage capability. No
significant improvement in power output or gain can be
achieved if an f power transistor is operated under pulse
input conditions at the same supply voltage and the same
input power level used under cw conditions. Fig.4 shows
curves of peak output power as a function of duty cycle
for two transistor types: the 2N5016 measured at 225 MHz
and 400 MHz, and the 2N5470 measured at 2 GHz.
These measurements were performed with a constant
supply voltage of 28 volts and constant input-power
pulses of 5-microsecond duration applied at various
pulse repetition rates (PRR). At the same peak input
power level, the gain and power output remain approxi-
mately the same for duty cycles ranging from 100 per
cent (cw) down to 0.1 per cent.

Fig.5 shows the 2-GHz amplifier circuit used for
the measurements shown in Fig.4. The 2N5470 tran-
sistor is placed in series with the center conductor of
the line, or cavity, and its base is properly grounded to
separate the input and output cavities. The input section
consists of a 20-ohm line section and a capacitance Cy.
The output section consists of a 36-ohm line section and
capacitances Cy and Cj. Direct coupling is used at both
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Fig.4 - Peak output power as a function of duty cycle
for the 2N5016 and 2N5470 transistors at selected
frequencies.
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INPUT AND OUTPUT CHOKES
WIRE DIA.=10 MILS, APPROX

3 TURNS,0062" 1D, FEEDTHROUGH - ouTPUT
COIL LENGTH=3/16 CAPACITOR 1000 PF Jonanson
A N-BRADLEY FB2B) HAN:
(ALLEN SR AR, No. 4701
OR _EQUIV.
7
J BERYLLIUM OXIDE WASHER
TYRE o509,50 JOHANSON
50-045-0000 OR EQUIV. 0.040" THICKNESS o R,
(BOTH INPUT AND OUTPUT)

Fig.5 - A 2-GHz coaxial amplifier circuit that uses
2N5470 transistor.

input and output. Fig.6 shows the 400-MHz lumped-
element amplifier circuit used for the 2N5016 pulse
measurements.

Pout
(z,=500)

C; =1to 10 pF, piston capacitor
02,03,04,05,06 =1to 30 pF, piston capacitors

C7 =0.01 uF, disc, ceramic
C8 =1000 pF, feedthrough
L1 =1/4-inch 0.D. copper tubing; 1-1/4-inches long

L2 =12 uH, choke

L3 =0.27 ohm, wire wound

L4 =1/8-by 1/32-by 5/8-inch long copper strip

L5 =1/4-inch 0.D. copper tubing, 2-1/4-inches long
Note 1 - L1 and L5 are mounted coaxially within a

1-5/8-by 1-5/8-by 6-inch box.
Note 2 - For optimum performance C8 should be mounted

between emitter and base with minimum lead lengths.
Fig.6 - A 400-MHz amplifier circuit that uses a 2N5016

transistor.

The major difference between cw and pulse oper-
ation, however, is that the input drive level can be
increased substantially under pulsed input conditions.
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Fig.7 shows peak power output as a function of duty
cycle for the 2N5470 at a frequency of 2 GHz and a
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Fig.7 - Peak output power as a function of duty cycle
for the 2N5470 transistor operating at 2 GHz.

constant supply voltage of 28 volts with input power as
a parameter. Under cw operation in the 2-GHz amplifier
circuit shown in Fig.5, an increase of input power from
0.3 to 0.5 watt does not result in an increase of power
output, i.e., the power output seems to be saturated at
1.1 watts. However, under pulsed input conditions of
5-microsecond pulse duration and 10-per-cent duty cycle,
the output power increases substantially from 1.1 watts
to 1.9 watts as the input power increases from 0.3 to 0.7
watt. These requirements indicate that the power input
to the 2N5470 transistor at 2 GHz under cw conditions
is limited by thermal capability rather than by peak
current or periphery. This transistor appears to be
capable of operating at much higher peak current under
pulse conditions than would be permissible under cw
conditions. This improvement is possible because the
pulse duration of 5 microseconds is probably smaller
than the thermal time constant of the transistor, and the
junction temperature is more a function of average device
dissipation than of peak dissipation. A similar im-
provement in peak power output and gain can be ob-
tained by pulse operation of the 2N5016 at 225 MHz, as
shown in Fig.8, but the improvement is not as great as
that obtained for the 2N5470.
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Fig.8 - Peak output power as a function of duty cycle
for pulse operation of the 2N5016 transistor at 225 MHz.
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A second major difference between cw and pulse
operations is that a transistor can be operated at much
higher voltage under pulse conditions. Fig.9 shows
peak power output as a function of supply voltage Voo
for the same transistor types (the 2N5016 measured at
225 MHz and 400 MHz, and the 2N5470 measured at
2 GHz). These measurements were performed with con-
stant peak input power pulses at 1-per-cent duty cycle
and S-microsecond pulse duration. At an input power
level of 0.5 watt, the 2-GHz power output of the 2N5470
increases from 1.9 watts at 28 volts to 2.5 watts at 45
volts. At an input power of 9 watts, the 400-MHz power
output of the 2N5016 increases from 25.5 watts at 28
volts to 40 watts at 45 volts. At 225 MHz, the increase
in power is even greater. These results indicate that

60
znso'l,le,h szv.;n MHz, /

50 PN

40
o
<
= 2N5016,f=400 MHz,
| 30 PiN:O W
£ N
a
§ 20 el I
= IN EVERY CASE
w PULSE DURATION=5 uS
H DUTY CYCLE=1%
a 10
g
w
g

4 2N5470,f22GHz, T |
PIN=0.5W
2 | J
| — J

15 20 25 30 35 40 a5 50 55
SUPPLY VOLTAGE (V¢c)-VOLTS

Fig.9 - Peak output powerasa function of supply voltage
Ve for the 2N5470 and 2N5016 transistors at selected
frequencies.

tf power transistors can be operated at much higher volt-
age under pulse conditions, and, consequently, can
deliver more pulsed power. It appears that rf power tran-
sistors can withstand much higher voltage under short-
pulse conditions without operating in the second-break-
down region. The average current resulting from short-
pulse operation is much lower than that of cw operation.

Broadband Power Amplifier

RF power transistors are often used in broadband
amplifier circuits for commercial and military appli-
cations. Transistor transmitters are superior to tube
transmitters with respect to broadband capability, re-
liability, size, and weight. The aircraft communication
bands of 116 to 152 MHz and 225 to 400 MHz are of
interest for both military and commercial applications.
Another area of interest is ECM (electronic counter-
measures) applications. Transistors suitable for broad-

band applications must be capable of providing both the
required power output within the entire frequency range
of interest and constant gain within the passband. The
bandwidth of a transistor power amplifier is limited by
the following: intrinsic transistor structure, transistor
parasitic elements, and external circuits such as input
and output circuits.

Intrinsic Transistor Structure

The parameters which determine the inherent band-
width of a transistor intrinsic structure are the emitter-
to-collector transit time, the collector depletion-layer
capacitance, and the base-spreading resistance. The
emitter-to-collector transit time, which represents the
sum of the emitter-capacitance charging delay, the base
transit time, and the collector depletion-layer transit
time, affects the over-all time of response to an input
signal. Of particular importance is the emitter-capaci-
tance charging delay, which is current-dependent and
equal to 1/fp, where fr is the gain-bandwidth product
of the transistor. A high f is essential for broadband
operation; in addition, a constant fr with current level
is required for large-signal operation. The ratio of the
fr to the product of the base-spreading resistance and
the collector depletion-layer capacitance (r,C..) comprises
the gain function of a transistor.

Under conjugate-matched input and output con-
ditions, the power gain as a function of frequency (which
is equal to fT/Sﬂfzrch) falls off at a rate of 6 dB per
octave. In a power amplifier, the power gain usually
decreases by less than 6 dB per octave, as shown in
Fig.10(a), because the load resistance Ry, presented to
the collector is not equal to the output resistance of

FALL OFF OF
6 d8 TO 3dB PER OCTAVE

POWER OUTPUT OR POWER GAIN

|
|
|
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L
£,
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(b)

Fig.10(a) - Output power as a function of frequency in
a power amplifier; (b) equivalent broadband amplifier.
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the transistor, but is dictated by the required power out-
put and the collector voltage swing. The curve in
Fig.10(a) indicates that one approach for achieving a
broadband transistor amplifier is to optimize the matching
at the higher end of the frequency band and to introduce
mismatch in the input, or output, or both at the lower
end of the band so that a constant power output is ob-
tained from f] to fZ' as shown in Fig.10(b). The power
output that can be obtained in a transistor broadband
amplifier is comparable to that measured at the high end
of the band in a narrowband amplifier; efficiency and
power gain are slightly lower than in a narrowband
amplifier because the load and source impedance cannot
be ideally matched to the transistor over a broad fre-
quency band.

The disadvantage of this approach for broadbanding
is the relatively high input VSWR at the low end of the
band. A more sophisticated approach for achieving
broadband performance is to consider the intrinsic tran-
sistor structure, the transistor parasitic elements, and
the external circuits as part of the over-all band-pass
structure, in which the input and output circuits are
coupled together by the transistor feedback capacitance.
This combined structure reproduces the power-output or
powergain curve of Fig.10(a) from f] to fy. Extemal
feedback is then applied to control the input drive to
flatten the power output over a broad frequency band.

Parasitic Limitations

Any discrete transistor contains parasitic elements
which impose further limitations on bandwidth. The most
critical parasitics are the emitter lead inductance Le and
the base inductance Ly. These parasitic inductances
range from 0.1to 3 nanohenries in commercially available
if power transistors. In the simple representation of a
common-emitter equivalent transistor input circuit at high
frequency showninFig.11, the inductance Ly represents

Lin

Zin—» Rin

Fig.11 - Equivalent input circuit of an rf power transistor.

the sum of the base parasitic inductance and the re-
flected emitter parasitic inductance, and R, is the
dynamic input resistance. The real part R, is inversely
proportional to the collector area and, therefore, the
power-output capability of the device; the higher the
power output, the lower the value of Ry,- A low ratio
of the reactance of Lin to Ry, is important as the first
step in broadbanding and for ease of circuit design.
Unless the reactance of L;p is appreciably lower than
the input resistance Ri,, the reactance must be tuned
out and thus the bandwidth limited.
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External Circuits

For a broadband amplifier circuit to deliver con-
stant power output over the frequency range of interest,
a proper collector load must be maintained to provide
the necessary voltage and current swings, and the input
matching network must be capable of transforming the low
input impedance of the transistor to a relatively high
source impedance.

Suitable output circuits for broadband amplifiers
include constant-K low-pass filters, Chebyshev filters
(both transmission-line and lumped-constant), baluns,
and tapered lines. Fig.12(a) shows a conventional
constant-K low-pass filter. The input impedance Z11
is substantially constant at frequencies below the cut-
off frequency we = 1/ LgCk- A constant collector
load resistance can be obtained if the shunt arm (1-1)
of Ck is split into two capacitances, as shown in
Fig.12(b); part of the capacitance represents the Cop of
the transistor, and the other part has a value which
makes the total capacitance equal to Ck. Further im-
provement of bandwidth can be obtained by cascading
of more sections.

Fig.12(c) shows a short-step microstrip impedance
transformer which consists of short lengths of relatively-
high-impedance transmission line alternating with short
lengths of relatively-low-impedance transmission line.
The sections of transmission line are all exactly the
same length; the length of each is A/16. A constant
load resistance can be maintained across the collector-
emitter terminals over a wide frequency band if the
circuit is desiined to have a Chebyshev transmission

characteristicl:2, Fig.12(d) shows a lumped-equivalent
1 Lk 2 Lk
2z, Ck Ok Ry Ck 2RL
L.
1]
i K 1 Ck
t
Li=RL fuc i ==
¢
Ck=1/wgRL “=Cob)
= |
(@) <
(b)
R
R

(d)

(c)

Fig.12(a) - A conventional constant-K low-pass filter;

(b) a method of obtaining a constant-collector load

resistance; (c) a short step microstrip impedance trans-

former; (d) a lumped-equivalent Chebyshev impedance
transformer.



Chebyshev impedance transformer which consists of a
ladder network using series inductances and shunt
capacitances. Transmission-line as well as strip line
baluns with different step-down ratios (4:1, 9:1, 16:1)
can also be used in the output to provide the broadband
impedance transformation.

One difficulty in broadbanding a transistor power
amplifier is to maintain the desired bandwidth in an
input circuit which provides the required impedance
transformation from the extremely low input impedance
of a transistor to a relatively high source impedance.
The design of the input circuit depends on the approach
chosen: optimizing the matching at the high end only,
or using the transistor parasitic elements as part of a
low-pass structure. A simple way of optimizing the
matching at the high end is to introduce a capacitance
between the base and the emitter terminals of the tran-
sistor totune out the reactive part of the parallel equiva-
lent input impedance of the transistor. The networks in
Fig.13 show that the lower the inductance L, or Qjn,
the less frequency-sensitive is the equivalent parallel
resistance Req' This arrangement also provides a first
step-up transformation for the real part of the input im-
pedance of the transistor. When a capacitance is con-
nected to the network of Fig.13(a), the circuit has-the
same form as a half-section of a constant-K low-pass
filter. If the cutoff frequency w, = 1/‘ﬁ‘in_c is high as
compared to the frequency of interest (f; in Fig.10), the
total input impedance of the transistor input and the
capacitance C combination is approximately equal to
R;,/ (1-@2/@'02) and is constant if (ccz/a‘cz) / /1.

The remaining step is to design a proper network
to provide the necessary impedance transformation over
the entire frequency band. Circuits suitable for the
input include multi-section constant-K filters, Chebyshev

8 Lin
Xin=wkin
R
" Qin=Xin/Rin
3
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Req =Rin(1+Qin?)
Xe,
a Xoq=Xinll+ =)
e ea”Xinll* 57
O
(b)
B8
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Fig.13(a) - Series equivalent input circuit of an rf power
transistor; (b) equivalent parallel input; (c) equivalent
parallel input circuit with external base-emitter
capacitance.

AN-3755

filters, and tapered lines. A more sophisticated approach
to obtain a broadband transformation in the input is to
treat the parasitic inductance Li, of Fig.11 as part of
the transformation network. For example, Lin can be
considered as one arm of the Chebyshev low-pass filter
of Fig.12(d). For a given bandpass characteristic, the
number of sections increases with the value of L;,.
Again, therefore, low package parasitic ‘inductance is
important.

The 2N5919 Transistor

At present, plastic uhf power transistors are used
exclusively in 225-to-400-MHz broadband applications.
UHF plastic packages have substantially lower para-
sitic inductances than either TO-60 or TO-39 packages,
as discussed previously.

The introduction of the RCA hermetic low-in-
ductance stripline package makes it possible to design
broadband power amplifiers without compromising re-
liability. This new radial-lead package utilizing ceramic-
to-metal seals is superior to uhf plastic packages in two
respects: it has lower parasitic inductances, and it is
hermetically sealed. For example, the RCA-2N5919 tran-
sistor, first in a series of hermetic radiallead devices,
has a dynamic input impedance of 1.5 + j1.2 at 400 MHz.
Fig.14 shows typical curves of power output and efficiency
as a function of input power for the 2N5919 ata frequency
of 400 MHz and a collector-to-emitter voltage of 28 volts.
This transistor is capable of delivering an output of
19 to 20 watts with gain of 6.5 dB and collector
efficiency approaching 70 per cent at 400 MHz. One
important feature of this device is that the power gain
is linear with 1.6 dB at power levels between 7 and
20 watts. The 2N5919 is also capable of an output of
20 watts with gain of more than 10 dB at 225 MHz, as
shown in Fig.15.

High-Power Generation

When more if power is required than can be pro-
vided by a single transistor, combining techniques
must be used. Two of the more commonly used methods
of combining transistors to obtain high power are: 1)
the ‘‘brute-force’’ method of paralleling several tran-
sistors at a single point, and (2) the use of hybrids to
combine several individual amplifier chains or modules.

RF power transistors can be directly paralleled at
a single point, as shown in Fig.16. All collectors and
bases are connected together, and a single input matching
circuit and a single output matching circuit are used.
Although this arrangement offers circuit simplicity, it
has several disadvantages. First, the transistors used
must be matched for power output and power gain at the
desired frequency to obtain good load sharing. Second,
direct paralleling of a large number of transistors at a
single point leads to poor reliability; a failure of one
transistor usually ‘causes a total failure of the over-all
amplifier circuit.
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inthe inductor at 400 MHz is 1.6 ohms (Ryoss = «L/Q).
This rf loss increases as more transistors are paralleled.
Consequently, the total power output which can be
obtained from several transistors paralleled at a single
point is less than the calculated total power output.
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Fig.17 shows the paralleling efficiency as a function of
the number of transistors in direct paralle13. Paralleling
efficiency is defined as the ratio of the measured total
power output to the calculated total power output (i.e.,
the number of units multiplied by the power output of an
individual unit). The paralleling efficiency decreases
rapidly as the number of transistors increases. For
example, when the 2N5016 is used at a frequency of
400 MHz and a collector-to-emitter voltage of 28 volts,
the paralleling efficiency is 95 per cent for two tran-
sistors connected in parallel, 90 per cent for three trans-
sistors, 85 per cent for four units, and 55 per cent for
eight units.
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Fig.17 - Efficiency as a function of the number of tran-
sistor in parallel.

Most of the disadvantages of the ‘‘brute-force”
direct-paralleling method can be avoided by a more
sophisticated approach, shown in Fig.18, in which
several amplifier modules or chains are combined by
the use of an input hybrid divider and an output hybrid
combiner. This arrangement provides a reliable and
efficient method of achieving high vhf/uhf power. Re-
liable operation results because of the isolating proper-
ties of the hybrid. A failure of one amplifier chain or
module reduces the total power output, but does not
cause failure of the other amplifier chains or modules.
in addition, this arrangement provides a highly efficient
method of combining vhf/uhf power because the insertion
loss of a hybrid is small.

AMPLIFIER
i

AMPLIFIER
2

AMPLIFIER
3

Fig.18 - Use of hybrids to combine several individual
amplifiers.

QUTPUT

HYBRID
DIVIDER

HYBRID
COMBINER

A hybrid is an n-port network used as a constant-
impedance circuit for power summing and dividing. It
maintains phase and amplitude equality between any
number of outputs, and also provides isolation between
matched outputs. Fig.19(a)shows atwo-way transmission-
line hybrid power divider which consists of two quarter-
wave transmission lines, each having a characteristic
impedance of Z, = 2 Ro.4 The generator port 1 and
distribution ports 2 and 3 are terminated by resistors
Ry, A lumped resistor of value R is connected from
each of the distribution ports to a common point. When
a signal is fed into the power divider (port 1), it divides
by virtue of symmetry into two equiphase and equi-
amplitude ports. Nopoweris dissipated by the resistance
R when matched loads are connected to the outputs be-
cause port 2 and 3 are at the same potential. The input
(port 1) of the power divider is also matched when the
conditions for isolation between the two outputs are
satisfied. The input impedance of port 1 is the parallel
combination of the two output loads R, after each has
been transformed through a quarter-wavelength of the
line Z,. If a reflection or mismatch occurs at one of
the output ports, the reflected signal splits; part travels
directly to the input, splits again, and then returns to
the remaining output port. Thus, the reflected wave
arrives at the remaining output port in two parts; the
path-length difference between the two paths of travel
is 180 degrees out of phase when the lines are A/4 in
length. The value of the resistor R is properly chosen
(R =R) so that the two parts of the reflected wave are
equal in amplitude and 180 degrees out of phase; thus,
complete cancellation occurs. The hybrid shown in
Fig.19(a) can also be used as a two-way combiner (i.e.,
power introduced at ports 2 and 3 will combine or add
at port 1). The lumped equivalent of the quarter-wave
transmission-line hybrid is shown in Fig.19(b).

I-uoon
(b)

Fig.19(a)-A two-way, transmission-line, hybrid power
divider; (b) a lumped-constant equivalent of this power
divider.
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The technique illustrated in Fig.19 can be ex-
tended to an n-way power divider or combiner, as shown
in Fig.20.4 The characteristic impedance of each quar-
ter-wave line should have a characteristic impedance of
Zy = /n R, and the resistor R should have a value of

o

Zo%[nRo

Fig.20 - N-way, quarter-wave hybrid.

Fig.21(a) shows another hybrid, the 6 \/4 ring.
Each port is separated from the adjacent port by a \/4
section, except for the 3 A/4 section between ports 3
and 4. Because of this arrangement, power introduced
at port 1 appears at equal levels at the adjacent ports
(2 and 4), but does not appear at the opposite port 3.
In a similar way, power introduced at ports 2 and 4
combines or adds at port 1.

The VSWR and the isolation of both the 6 N/4
hybrid ring of Fig.21(a) and the A/4 hybrid of Fig.20
are sensitive to frequency deviations. A version of the
hybrid ring which is less sensitive to frequency deviation
is the quadrature hybrid. shown in Fig.21(b), in which the
3 A\/4 amm of the 6 A/4 hybrid ring is replaced by a
frequency-insensitive reversal of phase. Because the

INPUT (a)

sienaL U
><—3dEI

(b)
Fig.21(a) - A 6 \/4 ring hybrid; (b) a quadrature hybrid.

—®) 172 INPUT fO°

—® 172 InPUT/90°

ISOLATED (4
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balance of this ring is not a function of frequency, its
bandwidth can be expected to be wide. The quadrature
hybrid accepts an input signal at any of its four ports,
and distributes half to a second port and half to a third
port with 90-degree or quadrature phase difference. The
fourth port is isolated.

The choice between hybrids and single-point paral-
leling for high-power generation depends on the required
over-all performance, size, and cost. The most effective
system usually employs hybrids to combine several ampli-
fier chains in which several transistors are connected
in parallel. Consideration must be given to both the
paralleling efficiency (shown in Fig.17) and the insertion
loss of the hybrid. As a rule of thumb, direct single-
point paralleling should be used for applications in which
maximum power output is essential up to a point where
the reduction of output power caused by decreasing
paralleling efficiency approaches that results from
the insertion loss of the hybrids. Fig.22 demonstrates

AMPLIFIER MODULE

[ et e |
—
— M H
M

Fig.22 - Block diagrams of single-point paralleled and
hybrid systems used to generate 200 watts of cw power
at 400 MHz.

-

INPUT OUTPUT

HYBRID DIVIDER
HYBRID COMBINER

the use of such techniques to generate cw power of 200
watts at 400 MHz. The system consists of a four-to-one
hybrid divider, four amplifier chains or modules, and a
four-way hybrid combiner. Each individual amplifier
module utilizes four 2N5016 units connected in parallel
and driven by a single 2N5016. With a supply voltage
of 28 volts, each module is capable of delivering output
power of 54 watts at 400 MHz with gain of 12.4 dB and
collector efficiency of 50 per cent. The four-to-one
hybrid combines the output of four modules to produce
cw power of 200 watts at 400 MHz.

A similar technique has been used successfully
to generate cw power of more than 1000 watts at 400 MHz
by use of sixty-four 2N5016 units, and power of 10 watts
at 2.3 GHz by use of sixteen 2N5470's.5 The use of
hybrids in conjunction with single-point paralleling has
become an. accepted technique for generating vhf/uhf
high power. Such techniques are now found in practical
systems that deliver output power up to 300 watts in the
low uhf range.
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Microwave Amplifiers and Oscillators
Using the RCA-2N5470
Power Transistor

by

G. Hodowanec, O. P. Hart, and H. C. Lee

The RCA-2N5470, the first commercially available
1-watt 2-GHz coaxial transistor, is designed for use in
uhf/microwave power amplifiers, microwave funda-
mental-frequency oscillators, and frequency multipliers.
Projected uses of this device should include sophisti-
cated military and commercial applications such as L-
and S-band’power circuits, small-signal amplifiers, and
microwave power oscillators.

This Note describes the capabilities and some of the
uses of the 2N5470 in uhf/microwave amplifiers and
oscillators which are the essential building blocks for
solid-state microwave, radiosonde, and S-band teleme-
try equipment. Device and package construction and
reliability considerations are discussed along with large-
and small-signal operation at microwave frequencies.
Detailed designs and performance data are given for
practical circuits incorporating the 2N5470,

Device and Package Construction

An efficient microwave power transistor has a sur-
face geometry and cross-sectional structure optimized
for gain at a specific frequency, and is enclosed in a
low-loss low-inductance package. The surface geometry
of the 2N5470 is optimized for gain at 2 GHz; a 16-
emitter-stripe overlay geometry is used in conjunction
with shallow diffusions and thin epitaxial material. Al-
though emitter and collector areas are minimized,
enough emitter periphery is maintained to insure ade-
quate current-handling capability at microwave fre-
quencies. .

The 2N5470 is hermetically sealed in the specially
designed coaxial package shown in Fig. 1. This pack-
age is mechanically strong and has low parasitic induc-
tance, low interelectrode capacitance, and good thermal

properties. The top section of the package consists of
a solid silver stud that serves as the collector terminal.
An A1,0, disc insulates the collector from the gold-
plated Kovar flange which serves as the base terminal.
Another A1,0, disc separates the base flange and the
gold-plated nickel emitter cap.

L ‘/ COLLECTOR

EMITTER

Fig. 1 - Specially designed, hermetically sealed, coaxial
package for the 2N5470 rf power transistor.

Fig. 2 shows the bonding arrangement for the
2N5470. The pellet is mounted on the collector stud
and is oriented to allow for two emitter- and two base-
lead connections. Because each pair of leads is 180
degrees apart, mutual coupling is minimized between
the leads and lead inductance is decreased. The base
flange shields the collector output circuits from the
emitter input circuits. The base parasitic inductance
is of the order of 0.1 nanohenry; the emitter parasitic
inductance is slightly higher. The interelectrode capaci-
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tances are 0.7 picofarad between collector and base,
1.5 picofarads between emitter and base, and 0.1 pico-
farad between collector and emitter. The extremely low
parasitic feedback capacitance between collector and
emitter makes the 2N5470 an ideal device for ampli-
fier applications. In oscillator applications, the feedback
required to sustain oscillation must be provided ex-
ternally between collector and emitter.

soLo-
PLATE| ULTRASONIC
'ég"‘" EMITTER BOND
FLANGE

ULTRASONIC

BASE BOND

CERAMIC
INSULATOR

Fig. 2 - Bonding arrangement for the 2N5470.

RF Performance of the 2N5470

The introduction of the RCA-2N5470 transistor
makes possible the design of class C amplifier circuits
which supply a minimum power output of 1 watt at a
frequency of 2 GHz with gain of 5 dB and collector
efficiency of 35 per cent, or 2 watts at 1 GHz with
gain of 10 dB and collector efficiency of 50 per cent.
Fig. 3 shows typical power output and power gain as
functions of frequency for a 2N5470 transistor in a

24 T v T v 10
COLLECTOR-TO-BASE VOLTAGE = 28 V
POWER INPUT = 0.3 W
2 t f t 8
3
1 i
1 6
§ ho"é“q \ g
5 oy; «
32 RO 4l
§ 4
2os| 2
04 o
[ 12 14 16 18 2 22 24

‘FREQUENCY —GHz

Fig. 3 - Power output and power gain as functions of
frequency for a 2N5470 in a common-base amplifier
configuration.

common-base amplifier configuration. Fig. 4 shows
power output as a function of collector-to-base voltage
at 2 GHz for a 2N5470 in the same configuration. The
2N5470 provides higher gain and is more stable in the
common-base amplifier configuration than in the com-
mon-emitter configuration.

"POWER INPUT=03W
FREQUENCY = 2 GHz
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Fig. 4 - Power output as a function of collector-to-base
voltage at 2 GHz for a 2N5470 in a common-base
amplifier configuration.

In both high-power and small-signal operation at uhf
and microwave frequencies, package parasitics must be
considered an integral part of the transistor character-
istics. In a common-emitter configuration, the relatively
high extrinsic collector-to-base feedback capacitance
can produce a negative input impedance. However, the
degenerating effect of the emitter parasitic inductance
helps to stabilize the feedback effect. The extrinsic
collector-to-base feedback of the transistor chip can
be overcome by use of the transistor in a common-base
configuration in which the extrinsic collector-to-base
capacitance is in shunt with the output circuit. In such
arrangements, however, the degenerating effect of the
base parasitic inductance can also produce a negative
input impedance. Therefore, common-base operation of
a transistor is possible only when the base-lead induc-
tance is minimized as in the 2N5470.

An additional advantage of common-base operation
of the 2N5470 is that burn-outs due to low-frequency
oscillation are minimized. Low-frequency oscillations
can occur in microwave transistors in any configuration
because the gain of the transistor is much higher at
low frequencies than at the operating frequency; how-
ever, the common-emitter configuration is particularly
susceptible to the production of low-fréquency oscilla-
tions because the gain at low frequency is much higher
than that of the common-base configuration and the
highly capacitive base-emitter junction and the input
1f choke form a resonant circuit at low frequency. Low-
frequency instability is minimized in the common-base
configuration because the power gain of the transistor
is substantially lower in this configuration than in the
common-emitter configuration.
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Because the 2N5470 is a stable amplifier device,
fundamental-frequency oscillation must be sustained
by the use of external feedback. In fundamental-fre-
quency oscillator circuits such as those described in this
Note, the 2N5470 can provide an output of 0.5 watt
at 2 GHz and 1 watt at 1 GHz. The 2N5470 can also
be used in class A linear amplifiers in which a wide
dynamic range is required. Forward bias of the emitter-
to-base junction is required for operation at input power
levels below 50 milliwatts. When forward-biased, the
2N5470 should be operated at a supply voltage less
than the 28 volts normally used for class C operation.
The exact voltage value depends on the collector
current to be used.

Reliability

Reliability of the 2N5470 is assured through environ-
mental and mechanical tests including temperature-
cycling, moisture-resistance, shock, constant-accelera-
tion, vibration-fatigue, and vibration variable-frequency
tests. Life tests include high-temperature storage, dc
operation, and rf operation at 2 GHz. The rf life-test
arrangement, shown in Fig. 5, consists of a 2-GHz
fundamental-frequency oscillator with an output of 300
milliwatts followed by a 2-GHz amplifier with an out-
put power of 1 watt.

2-GHz
AMPLIFIER

03 WATT [ WATT

2-GHz
OSCILLATOR

DC
SUPPLY

Fig. 5 - RF life-test arrangement for the 2N5470.

Large-Signal Amplifier Operation

The design of any large-signal rf power-amplifier
circuit involves two steps: (1) the determination of
load and input impedance under dynamic operating
conditions, and (2) the design of properly distributed
filtering and matching networks required for optimum
circuit performance.

The large-signal impedances for the RCA-2N5470
transistor shown in Fig. 6 were measured under con-
ditions of optimum circuit performance with the tran-
sistor connected in the common-base configuration.
Slotted-line impedance determinations were made over
the range of 1 to 2.3 GHz. Confirming vector voltmeter
measurements were also made in the range of 1 to 1.4
GHz.

Microwave Power-Amplifier Design

One-step transformation network designs can be used in
most narrow-band amplifier applications. However, most
broadband amplifiers require two or more step transform-
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Fig. 6 - Dynamic impedance as a function of frequency for
the 2N5470 in a common-base configuration.

ations capable of transforming a large impedance ratio
over a wider frequency range. In both instances, distrib-
uted-line design techniques are preferred.

The use of quarter-wave or eighth-wave uniform
transmission-line techniques results in simplified cir-
cuit designs which yield performance advantages. For
example, quarter-wave transformer techniques may be
used to transform the small, real parts of the dynamic
impedances of the 2N5470 closer to that of the source
(or load) resistance provided that the reactive parts
of the impedances are tuned out. When the character-
istic impedance of an eighth-wave line section is made
equal to the magnitude of the complex terminating
impedance, a complex impedance can be transformed
to a real value with minimum line VSWR and, thus,
minimum line loss. In some cases, it is advantageous
to use shorter line sections which may transform a
complex impedance directly to 50 ohms, where feasible,
or to 50 ohms with an imaginary component which can
be tuned out. Because the line lengths are generally very
short, the higher line VSWR’s in such cases do not
necessarily result in excessive line losses. A Smith
Chart is useful in determining the line lengths.

Direct complex-to-50-ohm transformations (by use
of transmission-line techniques) usually have a 3-dB
bandwidth of 10 per cent. When an additional trans-
formation step is needed (e.g., a reactive divider net-
work may be needed to match a real component which
is not exactly 50 ohms to the 50-ohm source or load),
the 3-dB bandwidth is generally reduced to about 5 to
6 per cent. Tapered transmission lines may be used for
wider frequency-band response; these lines can be
tapered directly to a desired real impedance. In addi-
tion, because of the nature of the TEM mode of
propagation in these lines, substantial reductions in line
lengths are possible. However, techniques required to



accomplish this transformation are complex and only
a circuit description is given in this Note.

The design principles discussed thus far are illus-
trated in the circuit designs given in the following

pages.

2-GHz Coaxial-Line Power Amplifier
A coaxial-line circuit using the 2N5470 at 2 GHz

is shown in Fig. 7. This circuit operates at 28 volts and

can develop a power output of 1.2 watts with a drive
power of 0.3 watt. Collector efficiency is in the order
of 40 per cent. The coaxial transistor is in series with
the center conductors of the coaxial air lines, and the

TYPE
50-OHM 2N5470 ¢ 50-0HM
INPUT 2 OUTPUT
©

Cy—0-10 pF; Johanson 4355 or equiv.

C2—0.35-3.5 pF; Johanson 4701 or equiv.

C3—0.35-3.5 pF; Johanson 4702 or equiv.

C4— 1000 pF, feedthrough; Allen-Bradley FB2B or equiv.

RE chokes — 3 turns No. 30 wire, ¥i¢ in. (1.59 mm) 1D, e in. (475
mm) long

Ly Ly — coaxial lines; see Fig. 8 for details

Fig. 7 - A 2-GHz coaxial-line power-amplifier circuit.

base is grounded in such a way that the input and
output lines are separated as shown in Fig. 8. In Fig. 7,
the input line L; has a characteristic impedance Zo of
20 ohms and is approximately 0.80 inch long. This line
length (including the effects of the capacitive loading
at the base flange and the fringe line effects introduced
by capacitor Cy) is 0.21A¢ (where A is the wavelength
for a given circuit) and transforms the input imped-
ance of 7.5 + j8 ohms to about 53 ohms of real
INPUT AND OUTPUT CHOKES
WIRE DIA.=10 M'ILS. APPROX.

3 TURNS, .062"1.D.

X ouTPUT
COIL LENGTH=3/16"

FEEDTHROUGH
CAPACITOR 1000 PF
DLEY FB2B)

BERV.LLIUM OXIDE WASHER
e JOHANSON
‘CONHEX N ¥ No. 4702
50-045-0000 OR EQUIV. .040" THICKNESS OR EQUIV.
(BOTH INPUT AND OUTPUT)

‘Fig. 8 - Construction details for the 2-GHz coaxial-line
power amplifier shown in Fig. 7.
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resistance. Capacitor Cy, in conjunction with the small
fringe capacitance at the input end of the input line,
acts as a reactive divider network for the final trans-
formation to the 50-ohm resistance of the driving
source.

The output load impedance required for the 1.2-watt
output is approximately 6.5 -+ j35 ohms at 2 GHz and
is transformed by L., which has an electrical length of
approximately %A; and an impedance of 36 ohms.
The electrical length of Ly is approximately 110 degrees
when correction is made for capacitive loading effects
at the collector end of the line, dielectric loading effects
of the beryllium oxide heat-sink washer shown in Fig.
8, and fringing field effects at output capacitors C, and
Cs. A 32 line section was used in the output circuit
in this particular design, rather than an eighth-wave
section because of the difficulty of incorporating capaci-
tor C; near the end of L, (which would be required
for the step-up needed with the A/8 line). The 34\ line
section performs in the same manner as the eighth-
wave line length, but has somewhat increased line
losses as a result of the large increase in line length.
Typical performance curves for a 2N5470 transistor
in the circuit of Fig. 7 are shown in Fig. 9. Because a
network transformation is used in this circuit, the 3-dB
bandwidth is only of the order of 6 per cent.
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Fig. 9 - Typical performance curves for the 2N5470 in the
2.GHz coaxial-line power amplifier of Fig. 7.

1-GHz Coaxial-Line Power Amplifier

The design of a 1-GHz coaxial-line amplifier circuit
is similar to that for the 2-GHz circuit and fixture
shown in Fig. 7 and 8. However, because of the in-
creased device dissipation at 1 GHz, the coaxial lines
are loaded with boron nitride insulation to reduce the
thermal resistance between the active device and the
external heat sink as represented by the outer coaxial-
line cylinder in Fig. 8. Boron nitride has thermal and
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electrical properties similar to those of Al,0;, and has
the additional advantages of being readily machinable
and non-toxic.

The input line of a 1-GHz coaxial-line power ampli-
fier has an electrical length equal to 23 per cent of a
wavelength and transforms the input impedance of
approximately 3 +jl ohms to a real component of
about 49 ohms. Capacitor C, is used in conjunction
with input stray capacitance to match the value of 49
ohms to the 50-ohm driving source. The actual line
length, corrected for capacitive and dielectric loading
effects as well as fringe line effects, is about 1 inch.
The characteristic impedance. of the line is about 30

ohms for an air line or about 13 ohms when the line:

is loaded with the boron nitride dielectric.

The output line is basically a 34\ transformer which
transforms the complex output load impedance of
about 12 + j53 ohms to a real component of -about
270 ohms. Capacitors C, and C, are reactive dividers
and step down this resistance to the 50 ohms required
at the output. The actual line length, again corrected
for loading and fringe field effects is about 1.64 inches
The loaded output line impedance is approximately 27
ohms.

The use of the boron nitride dielectric makes pos-
sible the design of a 1-GHz coaxial-line amplifier cir-
cuit comparable in size to the 2-GHz coaxial-line
circuit designed with air lines. Therefore, a substantial
reduction in the size of the 2-GHz amplifier circuit is
possible when the dielectric loading technique is used.
In addition, improvement in power gain and efficiency
can be expected because of the improved thermal re-
sistance between the active device and the final heat
sink.

The construction of a 1-GHz amplifier is, as men-
tioned above, similar to that shown in Fig. 8 except
that the beryllium oxide washer is not used; press-fit
boron nitride cylinders form the dielectric portion of the
coaxial lines. In both circuits, the fixture is built with
separate coaxial-line cavities for input and output; the
cavities are locked together across the 2N5470 base
flange by means of a locking nut. Although tuning of
the amplifiers is not critical, some adjustment of the
wire f chokes (by spreading or closing of turns) may
be required for optimum performance at each fre-
quency. Thus, the rf chokes can be used as a fine ad-
justment of the terminating impedance.

1.6-GHz Stripline Power Amplifier

Although the 2N5470 transistor is designed pri-
marily for coaxial-line use, it can also be adapted to
stripline and microstripline circuits. Fig. 10 shows an
experimental microstrip circuit capable of developing
a power output of 900 milliwatts over the range of 1.6
to 2 GHz with a drive power of about 200 milliwatts,
Collector efficiency at 1.6 GHz is of the order of 50 per
cent with a collector supply voltage of 28 volts.
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Fig. 10 - An experimental 1.6-t0-2-GHz broadband
microstripline amplifier.

The input line of this circuit has a characteristic
impedance of 8 ohms, and is constructed of S5-mil
copper sheet mounted on the circuit ground plane with
5-mil Dupont H-Film* as the dielectric. A conducting
strip of the copper only 314 inch wide is sufficient to
provide the 8-ohm line impedance. The physical line
length of 0.4 inch is equivalent to an electrical length
of an eighth wave and transforms the complex input
impedance of approximately 5.3 + j6 ohms to a real
component of about 21 ohms. Capacitor C;, a copper
strip 5 mils thick located in the vicinity of the 150-
picofarad dc blocking capacitor is used to reactively
match the value of 21 ohms to the 50-ohm source
impedance.

The output line is a tapered line section constructed
of ¥3o-inch teflon-fiberglass board. The characteristic
impedance at the collector end is 35 ohms and is
approximately equal to the magnitude of the complex
load impedance of the device at 2 GHz (under circuit
operating conditions). The eighth-wave. line section
(approximately 0.3 inch long) is tapered.toa charac-
teristic impedance of 50 ohms at the output end.of the
line and thus matches the output directly; the 300-
picofarad capacitor is used for de-blocking purposes
only.

The VSWR is low at both input and output ports
over the range of 1.6 to 2 GHz. Below 1.6 GHz, the
input and output VSWR increases because of mismatch
conditions; however, circuit power output remains es-
sentially constant because of increased device gain at
the lower frequencies. As a result, the experimental
1.6-GHz stripline power amplifier exhibits a relatively
flat output response of 900 milliwatts (with a 200-
milliwatt. drive) over the range of 1.2 to 2 GHz.

Pulse Operation of the 2N5470

One major difference between cw and pulse opera-
tion of a transistor is the substantial increase in input
drive level possible under pulsed input conditions. The
ability of a transistor to deliver higher pulsed-output
power than cw power depends on the transistor

* Trademark of E.I. du Pont de Nemours and Co., Inc.



current-handling, thermal, and rf-voltage capabilities.
No significant improvement in power output or gain
can be achieved by operation of an rf power transistor
under pulse input conditions at the same supply voltage
and input power level used under cw conditions.

Fig. 11 shows peak power output as a function of
duty cycle for the 2N5470 operating under pulse con-
ditions. Peak power was measured at a frequency of
2 GHz; the constant supply voltage was 28 volts. Under
pulsed input conditions with pulses of 2-microsecond
duration and 10-per-cent duty cycle, the output power
of a 2-GHz amplifier circuit such as the one shown in
Fig. 8 increases substantially from 1.1 to 1.9 watts as
the input power increases from 0.3 to 0.7 watt. When

COLLECTOR-TO-BASE VOLTAGE =28V
FREQUENCY = 2 GHz
PULSE WIDTH =10 MICROSECONDS

POWER INPUT = 0.7 W 1
GAIN = 4.4 dB

O5W.

T S

03w =i
' 56d8

PEAK POWER OUTPUT —W

o | |

ot

100
DUTY CYCLE—PER CENT

Fig. 11 - Peak power output as a function of duty cycle for
the 2N5470 operating under pulsed conditions.

the same circuit operates under cw conditions, an in-
crease in input power from 0.3 to 0.5 watt does not
increase power output; in fact, power output stabilizes
at 1.1 watts. These measurements indicate that the
power input at 2 GHz under cw conditions is limited
by thermal considerations rather than peak-current
capabilities or emitter periphery. The 2N5470 tran-
sistor isthus be capable of operating at much higher
peak current under pulse conditions than would be
permissible under cw conditions.

A second major difference between cw and pulse
operation of a transistor is the much higher voltage at
which the transistor can be operated under pulse con-
ditions. Fig. 12 shows the peak power output measured

24
8 FREQUENCY = 2 GHz
POWER INPUT = 0.5 W
PULSE WIDTH=10 MICROSECONDS

24

>

l»
<&
2 ﬁ
S
>

PEAK POWER OUTPUT—W

o8

5 20 40 a5

25 30 35
SUPPLY VOLTAGE (Vcc)—V

Fig. 12 - Peak power output at 2 GHz as a function of
supply voltage for the 2N5470.

AN-3764

at 2 GHz as a function of supply voltage for the
2N5470. The measurements were performed at a con-
stant peak input power with pulses of 10-microsecond
duration and duty cycles of 1, 10, and 30 per cent. At
2 GHz and an input power level of 0.5 watt, the power
output of the 2N5470 increases from 1.9 watts at 28
volts to 2.5 watts at 45 volts. These measurements
indicate that the 2N5470 transistor can be operated at
much higher voltage under pulse conditions than under
cw conditions and, consequently, can deliver more
pulsed power.

Microwave Power-Oscillator Design

The 2N5470 transistor is suitable for use in micro-
wave power oscillators at L-band and low S-band fre-
quencies. The 2N5470 has high power amplification,
a necessary condition for good oscillator performance;
however, because of the high degree of isolation that
exists between the transistor chip and the case as a
result of the coaxial design, an external feedback path
must be provided to assure reliable oscillation at micro-
wave frequencies. Except for this feedback loop, the
design of oscillator circuits is similar to that discussed
for amplifier circuits.

Fig. 13 shows the 2N5470 in its basic oscillator con-
figuration, a Colpitts oscillator circuit. In this circuit,
the collector is grounded for maximum heat dissipation;
therefore, power output is taken from the base circuit.

-Vce
Ry

Rz =

Raé

Fig. 13 - Basic oscillator configuration for the 2N5470, a
Colpitts oscillator circuit.

50-0HM
OUTPUT

The parasitic elements of the 2N5470 (the parasitic
inductance L and the parasitic capacitances C; and Cy)
can be made use of in oscillator design. The internal
package capacitance Cy is usually insufficient to sus-
tain oscillation and must be increased externally. The
Colpitts circuit shown in Fig. 13 can be changed to a
Hartley oscillator circuit if L and C, are made external
components and C; is connected to the center point of
the inductor.

Reliable starting conditions are assured by use of a
slight forward bias in the common-base oscillator cir-
cuit through the bias network formed by resistors R
and R;. Once oscillations have been started, the circuit
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is biased toward class C operation by the base current
flowing through resistors R; and R,. Resistor R; also
serves as a limiting resistance which tends to maintain
the bias point at stable oscillator power-output levels.

Although many oscillator designs are possible, the
two circuits described in the following paragraphs are
descriptive of the types employing the 2N5470 tran-
sistor.
2-GHz Microstripline Oscillator

The circuit shown in Fig. 14 is a 2-GHz microstrip-
line oscillator which can deliver 300 to 350 milliwatts
of rf power with a 24-volt collector supply. Although
separate bias supplies are shown, a single “floating”
bias supply can also be used.

“Vee

Cy C2—0.35-3.5 pF; Johanson 4702 or equiv.

C3 C4— 100 pF, feedthrough; Allen-Bradley FA5C or equiv.

Ly — 50-ohm miniature coaxial line, 1.5 in. (38.1 mm) long

L2 — microstrip line, 143 in, teflon-fiberglass, 0.08 in. wide, 0.43 in,

long

L3 — microstrip line, 142 in. teflon-fiberglass, 0.03 in. wide, 0.7 in,
long

RF choke — 5 turns No. 33 wire, ¥g in. (1.59 mm) ID, 3¢ in. (4.75
mm) long

Fig. 14 - A 2-GHz microstripline oscillator.

A grounded-base configuration is used in the circuit;
output power is taken from the collector circuit in the
conventional manner. L, is a section of microstripline
which provides the susceptance required to tune out
the output capacitance of the 2N5470. The real part of
the output load impedance (about 225 ohms) is trans-
formed by a quarter-wave section of microstripline to
a real component of about 53 ohms. Capacitor C,, in
conjunction with some stray capacitance C,, is used to
match the circuit output to the 50-ohm load. Correctly
phased feedback is provided by the loop circuit formed
by L; and C,. Frequency adjustment over the range
of 1.8 to 2.1 GHz is controlled by capacitor C;.

The circuit of Fig. 14 is fabricated on a Ys9-inch
teflon-fiberglass board. The 2N5470 is mounted with
the base flange flat against the ground plane of the
board; a beryllium oxide washer provides a thermal
path between the collector post and the ground plane.
The 1.5-inch line section L, is used to contact the base
of the 2N5470 on the other side of the board.
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2-GHz Lumped-Constant Power Oscillator

The circuit shown in Fig. 15 has a single bias supply
and makes use of a grounded collector for better heat
dissipation. The circuit is tunable over the range of 1.8
to 2.1 GHz and can deliver 300 milliwatts of output
power at 2 GHz with a 21-volt power supply. Circuit
operation is similar to that of a Hartley oscillator, with
L; and the parasitic inductance of capacitor C; com-
prising the tapped inductance used in the feedback
loop. Tuning is provided largely by capacitor C,; C,
is adjusted for optimum match to the load of 50 ohms.
Resistor R; can be made variable (0 to 100 ohms) to
permit optimum adjustment of bias conditions. Output
power can be adjusted without great effect on the
oscillator frequency by variation of the value of re-
sistor Rz. A minimum supply of about 15 volts is
sufficient for stable circuit operation.

C1 — 0.82 pF, “gimmick; Quality C type 10% QC or equiv.

C2 C6— 100 pF, feedthrough; Allen-Bradley FA5C or equiv.

C3 C4—0.35-3.5 pF, Johanson 4701 or equiv.

C5—0.01 uF, disc, ceramic

Lt —No. 22 wire, 364 in. (1.17 mm) long

RF chokes —4 turns No. 33 wire, ¥g in. (1.59 mm) ID, 3¢ in. (4.75
mm) long

Ry — 51 ohms, 0.5 W

R2 — 1200 ohms, 0.5 W

R3 —5-10 ohms, 0.5 W

Fig. 15 - A 2-GHz lumped-constant oscillator circuit.

Wideband Power Oscillator Circuits

Although the basic Colpitts oscillator circuit shown
in Fig. 12 can be made a varactor-tuned wideband
oscillator by use of a high-Q varactor in place of the
inductance L, a simpler technique can be used with the
2N5470. Fig. 16 shows a proposed circuit using the
2N5470 which is capable of wideband single-screw
tuning. Basically, the circuit is the oscillator arrange-
ment of Fig. 14 with the broadband tapered-line out-
put section of Fig. 10. Capacitor C, is selected for
best output match at the center oscillator frequency
desired, and capacitor C; is used to control the oscil-
lator over a bandwidth of approximately 20 per cent.
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-Vee

Fig. 16 - A wideband single-screw-tuned oscillator circuit.

Biasing Arrangement for Class A and
Class B Operation

In addition to class C operation, the 2N5470 can be
used in class A or B service when large dynamic range
is required. Only common-base operation is discussed
in this Note because the 2N5470 is constructed with
the base connected to the flange. In such an arrange-
ment, positive voltage must be supplied to the collector
and negative voltage to the emitter to permit forward-
biased operation. A 100- to 200-ohm resistor should
be connected in series with the emitter to bias the
emitter and to prevent excessive collector-current flow.

If one power supply with a grounded negative or
positive line is used, the base of the 2N5470 must be
dc-isolated from ground. One method of accomplish-
ing this isolation is to use a thin tape material, such as
1-mil Mylar* tape, between the ground plane and the
flange or base of the transistor. The resulting capaci-
tance between the flange and the ground plane through
the tape dielectric provides a satisfactory bypass for
the base. A low-frequency bypass must also be pro-
vided along the base power-supply line. This biasing

arrangement is shown in Fig. 17.
OUTPUT
RF
CIRCUITS

TYPE
2N5470

Fig. 17 -'A bias circuit with the transistor base grounded.

* Trademark of E.I du Pont de Nemours and Co., Inc.

Class A and Class B Power Gain

Figs. 18 and 19 show the power gain of a 2N5470
transistor in a common-base amplifier configuration at
1 and 2 GHz, respectively. In each case, a class C curve
measured at a supply voltage of 15 volts is included for
reference.

FREQUENCY=1 GHz [

COLLECTOR SUPPLY VOLTAGE =I5V 553 Y
CLASS B ¥ 3
12 | {H i (RE=100 OHMS) a3
()2
S %
CLASS A S, 3%
0 (RE=100 OHMS) < V. %
G
o \4 & ™
s
28 \
<
&
&g
2 /
=
4
4
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2) (Rg=0) _|
o]
00l 2 4 &sQl 8 4 o 2 4 100 4

POWER INPUT—mW

Fig. 18 - Power gain as a function of power input in a
1-GHz common-base amplifier configuration.
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COLLECTOR—SUPPLY VOLTAGE =15V
[ !

0|

?
le
3
3
«
&
3 cLAsS C
5
& R N~ (Re=0)
“ \,
“ |
m
0
ool 2 Sou N 10 © 800 1000

1
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Fig. 19 - Power gain as a function of power input in a
2-GHz common-base amplifier configuration.

The collector-current values shown for class B oper-
ation represent quiescent current levels set for each test
prior to the application of f power. The true collector
current for each test level is somewhat higher, the
amount depending upon the level of the applied rf
power. The circuit was returned for each test point to
provide maximum power output and, therefore, maxi-
mum power gain.

Class A performance was measured with collector
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currents from 10 to 50 milliamperes. At these levels,
class A gains exceeding the values shown can be readily
obtained.

At 1 GHz with a supply voltage of 15 volts, the
maximum class C power gain for a 2N5470 transistor is
about 9 dB; maximum gain occurs with an input drive
of about 75 milliwatts applied to the device. At 2 GHz
with a 15-volt supply, the maximum class C power
gain is about 5 dB with about 90 milliwatts of input
power.

The selection of class B or class C operation and
the appropriate operating conditions for a circuit in
which power gain is important can be made for fre-
quencies of 1 or 2 GHz with the help of the curves in
Figs. 18 and 19. Class B gains in excess of 10 dB can
be obtained at either frequency; however, the stability
of the amplifier must also be considered.

1- and 2-GHz Lumped-Constant C Base
Amplifiers

Lumped-constant common-base amplifiers using the
2N5470 have been designed for 1- and 2-GHz opera-
tion; circuit diagrams are shown in Figs. 20 and 21,
respectively. Both amplifiers are designed for operation
either with two power supplies or with one supply with
neither positive nor negative line grounded. Both
amplifiers are tuned by means of emitter terminal
inductances and Johanson air-type dielectric tuning
capacitors. These components step the impedance down
from 50 ohms to that required by the transistor. The
tuning range of the capacitors is sufficient to permit
tuning for maximum gain or minimum noise.

A pi network is used in the output circuit of each
amplifier so that the output impedance can be varied
and thus the degree of mismatch controlled. With the
line lengths shown, the circuits can be tuned to the
desired frequencies with a large mismatch and provide
stable class A operation. In class B or class C opera-
tion, when either a slight mismatch or matched condi-
tions are needed, a reduction in the series inductance
changes the transformed output impedance to a value
closer to that required for matched conditions.
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TYPE
2N5470

C

C1 Cs5 Cs— 1-14 pF, air diel.
equiv.

C2—0.35-3.5 pF; Johanson 4701 or equiv.

C3 C4— 1000 pF, feedthrough

Ly — 10-mil copper wire, 0.4 cm wide, 2.2 cm long, formed into open

ic trimmer itor, Joh

3901 or

loop
RF chokes — 0.1 uH, Nytronics or equiv.

Fig. 20 - A 1-GHz lumped-constant common-base
amplifier.

TY:;
o 2N5470 L

Cs
Ce
~Vee +Vee
Ci C2 Cs Cs—0.35-3.5 pF; Johanson 4701 or equiv.
C3 C4— 1000 pF, feedthrough
Ly — 10-mil copper strip, 0.3 cm wide, 1.3 ¢cm long
Fig. 21 - A 2-GHz lumped-constant -base

amplifier.



AN-4025

NG

Solid State
Division

RF Power Transistors
Application Note

AN-4025

The Use of Coaxial-Package Transistors

In Microstripline Circuits

H. C. Lee and G. Hodowanec

It is generally accepted that a well-designed coaxial
transistor package (such as that used for the 2N5470)
outperforms other transistor packages (including strip-
line packages) at the microwave frequencies. This
performance is based on the low values of the parasitic
elements and the excellent isolation between the input
and output circuits associated with the coaxial con-
figuration. As a result, microstrip or stripline amplifier
circuits using the 2N5470 coaxial-package transistor
can have thermal and electrical performance equal to
that of coaxial-line circuits.

This Note describes the design, construction, and
performance of microstripline circuits using 2N5470
coaxial transistors. Two complete circuits are described:
a 1.5-GHz amplifier which can provide 1.5 watts of out-
put power with 8.0-dB power gain and 50-per-cent col-
lector efficiency and a2-GHz amplifier which can provide
1.2 watts of output power with 6-dB power gain and 40-
per-cent collector efficiency.

MOUNTING ARRANGEMENT

Fig.1 shows the circuit mounting arrangement of the
9N5470 coaxial transistor in microstripline and lumped-
element circuits. The transistor is mounted vertically
through a hole in the metal block which serves as both
a heat sink and ground for the device. The bottom side
of the metal block is counter-bored so that the base
flange of the transistor is level with the surface of the
block. Thehole through the metal block has a somewhat
larger diameter than that of the ceramic portion of the

transistor which separates the base flange and the
collector stud. This larger diameter permits insertion
of a press-fit cylindrical sleeve of beryllium oxide or
boron nitride between the transistor and the metal block
to provide a heat-conducting path from the collector stud
to the block. The diameters of the hole through the
metal block and the cylinder of beryllium oxide (or boron
nitride) are determined by the desired characteristic
impedance of the short coaxial-line section which is
formed by this mounting technique. Beryllium oxide and
boron nitride have excellent heat conductivity and low
electrical losses and thus provide satisfactory heat
dissipation from the coaxial transistor without adversely
affecting the rf performance.

The circuit arrangement shown in Fig.1 is excellent
for isolation of the input and output circuits. The out-

COLLECTOR TERMINAL-

BERYLLIUM OXIDE OR
BORON NITRIDE

BASE TERMINAL
EMITTER TERMINAL

Fig.1 - Mounting arrangement for the 2N5470 in a micro-
stripline circuit.
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put circuit is constructed on the top portion of the metal
block and the input circuit on the bottom portion. Fig.2
shows the construction of the microstripline circuit. The
output circuit is constructed of standard microstripline
mounted to the top surface of the metal block. The input
circuit is constructed of another microstripline placed
directly over the bottom surface of the metal block. A
stripline circuit can be formed by placing another strip
of dielectric material and ground plane above the con-
ductor strips of Fig.2.

OUTPUT (COLLECTOR) LINE
(COPPER SHEET)

BERYLLIUM OXIDE
OR BORON NITRIDE

DIELECTRIC MATERIAL
2N5470
INPUT (EMITTER) LINE

(COPPER SHEET)

DIELECTRIC
MATERIAL

Fig.2 - Construction of the microstripline circuit.

DESIGN OF MICROSTRIP AMPLIFIER CIRCUITS

Fig.3 shows a
power-amplifier circuit. The input circuit consists of a

Fig.3 - Schematic of a basic microstripline transistor
power amplifier.

linesection {1 with a characteristic impedance Zy; and
a capacitor Cy. The length of line 1 in conjunction
with the capacitance C1 transforms the input impedance
of the transistor to the driving-source resistance of 50
ohms. The output circuit consists of a line section 2
with a characteristic impedance Zoo and a capacitor Co.
The combination of the line ,( 2 and capacitance Cy
transforms the load resistance of 50 ohms to the re-
quired collector load impedance of the transistor, which
is determined by the required power output at the frequency

412

basic microstripline transistor-

of interest. The two rf chokes and a small emitter re-
sistance Rp complete the biasing arrangement of the
transistor power amplifier.

The first step in the design of a 2-GHz power ampli-
fier is todetermine the input impedance Z;, and the col-
lector load impedance ZCL of the 2N5470 at 2 GHz
under dynamic operating conditions. These values,
obtained from the published values in the data sheet,
are as follows:

Zin =7.5 +j8 ohms (6]
Z¢y, =6.5 +j33 ohms )

For the design of the input circuit, a characteristic
impedance Z, of 19.4 ohms is chosen. This value of
Zg) is calculated by use of the quarterwave transformer
equation. The input impedance Z;;, is normalized with
respect to the characteristic impedance, as follows:

Zin=Zin/Zg) =(7.5 +i8)/19.4 =0.386 +]0.414 3

This impedance value point Z’in is located on the
Smith Chart shown in Fig.4. The point is then rotated
about the constant VSWR circle toward the generator. to
the intersection of the 2.57 constant-resistance circle
(the normalized 50-ohm driving-source resistance). This
point is designated as Z1' and has the value

Zy'=2.57 +jl.1 o

The actual impedance Z1 is then equal to
Zy =Zq Z1'=19.4 2,57 +j1.1) =50 +j21.3 chms  (5)

The line length required to transform the transistor input
impedance from 7.5 + j8 ohms to a driving-source re-
sistance of 50 ohms or from 50 ohms to 7.5 - j8 ohms, as
determined from Fig.4, is equal to 0.155 A\¢, Where A¢ is
the wavelength in the dielectric. At 2 GHz, A¢ is equal
to 3.66 inches (fora dielectric constant € =2.6); there-
fore, the length of the input line section 1 is calcu-
lated to be 0.56 inch. The width of the line for a char-
acteristic impedance of 19.4 ohms when a 1/32-inch
teflon* fiberglass board is used in det‘ernﬁned1 to be
0.27 inch. A capacitor C{ with a reactance of 21.3 ohms
is needed to complete the input circuit.  This capacitor
also provides dc isolation for the input bias network.

Fig.4 shows that a direct transformation between
the input impedance of the transistor (7.5 + j8 ohms)
and the driving source resistance of 50 ohms is also
possible by proper choice of the characteristic impedance
Z) and the length of the input line. The value of Zy;
can be determined from the Smith Chart. Because the
input impedance Zj, at 2 GHz is inductive, the input
line / 1 must be less than a quarter-wave long to provide
the necessary impedance transformation. The input

* Trademark of DuPont de Nemours, Inc.
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Fig.5 - Smith Chart diagram showing
the length of line required to achieve
the desired transformation between the
transistor collector load impedance and
the load-termination resistance.
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Fig.4 - Smith Chart diagram showing
the direct transformation between the
transistor input impedance and the
driving source resistance made pos-
sible by proper selection of the charac-
teristic impedance and length of the

input line.
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impedance Z'inis then rotated on the Smith Chart of
Fig.4 toward the generator to intersect the zero-reactance
line at point Zy"'. The normalized impedance at point
Z1'""is 3.1 ohms and, therefore, the impedance Zy is
60 ohms (3.1 x 19.4). The use of a value of Zy; of
19.4 ohms results from direct transformation from 7.5 +j8
ohms to 60 ohms, which is 10 ohms higher than the
required value. The reduction of Zo1 to17.5 ohms with
jl =0.17 Ac, however, provides a direct transformation
from 7.5 +j8 to 50 ohms.

The characteristic impedance Zo and length X of the
transmission line required to provide direct transformation
froma pure resistance Ry to an impedance Z9 =Ry +iXg

can also be determined by use of the following equations:

Xg2
z :,IR R '\| - —
°"NTZ NPT Ry -Ryp

(6)
R -Ry
tan Sf = Zy W (7

If the impedance Zg is aresistance (i.e., X9 =0), Eq. (6)
reduces to the quarter-wave transformer equation and I=
N/4.

For the design of the output circuit, direct transfor-
mation using a simple transmission line from 50 ohms to
the required collector load impedance of Eq.(2) is not
possible because the term X92/Rg (R; - Rg) of Eq.(6) is
larger than unity. The characteristic impedance and the
length of the output line must be chosen so that the
capacitance Cg shown in Fig.3 can have a reasonable
value. The characteristic impedance Zo2 is chosen to be
28 ohms. The transistor collector load impedance ZcL
is first normalized as follows:

Z'c1, =ZoL/ 2oy = (65 +133)/28
®
=0.232+]1.18

The Z'cyp, point is then located on the Smith Chart
shown in Fig.5. The chart is then rotated about the
constant VSWR circle toward the load to the point of
intersection with the 1.78 constant-resistance circle
(the normalized 50-ohm load resistance). This value,
designatedZ2 ', is 1.78 - j3.6. The actual load impedance
therefore, is equal to

Zg=179'. Zgo =28 (1.78 - j3.6)
=50 - j100 ohms

9)

The line length required to transform the 50-ohm load to
the required collector load impedance ZgL, of 6.5 +3j33
ohms is determined from Fig.5 to be 0.352 Ae- The
width of the microstripline for 28-ohms characteristic
impedance on a 1/32 -inch teflon fiberglass board is
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0.17 inch. A capacitor Cg with a reactance value equal
to 100 ohms again is needed to complete the output
circuit.

The output circuit actually consists of two line
sections: the short coaxial-line section formed by the
transistor collector section mounted in the circuit block,
as shown in Figs.1 and 2, and the output microstripline
section shown in Fig.2. In the power amplifier shown in
Fig.3, the output microstripline section ,Q 9 has a charac-
teristic impedance of 28 ohms. To avoid complicated
transformation determinations, it is desirable to make
the characteristic impedance of the coaxial-line section
as nearly equal to a nominal impedance of 28 ohms as
practical.

Fig.6 shows a cross-sectional view of the 2N5470.
The internal structure of the line section consists of a

COLLECTOR STuD

L\BORON NITRIDE

0.360"

0.010" —+] 4
L
l-— £,(0.040")

Fig. 6 - Cross-sectional-view of the RCA 2N5470 tran-
sistor (output section).

tapered-line section and a very short uniform line section

u- The tapered-line section is surrounded by an air
space which is enclosed by the Alg03 ceramic insulator
of the 2N5470 package and the boron nitride sleeve*
The section designated £ extends directly to the boron
nitride sleeve. For the dimensions shown in Fig.6, a
characteristic impedance in the order of 28 ohms requires
that the outer conductor of the line section u have an

* An average characteristic impedance and electrical
length can be calculated for this tapered-line section,
or this section can be considered as contributing a small
inductive component which- can be calculated from its
physical dimensions.
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inside diameter of the order of 0.36 inch.l This coaxial- |
line section transforms the normalized load impedance
Z'¢, to the point Z'c,as shown on the Smith Chart of
Fig.5. This transformation length must also be con-
sidered in designing the output network. The length of
microstripline needed to continue the transformation be-
tween points Z 'C and Zz' of Fig.5, therefore, is 0.300 A
For the 1/32-inch teflon fiberglass board, the length
0.300 A¢ corresponds to 1.10 inches.

Fig.7 shows' the complete schematic for the 2-GHz
amplifier. In practice, the calculated lengths of the
input and output microstriplines are reduced by 20 per
cent to account for the fringe-line effects resulting from
the length of piston-type capacitors Cy and Cy, and the
inductance effects caused by the connecting leads of
the device to the stripline sections.

+28Vv

0.3-3pF
(JOHANSON
TYPE)

2, =28 OHMS

LINE WIDTH=170 MILS

1732-INCH-THICK
TEFLON BOARD

1/32-INCH-THICK =
TEFLON BOARD

Fig.7 - Schematic of a 2-GHz microstripline transistor

amplifier.

PERFORMANCE OF THE 2-GHz AMPLIFIER

The 2-GHz amplifier is constructed by use of the
layout shown in Fig.1 and the configuration and di-
mensions shown in Fig.7. The metal block is aluminum.
The input and output circuits are constructed on 1/32-inch
teflon fiberglass board, which is mounted atop the alumi-
num so that the input and output lines are on opposite sides
of the aluminum block. Fig.8 shows a photograph of the

Fig.8 - Photograph of the output-circuit section of the
2-GHz amplifier shown in Fig.7.

output-circuit section. When operated at 28 volts, this
circuit can deliver cw power output of 1.2 watts with a
gain of 6 dB and a collector efficiency of 43 per cent.
The 3-dB bandwidth is 12 per cent. The performance
of this microstripline amplifier is equivalent to that of
a cavity or coaxial-line amplifier circuit.

PERFORMANCE OF THE 1.5-GHz AMPLIFIER

The same procedure was used to design the 1.5-GHz
amplifier circuit shown in Fig.9. The output circuit, as

+28V

0.3-3p
{JOHANSON
" TYPE)
£:0.895' /

0.3-3p
(JOHANSON
TYPE)

v
N\

20 =13.8 OHMS
LINE WIDTH=7O MILS
5-MIL H-FILM =

2o =50 OHMS

LINE WIDTH=140 MILS

17 16-INCH-THICK
TEFLON BOARD

Fig.9 - Schematic of a 1.5-GHz microstripline transistor
amplifier.

shown in Fig.10, is constructed on 1/16-inch teflon
board which is mounted on one surface of an aluminum
block. The input line is constructed on the opposite
side of the aluminum block, which serves as the ground
plane of the line. The input line is formed by mounting
a 5-mil copper sheet over a 5-mil-thick dielectric material
(DuPont H-film) which is placed directly over the alumi-
num-block surface. The width of required input line can
be determined from Fig. 9. The required line impedance
must be increased about 6 per cent to allow for fringe-field
effects resulting from the use of a 5-mil line thickness.

Fig.10 - Photograph of the output-circuit section of the
amplifier shown in Fig.9.

This amplifier circuit, which operates at 28 volts
and uses a typical 2N5470 transistor, provides 1.5 watts
of output power with 8.0-dB gain and 50-per-cent col-
lector efficiency. The 3-dB bandwidth of this amplifier
is in the order of 10 per cent.
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CONCLUSION

The performance of the two amplifier circuits de-
scribed in this Note clearly demonstrates the advantages
offered by coaxial-packaged transistors in microstrip or
stripline circuits. The coaxial package provides thermal
and electrical performance equal to that of coaxial-line
circuits. Inaddition, the mounting arrangement of coaxial-
package transistors results in a built-in heat sink for
the device and improved isolation between inputs and
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outputs.  Similar techniques have been used successfully
to obtain 6 watts of cw output power at 2.0 GHz by use
of a coaxial-package higher-power transistor, RCA-
2N5921. '

REFERENCE
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16- and 25-Watt Broadband

Power Amplifiers Using RCA-2N5918,
2N5919,and 2N6105 UHF/Microwave
Power Transistors

by C. Leuthauser and B. Maximow

The advent of uhf power transistors has made possible
broadband amplification of large rf signals without use of
ganged tuned circuits, which have very limited bandwidths
and mechanical complexity. Wide bandwidths are now
attainable as a result of improved intrinsic transistor
characteristics, as well as package design. In a
225-t0-400-MHz broadband high-power amplifier, good
transistor package design is of special importance. Low
parasitic inductances are essential because the real part of the
transistor input impedance is inherently low.

The RCA-2N5918, 2N5919, and 2N6105, which feature
a stripline package, are examples of improved rf power
transistors designed specifically for use in high-power
broadband amplifiers in the 225-to-400-MHz. frequency
range. The development of rf transistor packages has
progressed from the early hermetic TO-60-style con-
figuration through the stripline plastic package, to the
highly reliable, ceramic-to-metal, hermetic stripline package
used in these types. This Note discusses general design
considerations for broadband rf amplifiers, and describes the
design of a 2N5919 amplifier that provides a constant power
output of 16 watts with gain variation within 1 dB over a
bandwidth of 225 to 400 MHz. The 2N5919 amplifier can be
connected in direct cascade with a 2N5918 driver amplifier,
or two 2N5919 amplifiers can be connected in parallel, to
provide a constant power output of 25 watts from 225 to
400 MHz. A single TA7706 can be used in a similar
configuration to provide 25 to 30 watts of rf power across
the same frequency band.

The schematic diagram for the 2N5919 amplifier is
shown in Fig. 1, and broadband performance of the 2N5919
in the circuit is shown in Fig. 2. Performance is shown for
dass C operation, which is basic for high-power
amplification. In the case of an amplitude-modulated system,
linearity requirements are met by either envelope correction
or slight forward-biasing, or both.

GENERAL DESIGN CONSIDERATIONS

Broadbanding a transistor rf amplifier is difficult
because changes in output loading affect the input
impedance and may cause errors in the input-network design
if the design is based on narrowband inputimpedance
information. The design of a broadband amplifier, therefore,
should begin with the output network.

Evaluation Circuit

A quick method of evaluating the design of an output
network is to construct an amplifier which uses the particular
output circuit and a tunable narrowband input circuit. Over
the required frequency band, the resulting amplifier should
display smooth gain and collector-efficiency characteristics.
Sharp changes in either of these characteristics indicate
improper loading of the collector and can result in higher
thermal resistance than would normally be anticipated.
Under improper loading conditions, the transistor dissipation
is not spread uniformly across the device pellet; as a result
there is heat concentration and an equivalent increase in
thermal resistance.

The interim circuit described above can also be used to
determine the broadband input impedance of the rf
transistor by measuring the input-circuit impedance at the
device terminals at each frequency of interest. In each case,
the input network should present a good 50-ohm match to
the generator during tuneup and should be terminated
(source side) by 50 ohms when the impedance measurement
is made. The device impedance is then the conjugate of the
circuit impedance.

Package Design

If the upper frequency of operation is in the uhf range,
the imaginary part of the input impedance usually appears
inductive. For good broadband performance, package

10-70
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C10 -12pF, silver mica
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C12 1000 pF feedthrough type, Allen-Bradley FASC*
C13 - 1 uF electrolytic

\‘00’0 (2]

S

* Or equivalent
Allen-Bradley Co., Milwaukee, Wis.

American Technical Ceramics, Huntington Station, N. Y. 11746

Johanson Mfg. Corp., Boonton, N. J. 07005
Nytronics, Inc., Berkeley Heights, N. J.

A Al coils are 5/32 in. (3.96 mm) I. D. =18 wire, 12 turns per inch.

- 2.2 pF, Quality Components type 10% Qc, “gimmick"*
- 1.0 pF, Quality Components type 10% QC, “gimmick"'*
- 1.5pF, Quality Components type 10% QC, “‘gimmick’"*

Co  2NS9I9 Lg

Ly-1-1/2 turnsa

L, - Copper strip 5/8 in. (15.875 mm) L; 5/32 in. (3.96 mm) W
L3 - Transistor base.lead, 3/6 in. (4.74 mm) L

. LG - 3 turnsa

Lg - 2turnsa

L7, "8' L9 -0.18 uH RFC, Nytronics, P.#DD-0.18

L10 -0.1 uH RFC, Nytronics, P.#DD-0.10

R, -100 2,1 W, carbon

R,, R3 -100 2, 1/2 W, carbon

R, -5.192,1/2W, carbon

£

Fig. 1 — 16-watt broadband amplifier circuit using the

2N5919.

parasitics must be low enough to allow the series input
inductance to be used by the first section of the input
matching network. If the inductance is lower than the input
network requires, additional inductance (a little extra lead)
can be added; however, excess inductance cannot be
removed.

The 2N5919 package is designed to provide reliable
hermetic-package performance with parasitics low enough for
suitable broadband performance. In comparison with earlier
metal and plastic packages housing the same pellet, the input
inductance has been reduced by a factor of four and the gain
increased by 1.5 dB. The present package consists of
alternate layers of ceramic and metal in a hermetic sandwich
structure.  Prior to assembly, all electrical parts are
silverplated. The heat-sinking stud is brazed to the
bottom-layer ceramic (beryllium oxide), which serves to
isolate the pellet (collector) from the stud and yet provide
good heat transfer. The emitter lead is then sandwiched by
another ceramic piece that serves as an insulator and support
for the base and collector leads. Electrical connection for the
collector is made with a pin through a small hole in the top
ceramic; this hole is sealed by the collector lead itself. A
larger hole in both the top ceramic and the base lead serves

418

for electrical and physical access to the transistor pellet. A
solid silver cap covers the hole in the base lead and provides
the final seal.

Gain and VSWR Control

Various approaches may be used to achieve low input
VSWR and power-gain flatness in a broadband amplifier.
Roll-off of transistor gain can be compensated for by
designing a given amount of mismatch into the input
network. However, this technique also increases the input
VSWR at the low end of the band and results in stressing of
the lower-level driving stages. An alternate method is to
employ a gain-leveling loop around the entire amplifier chain
to compensate for the low-end turnover, and to design each
stage for minimum input VSWR. The gain-leveling loop may
also be used for envelope correction when low-distortion
amplitude modulation is required.

Lossy input-network design can also be used to provide
gain and VSWR control. In this case, dissipative loss is
introduced in the input network at lower frequencies of
operation by selective RLC networks. This method should be
reserved for the input circuits, and preferably for lower-level
stages, to avoid excessive heat generation.
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Fig. 2 — Typical performance of circuit of Fig. 1 from 225 to
400 MHz.

Hybrid Combiners

Four-port hybrid combiners have been the most
successful approach to higher-power broadband structures.
Combination of power at the 50-ohm level is more easily
accomplished than direct paralleling of transistors and design
of matching networks to accommodate a lower impedance.
Hybrid combining also provides isolation between the
paralleled amplifiers and avoids destruction of adjacent
transistors in the event of a single transistor failure.

Two forms of hybrid junctions can be used to provide
various phasing between the paralleled amplifiers. The
“Magic T” combiner, when connected for zero-degree
phasing, sums (or splits) the powers of the two side ports.
The fourth port is terminated to dissipate any power
unbalance. The Magic T can also be connected so that the
two side ports are 180 degrees out of phase. A pair of
amplifiers paralleled in this mode operates in push-pull, and
all even harmonics are dissipated in the fourth port.

A quadrature combiner sums or splits signals 90 degrees
out of phase. When used at the input and output of two
parallel -amplifiers, this hybrid junction delivers the input
reflected power of each amplifier to the fourth port of the
input combiner. The input to the amplifier pair then appears
matched and presents no problem to the driving amplifier.
Because of this characteristic, quadrature hybrid junctions
are the most widely used combiners in the 225-t0-400-MHz
band.

Amplitude Modulation
A majority of amplifiers used in the 225-t0-400-MHz
band must handle amplitude modulation. Low-level

modulation followed by linear amplification is generally
preferred to highdevel collector modulation because )
collector modulation can result in circuit instability as a
result of varying collector supply voltage, and (2) low-level
modulation does not require a high-power modulator and
can, therefore, result in a size and weight reduction. Linear
amplification for AM signals is efficiently accomplished by
class AB operation, in which the transistor emitter-base
junction is slightly forward-biased during a zero-signal
(quiescent) condition. In some cases, the forward bias is
sufficient to cause a quiescent collector-current flow. The
bias must be allowed to degenerate under peak drive
conditions. to allow efficient operation and to avoid device
destruction. Bias degeneration can be provided by use of dc
emitter or base resistance; it must be temperature-
compensated to match the device transconductance changes
with temperature.

CIRCUIT DESIGN

Output Circuit

The design of the output circuit of a broadband rf
power transistor amplifier depends on two basic premises:
(1) that the real part of the collector load is of constant
(frequency-independent) magnitude, determined by the
collector voltage and the output power, and (2) that the
output capacitance is also of constant (frequency-
independent) magnitude, determined by the collector-to-base
capacitance ‘Cgpo. These premises have theoretical founda-
tion and have been verified experimentally at least to the
first-order approximation. The collector load resistance for a
particular transistor and its large-signal parallel equivalent
output capacitance are usually specified in published data. If
these values are not available, the following well known
approximations can be used for the output-network design:

[Vee - Ve (at) 2
2,

RL=

where Ry is the parallel equivalent of the real part of the
collector load, Vi is the supply voltage, V(E (sat) is the
high-frequency collector-to-emitter saturation voltage, and
P, is the expected output power. The value of V¢ (sat)
usually is not known, but a value of 3 volts is a good
approximation for the power level of the 2N5919. The
large-signal parallel equivalent output capacitance C, is given
by Co = K Copo, Where Cgp is the collector-to-base
capacitance and the constant K is between 1 and 1.5 for class
C operation.

The design of the output circuit then reduces to the
matching of two resistances over a given frequency band: the
real load presented to the collector, which is usually the
smaller of the two resistances for an rf power-transistor
amplifier, and the 50-ohm load. The choice of circuit
configuration to be used for this purpose is somewhat
restricted by the presence of a capacitance across the smaller
resistance. Fig. 3 shows a circuit which transforms a smaller
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Fig. 3 — Broadband transformation circuit.

resistance R1 into a larger resistance R2 over almost an
octave. Although the transformation is not complete with
large bandwidths, the circuit can be designed to favor the
higher frequencies of the band. The small degree of mismatch
at lower frequencies can be compensated by the higher gain
of the transistor.

It is often advantageous to consider a network problem
qualitatively, even with an oversimplification at first, so that
the physical phenomena can be perceived before they
become obscured by the formulas, tabulations, and graphs
which may be required in exact numerical analysis. This
approach can also provide a starting point for an exact
solution, indicate the type of circuit, and yield approximate
magnitudes and the range of component values to be used.
As an example, the following paragraphs discuss the design of
the output circuit of the 16-watt broadband amplifier shown
in Fig. 1.

Perhaps the simplest way to explain the operation of
the output circuit is to consider an L-section such as that
shown in Fig. 4. For transformation of R1 into R2, the
magnitudes of the reactances Xy, and Xc are determined
solely by R1 and R2, regardless of frequency, as follows:

Xp= (Rl R2—R12)l/2
12
- R2< R1

R2-R1

If it is desired to transform R1 into R2 over a band of
frequencies, therefore, Xy, and X should be kept constant
over the band. Although this conclusion is an apparent
contradiction of the fact that X = WL and Xc = 1/WC are
frequency-dependent par s, the circuits of Figs. 5 and 6
provide the steps for an approximate solution to the
problem.

Xy

Ry X3 Ra%

Fig. 4 — L-section.
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Ly Xy eq L2
Ry == L Ry
(a) (b)
Ly Xseq Ly
o
R, R

(c) (d)

Fig. 5 — Frequency effect on the parallel-to-series transfor-
mation: (a) physical circuit, (b) series equivalent circuit
below resonance, (c) series equivalent circuit at resonance,
(d) series equivalent circuit above resonance.

In the circuit of Fig. 5 (a), if C1 and L1 are selected to
resonate within the band, the effective value of the series
inductance is increased below resonance, as shown in Fig. 5
(b); it remains equal to L2 at resonance, as shown in Fig. 5
(c), and is decreased above resonance, as shown in F ig. 5 (d).
Because of the presence of C1 and L1, Rl is transformed
into lower series equivalent values (R1°, R1”, R1"”, and so
on) which are different at each frequency. At resonance, R1
retains its original value in the series equivalent circuit.
Although the exact conditions of Fig. 4 are not met, the
general trend in the variation of the equivalent series
reactance is in a favorable direction, i.., toward greater
effective inductance at the lower end of the band and smaller
effective inductance at the upper end of the band.

A shunt capacitance can also be made to vary by use of
a series resonant circuit, as shown in Fig. 6. C3 and L3 in the
circuit of Fig. 6 (a) are selected to resonate at the high end of
the band and have no effect at that point, as shown in Fig. 6
(b). Below resonance, C3 and L3 provide a net parallel
equivalent capacitance Cp, as shown in Fig. 6 (c), which adds
to C2 of Fig. 3. As the frequency is decreased, Cp assumes
greater effective values.

C3 Ly
o
Ry Ry=Ry
(a) (b)

Fig. 6 — Frequency effect on the series-to-parallel transfor-
mation: (a) physical circuit, (b) parallel equivalent circuit at
I , (c) parallel eq circuit below resonance.
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The circuits of Figs. 5 and 6 can be combined to form
the circuit shown in. Fig. 3. The component values are
selected in the following manner:

R1 is the real part of the collector load.

C1 is the shunt output capacitance of the transistor.

L1 is selected to resonate with C1 around mid-band.

L2 and C2 are selected to make the L-section
transformation at the frequency where the best
matching is desirable, i.e., 400 MHz.

L3 and C3. are selected to resonate at the highest
frequency and to provide the maximum equivalent
parallel capacitance at the lowest frequency.

When the component values have been selected, the
L-section transformation can be computed at any frequency
for the part of the circuit of Fig. 3 which is to the left of the
a-b line. The resultant L-section is shown in Fig. 7. Table I
lists the results of computer solution for component values at
25-MHz intervals. Rp is the value of parallel resistance into
which the collector load is transformed by the resultant
L-section for given values of C1, L1, and L2. The capacitance
Cp is the value of capacitance necessary to make the
transformation complete.

The extent to which the part of the circuit to the right
of the c - d line in Fig. 3 is effective in providing a variable
capacitor is shown in Table II. Values for equivalent parallel
resistances and capacitance are computed at 25-MHz
intervals. Comparison of the results in Tables I and II is
helpful in determining the component values for the circuit
of Fig. 3.

Fig. 7 — Resultant L-section for left part of Fig. 3.

TABLE | — Transformed Component Values for L-Section
shown in Fig. 7. (For R1 =200, C1= 16 pF, L1 = 13 nH,
L2=11nH in Fig. 3)

FMHz RsQ XssQ XT-Q Q Rp-Q2 Cp-pF
225 14.24 9.06 24.61 1.73 56.76 2153
250 16.30 7.77 25.05 1.54 54.80 17.86
275 17.06 6.06 25.07 1.40 52.95 15.26
300 19.13 4.08 24.81 1.30 51.30 13.41
325 19.80 1.98 24.44 1.23 49.97 12.10
350 20.00 -0.08 24.11 1.1 49.06 11.17
375 19.80 -2.00 23.92 1.21 48.69 10.53
400 19.29 -3.71 23.94 1.24 49.00 10.08

TABLE Il — Transformed Component Values for Circuit
shown in Fig. 6(c) (For R2 = 5082, L3 = 13 nH, C3 = 12 pF
in Fig. 3)

F-MHz Rp-Q Cp-pF
225 82.91521 6.95
250 71.29604 5.85
275 ) 63.27814 4.75
300 57.76598 3.62
326 54.06837 2.58
350 51.73186 1.63
375 50.44882 0.80
400 50.00470 0.08

Table IIT gives the transformed admittance/impedance
values for the entire circuit of Fig. 3 to the right of thee - f
line. These values represent the collector load applied to the
transistor over the 225-t0-400-MHz band and are given as
parallel and series equivalent values.

Circuit Impedances

Knowledge of the input and output impedances of a
transistor is an invaluable aid in designing rf amplifiers and is
essential when broadband operation is required. However,
transistors operating in class C or class B at high frequencies
are not readily adaptable to equivalent-circuit analysis in
which input, output, and transfer parameters are specified.
Fortunately, this problem can be resolved by specifying the
circuit impedances of the input and the output networks of
an amplifier. These impedances are measured at the transistor
terminals after the amplifier has been optimized, the
transistor removed, and the circuit terminated with 50 ohms.
Because t1 o1 input imped depends to some extent
upon the output circuit, some variation of impedances
obtained in this manner should be expected in different
circuit configurations.

The Input Circuit

The input impedance of the 2N5919 transistor varies
from 2.5 + jO ohms at 225 MHz to 1.5 + 1.7 ohms at 400
MHz. In matching this varying impedance to a 50-ohm
source, certain assumptions and approximations facilitate the
problem by using already developed techniques. One such
technique is the “Tables of Chebyshev Impedance-
Transforming Networks of Low-Pass Filter Form” compiled
by George L. Matthaei.! These tables permit selection of
values for the filter elements to obtain a given performance.
The tables assume constant impedances across the band.
Although the input impedance of an rf power transistor
varies with frequency (especially its reactance), the tables pro-
vide a good starting point. The following discussion is based
on the Matthaei Tables.

For this discussion, R; represents a real part of the
transistor input impedance and R a resistive source
impedance of 50 ohms. It is assumed that R; has a value of
1.65 ohms and is constant across the band of interest. The
value of 1.65 ohms is selected because it falls between 1.5
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TABLE 11l — Transformed Admittance/Impedance Values
for Circuit shown in Fig. 3. (For Ry =500, C3=12pF,
C2=10pF,L1=13nH,L2=11nH, L3=13nH in

Fig. 3.)

F-MHz G-mhos B-mhos Rp-2 Xp-! Rs XsQ
225 0.03 -0.02 35.62 40.48 20.08 17.66
250 0.04 -0.02 27.39 47.85 20.63 11.81
275 0.04 -0.02 22.61 47.54 18.44 8.77
300 0.05 -0.02 20.08 41.42 16.26 7.88
325 0.05 -0.03 19.00 3494 14.66 7.97
350 0.05 -0.03 18.82 30.28 13.58 8.44
375 0.05 -0.04 19.17 27.29 12.84 9.02
400 0.05 -0.04 19.78 25.41 12.31 9.59

and 2.5 ohms, the real parts of the transistor input
impedance at 400 MHz and 225 MHz, and yields an
impedance transformation ratio of 30, for which the values
for the filter elements can be taken directly from the tables
without the need of interpolation.

The parameters to be used are the transformation ratio
r; the fractional bandwidth w, and the number of filter
elements n. The bandwidth w is defined as follows:

where f, is the low-frequency cutoff, fy, is the high-frequency
cutoff, and fy;, is the midband frequency.

Table IV gives values for the filter elements as
computed from the Matthaei Tables for values of w=0.8,n
=8, and r = 30, where L’s and C’s are as defined in Fig. 8.
The value of 0.8 was selected for the fractional bandwidth
rather than a smaller value to permit computation of
filter-element values for midband frequencies of both 310
MHz and 400 MHz. It is often useful to try other values for
n.

Several observations can be made from Table IV. First,
the value of L1 is so low that C1 must be placed as close as
possible to the transistor base so that the inductive part of
the transistor input impedance at 400 MHz is part of LI.

TABLE IV - Values for Filter Elements of Input Circuit
as Computed from Matthaei Tables1 (L’s and C's are
defined in Fig. 8)

fm 310 400 MHz
Ly 1.07 04 nH
Cq 200 157 pF
Ly 3.2 2.48 nH
Co 98.4 77 oF
L3 8.1 6.27 nH
C3 39 3¢ pF
La 16.6 12.8 nH
[ 13 10.3 pF
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Fig. 8 — Definition of filter elements for values given in
Table IV.

Second, the values of C1 and C2 are so high that hardly any
inductance can be tolerated in series with these capacitors.
Third, L2 and L3 are very small and appear to be critical.
Physical dimensions of commercially available components
make it difficult to separate two capacitors with an inductor
of 3.2 or 2.5 nanohenries. Therefore, some experimentation
may be required before acceptable performance can be
obtained. For example, a copper strip 0.14 inch wide and 0.4
inch long has an inductance of about 5 nanohenries. When
lower values of inductance are needed, the length of the strip
becomes about the same as the width. This fact, coupled
with the physical size of the capacitors, makes experimenta-
tion unavoidable.

Plotting the values of Table IV on a Smith Chart shows
the impedance variations along the filter from Rj, to Rg. Fig.
9 shows such a plot for three frequencies: 225 MHz, 310
MHz, and 400 MHz. This chart can be used to study the
effect of each element in the filter on the over-all matching.
For example, reducing L4 improves matching at 400 MHz
and 225 MHz, but has an opposite effect in matching at 310
MHz. The component values in the practical circuit shown in
Fig. 1 were selected to be closer to those computed for 400
MHz in Table IV because it was desired to optimize the gain
at that frequency.

Reducing VSWR

The amplifier designed by use of the procedure
described has much higher gain at 225 MHz than at 400
MHz. For full utilization of the transistor gain capabilities at
400 MHz, the amplifier is adjusted for the best match at 400
MHz. Inevitably some VSWR appears at other frequencies.
Ideally, the circuit is designed for the highest VSWR at the
frequency where maximum gain occurs (i.e., 225 MHz). The
forward power, as well as the reflected power, is then
attenuated by introducing a resistive element in shunt with a
node in the input network. The greater the ratio of the
forward power to the reflected power, the smaller the
VSWR. The attenuator is made frequency-selective, i.e., it is
a series RLC circuit. These RLC networks can be staggered in
frequency. By selection of R’s and L’s, the amount of
attenuation and Q’s can be controlled. However, a series LC
circuit appears to be capacitive below resonance and may
limit the maximum size of a capacitor. For this reason, shunt
RLC circuits which resonate at frequencies higher than 225
MHz are placed at the second node where the shunt capacitor
is larger.
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CIRCUIT PERFORMANCE

The basic amplifier developed by use of the technique
described is a 16-watt, one-stage, 225-t0-400-MHz broadband
amplifier using the 2N5919 transistor. This circuit requires a
driving power of 3 to 4 watts, which would normally be
supplied by a cascaded chain of transistors. The performance
of two amplifiers in cascade is also described to demonstrate
this technique. When the required power exceeds the
capability of the largest transistor in the chain, paralleling
can be used to develop larger outputs.

16-Watt Amplifier

Fig. 1 shows the schematic diagram of the 2N5919
amplifier, which can be considered the main “building
block” of the chain. Typical amplifier performance is shown
in Fig. 2. For a constant power output of 16 watts, response
is fairly flat; the gain variation is within 1 dB across the band.
Maximum input VSWR is 2:1. Such flatness of response and
low input VSWR were obtained by designing for the best
possible match across the band and then dissipating some of
the power at the low end of the band through dissipative
RLC networks. The effectiveness of this technique can be
evaluated by comparison of the gain and input VSWR curves
in Fig. 2 (a) with those in Fig. 2 (b). The flatter the response,
the smaller the dynamic range required in the output leveling
system. Low input VSWR is necessary for protection of the

Cy -3pF, ATC-100%

C2-08-10pF, JOHANSON 3957 %

C3 -5pF SILVER MICA
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Lg-No.18 WIRE, 1.08 IN. LONG

L7-2 TURNS, 5/32 IN. 1.D. No.I8 WIRE, |2
TURNS PER IN.

R| -100Q,1/2 W, CARBON

R2-5.19,1/4 W, CARBON

*OR EQUIVALENT

Fig. 10 — Driver amplifier using the 2N5918.
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driving stage in a cascade connection. The collector
efficiency is not constant, but has a minimum value of about
63 per cent. The second harmonic of the 225-MHz signal is
12 dB down and that of the 400-MHz signal is 30 dB down
from the fundamental. Further reduction of the second
harmonic of the 225-MHz signal is difficult to obtain because
the amplifier bandwidth covers almost an octave.

Cascade and Parallel Connections

In a cascade arrangement, a lower-power transistor, the
2N5918, is used to drive the 2N5919. The output circuit for
the driver is modified to accommodate a higher collector
load. The input circuit remains essentially the same as for the
2N5919. The 2N5918 amplifier schematic is shown in Fig.
10, and the performance of the two amplifiers connected in
cascade is shown in Fig. 11. When the two stages are
connected together, the broadband characteristics of the
amplifiers minimize the number of adjustments required.

A parallel combination of two 2N5919 transistors can
be achieved by use of two quadrature couplers, as shown in
Fig. 12 (). Fig. 12 (b) shows gain and efficiency curves for
such a combination for a constant power output of 25 watts.
The input VSWR curve is omitted because it is very small and
independent of the magnitude of the reflected power at each
amplifier input as a result of the properties of the 90-degree
combiners.
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Fig. 11 — Performance characteristics of amplifiers shown in
Figs. 1 and 10 connected in cascade.
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Fig. 12 — Performance of two 2N5919 transistors connected
in parallel by use of quadrature couplers.
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TA7706 25-Watt Amplifier

Fig. 13 shows the schematic diagram of a 25-watt,
225-t0-400-MHz broadband amplifier using a 30-watt,
400-MHz transistor, the RCA type 2N6105 Amplifier per-
formance is shown in Fig. 14.

This amplifier includes some modifications in the
matching circuits which represent a somewhat different
design approach. For example, the input Chebyshev filter
uses three sections rather than four. As a result, there is a
poorer match at 225 MHz, with a resulting increase in the
input VSWR and a consequent loss of gain. Some loss of
amplifier gain can be tolerated at 225 MHz because of the
transistor gain reserve at that frequency. The increased input
VSWR is not a problem if the amplifier is used in
conjunction with quadrature couplers because lowr input
VSWR is then not nearly as important as in a direct cascade
connection.

The collector load resistance for the 2N6105 should be
about 10 ohms, half of that for the 2N5919. Therefore it
appears that a 4:1 transformer can be used in the output.
The circuit shown in Fig. 13 uses a twisted wire pair
connected as a 4:1 autotransformer. The length of the
transformer is determined primarily by the amount of

TYPE
2Nel05

Co Ly

20 ENAMELED

INCH, CROSS CONNECTED AND

CoiCa— 10 pF, SILVER MICA FORMED IN A LOOP

Cq — 33pF atc - 100" Ly = I TURN No.20 WIRE, WOUND IN

9/64 IN. ID.
Cg - 6.5pF ATC-100"

L, — INDUCTANCE OF BASE LEAD 5/16 IN. LONG.
Cg — 66 pF ATC -100%
c; —1000pF FEED THROUGH. Lz~ 0.2pH RFC
ALLEN-BRADLEY FASC
Ca - 1000 pF ATC-100" Lz~ 2 TURNS No.20 WIRE, WOUND IN 9/64 IN. DIA.
8
- L]

Cg — I-20pF JOHANSON 4882 = — OR EQUIVALENT
Cio = 12 pF, SILVER MICA ALLEN-BRADLEY Co., MILWAUKEE, WIS.

Cy — IuF ELECTROLYTIC

Ry —5.1Q 172 WATT

AMERICAN TECHNICAL CERAMICS, HUNTINGTON STATION, N.Y. 11746
JOHANSON MFG. CORP., BOONTON, N.J. 07005

Fig. 13 — 2N6105 broadband amplifier circuit.
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14 — Performance of 2N6105 in the circuit of Fig. 13.

inductance required to tune out the output capacitance at
400 MHz. Collector efficiency is somewhat poorer at the
225-MHz end of the band as a result of incomplete tuning
out of the output capacitance at the lower frequencies.
Although twisted-wire transformers are rather difficult to
analyze, experiments have shown that they have large
bandwidths and can be successfully used in the output of
high-power broadband amplifiers.

References

1. G.L. Matthaei, “Tables of Chebyshev Impedance —
Transforming Neworks of Low-Pass Filter Form,”
Proceedings of the IEEE, August 1964.



AN-4591

NG/

Solid State
Division

RF Power Transistors
Application Note
AN-4591

Use of the RCA-2N6093 HF Power
Transistor in Linear Applications

by Z.F. Chang and J.F. Locke

The rapidly growing technology in semiconductor devices
has resulted in the development of power transistors designed
especially for use in hf single-sideband (SSB) equipment.
Unlike most commercially available rf power transistors,
which are designed primarily for class C operation, the
RCA-2N6093 provides a high degree of linearity for class
AB operation, emitter ballast resistance for stabilization
and low distortion, and an internally mounted temperature-
sensing diode for bias compensation.

This Note discusses the advantages of single-sideband
operation, some basic transistor characteristics and trade-offs
involved in the choice of a transistor for linear applications,
broadband matching networks, and the basic performance
of the RCA-2N6093 in narrowband and broadband applica-
tions. The design features that make this device suitable for
linear amplification are described.

SINGLE SIDEBAND

Single-sideband communication systems have many
advantages over AM and FM systems.! In applications where
reliability of transmission and power conservation are of
prime concern, SSB transmitters are usually employed.
Advantages of SSB include reduced power consumption for
effective transmission and reduced channel width, which
permits mor¢ transmitters to be operated within a given
frequency range. Any discussion of SSB operation includes
the terms “intermodulation distortion” and “peak envelope
power”’; these terms are defined below.

Intermodulation Distortion

For an amplifier to be linear, the output power must be
directly proportional to the input power at all signal
amplitudes. Alternatively, for a fixed load the amplifier must
maintain a constant gain within its useful power range. An
approximate check on the linearity of an rf power amplifier
is a curve of power output as a function of power input. The
curve in Fig. 1(a) shows two regions that depart from linear
operation: region A, high-power operation with current

saturation; and region B, low-power operation with insuf-
ficient forward bias.

The PQ-PIN graph requires measurement at several power
levels, which is cumbersome and time-consuming, and yields
results that are only approximate. For final equipment
testing, the most widely accepted test method requires the
use of a two-tone signal. The two tones have equal amplitude
and are separated by an audio frequency. The output
waveforms can be displayed on a spectrum analyzer to show
the two tones and the intermodulation-distortion (IMD)
product. The ratio of the amplitude of the strongest
distortion product to the amplitude of one of the test signals
is called the IMD ratio. A distortion specification of -30 dB,
for example, means that the strongest distortion product will
be less than 0.1 per cent of a signal output level for any
two-tone signal at power levels up to the peak envelope
power rating of the amplifier. Fig. 1(b) is a typical curve of
IMD as a function of output power; the increased distortion
in regions A and B are readily noted.

The important intermodulation-distortion products are
those close to the desired output frequencies, because they
fall within the passband and cannot be filtered out by normal
tuned circuits. If f] and f7 are the two desired output signals,
third-order IMD products take the form (2f1 - f2) and (2f7 -
f1). The other third-order terms, (2f] + fy) and (2f; + f1),
correspond to frequencies near the third-harmonic output of
the amplifier and are greatly attenuated by tuned circuits. It
is important to note that only odd-order distortion products
appear near the fundamental frequencies. The frequency
spectrum shown in Fig. 2 illustrates the frequency relation-
ship of some distortion products to the test signal.

Even-order distortion products do not occur near the
desired frequencies f] and fp; all are either in the
difference-frequency region or in the harmonic regions of the
original frequencies. Therefore, filters following the non-
linear elements can effectively remove all products generated
by the even-order components of curvature, and the
second-order component that produces second harmonics
will produce no distortion in an SSB linear amplifier.
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Fig. 1— Two ways to evaluate power amplifier linearity: (a)
output power as a function of input power; (b)
intermodulation distortion as a function of output
power.

Peak-Envelope-Power Rating

The maximum power that a device can deliver is usually
limited by its current and voltage ratings. When a cw signal is
used, the output is a constant, undistorted, sinusoidal
waveform that is not suitable for linearity testing. If a
two-tone signal is used in which the amplitude of each tone
equals one half of the cw amplitude, and if the two tones are
separated by a small frequency, the two tones add or
subtract depending on the phase relationship. When in phase,
the two tones add to yield an amplitude equal to the cw
amplitude. When out of phase, the two tones subtract; the
resultant amplitude becomes zero. Essentially the resultant is
an undulating wave that varies from zero to maximum
amplitude at the rate of the difference frequency. Because
each tone of the two-tone signal has an amplitude equal to
one half of the cw amplitude, the power contained in one
tone is only one quarter of the power in the cw signal. The
total average power in a two-tone signal, therefore, is one
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Fig. 2— Frequency spectrum of intermodulation-distortion
products.

half of the power in the cw wave. Because peak power occurs
when the two tones are in phase, the peak-envelope-power
(PEP) rating of an amplifier is equal to twice the average
reading obtained from a power meter such as a calorimeter.
For a signal of three equal-amplitude tones, the PEP-to-
average-power ratio is 3 to 1.

TRANSISTOR OPERATION

In a class B amplifier the transistor conducts half of the
time and the average collector current is directly propor-
tional to the amplitude of the signal voltage. This fact implies
that the circuit is linear for the fundamental components. A
class A amplifier conducts all of the time. It provides the
most linear amplification and is characterized by high gain,
low distortion, and low efficiency. The low-level stages of a
power-amplifier chain commonly operate in class A. Because
of its high quiescent collector current, class A operation is
seldom used for a power -amplifier, particularly in portable
equipment where high efficiency and light weight are the
design goals. Therefore, if the primary design goal is to
achieve low IMD with the highest efficiency possible, the
transistor should be operated at a power level low enough to
avoid the nonlinear saturation region, and a bias level beyond
the nonlinear base-to-emitter “turn-on” region. Fig. 3 shows
the reduction in IMD with increase in bias. When the 2N6093
is operated at a PEP output level of 50 watts, it can have an
IMD of less than 40 dB.

For bias currents above 60 milliamperes, the reduction in
IMD becomes less significant. To avoid catastrophic tran-
sistor failures caused by forward-bias second breakdown, the
bias current should not be set much beyond the level
required to meet the power and distortion design objectives.
Furthermore, once the bias current has been established the
designer must make sure that the collector quiescent point is
within the safe dc operating curve of the transistor.
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Fig. 3— Typical intermodulation-distortion as a function of
collector bias current for the RCA-2N6093.

TRANSISTOR SELECTION

To date, most high-frequency power transistors have
been designed for class C operation. Forward-biasing into
class B or class AB places such devices in a region where
second breakdown may occur. The susceptibility of a
transistor to second breakdown is frequency-dependent;
experimental results indicate that the higher the frequency
response of a transistor, the more severe its second-
breakdown limitations. Physically, second breakdown is a
local thermal-runaway effect induced by severe current
concentrations. Improving the safe dc operating region of a
transistor, therefore, must be the first step in providing a
rugged device suitable for SSB application.

The RCA-2N6093 is a power transistor designed specially
for use as a linear amplifier. This transistor can be
forward-biased into class AB and has a good high-frequency
response. Improvement of second breakdown is accom-
plished by subdividing the emitter and resistively ballasting
the individual sites. The transistor has an overlay-
structure, with the emitter sites interconnected by metal
fingers in parallel. Currentlimiting resistors are placed in
series with each emitter site between the metallization and
emitter-to-base junction.

The maximum operating area of a forward-biased
2N6093 is illustrated in Fig. 4 for various case temperatures.
If the device is operated within the curves of Fig. 4 under dc
conditions, second breakdown will not occur and the
junction temperature will not exceed 2000C at any point.
The hot-spot temperature for these curves were determined
by infrared scanning.

Emitter Ballast R

To show the effect of emitter ballast resistance or. second
breakdown, three groups of high-VCEQ(sus) overlay tran-
sistors were made with different ballast-resistor values. The
collector-to-emitter voltage needed to cause each transistor
to go into second breakdown at a collector current of one
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o | T
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COLLECTOR-TO-EMITTER VOLTAGE (Vgg)—V
Fig. 4— Safe area for dc operation of the RCA-2N6093.

ampere, measured on a curve tracer with a single base step, is
shown in Table I. These data indicate that the addition of
resistors improves device second-breakdown capability. A
relatively large value of ballast resistance prevents second
breakdown, improves thermal stability, and provides linear
transfer characteristics. However, excessive ballasting can
seriously degrade the rf performance of the transistor. The
ballast resistors are in series with the load: therefore, in a
high-frequency power amplifier with low supply voltage, the
emitter resistance can be an appreciable portion of the
reflected load at the collector, and thereby limit the output
power. The power loss in the emitter resistance should be
taken into account when the resistance value is decided; a
compromise must be made empirically to obtain sufficient
second-breakdown protection without seriously affecting rf
performance. The ballast resistance can be measured by use
of a Tektronix 576 curve tracer equipped with a Kelvin
probe.

Because the value of VBE at the transistor base-to-
emitter terminals includes the voltage drop across the ballast
resistance, the transistor transconductance is affected by the
value of ballast resistance. The curves of IC as a function of
VBE in Fig. 5 for three different values of resistance show
that ballast resistance improves the linearity of the device;
the resistance also reduces the input Q.

The adverse effects of high ballast resistance are reduced
tf output power and increased saturation voltage. Viewed

Table | - Effect of Emitter Resi onS d-Breakd
Voltage

Total Emitter Resistance  Second-Breakdown Voltage

(ohms) (volts)
0.005 50
0.013 65
0.08 108
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Fig. 5— Current-voltage characteristics at various ballast-
resistance levels.

externally, the total saturation voltage includes the voltage
drop across the ballast resistance. This additional voltage
makes the “soft” output characteristics of a transistor at high
current even softer. As a result, it limits the available linear
region through which the signal can swing.

An attempt to make a transistor more linear by
increasing the forward bias causes the collector efficiency to
decrease and results in increased transistor dissipation.
Dissipation produces heat, which causes VBE to decrease at
the rate of about 0.002 volt per ©C, and can cause thermal
runaway unless temperature compensation is used to
maintain collector current relatively constant over a wide
temperature range.

As discussed above, some transistors fail when the bias
current is increased for class AB operation. Investigations of
the failures revealed that these devices exhibited a maximum
VBE and then went into a negative-resistance region as
shown in Fig. 6. The onset of negative resistance, called
bend-back, results in a runaway condition that ultimately
destroys the transistor.

I BEND - BACK

Vgg DECREASE
DUE TO
8j_¢ (0.002)I¢ Veg

Vg INCREASE
DUE TO
Ig Ry AND KT/q

COLLECTOR CURRENT (I¢)

BASE-TO-EMITTER VOLTAGE (Vgg)

Fig. 6— The bend-back phenomenon.
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In most linear applications where the operating point of
the device is biased with a voltage source, this IC-VBE curve
becomes an accurate means of predicting device stability. It
is difficult to maintain a stable quiescent point of a transistor
with low bend-back. Laboratory results indicate that a
minimum bend-back current of 1 ampere at 22 volts is
needed for a transistor to operate safely at 40-per-cent
efficiency with approximately 50 watts of dissipation.

Bend-back occurs when the increase of VBE with
collector current is just balanced by the decrease in VBE
caused by junction-temperature rise. Therefore at bend back

KT/q +IgR; = Bj_c(O.OO2V/OC) Ic Ve (€3]
where

KT/q =0.032 volt @ 1000C
Rt = total ballast resistance
0j.c = junction-to-case thermal resistance

0.002V/o > = base-to-emitter junction
temperature coefficient

IE = emitter current
I = collector current
VCE = collector-to-emitter voltage

If Ic = IE, Eq (1) can be solved to find IE at bend-back:

—KT/
E= d
R; — 0, (0.002V/°C) VCE

I 2

Thermal runaway can be attributed to the fact that the
base-to-emitter junction of a transistor has a negative
temperature coefficient. For example, the RCA-2N6093
transistor is forward-biased by 0.65 volts to produce a
quiescent collector current of about 20 milliamperes at Vgc
= 28 volts. This operating point is shown as point A in Fig. 7.
When rf drive is applied, the collector current increases to 3
amperes. If the efficiency is 40 per cent, the power dissipated
in the transistor is given by

Pygiss. =28 x 3 (1 — 0.40) = 50 watts.

If the ambient temperature is 250C, the case temperature
is 500C, and the thermal resistance is 1.5 OC per watt, the
junction temperature is given by

T3 = Tease * Paiss. O
=50+50x1.5=1250C.
The junction temperature is thus 100°C above ambient

temperature. At this junction temperature the VBE required
to maintain a collector current of 20 milliamperes is only
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Fig. 7— Collector current as a function of base-to-emitter
voltage in the RCA-2N6093 for two values of
junction temperature.

0.65 — 100 x 0.002 = 0.45 volt, as shown at point B. If the
bias voltage is fixed at 0.65 volt, however, and the drive is
removed instantaneously, the quiescent current will no
longer be 20 milliamperes. Instead, the collector current will
move to point C, where the operating point falls outside of
the safe area of Fig.4. Therefore catastrophic failure will
occur as a result of thermal runaway.

Compensating Diode

To provide a bias voltage that varies with temperature in
the same manner as VBE of the transistor, the 2N6093
incorporates a compensating diode as shown in Fig. 8. To
insure fast thermal response time, this diode is mounted on
the same beryllia disc as the transistor chip. The diode,
forward-biased through RpBjas, serves as a temperature-
sensing element. The voltage developed across the diode is
amplified to provide a “stiff” bias-voltage source.

A bias-compensation circuit is included in the 30-MHz,
75-watt (PEP) amplifier shown in Fig. 9. The current
amplifier uses Q1 and Q2 in a differential-amplifier arrange-
ment so that the output voltage is independent of
ambient-temperature variations. Q3 and Q4 provide the
necessary current amplification. The bias current in of
transistor Q5 can be adjusted by varying R1.

As shown in Fig. 10, with no rf signal the forward-biased
transistor is statically stable up to a case temperature of
1600C. The dashed line in Fig. 10 shows that without
temperature compensation the transistor tends to thermal
runaway around 800C. To further show the effectiveness of
compensation, the third-order distortion and output power
are plotted as a function of case temperature in Fig. 11. The
decrease in output power at high temperatures is caused by a
drop in high-frequency gain and an increase in rf saturation
voltage. The decrease in hfe produces a soft saturation knee
that causes the degradation of distortion.
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Fig. 8— Block diagram of 30-MHz amplifier with tempera-
ture compensation.

BROADBAND CIRCUIT DESIGN

Transistor Parameters

Before any circuit can be designed, the transistor input
impedance and the collector load impedance over the
required frequency band and at the desired levels of output
power, IMD, case temperature, and collector supply voltage
must be known or measured. The circuit designer must also
know the transistor power gain over the same band. Curves
of these characteristics for the RCA-2N6093 are shown in
Figs. 12-14. A broadband transistor should be selected for
minimal impedance variation and low input Q across the
frequency band. A transistor with fi well above the highest
operating frequency, if available, can provide constant gain
under broadband operation; such a transistor eliminates the
need for additional gaindeveling circuitry. Because circuit
optimization becomes more difficult with high-power broad-
band operation, the need for thermal stability becomes more
acute and the necessity of diode compensation at high
output powers becomes greater. To provide this stability, the
transistor should have an internally mounted compensating
diode.

The advantages which especially suit the 2N6093 for
broadbanding are its low input Q and its internally mounted
compensating diode. Its main disadvantage is a 15-dB gain
decrease from 2-30 MHz due to operation on a power-gain
slope of 6 dB per octave.

Transmission Line Transformers%.5.6

After selection of the transistor and measurement of its
broadband parameters, the next step is to select the circuit
approach. The most practical broadbanding method to
provide an effective impedance transformation over four
octaves (2-30 MHz) is a transmission-line-transformer/ferrite-
core combination. The major disadvantage of a transmission
line transformer is the limited number of impedance
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Fig. 10— Quiescent collector current in the RCA-2N6093 as
a function of case temperature with and without
temperature compensation.

transformations available: 1:1, 4:1, 9:1, etc. The two
fundamental configurations are the 1:1 reversing transformer
and the 4:1 impedance transformer shown in Fig. 15.

Ferrite Cores

At low frequencies, a high primary reactance can be
obtained with a few turns of transmission line on a
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CASE TEMPERATURE—°C

Fig. 11— Output power and intermodulation-distortion as a
function of case temperature for the RCA-2N6093
amplifier shown in Fig. 9.

high-permeability ferrite core. At high frequencies where
length becomes critical the permeability of the core
decreases, thereby maintaining approximately the same levels
of reactance with a short length of transmission line.
Ferramic-Q core material” is available in three high-
frequency grades; a tabulation of their useful properties is
given in Table II. Because the transformer performance is less
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Zo=Rg

Zo=R /2

9 Ri*Rg

(a) (b)

Fig. 15— Transmission-line transformers: f(a) 1:1 reversing/
isolating transformer; (b) 4:1 impedance
transformer.

Table |1 - Permeability and Frequency Dependence of
Ferramic-Q Materials

Approximate Frequency
at which core losses
increase by a factor of 10

Material Permeability (MHz)
Q-1 125 10
Q-2 40 90
Q-3 16 225

dependent on core material at the higher-frequency end of its
useful range, the poor intrinsic Q of Q-1 material above
20 MHz does not degrade the transformer operation at
30 MHz. Q-2 material, having lower permeability, requires
more turns for operation at the lower frequencies.

Hybrid Combiner/Dividers

Hybrid combiner/dividers can be made by use of
combinations of the 1:1 and 4:1 transformers on ferrite
cores to provide high impedance transformation ratios6. As
an example, Fig. 16 shows a 1800-phase hybrid divider that
matches a 50-ohm source to a 3.12-ohm push-pull configura-
tion. Two 1:1 transformers are used to make the 4:1
transformation, rather than one 4:1 transformer, to provide
the balanced output needed for a push-pull configuration. An
equivalent transformation also can be made with one 1:1
transformer and one 4:1 transformer, as shown in Fig. 17.

Zo=RiN/2 A

Fig. 16— A 4:1 broadband transformation rietwork that uses
two 1:1 transformers to provide a balanced output.
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Fig. 17— A 4:1 broadband transformation network that uses
a 1:1 transformer and a 4:1 transformer to provide
a balanced output.

Fig. 18 shows a 16:1 broadband transformation network
for a push-pull configuration. The circuitry to the left of V2
is the same as in Fig.16; to the right of V2, an extra
transformer and dissipating resistor have been added. Points
A and B are transistor base inputs, R2 represents the resistive
input to a conducting transistor, and R3 is a resistor much
larger than R2 that is connected in shunt with each
base-to-emitter junction. (Thus A-to-ground represents a
conducting transistor, while B-to-ground represents a cut-off
transistor, in Fig. 18.) R1 dissipates any imbalances in power
or phasing.

To find the input resistance to the network of Fig. 18,
the network equations are written as follows:

=Dh=I3=14 V-V4=Vy-V3
Is=1Ig =2l V1=2(V2-V3)
I7=15-1g V4=RjIj0
Ig=1I9 V2=1I7Rp
I11=Ig+lg V3=R31ly1
I1p=1g+1I9

These equations yield V/I{ as a function of Ry, Ry, and
R3:

v, <R1 R, +R; Ry + R2R3>
4R, Ry + Ry

Riy=7, =16

Fig. 18— A 16:1 broadband transformation network with
balanced output.
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If R1 = 1/2 R2 and R3 = 5Rp, RIN = 16 Rp. Thus the
3.12-ohm transistor resistance is transformed to 50 ohms.

Because of symmetrical loading, the same hybrid
configuration provides an 8:1 impedance transformation
when used as a 1800-phase power combiner at the transistor
collectors. This combiner operation of the network is shown
in Fig. 19; the output resistance is given by

. _Vour_ 16<R1 Ry+R; Rz +R, R3)
OUT ™ 15p 4R +Ry+ Ry

If the collector load-line resistance is R, let Ry = %R} and
Ry =Rz =R[. Then

RouT =8R

Thus each collector is provided with a 6.25-ohm load-line for
Rout = 50 ohms. The inductance of the transmission line
and its connectors is utilized to tune out both input and
output negative reactances.

2-t030-MHz Broadband Circuit Design

The push-pull configuration is used not only because the
1800-phase hybrids provide a high transformation ratio, but
also because this configuration suppresses second harmonics
and thus minimizes_filter requirements at the output.
Knowing the output power level and the input and output
impedance values at that power level, the circuit designer can
use a combination of 1800-phase hybrids, hybrid resistance
values, and additional transmissiondine transformers to
complete the proper transformation at the input and output.
After the transformation closest to optimum match at the
highest operating frequency has been selected, individual
transformers are wound and measured over the desired
frequency band. The HP 4815A vector impedance meter, RX
Boonton Meter, or a similar instrument can be used for these
measurements.

A 150-watt (PEP) linear amplifier for the 2-t0-30-MHz
frequency range has been built with a pair of RCA-2N6093
transistors in push-pull, 1800-phase hybrid power combiner/
dividers, and single-ended 4:1 transformers. The block
diagram of this amplifier is shown in Fig. 20, and the circuit
diagram and parts list are given in Fig. 21.

Fig. 19— The network of Fig. 18 used as a 1800-phase power
combiner.
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NGOSS
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|
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Z|y=12.5 Q : = 6.25Q LOAD LINE 250
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15 0 FOR
NONCONDUCTING
TRANSISTOR
Fig. 20— Block diagram of push-pull linear amplifier that
provides 150 watts PEP at 2 to 30 MHz.
)
A1l
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L N
R2 T4 ts 16 ZouT=50%
L T 3
,‘:(:3 FRC4 =RC8 - Co9== =R=CI0
L R3 | |
= ! =
s + = L4 -
L c2 | ‘\ c7
= = | | AL
Rl L _J I
2N6093
= N -
| TEMPERATURE - I
| COMPENSATING BIAS CIRCUIT ] Ve * +28VOLTS
L o e e e 2

Cl= €2 = 0I5uF ELECTROLYTIC
€3 = C9 = 0.04uF CERAMIC

C4= 0.0027uF CERAMIC

C5= 100 uF ELECTROLYTIC

€6 = C7 = 0.IpF ELECTROLYTIC

LI =L2=075uH RFC Ti=T2=T6 = NO. 26 WIRE. TWO TWISTED

L3 = L4 =7 TURNS NO. 20
WIRE ON QI CF 111
INDIANA GENERAL
FERRITE CORE.

€8'= 1000 pF FEEDTHROUGH ALLEN BRADLEY FASC

Cl0=5uF ELECTROLYTIC

Ri =

PAIRS (9 TURNS/IN.)
PARALLELED (8 TURNS/IN.)

8" TOTAL LENGTH. FIVE TURNS

ON QI CF 111 INDIANA GENERAL CORP.
FERRITE CORE.

T3=T4 = T5= TWO COPPER STRIPS (WIDTH = 85MILS,

2.79,0.5WATT PARALLELED WITH 3.3 0, 0.5 WATT

R2= R3=300,0.5WATT PARALLELED WITH 302,05 WATT

RA= 2.7Q, IWATT

THICKNESS = 8MILS PARALLELED,

3.5" TOTAL LENGTH). FIVE TURNS ON QI
CF 106 INDIANA GENERAL CORP.
FERRITE CORE.

Fig. 21— Circuit diagram and parts list for 150-watt, 2-to-

Typical performance of this amplifier across the hf band

30-MHz push-pull linear amplifier.

The intermodulation distortion exceeds -30 dB at fre-

quencies below 6 MHz. The circuit is capable of -35 dB IMD
over a good portion of the band if operated at the reduced
output power of 100 to 110 watts PEP, as would be
expected from the curve of Fig.3. If the same circuit

is shown in Fig. 22. The power gain exhibits the same
6-dB-per-octave slope at mid-band and low-frequency roll-off
noted in the narrowband measurements (Fig. 12). Total gain
variation is approximately 15 dB.
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components and transformation networks are utilized, the
efficiency is somewhat reduced at the reduced power level
because the collector circuit is optimized for higher power.

The efficiency of the amplifier is 40 to 50 per cent across
the band. When operated at 150 watts PEP with Vce of 28
volts, the amplifier becomes current limited at frequencies
below 3 MHz. The increase in VSWR is related to the
increase in the real part of the transistor input impedance
(see Fig. 13).

Fig. 23 shows the performance of the 150-watt PEP
amplifier as a function of case temperature at 30 MHz.

T
COLLECTOR
EFFICIENCY (¢)—%

G"E

] o :
i TTTIT 1 L
COLLECTOR SUPPLY VOLTAGE (Vcg)=28 V|

POWER (Pog)=150 W (PEP) 2

T S

e 1 1 1

POWER GAIN (Gpg)—dB
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101 : +vo H +

Mo
v

WR
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Fig. 22— Typical performance of the broadband 150-watt

(PEP) amplifier with two RCA-2N6093 transistors.
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Fig. 23— Performance of the 150-watt PEP amplifier as a
function of case temperature at 30 MHz.
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6.

The main advantages of this type of circuit are its
simplicity and compactness. The disadvantages are lack of
gain leveling and low efficiency at lower frequencies because
of increased VSWR.

Because the real value of the transistor input impedance
increases with decreasing frequency, which affects both VSWR
and IMD, a resistance-inductance series combination placed
in parallel with the 50-ohm input or placed from base to base
aids the transformation network in making a practical match
at low frequencies. The impedance match is improved and
some input power is absorbed at low frequencies; therefore
the VSWR improves and some gain leveling occurs. Other
methods of gain leveling include collector-to-base feedback
and loop feedback; for high-power circuits, the loop
feedback system shown in Fig.24 would be the most
effective. In this system, input and output ‘signals are
compared and gain differences are compensated by com-
mensurate increases in input attenuation.

For higher powers, modules of push-pull pairs can be
pyramided by the same hybrid-combining techniques.

Ve AGE—
il COONﬁ’ngLELED DIRECTIONAL| | AMPRLTFIER
ATTENUATOR COUPLER LOAD
LINEAR
PEAK
DETECTOR
LINEAR
PEAK
DIFFERENTIAL DETECTOR
AMPLIFIER GAIN
ADJUST
Fig. 24-- A loop feedback sy for gain-leveling
REFERENCES

E.W. Pappenfus, W.B. Bruene, and LO. Schoenike,
Single-Sideband  Principles and Circuits, chapter 4,
McGraw-Hill, New York; 1964 .

D. Carley, P. McGeough, and J. O’Brien, “The Overlay
Transistor,” Electronics, vol. 23, no. 17, pp. 70-77;
August 23, 1965 .

D.J. Donahue and B. A. Jacoby, “Putting the Overlay to
Work,” Electronics, vol. 23, no. 17, pp. 78-81; August
23,1965 .

J. Tatum, “RF Large-Signal Transistor Power Amplifiers;
Part IIl — Matching Networks,” Electronic Design News,
vol. 10, no. 8, pp. 66-80; July 1965.

. C.L. Ruthroff, “Some Broadband Transformers,” Proc.

IRE, vol. 47, pp. 1337-1342; August 1959.

O. Pitzalis, Jr. and T. Course, “Broadband Transformer
Design for RF Transistor Power Amplifiers,” Proceedings
of 1968 Electronic Components Conference, pp. 207-216.

R. Turrin, “Broadband Balun Transformers,” QST, vol.
48, no. 8, pp. 33-35; August 1964 .



AN-4774

NG

Solid State
Division

RF Power Transistors

Application Note
AN-4774

-Hotspotting in
RF Power Transistors

by C. B. Leuthauser

Some rf power transistors can suffer a long-term
deterioration of performance during linear operation (class A
or AB) or when operated with high collector supply voltage
or into a high load VSWR, even though the dissipation is
within the limit set by the classical junction-to-case thermal
resistance. This performance degradation is caused by a
localized heating effect called “hotspotting”. Hotspotting
results from local current concentrations in the active areas
of the transistor; it can cause catastrophic thermal runaway
as well as long-term failure.

The presence of hotspots can make virtually useless the
present method of calculating junction temperature by
measurements of average thermal resistance, case tempera-
ture, and power dissipation. However, by use of an infrared
microscope, the spot temperature of a small portion of an rf
transistor pellet can be determined accurately under actual or
simulated device operating conditions. The resultant peak
temperature information is used to characterize the device
thermally in terms of junction-to-case hotspot thermal
resistance, ©3g.¢.

The hotspot thermal resistance can be used in reliability
predictions, particularly for devices involved in linear or
mismatch service.

DC Safe Area

The safe area determined by infrared techniques repre-
sents the locus of all current and voltage combinations within
the maximum ratings of a device that produce a specified
spot temperature (usually 200°C) at a fixed case tempera-
ture. The shape of this safe area is very similar to the
conventional safe area in that there are four regions, as
shown in Fig. 1: constant current, constant power, derating
power, and constant voltage. The dotted lines denote a
three-region form of safe-area plot, in which the fourth
region is outside of VCEQ or Ic(max).

Regions I and IV, the constant-current and constant-
voltage regions, respectively, are determined by the maxi-
mum collector current and Vcgo ratings of the device.
Region II is dissipation-limited; in the classical safe area

(vgeo!)

N

HOT- \
SPOTTING \
BEGINS \

1 -

O . MAXIMUM COLLECTOR
a gl CURRENT (I MAX.)
Ik IL.DISSIPATION-LIMITED
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S
@
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J
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o
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COLLECTOR-TO-BASE VOLTAGE (Vcp) —V

Fig. 1— Safe area curve for an rf power transistor,
determined by infrared techniques.

curve, this region is determined by the following relation-
ship:

P _ Ty(max) — T¢
max = T (03]

where Ty(max) is the maximum allowed junction tempera-
ture, T is the case temperature, and ©y_cis the junction-to-
case thermal resistance.

This relationship holds true for the infrared safe area;
Ppax may be slightly lower because the reference tempera-
ture Tj(max) is a peak value rather than an average value.
The hotspot thermal resistance (©JS-C) may be calculated
from the infrared safe area by use of the following definition:

-Ds-Te
O1s.c Piss @

where Tyg is highest spot temperature [Tj(max) for the safe
area] and Pgjg is the dissipated power (=I x V product in
Region II).

11-71
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The collector voltage at which regions II and III intersect,
called the knee voltage Vi, indicates the collector voltage at
which power constriction and resulting hotspot formation
begins. For voltage levels above Vi, the allowable power
decreases. Region III is very similar to the second-breakdown
region in the classical safe area curve except for magnitude.
For many rf power transistors, the hotspot-limited region can
be significantly lower than the second-breakdown locus.
Generally V. decreases as the size of the device is increased.

Fig. 2 shows the temperature profiles of two transistors
with identical junction geometries that operate at the same
dc power level. If devices are operated on the dissipation-
limited line of their classical safe areas, the profiles show that
the temperature of the unballasted device rises to values
130°C in excess of the 200°C rating. Temperatures of this
magnitude, although not necessarily destructive, seriously
reduce the lifetime of the device.

5 345 Vcp =6.5 VOLTS

£ 323 PpISS<I3 WATTS

w l Te=100°C

@x 296 + n 1

£ UNBALLASTED

& 262 ] f f

% 205 \‘ JBALLI‘AST]ED

+ 180
0_10 20 30 40 50 60 70 80
T\msmncs ACROSS PELLET T

(MILS)
LEFT EDGE RIGHT EDGE
OF PELLET OF PELLET

1. g

Thermal profiles of a ballasted and an unb
power transistor during dc operation.

Fig. 2—

Emitter Ballasting

The profiles shown in Fig. 2 also demonstrate the
effectiveness of emitter ballasting in the reduction of power
(current) constriction. In the ballasted device, a biasing
resistor is introduced in series with each emitter or small
groups of emitters. If one region draws too much current, it
will be biased towards cutoff, allowing a redistribution of
current to other areas of the device.

The amount of ballasting affects the knee voltage, Vi, as
shown in Fig. 3. A point of diminishing returns is reached as
Vi approaches VogQ.

o
o

N
o

v

/|

/

o ] 02 03 04
TOTAL BALLASTING RESISTANCE —OHMS.

S

SAFE-AREA KNEE
VOLTAGE (VK)— VOLTS

Fig. 3— Safe-area knee voltage for an rf power transistor as
afi ion of total ballasting resi:
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RF Operation

In normal class C if operation the hotspot thermal
resistance is approximately equal to the classical average
thermal resistance. If the proper collector loading (match) is
maintained, Ojs.c is independent of output power at values
below the saturated- or slumping-power level, and is
independent of collector supply voltage at values within +30
per cent of the recommended operating level.

Power constriction in rf service normally occurs only for
collector load VSWR’s greater than 1:1. A transistor that has
a mismatched load experiences temperatures far in excess of
device ratings, as shown in Fig. 4 for VSWR of 3:1. For
comparison, the temperature profile for the matched con-
dition is also shown in Fig. 4.

365

345

3231
)

296} -3
w VSWR=3:1
x
2 262}
§ f=400MHz
& 205 Pp=25 W
= vee=28V
w70 Tc=85°C
.
9 162
2
o 146
b

Hi

o) 0.02 004 006 008
PELLET DISTANCE (MAJOR AXiS)—INCH

Fig. 4— Thermal profile of a power transistor during rf
T, jon under mi hed conditions and under

matched conditions.

Fig. 5 is a typical family of thermal resistance curves that
indicate the response of a device to various levels of VSWR
and collector supply voltage. ©js.C responds to even slight
increases in VSWR above 1:1 and saturates at a VSWR in the
range of 3:1 to 6:1. The saturated level increases ‘with
increasing supply voltage. Devices with high knee voltages
tend to show smaller changes of ©jys.c with VSWR and supply
voltage. @yg_c under mismatch is independent of frequency
and power level, and reaches its highest values at load angles
that produce maximum collector current. Power level does,
however, influence the temperature rise and probability of
failure.

Device failure can also occur at a load angle that
produces minimum collector current. Under this condition,
collector voltage swing is near its maximum, and an
avalanche breakdown can result. This mechanism is sensitive
to frequency and power level, and becomes predominant at
lower frequencies because of the decreasing rf-breakdown
capability of the device.

Broadband Operation
The amount of hotspotting produced by wideband
operation of a transistor depends upon both device and
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network characteristics. The output network in a broadband

of amplifier usually does not provide ideal collector loading

across the entire range of frequencies. Therefore the hotspot

thermal performance is characterized for these devices when

terminated by a specified output network.

The RCA-2N5071 is a 24-watt transistor developed for
wideband applications in the frequency band from 30 to 76
MHz. In the wideband circuit shown in Fig. 6, this transistor
has a nominal collector efficiency of 50 per cent and an rf
gain that varies from 13.5 dB at 30 MHz to 9 dB at 76 MHz
for a power output of 20 watts. The hotspot thermal
characteristics for the 2N5071 in this circuit are shown in
Fig. 7 for a matched load and for a 3:1 VSWR (worst-case
phase angle) load condition. The high case temperature,
100°C, simulates actual environmental conditions.

The RCA-2N6105, a 30-watt transistor, is similarly
characterized for use in the 225-t0-400-MHz band. In the
wideband circuit shown in Fig. 8 this device has a nominal
collector efficiency of 75 per cent and an rf gain that varies
from 7.5 dB at 250 MHz to 6 dB at 400 MHz for a power
output of 30 watts. The hotspot thermal performance of the
2N6105 is shown in Fig. 9 for matched and 3:1 VSWR load
conditions with a case temperature of 85°C.

Case-Temperature Effects

The thermal resistance of both silicon and beryllium
oxide, two materials that are commonly used in rf power
transistors, increases about 70 per cent as the temperature
increases from 25 to 200°C. Other package materials such as
steel, kovar, copper, or silver, exhibit only minor increases in
thermal resistance (about 5 per cent). The over-all increase in
Ojs.c of a device depends on the relative amounts of these
rmaterials used in the thermal path of the device; typically the
increase of ©yg.c ranges from 5 per cent to 70 per cent. Fig.
10 shows the rf and dc thermal resistance coefficients for
two typical rf transistors. For both cases, the coefficient is
referenced to a 100°C case and is defined as follows:

B 035.C @)
K100 = 5t T¢ = 1000C

The rf coefficient changes more than the dc coefficient,
because of power constriction that occurs in rf operation at
elevated case temperature.

(z, =500)

RCA
2N5071
(Zg:500) €y

C1,C2: 55-300 pF trimmer capacitor, ARCO 427, or
equivalent

C3,C5: 0.47 uF ceramic
C4: 1000 pF feedthrough
L1: Ferroxcube No. VK200 01-3B, or equivalent
T1,T2,T3: 6 twisted pairs (10 turns/in.) of No. 28 wire
connected in parallel. 3 1/2 turns on Indiana
General CF-108-02 ferrite core, or equivalent
T4,T5: 2 lengths of RG-196A/U cable connected in

parallel. 7 turns on Indiana General CF-111-Q1
ferrite core, or equivalent.

Fig. 6— Wideband rf amplifier circuit for operation from 30

to 76 MHz.
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Fig. 7— Broadband thermal performance of the RCA-
2N5071 in the circuit of Fig. 6.
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1.5

C8: 22 pF chip, Allen-Bradley B162201*
C9: 6.7 pF chip, Allen-Bradley B166791*

C11: 1-20pF, Johanson 5502* RF
C12: 1000 pF feedthrough s
C13: 1 uF electrolytic B 2N5071 \{

L1: 2-turns, 5/32-in. 1.D. No. 20 wire

L2: 17/32-in. length No. 20 wire

L3: 5/32-in. length transistor base lead
L4, 16: 13/16-in. length No. 20 wire

L5:9/16-in. length No. 20 wire

L7: 7/8-in. length No. 20 wire

L8: RFC 1 uH Nytronics*

—

0.5

THERMAL RESISTANCE COEFFICIENT (Kgi00)

R1:5.1 ohms, 0.25 watt 3
S
* or equivalent z
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g

Fig. 8— Wideband rf amplifier circuit for operation from o
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Fig. 10— Thermal resistance coefficients of the RCA-2N5071
and RCA-2N6105.
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2N6104

2N6105

The 2N6104 and 2N610S uhf power transistors feature
the silicon overlay multiple-emitter-site construction with
internal ballasting resistors connected in series with the
emitter structure. These transistors, which are electrically
identical, are intended primarily for use in large-signal,
high-power cw and pulsed amplifiers in vhf and uhf
equipment at frequencies up to 600 MHz. The 2N6104 is
supplied in the RCA HF-32 flanged ceramic-metal hermetic
stripline package, and the 2N6105 is supplied in the RCA
HF-19 (JEDEC TO-216AA) studded ceramic-metal hermetic
stripline package. These packages are characterized by low
parasitic inductance and are ideally suited for use in either
microstripline or lumped-constant vhf and uhf power
amplifiers.

This Note describes basic performance characteristics and
specific circuit design details related to the application of the
2IN6104 and 2N6105 transistors in broadband uhf power
amplifiers intended for use over the frequency band from 225
to 400 MHz. The circuit designs shown in this Note use 2N6105
transistors. Equivalent performance can also be achieved,
however, when 2N6104 transistors are used in the designs
provided that adequate consideration is given to the
mechanical differences of the package.

Overdrive Capability

The 2N6104 and 2N610S transistors are made more
electronically rugged by use of emitter ballasting. The
electronic ruggedness of rf power transistors is manifested by
their overdrive capability and by their ability to withstand
the effects of load-pulling. Overdrive tests, rather than
load-pulling tests, are used to define the electronic rugged-
ness of rf power transistors, however, because load-pulling
tests are destructive and the results obtained have poor
repeatability. Despite these shortcomings, load-pulling tests
can still be very useful. For example, load-pulling experi-
ments have shown that the capability of the 2N6104 and
2N6105 transistors to withstand load-mismatch conditions is
at least 1.5 times greater for operation under pulsed
conditions with a duty factor of 50 per cent than for cw

Characteristics and Broadband
(225-to-400-MHz) Applications
of the RCA-2N6104 and 2N6105
UHF Power Transistors

by Boris Maximow

operation. This factor is important for applications in which
amplitude modulation is employed.

Overdrive specifications are extremely important for rf
power transistors because in many applications the transis-
tors are subjected to inputs that are substantially larger than
those specified for normal operation. The 2N6104 and
2N6105 transistors are required to withstand overdrive tests
in which an input drive of 12 watts is applied. This input
drive is 25 per cent larger than the normal input drive of 9.5
watts recommended for these devices at 400 MHz. The
ability of the transistors to operate safely under these
overdrive conditions is effectively controlled by careful
definition of the amount and type of emitter ballasting
employed in them. The emitter ballasting resistance is pro-
vided by a polycrystalline silicon layer between the active
emitter regions and the emitter bond pads. This layer is
doped to obtain a positive temperature coefficient of
resistivity so that the effective amount of ballasting increases
with a rise in temperature.

Hot-Spot Thermal Resistance

The classic definition of the thermal resistance of a
transistor assumes that the pellet is uniformly heated
whenever power is dissipated in the device. Recent investi-
gations, however, have shown that the voltage-current
combinations in a power transistor during rf operation may
cause hot spots to be developed in localized areas across the
transistor pellet. These hot spots severely restrict the
maximum power dissipation of the transistors. The classic
thermal resistance, therefore, cannot be used to provide
accurate predictions of the power-dissipation capability of rf
power transistors. This thermal resistance continues to be
very useful, however, because it serves as the basis for the
determination of the required size of the transistor pellet and
provides an indication of the effectiveness of the thermal
bond of the pellet to the metallized pad.

The hot-spot thermal resistance of ‘an rf power transistor
takes into account the nonuniform temperature profile
across the pellet. This thermal resistance is determined on the

1-73

441



AN-6010

basis of the highest temperature of the entire pellet. The hot
spots in an rf power transistor are a function of the operating
frequency, the degree of load mismatch, the case tempera-
ture, and the collector voltage. Figs. 1 through 4 show the
relationship of each of these factors to the hot-spot
temperature and thermal resistance of the 2N6104 and
2N6105 transistors. The use of emitter ballast resistors in
these transistors results in a more uniform temperature
profile across the pellet so that the formation of hot spots is
substantially reduced. The peaks in the curve shown in Fig. 1
indicate emitter regions, and the valleys indicate base regions.

The curves shown in Figs. 1 through 4 were obtained by
infrared scanning measurements of the pellet temperature.
For these measurements, the sealing cap was removed from
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the top of the transistor. Removal of the sealing cap results
in some reduction in transistor gain. As a result, the hot-spot
measurements are somewhat conservative because the over-all
operating efficiency would be increased for the normally
higher transistor gain. These measurements were taken with
the transistor operated in the broadband circuit shown in
Fig. 5. (A broadband circuit does not always present an ideal
load for the transistor.)

Cy: 8.2 pF chip, Allen-Bradley®
C2: 18 pF silver mica

C3: 33 pF chip, Allen-Bradley®
Cy4: 47 pF chip, Allen-Bradley®

Cq3: 0.8-10 pF variable air,
Johanson No. 3957¢

Lq: 2turns, 5/32in. 1.D. coil

Lg: 17/32 in. long wire

Cg: 68 pF chip, ATC-100°
Cg: 62 pF chip, ATC-1 00°
C7: 1 UF electrolytic base lead
Cg: 1000 pF feedthrough Lg, L7: 13/16 in. long wire
Cg, C12: 1000 pF chip, Allen-Bradley® Lg: 9/16 in. long wire
Cq0: 22 pF chip, Allen-Bradley® Lg: 7/8 in. long wire
Cq1: 6.9 PF chip, Allen-Bradley® Ry:5.0 82, 174 W

All wire is No. 20 AWG

L3: RFC, 0.1 MH, Nytronics®
L4: 5/32 in. long transistor.

®Or equivalent.

Fig. 5— 225-to-400-MHz broadband power amplifier.

Pulsed Operation

Two factors contribute to the increased capability of a
transistor to handle rf power with changes from operation in
the cw mode to pulsed operation at lower duty factors. For a
given peak power level, the transistor dissipation decreases
significantly with a reduction in the duty factor; conse-
quently, a substantial increase in power-handling capability
results. A moderate increase in power-handling capability
also results because the peak current-handling capability of
the transistor improves as the duty factor becomes smaller.

Although the power-handling capability of an rf tran-
sistor increases with decreases in duty factor, the transistor
power gain is independent of duty factor. Full utilization of
the increased rf poweér-handling. that results from pulsed
transistor operation, therefore, requires that the collector
supply voltage be increased to assure that the gain is
maintained at reasonable levels. Care must be taken,
however, to assure that the breakdown voltages of the
transistor are not exceeded. The maximum collector supply
voltage that can be safely applied to an rf power transistor
without breakdown levels being exceeded is a function of the

type of load circuit into which the transistor operates. The
supply-voltage limits recommended for the 2N6104 and
2N6105 transistors are determined on the basis of dynamic
voltage breakdown tests in which the devices are subjected to
an “all phase” load-mismatch condition during pulsed
operation. Experimental results obtained from pulsed opera-
tion of these transistors are shown in Fig. 6. These results
were measured with the transistors operated in the 400-MHz
microstripline amplifier circuit shown in Fig. 7. For the
load-mismatch conditions of the tests, the transistors
demonstrated the ability to handle peak rf power outputs in
excess of 70 watts when operated from a collector supply of
40 volts. For the transistors to survive these output levels,
the test circuit must be non-oscillatory.

T T T—T" T
FREQUENCY (f) = 400 MHz

PULSE DURATION (p)=100 us
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* L
| 0
[ Veg =40V
z , yi
2 /vcc-ssv
v
5 60 ccr28v —
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o 0 20 30 40

PEAK INPUT POWER—W

Fig. 6— Pulse operation of the 2N6104 or 2N6105.

Broadband Circuit Design Approach

In general, either of two basic approaches is used in the
design of broadband high-power rf amplifier chains. In one
approach, each stage of the chain consists of a pair of
transistors combined by use of quadrature combiners. In the
other approach, a single-ended configuration is used for each
stage throughout the chain except for those stages in which
the power-output requirements exceed the capability of a
single transistor. In such stages, combined pairs of transistors
must be used. The block diagrams of the three-stage amplifier
chains shown in Fig. 8 illustrate the basic configurations that
result from each design approach.

Obviously, the use of combined pairs of transistors in
each stage, as shown in Fig. 8(a), is the more complex design
approach. With this approach, the space requirements of the
amplifier chain are greater, and a larger number of transistors
and combiners are used. Moreover, each time a combiner is
used, the gain and efficiency of the over-all circuit are
reduced. For these reasons, the approach that uses a
single-ended configuration per stage is generally preferred.
One definite advantage of the combined-transistor-pair
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Fig. 8—Broadband power amplifier chains: (a) cascade of combined-pair amplifier stages;
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approach, however, is that cascading of successive stages in
the chain is relatively simple and straightforward. Each stage
is a building block that, because of the properties of the
quadrature combiners, has a very low input VSWR across the
entire frequency band, an essential requirement for trouble-
free cascading.

In the single-ended-configuration approach shown in Fig.
8(b), a low input VSWR across the entire frequency band is
much more difficult to attain, and each stage of the amplifier
chain must be very carefully designed. The increased over-all
gain, higher efficiency, smaller size, and reduced cost made
possible by the successful cascading of single-ended stages
usually provides sufficient justification for the additional
engineering effort required in this approach to the design of
broadband rf power-amplifier chains.

Single-Ended Amplifier

Insofar as the function of the output network of a
high-power broadband uhf amplifier is to provide proper

Ry -

: 0.8-18 pF variable, Amperex
: 24 pF, silver mica

: 22 pF chip, Allen-Bradley®

: 33 pF chip, Allen-Bradiey®

: 47 pF chip, Allen-Bradley®
: 62 pF chip, ATC-100

: 68 pF chip, ATC-100

: 1 UF, electrolytic

: 1000 pF feedthrough

C10. C13: 1000 pF chip, Allen-Bradley

Cq1: 6.9 pF chip, Allen-Bradiey®
Cq2: 6.9 pF chip, Allen-Bradley®

loading for .the transistor, the design of this network is
essentially the same whether the amplifier is to be used singly
or is to be combined with another amplifier by use of
quadrature combiners. In the design of a 225-to-400-MHz
power amplifier, the first step may be to design a broadband
Chebyshev filter to match the real part of the transistor
parallel equivalent load impedance (approximately 10 ohms
for the 2N6105 transistor) to the output impedance (usually
50 ohms) over the specified frequency band.l,2 After the
component values for the filter have been computed, these
values are plotted on a Smith chart and are changed as
required to- compensate for the capacitive output of the
transistor. This admittedly tedious process, when supple-
mented by laboratory experimentation, yields highly
acceptable results. The effectiveness of this approach is
illustrated by a plot of the output network of the broadband
amplifiers shown in Figs. 5 and 9 on the Smith chart shown
in Fig. 10. The curves on this chart should be compared with
the output-impedance trace obtained on a circuit analyzer,
shown in Fig. 11. This comparison indicates that some of the
components in the output network may require precise
values.

TYPE
2N6I05

: 2 turns, 5/32 in. 1.D.

: 1/2 in. long wire

: 13/32 in. long wire

: RFC, 0.1 MH, Nytronics

Lg: 5/32 in. long transistor base lead
Lg, Lg: 13/16 in. long wire

L7: 9/16 in. long wire

Lg: 7/8 in. long wire

Rq:5.0 8, 174w

All wire is No. 20 AWG

®0Or equivalent.

C14: 0.8-10 pF variable air, Johanson #3957®
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Fig. 9—Broadband 225-to-400-MHz amplifier with input k designed for

input VSWR; (a) circuit diagram; (b) performance data.
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9.8nH 15.5nH  17.5nH

500

Fig. 10—Smith Chart design curves and circuit diagram for broadband output network.
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Fig. 11— Circuit-analyzer output-impedance trace for broad-
band amplifiers using output network shown in Fig.
10.

The design of the input network for a single-ended
broadband amplifier depends, to a large extent, on the final
application intended for the amplifier. If the amplifier is to
be combined with another identical amplifier by use of
quadrature combiners, the major design objective is flatness
of response, and the input VSWR is of lesser importance. For
a single-ended amplifier that is to be used in a cascade
connection, a low input VSWR is the main requisite for
successful cascading of individual stages.

In one approach to the design of broadband input
networks for high-power transistor rf amplifiers, lossy
elements are introduced into the network to equalize the
gain across the specified frequency band.! This technique
should be reversed for amplifiers stages that operate at
moderate power levels. The inconvenience that results from
the use of large resistors in the input network would
probably be the limiting factor for this approach.

In general, the input matching network for a high-power
amplifier should use only reactive components and should be
designed for a minimum input VSWR across the band. The
achievement of a minimum input VSWR across the band,
however, is accompanied by some degradation in the flatness
of the amplifier gain-frequency response. The input network
of the 225-t0-400-MHz amplifier shown in Fig. 9(a) is
designed to reduce the input VSWR across the band. The
performance data for the amplifier, shown in Fig. 9(b),
reveals that this approach results in a gain variation of as
much as 3 dB across the band. In a chain of such stages in
cascade, the excess gain is cumulative with the number of

AN-6010

stages. The cumulative excess gain may result in an excess out-
put within the amplifier chain that may possibly overdrive a
following stage to destruction. Consequently, it is advanta-
geous to introduce some method of gain equalization
between adjacent stages. The output leveling  schemes
employed are usually looped about several stages and have no
control over the gain of individual stages.

Gain Equalizer

Fig.- 12 shows a suggested broadband gain equalizer.
When this equalizer is used with the broadband amplifier
shown in Fig. 9, the resultant stage has a very low input

P —

T LINES
INPUT 0° ——OPEN
S
QUADRATURE R
AR \ l-x/q AT fo 4‘
P =
OUTPUT —e— -90°] OPEN

Fig. 12— Gain equalizer for broadband uhf power amplifier.

VSWR and a gain response that is essentially flat. The basic
amplifier-equalizer connection and the performance of the
resultant circuit are shown in Fig. 13. A comparison of the
gain curve shown in Fig. 9 with that shown in Fig. 13
indicates the effectiveness of the gain equalizer.

The gain equalizer shown in Fig. 12 makes use of the
frequency-selective characteristics of two open-ended trans-
mission lines. The O-degree and 90-degree ports of the
quadrature combiner are shorted at the operating frequency
fo for which each transmission line is one-quarter wavelength
long. Consequently, at this frequency, the resistors R1 and
R2 have no effect on the circuit, and all the input power is
reflected from the O- and 90-degree ports and appears at the
output. At other frequencies, some input power is dissipated

INPUT GAIN  |LOW VSWR OUTPUT
LOWER VSWR [EQUALIZER A

{a)

£
la
o

S opl—| =
Z e ——— >
Sa 5
4 z
P INPUT VSWR 201
4

| ‘ 11

225 250 275 300 325 350 375 400
FREQUENCY— MHz

(b)
Fig. 13— Typical amplifier/gain equalizer-connection and
performance data.
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in resistors R1 and R2, so that only a fraction of the input
reaches the output, i.e., the input is effectively attenuated to
some extent. The amount of attenuation gradually increases
as the operating frequency deviates from the frequency fo.
The amount of attenuation at any given frequency and the
rate of change of attenuation across the frequency band is
determined by the values of resistors R1 and R2. The total
amount of input power the device can handle is determined
by the characteristics of the quadrature combiner and the
dissipation capabilities of resistors R1 and R2.

The design of a gain equalizer is illustrated by the
following example in which the amplifier to be equalized is
assumed to have a low input VSWR and a gain that gradually
increases toward the low-end of the band at which point it is
3-dB higher than at the high end. In order that the output
power from the equalizer is 3-dB less than the input power at

oo 1]
Ap mm———d___
Fiecyon CoigrTiie

any given frequency, both the 0- and 90-degree ports must be
terminated so that they present a VSWR that results in a
reflected power equal to the expected output power from
the equalizer. This VSWR is expressed by the following

relationship:
VSWR. = 1 +V/P;/Pr
R= TR
where Pf is the input power and Py is the power (disregarding
any insertion losses) that is reflected to the output.

For an attenuation of 3 dB (i.e., Py = 0.5 Pf), the VSWR
presented by the 0- and 90-degree ports should be 5.8 to 1. A
semicircle that corresponds to a VSWR of 5.8 to 1 is plotted
on the capacitive side of the Smith chart shown in Fig. 14.
The electrical length of the transmission lines connected to
the 0- and 90-degree ports of the quadrature combiner is

XN

P e
 otene

Fig. 14—Smith Chart design curves for broadband gain equalizer.
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one-quarter wavelength at 400 MHz. At 225 MHz, the
electrical length of these lines is reduced to 0.14 wavelength
(i.e., 0.25 A x 225/400 = 0.14 N).

The point A shown on the Smith chart corresponds to a
distance of 0.14 wavelength from the open end of the line at
225 MHz. The point B shown on the Smith chart is
determined by the intersection of the constant susceptance
circle drawn through point A and the circle for a VSWR of
5.8 to 1. The normalized admittance at point B defines the
resistor value, as follows:

R = %‘-”i ~ 100 ohms
The amount of attenuation at any frequency can be
determined from the VSWR values on the constant admit-
tance circle through points B and C. The 225-t0-400-MHz
frequency band is represented by the shorter arc between
these points.

Combined-Transistor Stage

In many instances, the power-output requirements of
transmitters far exceed the capability of a single transistor;
the circuit designer is then forced to use combinations of
transistors. Quadrature combiners have the ability to channel
the reflected power from an amplifier into the waste port of
the combiner. The mismatch at the input of the individual
amplifiers is of small concern except for the reduction in gain
that results. The individual amplifiers in the combination can
be made simpler than the amplifiers used in a direct cascade
of single-ended stages. This simplification can be effected
only in the input matching network. As mentioned pre-
viously, the requirements of the output matching network
are the same for both single-ended and combined-pair
transistor stages.

In the simplification of the individual amplifiers of a
combined-pair stage, the first step can be to reduce the
number of circuit elements in the input matching network.
This simplification is apparent from a comparison of the input
networks for the circuits shown in Figs. 5 and 9. The
resulting deterioration in-the performance at the low end of

LOW VSWR HIGH | oY
QUADRATURE QUADRATURE %
COMBINER |, o COMBINER =
VSWR | M OUTPUT
REFLECTED
POWER
WASTE

(o)

the frequency band is relatively unimportant provided that
the gain in this region is not less than that at the high end of
the band.

When transistors are to be combined by use of
quadrature combiners, several factors must be considered. An
amplitude unbalance of 0.5 dB exists between the 0- and
90-degree ports. The relative power levels at these ports
varies over the frequency band as shown in Fig. 15. As a
result of these variations, the individual amplifiers of a

POWER LEVEL
03| AT PORT |
108
248

POWER LEVEL

-348) ><>< AT 0° PORT

POWER LEVEL

-4 4| AT 90° PORT-
| 1
T f2

Fig. 15— General coupling characteristics of a quadrature
combiner over an octave bandwidth.

combined pair, such as shown in Fig. 16, are subjected to
unequal operating conditions. Moreover, the amplifier that is
driven harder at the low and high ends of the bands will have
the lighter drive at mid-band. For the other amplifier, the
converse conditions are applicable.

The performance data shown in Fig. 16 show the effects
of combining two amplifiers. These data were obtained with
an input duty factor of 50 per cent and a constant peak
output power of 55 watts. Further combinations do not
require the use of quadrature combiners because there are no
high VSWR’s and, therefore, no high reflected power to be
dissipated. For such conditions, simpler and less expensive
combiners may be used. Other power combiners that may be
used include the Wilkinson type, i.e., a simple transmission-line
network formed by quarter-wavelength (at 400 MHz)
70-ohm lines that are jointed at one end and separated by
100 ohms at the other ends. Fig. 17 shows the circuit
configuration and performance data for an amplifier chain
that uses the latter type of power combiner. This amplifier
chain can be driven to provide up to 110 watts of peak
output power at a duty factor of 50 per cent.

£ 21 vc-28vne
8 7 I povss wpeAk AT 50 % ouTY CYCLE
Se0n8l-
e e
Eoid e
beogepf/ ~ === — T
B =
wdoga-
4 a
2 L
<

205 750 275 300 325 350 375 400

FREQUENCY — MHz
(b)

Fig. 16—Two broadband amplifiers combined by use of two quadrature combiners to obtain
a low input VSWR: (a) circuit configuration; (b) performance data.
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Fig. 17—110-watt broadband amplifier chain using transistor combinations: (a) circuit
diagram, (b) performance data.
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High-Power Transistor
Microwave Oscillators
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Low-power transistor oscillators that provide power out-
puts of up to several hundred milliwatts have become impor-
tant components in microwave communications and test sys-
tems. Microwave transistors are rapidly replacing electron
tubes in fundamental-frequency signal sources and local
oscillators at L- and S-band frequencies. Such transistors are
also available for frequency-doubler oscillators and fundamen-
tal-frequency oscillators that drive frequency multipliers in
C- and X-band power sources. Low-level transistor signal
sources that feature low residual FM noise, good frequency
stability, and a capability for voltage tuning and phase locking
are currently being produced at relatively low cost. These
sources, which are very competitive with the newer diode and
bulk devices, are available in a wide range of options from a
growing number of commercial suppliers.

During recent years, a growing interest has evolved in
higher-power signal sources that can supply several watts of
fundamental-frequency oscillator power at L- and S-band
frequencies. If the low noise level and frequency stability of
the low-level signal sources can be maintained, such higher-
level sources will simplify system requirements and conse-
quently reduce system costs, and the system reliability and
performance required in today’s highly competitive communi-
cations and test-equipments systems can still be retained.

This Note describes a rather novel, simplified approach to
the design of transistor microwave power oscillators. This
approach, which may be considered an extension of the more
familiar techniques used in the design of large-signal class C
power amplifiers, has resulted in the design of L-and S-band
power sources that provide power output of 1 to 10 watts.
These power sources offer high efficiency, apparently have
low residual FM noise and very good frequency stability, and
are readily adapted to voltage-tuning and phase-locking
techniques.

GENERAL CONSIDERATIONS

In selecting a transistor for a power oscillator, the circuit
designer should realize that any transistor capable of power
amplification is also suitable for power oscillation. The basic
requirements of a transistor oscillator, shown in Fig. 1, are

PFEEDBACK

FEEDBACK
NETWORK

PiN

PLoAD

Rioap

OUTPUT |
NETWORK

92CS-20596

Fig. 1—Basic requirements of a transistor oscillator.

very similar to those of a class C transistor power amplifier.
In each case, the transistor must provide power gain at the
desired operating frequency. The major difference is that the
oscillator must include a feedback network that couples a
portion of the power output back to the input circuit in the
proper phase to sustain oscillations. The oscillator power de-
livered to the load is the equivalent amplifier power output
less the amount of power fed back to the input circuit and
any power loss in the feedback network. In the design of an
oscillator circuit, therefore, the approach used can be very
similar to that employed in the design of an amplifier, but
must be extended to include the design of the required feed-
back network.

The choice of the proper transistor and the optimum cir-
cuit configuration for a transistor microwave oscillator are
largely determined by the circuit power output and efficiency
required over the frequency range of interest. In general,
these requirements will be similar to those necessary for good
amplifier performance.

The common-emitter configuration has moderate input
and output impedances, and thus simplifies matching require-
ments in the feedback loop. The high power gains of this
configuration, together with lower feedback losses, can re-
sult in a highly efficient oscillator circuit. This mode of oper-
ation, however, is generally limited to frequencies much
below the gain-bandwidth product (f) of the transistor be-
cause operation of this configuration at higher frequencies
may result in power-output and frequency instabilities that
can be avoided in the other configurations.
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The common-base configuration has the lowest input im-
pedance and the highest output impedance. This impedance
relationship results in high amplifier power gains, especially
at frequencies above the fp of the transistor for which the
current gain is still appreciable. The feedback loop, however,
must match significantly different impedances. Unless this
match is maintained, the feedback loop can be lossy. More
feedback energy may be provided to compensate for this loss,
but the circuit then becomes less efficient. A relatively easy
start for self-excited oscillations can be achieved with the
common-base configuration because this type of oscillator
configuration initially operates under the class A conditions.
Once oscillations start, bias conditions can be arranged for a
shift to class B or C conditions to obtain higher circuit effi-
ciencies.

The common-collector configuration has a high input im-
pedance and a moderate output impedance. Matching require-
ments in the feedback loop, therefore, are not as severe as
those of the common-base configuration. The common-col-
lector circuit requirements are similar to the common-base
requirements. The fact that the collector terminal can be
grounded results in a significant advantage for the common-
collector configuration. As a result of this factor, packaged
devices can be constructed with very low thermal resistance;
the power-handling capability of the devices, therefore, is
substantially increased.

BASIC MICROWAVE OSCILLATOR CIRCUITS

At microwave frequencies, the most effective transistor
configuration for an amplifier is the common-base type. This
type of configuration can provide higher gains, efficiencies,
and stabilities at higher frequencies (frequencies above the
transistor f) than any other configuration. Because an oscil-
lator may be considered as a regenerative-feedback amplifier,
these conditions also apply to the oscillator under well-
designed conditions. The basic microwave oscillator circuit
considered in this Note is the common-base feedback oscil-
lator shown in block form in Fig. 1. The feedback network
can be an external loop, an internal loop, or a combination of
internal and external elements. Although many variations of
the feedback networks are possible, three general families of
oscillators, shown in Fig. 2, are found to be effective at
microwave frequencies.

C2 L2

—

[ L L c
COLPITTS HARTLEY
(a) (b)
C2
C3
C==
CLap 92C5-20597

(c)
Fig. 2—Basic transistor oscillator circuits:
and (c) Clapp.

fa) Colpitts, (b) Hartley,
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The Hartley oscillator circuit employs an amplifying ele-
ment together with a tapped-inductor tuned circuit. The
Colpitts oscillator uses an amplifying element with a capaci-
tive voltage divider in the tuned circuit. The Clapp oscillator
is simply a modified Colpitts circuit in which another capaci-
tance is added in series with the tuned-circuit inductance.
This modification results in improved frequency stability, but
does not alter the feedback mechanism. In all these cases, the
feedback elements form a part of the resonant LC circuit
which determines the frequency of oscillation. In practice,
the frequency-determining tuned circuit is also part of the
output impedance-matching network as well as the feedback
loop. On the basis of these requirements, the basic Hartley
and Colpitts oscillators must satisfy a number of conditions
simultaneously if the circuit is to be an efficient oscillator.
Because of the difficulty involved in the construction of
high-Q tapped inductors at the low inductance values required
for microwave oscillations, the Colpitts type of oscillator cir-
cuit has generally been preferred at microwave frequencies.
In many cases, the parasitic capacitances of the packaged
transistor can be used to advantage in establishment of the
required capacitive divider employed in the feedback network.

A typical Colpitts oscillator circuit that uses lumped-circuit
elements is shown in Fig. 3. This circuit, which uses an RCA-
40836 transistor, can develop a power output of 0.6 watt at

€1 C2=0.3510 3.5 pF, Johanson 4701 or equivalent

€3 Cg = 100 pF, feedthrough, Allen Bradley FASC
or equivalent

L1=0.18by 0.30-by 0.005-inch copper strap

Rq =10 ohms, 1/2 watt

Rg = potentiometer, 500 ohms

Rg = 1200 ohms, 1/2 watt

RFC = 11-mil wire, 0.30 inch long 92CS-20598

Fig. 3—A lumped-element circuit that requires no external feedback
loops for sustained oscillation.

2.0 GHz, and has an over-all circuit efficiency of 22 per cent
when operated from a 21-volt supply. No external feedback
loop is required. The feedback required to sustain oscillation
is provided by the parasitic capacitances of the package of the
40836 transistor. In the oscillator circuit shown in Fig. 3,
the collector of the transistor is grounded, and this transistor,
at first glance, appears to be connected in a common-collector
configuration. In this circuit, however, the collector of the
transistor is grounded to improve the heat dissipation of the
device, and the circuit is actually a common-base configu-
ration, as is apparent when the basic elements of the circuit
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are redrawn as shown in Fig. 4(a). The circuit is then recog-
nizable as the basic Clapp circuit shown in Fig. 2(c). The
equivalent tuned circuit for this oscillator is shown in
Fig. 4(b). In the common-base configuration, the feedback
signal is returned between emitter and base. As the emitter
goes negative, the collector also goes negative, and potentials
are developed across the feedback capacitors Ccg and Cgp

e
i
RFC !
Cq M
L CcE]
= ceg:ls
CepS
BASIC CIRCUIT EQUIVALENT TUNED CIRCUIT
(a) (b)
92CS-20599

Fig. 4—Analysis of circuit of Fig. 3.

as shown. The feedback voltage across the capacitor CEp,
which is across the emitter-base junction, also goes negative.
The required in-phase relationship at the emitter is, therefore,
maintained in this common-base oscillator circuit.

Several limitations of the basic Colpitts oscillator circuit
can be observed from the equivalent circuit shown in
Fig. 4(b). For example, the dynamic output capacitance Cq
of the transistor appears across the feedback capacitances
CcE and Cgp. The series combination of Ccg and Cgp can
be made small at microwave frequencies; the highest fre-
quency of oscillation (within limits of the device parameters)
is then established largely by the values of C, and the minimal
inductances present in this configuration.

The ratio of the collector-to-emitter capacitance Ccg to
the emitter-to-base capacitance Cpp also establishes the im-
pedance match between input and output in the feedback
loop. The large impedance ratios of the common-base configu-
ration require that the reactance of Cgp be very low com-
pared to that of Ccg. The collector-to-emitter feedback
capacitance CCf of a microwave packaged transistor is usually
very small; in some cases, however, it may be necessary to
increase the value of Cgp externally to assure proper feed-
back levels in the common-base configuration. This adjust-
ment in Cgp (and possibly Ccp), needed for feedback
matching, can result in an effective increase in feedback losses
and may impose another limitation on the high-frequency
performance of this oscillator. In addition, the series LC cir-
cuit, Ly and Cy, together with capacitor C{, must also satisfy
the requirements of an impedance match to the external load
of this oscillator, as is apparent from Fig. 3.

‘The previous discussion indicates that many diverse and
frequency-sensitive requirements are demanded of the com-
plex output tuned circuit of typical Colpitts (or Hartley)
oscillators. These requirements, to a large measure, can be
satisfied over a limited frequency range with low-power tran-
sistors which have relatively large input and output imped-
ances. With careful design and choice of the proper transistor,
wide-band oscillator performance with reasonable efficiencies

is also possible. However, for high-power transistor oscillators,
in which the impedance-matching ratios for both the feedback
and output networks are so great that it becomes more and
more difficult to satisfy the diverse requirements of the basic
Colpitts tuned circuit, it is necessary to return to the basic
oscillator concept shown in Fig. 1. The oscillator-frequency-
determining resonant circuit is placed in a portion of the feed-
back loop and is divorced from the output matching network.
In this way, both the feedback and output matching networks
can be optimized, and the oscillator design becomes simpler
so that the basic “regenerative feedback” amplifier design
concepts can be applied.

RESONANT FEEDBACK-LOOP OSCILLATORS

An examination of Fig. 1 indicates that the frequency-
determining portion of the oscillator can be separated from
the output matching network by placement of a high-Q LC
resonant network in the collector-to-emitter feedback net-
work, the input matching network, or the base-to-ground
circuit. In each case, the output network can be designed
from large-signal class-C collectorload conditions, while the
feedback network can be treated essentially independently of
this network. Because of these degrees of freedom, large-signal
(i.¢., high-power) oscillators can be designed from large-signal
amplifier parameters given by most power-transistor manu-
facturers. The design conditions for placement of the resonant
network in the input (emitter-to-base) circuit and in the col-
lector-to-emitter feedback network, the two most useful ar-
rangements at microwave frequencies, are analyzed in the
following paragraphs.

Resonance in Emitter-to-Base Circuit

Large-signal impedances are generally specified by most
transistor manufacturers as an input impedance and a col-
lector-load impedance. Analysis of a large-signal oscillator can
be simplified if the output of the transistor is considered as a
dependent generator that has an internal impedance equal to
the conjugate of the specified load impedance. For a typical
microwave power transistor cperating at L-band frequencies,
the large-signal simplified model for the transistor is as shown
in Fig. 5(a). The input impedance is usually inductive. The
output dependent generator is generally capacitive at low
L-band frequencies, but may become inductive in a packaged
device at S-band frequencies. In Fig. 5(b), the model is con-
verted to its parallel equivalent, and the feedback capacitance
CcE is added to the model. At resonance (i.e., the frequency
of oscillation), the input inductance is tuned out by an ex-
ternal high-Q capacitor C, so that only the real component
R[Nl of the complex impedance, remains in the model. The
dynamic output capacitance Co is also tuned out by the
output matching network which introduces the external shunt
element X(y . The simplified model for the resonant condition,
shown in Fig. 5(c), indicates that the output voltage devel-
oped across the new collector load resistance, Ry, is fed back
to the emitter [in phase, as shown in Fig. 5(d)] by the RC
network formed by Rpy! and Cop. In this manner, the de-
sired portion of the output power can be returned to the in-
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put to sustain oscillations. The ratio of XCc to RIN’ deter-
mines the level of the feedback. Minor changes in, the value of
RINI can be achieved by adjustment of the Xy component
of the input impedance, i.e., by adjustment of package lead

[
Xin 0
=
ZiNT™ +—Zout ZN " Rp. R <—Zout

(a) SIMPLIFIED LARGE-SIGNAL IMPEDANCES

(b) PARALLEL EQUIVALENT OF ABOVE

Cee
E C
RN R
]

{c) SIMPLIFIED MODEL AT RESONANCE

{d) PHASE RELATIONS AT EMITTER AT RESONANCE
92CS- 20600

Fig. 5—Analysis of emitter-to-base resonant-loop circuit.

lengths. However, more meaningful adjustments can be made
by variation in the feedbdck capacitance CCE. Because of the
RC time constant involved in the feedback network in this
mode, the method is generally limited to L-band and lower
oscillator frequencies for which this time constant is not a
limiting factor.

Resonance in Collector-to-Emitter Circuit

When the resonant portion of the feedback network is
placed in the collector-to-emitter circuit, higher frequency of
oscillation is possible. This increased frequency capability is
attributed largely to the removal of any limiting time con-
stants in the feedback network. Fig. 6(a) shows the large-
signal impedances for this type of oscillator arrangement.
Operation is assumed to be at S band; the output dependent
generator is, therefore, inductive because of package parasitics.
An external LC feedback loop is connected across the col-
lector-to-emitter terminals of the transistor as shown in
Fig. 6(b). The values of the inductance L and the capacitance
C are chosen so that the series combination of these com-

ponents and the reactances XN and X is still slightly induc-
tive at the operating frequency. Capacitor C serves to “tune”
this inductance so that the resultant is the variable inductance
L' that shunts the feedback capacitance CcE' as shown in
Fig. 6(c). In a practical circuit, capacitor C also provides dc
blocking between the input and output bias networks. The
feedback capacitor CcE and the equivalent inductance L' can
be made very small; the resonance frequency of this combina-
tion, therefore, can be made very high. At resonance, a real
impedance R(y appears across the tuned circuit formed by L'
and Ceg. The value of the real impedance depends upon the
Q of this tuned circuit and any circuit losses. As shown in
Fig. 6(d), the voltage developed across the collector load Ry’
is fed back, in phase, to the emitter by a purely resistive volt-
age divider. Both Ryy and RQ can be adjusted externally to

Cee
Xy -t %o

(=4
Zm“’% ““Zoutr T N Rm% éﬁﬁ ~—Zout

(a) SIMPLIFIED LARGE-SIGNAL IMPEDANCES

(b) MODEL WITH EXTERNAL LC LOOP

Rin R

(c) EQUIVALENT CIRCUIT OF (b)

- <
N 1
L ﬁ R (AT RESONANCE)
= R
-+
* B
(d) PHASE RELATIONS AT EMITTER AT RESONANCE ~ 92CS- 20601
Fig. 6—Analysis of loop circuit.

some extent, independently of the collectordoad resistance
R, to obtain the optimum feedback match. Because the
feedback network does not involve any time constants and
the parasitic elements of the packaged device can be “lost” in
this feedback network, this arrangement is capable of oper-
ating at a much higher oscillator frequency than the previous
case. Feedback losses are low; oscillator efficiency, therefore,
can be made only slightly less than that obtained for class-C
amplifier conditions.
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DESIGN EXAMPLE (4-watt, 420-MHz Power Oscillator)

The approach employed in the design of practical high-
power transistor microwave oscillators can be illustrated by
use of a design example. In this example, the objective is to
design a transistor oscillator circuit that provides a power out-
put of 4 watts at an operating frequency of 420 MHz. A
tuning range of 400 to 450 MHz (i.e.,a bandwidth of 12 per
cent) is also desired.

The 2N3375 rf power transistor is suitable for use in the
oscillator circuit. The published data on the 2N3375 indicate
that the transistor can provide a power output of 4 watts and
a power gain of 6 dB at 400 MHz when operated from a col-

lector supply of 28 volts. The input and output impedances
of the 2N3375 transistor at 420 MHz, determined from the
large-signal parameters specified in the published data, are as
follows:

Zi, =8 +j13 ohms
Zoyt = 17 —j25 ohms

These impedance values are determined for saturated collector
currents in the order of 400 milliamperes.

A resonant feedback loop which is tuned in the emitter-to-
base branch was chosen as the optimum configuration to a-
chieve the desired frequency tuning range of 400 MHz to
450 MHz. Because of the requirement for a 1-dB bandwidth
of 12 per cent, a tapered-line section was chosen to transform
the 17-ohm real collector-load impedance to the 50-ohm ter-
minal impedance.1 The 25-ohm capacitive reactance of the
output dependent generator was “tuned out” with a lumped
inductance (i.e., a proper length of 20-mil wire) of approxi-
mately 13 nanohenries.

The input impedance of approximately 8 + j13 ohms is
converted to its parallel equivalent as shown in Fig. 7(a). A
capacitance of approximately 2 picofarads is required to tune
out the input reactance Xy at 420 MHz. A high-Q air-piston
variable (1-to-10 picofarad) capacitor was chosen for this fre-
quency-tuning element.

The measured value of feedback capacitance Ccp, for the
TO-60 package that houses the 2N3375 transistor is in the
order of 3 picofarads. The reactance of this capacitance at
420 MHz is in the order of 120 ohms, as shown in Fig. 7(b).
The ratio of XCcp to RiN;, therefore, is approximately 4 to 1.
In other words, one-fourth of the output power, in the proper
phase, is available at the input of the transistor. This amount
of feedback should be adequate because, under class C con-
ditions, the 2N3375 transistor provides a power gain of 6 dB
at 400 MHz. The time constant CcgRN, which is very much
shorter than a quarter cycle at 420 MHz, can be neglected.

The test oscillator shown in Fig. 7(c) employs a common-
base configuration. Forward bias of a few mils is established
by the 2200- and 120-ohm resistor network. The base of the
2N3375 transistor is returned to electrical ground through a
33-picofarad ceramic-disc capacitor. This capacitor is broadly
self-resonant at 420 MHz. The emitter resistor R, is used to
establish class-C bias conditions once the rf oscillations have

c= 2 pF TO TUNE
OUT X|N AT 420 MHz

(a) INPUT CONDITIONS FOR 2N3375 AT 420 MHz

c
Cce
120 Q €
R
RN 17
30
B

(b) FEEDBACK NETWORK FOR 2N3375 AT 420 MHz

50 —0HM
470 OUTPUT

2N3375

1000 pF

+Vee
(c) TEST OSCILLATOR CIRCUIT 92C¢S-20602

Fig. 7—-Design of a 4-watt, 420-MHz oscillator.

started. The transformer Xj is a tapered-line section over
which the impedance varies from 17 to 50 ohms.

Evaluation of the test oscillator indicates that adjustment
of capacitor C provides a tuning range of 380 to 490 MHz.
The test oscillator develops a power output greater than 4
watts over the range of 400 to 450 MHz, and has an over-all
circuit efficiency that exceeds 40 per cent over this frequency
range. The output power is free of any spurious responses,
and the FM noise, on the basis of spectrum-analyzer compar-
isons with known low-FM-noise sources, appears to be low. A
power output of 5.2 watts at the design frequency of
420 MHz was achieved by optimization of the inductance L
and the line section X;. For this condition, the circuit effi-
ciency was in the order of 48 per cent.

SAMPLE CIRCUITS

Several sample oscillators that illustrate the effectiveness
of the techniques described in this Note have been con-
structed and evaluated. Circuit description and performance
are given below. In addition, some proposed oscillator circuits
are also described.
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Pulsed Oscillator

Fig. 8 shows an oscillator circuit that can be cleanly pulsed
with pulse lengths as short as 10 microseconds and that has a
duty factor of 1 per cent. Power output can be controlled
with the pulse input voltage, or with the 5000-ohm series po-
tentiometer control to the 2N2102 switch if a fixed pulse in-
put isused. A positive pulse polarity is required. The oscillator

DEV. No.
TAB647

€: 0.3-3.5 pF (frequency control)

C4: Choose ta be broadly self-resonant at fo
X1: Complex-to-real taperec-fine transformer
C3: Output match tuning (fine control)

92CS- 20603
Fig. 8—Pulsed oscillator that can supply a power output of 3 to 4
watts over a frequency range of 1.1 GHz to 1.4 GHz.

frequency is controllable over the range of about 1.1 to
1.4 GHz. Power output is between 3 and 4 watts over this fre-
quency range. The RCA Dev. No. TA8647 transistor used in
this circuit is a stud-mounted stripline transistor which is
bonded in the common-emitter configuration. In the pulsed
oscillator, however, this transistor is connected to operate in
the common-base mode. The oscillator output is clean with
very good frequency stability. The frequency remains essen-
tially constant with supply-voltage variations from 18 to 28
volts. The frequency of the oscillator is also relatively immune
to wide variations in the load terminating the oscillator. In-
jection phase-locking can be achieved at point A.

Voltage-Controlled Oscillator .
The oscillator circuit shown in Fig. 9 is a modification of

RCA DEV No.
TAB647 OuPUT

1-10pF

C: DC blocking capacitor
C1: Choose for self-resonance at low end of tuning range.
C2: Choose for self-resonanca at upper end of tuning range.
Ry: Frequency control

Ra: Poyy level control

92€S-20604

Fig. 9—Voltage-controlled oscillator.

456

that shown in Fig. 8. In the modified circuit, a varactor diode
is included in the emitter-to-base tuning circuit. The tuning
range is limited by the output matching network to about
300 MHz. Frequency control is provided by potentiometer
Rj. A power output control R; is inciuded in the circuit to
set the level of the oscillator output. With this method, power
output is controlled without affecting the frequency of oscil-
lation. Injection phase-locking can be achieved at point A.

1.7-GHz Oscillator Circuit

Fig. 10 shows a typical oscillator circuit in which the reso-
nant feedback loop is placed in the collector-to-emitter cir-
cuit. As pointed out above, higher-frequency performance is

L

= TYPE
2N6267

Cs
A *—Y—_—é
RFC
0.19 0.1l
3 (——‘I (482)  (2779)
= 0.37 —
= X2
~Vee +Vge (9.39) —
0.6
1524

92€5-20605

€1.C3: Filtercon, Allen-Bradiey SMFB-A1, or equivalent

€2: 0.3-3.5 pF, Johanson 4700, or equivalent

C4: 300 pF, ATC-100 or equivalent

L1: 1.0in. i cable, or mi

RFC: 3 wrns, No. 32 wire, 1/16 in. 1D, (1.59 mm) 1D, 3/16 in.
(4.76 mm) long

X2: 13-mil thick Teflon-Kapton double-clad circuit board

Line X2 s exponentially tapered

NOTE: Oscillator is single-screw tunable 1.6 GHz to 1.8 GHz
Typical Performance

fo Vee . Pout  le ne_
17GHz 200V 40W 550mA  36%
16GHz 125V 23W  480mA  37%

Fig. 10—Typical 1.7-GHz oscillator circuit.

possible with this mode of operation. Evaluation of this cir-
cuit shows that a power output of 5 to 6 watts is obtainable
at 1.7 GHz when a 28-volt supply is used. Frequency stability
at 1.7 GHz is better than 0.1 per cent for voltage or current
excursions of 25 per cent. Oscillation (essentially on fre-
quency) starts as soon as any collector current is drawn. Fre-
quency drift is less than 1 MHz from cold-start to the stabil-
ized conditions of one hour of operation. The second-har-
monic power output is more than 45 dB down from the fun-
damental. Evaluations of this oscillator with a microwave
spectrum analyzer indicate that the FM noise is very low, al-
though direct measurements have not been made on the cir-
cuit. Phase-locking can be achieved at point A.
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Oscillator-Doubler/Tripler

Because oscillators that use the techniques described in
this Note operate as true class C circuits (with the feedback
and frequency control independent of the output matching
network), it is logical to assume that ordinary amplifier-
doubler or tripler techniques could also be applied to these
oscillators. Fig. 11 shows a proposed circuit of an oscil-
lator/tripler that uses the TA8647 transistor. Idler circuits for
f1 and fy, as well as the filter and matching network for f3,
can be realized in microstrip form. This oscillator-multiplying
action has been confirmed with uhf transistors in previous
tests.

Rsear ggr-gg;at
7\ .
RFC RFC
[TUNING 'l f2
Re :[
L L L4 S A L
92CS-20606

Fig. 11—Proposed oscillator/tripler microwave power source.

1.68-GHz Oscillator Circuit

Fig. 12 shows a simple 1.68-GHz oscillator circuit suitable
for radiosonde service. This circuit, which uses the TA8647
transistor, is an example of a circuit in which the high-Q fre-
quency-determining network is placed in the base-to-ground

50-0HM
OUTPUT

C: 0.4~6 pF high-Q air piston capacitor
Xq: 5.5.2 10 50 2 tapered-line transformer

92C5-20607

Fig. 12—1.68-GHz radiosonde oscillator.

circuit. Capacitor C is selected to be series-resonant with the
common-base inductance at the operating frequency. The
base, therefore, is effectively placed at rf ground at this fre-
quency only. At 1.68 GHz, the collector load of the TA8647
transistor is effectively about 5.5 ohms real impedance, which
simplifies the design of this oscillator. A 5.5-ohm-to-50-ohm
tapered-line output transformer is used to keep the second-
harmonic output more than 40 dB down from the funda-
mental output power. Package parasitics provide the correct
level of capacitor feedback to sustain oscillations at 1.68 GHz,
with no further external circuit adjustments needed for the
range of about 1.4 to 1.8 GHz.

Evaluation of this oscillator at 1.678 GHz shows that the
oscillator frequency remains constant at 1.678 GHz over a
range of supply voltages from 20 to 28 volts. For operation at
the design value of 24 volts, power output at 1.678 GHz is
1.2 watts, and the circuit efficiency is 29 per cent for an
emitter resistance R, of 7 ohms. At 28 volts, power output is
1.9 watts, and the circuit efficiency is 28 per cent. At 20 volts,
the power output is decreased to 0.4 watt, and the circuit
efficiency is reduced 20 per cent. However, this performance
can be substantially improved simply by modifying the out-
put transformer for operation under the new load conditions
for this transistor at the 20-volt supply level.

CONCLUSIONS

Although the techniques described for achieving high
power from transistor oscillators are not new, they have not
been well understood in the past. The evaluation made in this
Note of these oscillator circuits has shown not only that high-
powered oscillators with good circuit efficiency are obtain-
able, but that good frequency stability and low noise can also
be expected. An understanding of the techniques discussed in
this Note will make possible the design of a wide variety of
power sources at very low cost without sacrifice of the per-
formance required in the most advanced system.
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by J. Locke

This Note describes basic broadband circuit design and
the design of the following 620-t0-960-MHz, 28-volt-Voe
amplifiers:

(1) a 10-watt 2N6266 driver amplifier capable of 10
+0.8-dB power gain, 42- to 55-percent collector efficiency,
and a maximum input VSWR of 3.4:1 at an input power of 1
watt.

(2) a 16-watt 2N6267 power amplifiercapable of 8£0.5-dB
power gain, 42- to 55-percent efficiency, and a maximum
input VSWR of 2.5:1 at an input power of 2.5 watts.

(3) a quad coupler design.

(4) a 30-watt module producing '15.9£0.4-dB power
gain, 42- to 49-percent collector efficiency, and a maximum
input VSWR of 2.6:1 at an input power of 0.75-watt.

(5) a 60-watt module producing 15%0.5-dB power gain,
26- to 34-percent collector efficiency, and an input VSWR of
1:1 at an input power of 1.75 watts.

Broadband Design

The following broadbanding steps are well established:

1. Determine the required broadband operating condi-
tions.

2. Select the proper transistor and predict the tradeoffs.

3. Estimate broadband impedance variations.

4. Design tunable narrowband circuits for the band of
interest.

5. Optimize transistor performance in narrowband cir-
cuits and accurately measure the impedance variations with
frequency.

6. Choose the broadband approach to satisfy the
impedance variations obtained.

7. Design broadband circuitry and probe for the pre-
dicted impedance variations.

8. Confirm circuit design with f performance.

CIRCUIT DESIGN AND PERFORMANCE

10-Watt 2N6266 Driver Amplifier
In the design of the driver amplifier. (the fabricated
amplifier is shown Fig. 1), initial impedance values were

Fig. 1— Assembled 2N6266 driver amplifier.

obtained from the impedance curves in the 2N6266
data sheet; the curves are specified under saturated-output
power conditions. These impedance values were then utilized
as a starting point for the design of the driver amplifier.
Three narrowband test circuits were designed that would be
capable of matching the impedance of the 2N6266 at the
end- and mid-frequency points of the 620-to-960-MHz
frequency spectrum. The circuit i pedances were d
by slotted-line techniques at the optimum operating condi-
tion to determine the exact impedance variation across the
frequency band. Narrowband optimization at the band end
points and at three points equally distributed within the
band provided the impedance variations shown in Fig. 2.

Because of the moderate cost, reproducibility, small size,
and availability of broadbanding techniques, a hybrid
combination of stripline and lumped elements on alumina
was utilized. The broadband amplifier circuit is shown in Fig.
3. The following is a synopsis of the input and output
transformation designs utilized:

Input Circuit: The initial design is derived from two
stages of two-step 1/16A Chebyshev transformation networks
based on the Matthaei tables.! By using the Matthaei tables
with a nominal transistor input-impedance value of 1.67
ohms, the following values are obtained for the parameters
listed:
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©y- 19F ATC L iam Ry=04TCARBON 23 +STul A6 AT 800y
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AR
Mooy %7 NATIROM

Fig. 3— Schematic diagram of the 2N6266 620- to 960-MHz

broadband amplifier.
1st section 2nd section
(Two-Step (Two-Step
Chebyshev) Chebyshev)
Ripple attenuation (LAV) = 0.1113 0.6361
Number of steps (n) = 2 2
Transformation ratio (r) = 3 10
Fractional bandwidth (W) = 0.3 0.3

Then, from the same tables:
Z] = 14.6 ohms
Z7 =57 ohms
Z3 =2.32 ohms
Z4= 12 ohms

“Since the input inductance of the transistor may be
utilized as the last Chebyshev 1/16A transformation step, Z1
through Z3 can provide the transformation to conjugate
match the range of measured transistor input impedances.

Numerous articles26 relating the characteristic imped-
ance of stripline to its dielectric and thickness are available.
An equation which has been empirically fitted to design
curves/ is the following:

377h
—0.0724 W
h

Zy
Vew 1+1735¢€ ~0.836

where Zg is the characteristic impedance of the stripline, €
is the dielectric constant, h is the thickness of the dielectric
and w is the width of the dielectric. Selection of the
dielectric can be made with available curves or the above
relationship.

Output Circuit: The initial stripline output transforma-
tion is designed to transform with less than a /4 throughout
the 620-t0-960-MHz range to a capacitance variation (nom-
inal 10-ohm real value). This variation is combined with an
inductive shunt to produce an impedance load variation, Fig.
4, consistent with the required load. The required load
impedance is shown by line A in Fig. 4. As indicated by the
actual impedance load variation, line B, a double-noded rf
performance response is expected; this performance is
illustrated in Fig. 5. At a frequency somewhat above 620
MHz and at a second frequency close to 960 MHz, the rf
performance (output power, collector efficiency) is opti-
mum.

A point-by-point impedance measurement of the com-
pleted broadband circuit can be made by slotted-line,
polar-display, or computer-aided methods. Results of meas-

ts of a preliminary output transformation design by

A
O

oy i 7T Y D! L
A. TYPICAL LARGE-SIGNAL SERIES COLLECTOR LOAD IMPEDANCE i

[Ro {Zguy) + Im (Zo)) w. FREQUENCY. NORMALIZED TO 50 ©
MEASURED UNDER OPTIMUM NARROWBAND CONDITIONS.

Fig. 4— 2N6266 driver amplifier transformation.
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means of a computer-aided automatic network analyzer are
shown in Table I. The amplifier was optimized for the rf
performance shown in Fig. 5 by adjusting L3 for optimum
collector efficiency and output power across the band. The
stripline input, Z4 in Fig. 3, was then adjusted in length to
provide minimum input VSWR at the frequency-band end
having the lowest gain capability. The series RjL]Cj
circuitry8 was utilized to improve the input VSWR and to
level the gain capability at other frequencies within the band.

Table | — C Aided Analysis of Prel y Output
Transformation Design
Impedance (Ohms) — 50.0 Ohm System
FREQ MAGN ANGLE  REAL IMAG
550.0 9.15 75.4 231 8.85
570.0 10.27 72.0 3.17 9.77
600.0 11.37 63.5 5.07 10.18
625.0 10.53 39.8 8.09 6.74
650.0 6.94 62.4 321 6.15
675.0 9.68 66.3 3.89 8.86
700.0 10.79 69.7 5.45 9.31
725.0 11.65 51.4 7.26 9.11
750.0 11.53 42.6 8.50 7.80
775.0 10.88 34.1 9.01 6.10
800.0 9.92 26.8 8.85 4.48
825.0 8.77 236 8.03 3.52
850.0 7.75 211 7.23 2.80
875.0 6.88 228 6.35 2.66
900.0 6.03 23.0 5.55 2.36
925.0 5.37 32.0 4.55 2.84
950.0 5.34 36.0 4.32 3.14
975.0 5.28 41.4 396 3.49
1000.0 5.14 45.4 3.61 3.66
n T
Voo = &V
e Py = 1HOH ,/
E i
60
\ L
o]/ AN /

COLLECTOR EFFICIENCY (%)

/
<

21 \ /

g /
k1
60 650 700 750 80 850 90 %0
FREQUENCY (MHz)

Fig. 5— RF performance of the circuit of Fig. 3.
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16-Watt 2N6267 Power Amplifier -

Narrowband test circuits were optimized for maximum
2N6267 1f performance within the 620-t0-960-MHz fre-
quency range by using the same impedance-measuring
procedures as those described for the 2N6266. Saturated-
output power levels at 18-watts cw provided the impedance
variations shown in Fig. 6. The amplifier schematic is shown
in Fig. 7; the fabricated amplifier is shown in Fig. 8.

The following is a synopsis of the input and output
transformation designs utilized:

IMPEDANCE [Re (Zjn)+ Im (ZIN)] vs.FREQUENCY

TYPICAL LARGE-SIGNAL SERIES COLLECTOR :
€ [Re(Zoyr)+iIm(Zy)] vsFREQUENCY
B i | i

€1,C8 = 100 o, ATC 23+ S0R0HSN @ WML, 1ML ALUMIKA

2,5 < 100 o, FEEDTHROUGH, ALLEN SRADLEY 205 23 Q0N @ 500z, 0-WIL ALUMINA

LG 5 SoF,ATC SUORLIN @ 50Whr, -4 ALUMINA
L= 20, LONPED ELEMENT (OR SECTION OF 120 TRANSHSSION LINE) TRECOBA @ 50M, I0-HIL ALUMINA
L= 120-4IL NO, 22 WRE, LUNPED ELEWENT 2 RCOBN (@ 50Ny, 2L ALUNINA
LA+ 1000-MiL NO. 72 RE, LUNPED ELENENT S UORIMIN @ HOMH, 5L ALUMNA
LS+ 30-HIL H0.22 WRE , LUKPED ELEWENT © SSRIEA @ %0M, 5-MIL ALUMNA
L2: 3K, LINPED ELEWENT 20 NIRIWA @ HIMAz, 5L ALUMINA
205105 0006258 @ 800z, 0-WL ALUMNA 25 RORIKEA @ 60z, 5HILALNING
2 UODLTIA @ %0NH:, 0-HIL ALUMINA

LY

wn

Fig. 7— Schematic diagram of the 2N6267, 16-watt power

amplifier.

Input Circuit: The input circuit design for the amplifier is
the same as that for the driver described above. Open-stub
transmission=line sections were added to provide a lower real
value of the cc match p d to the 2N6267.

JHpd!



Fig. 8— Fabricated 2N6267, 16-watt power amplifier.

Output Circuit: To supply to the collector the load/
frequency variation measured under optimum narrowband
conditions, a four-stage stripline hybrid transformation was
designed. The initial starting point for the collector
transformation design is derived from a four-step (\/16)
transformation network based on the Matthaei tables.] By
using the Matthaei tables and a nominal transistor load
impedance of 6.25 ohms, the following values are obtained:

Ripple attenuator (LAV) = 0.0344
Number of steps (n) =4
Fractional bandwidth (W) = 0.4
Transformation ratio (r) = 8

Then, from the same tables:
Z, = 6.25 ohms
Z1 = 24.2 ohms
Z) = 4.43 ohms
Z3=70.5 ohms
Z4=12.92 ohms
Z5 =50 ohms

By maintaining the characteristic impedance values and
designing the electrical lengths to match the required load
variation, the hybrid-collector-circuit transformation shown
in Fig. 7 was produced. The transformation process,
illustrated on the Smith chart of Fig. 9, is outlined below:

1. Normalize 50 ohms to 12.92 ohms, combine the
lumped-element shunt inductance, and transform 0.0625X\ at
960 MHz.

2. Re-normalize to 70.5 ohms, and transform 0.082A at
960 MHz. Combine with lumped-element shunt inductance.

3. Re-normalize to 4.43 ohms, and transform 0.059X at
960 MHz.

4. Re-normalize to 24.2 ohms, and transform 0.088\ at
960 MHz. Re-normalize to 50 ohms.

5. Combine with 1.5 nanohenries in shunt at collector.
The variation shown at point 5 in Fig. 9 represents those
impedances presented to the transistor collector from 620 to
960 MHz. The dashed line represents the optimum load
measured under narrowband conditions.

AN-6118

Fig. 9— 2N6267 output transformation.

Fig. 10 shows the actual input/output circuit variation as
probed by the Hewlett-Packard network analyzer. Fig. 11
illustrates the HP4810A network analyzer test setup. The rf
performance for the 2N6267 alumina power-amplifier is
shown in Fig. 12.

30-Watt Module
By combining two final amplifiers as shown in Fig. 13,
the rf performance shown in Fig. 14 was produced. The
IN6267 circuit configuration was utilized in the driver
position shown in Fig. 15 to provide maximum power gain
and input VSWR capability. With an input power of 0.75
watt and a VCC of 28 volts, the configuration shown in Fig.
15 provided the typical performance shown in Fig. 16; the
assembled module is shown in Fig. 17. A summary of the
performance shown in Fig. 16 is as follows:
Power gain = 15 0.4 dB
Power output = 26.5 to 32 watts
Collector efficiency at output = 42 to 49 percent
Module efficiency = 33 to 38.5 percent
Input VSWR — 2.6:1 to 1.5:1
Frequency = 620 to 960 MHz

60-Watt Module
The performance for two combined 30-watt modules

operating at an input power of 1.75 watts and a V¢C of 28
volts is shown in Fig. 18 and summarized below:

Power gain = 15.020.5 dB

Power output = 50 to 62 watts

Module efficiency = 26 to 34 percent

Input VSWR = 1:1

Frequency = 620 to 960 MHz
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Fig. 12— RF performance of the 2N6267 power amplifier.
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Fig. 13— Combination of two 2N6267 amplifiers to form a
30-watt, 7.5-dB module.

Fig. 10— Actual input and output transformations of the =
2N6267 power amplifier as measured on the z [T
network analyzer. £, Voo * Y
g 0
;é e By 1
E ol ——y
o B
g
§ Ll
662 705 Rk 32 875 a7 96
FREQUENCY (NHz)
Fig. 11— The HP8410A Network Analyzer. Fig. 14— RF performance of the circuit of Fig. 13,
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Coupler Desi99

Although “commercial couplers were utilized for the
modules described in this note, custom couplers could be
designed that would reduce cost and space requirements. A
synchronous branch-line coupler was designed and fabricated
on 25-mil-thick, l-inch by 1-inch alumina; the coupler is
shown in Fig. 19. The design, based upon data given by
Matthaei, et al, is for a 3-dB coupler that has an R of 5.84
ohms and a bandwidth-contraction factor, 8, of 0.62. For the
desired 45-percent coupler bandwidth, therefore,

045 _045 _
Wq="22=222=08

w

.4
B 062
Waq is the fractional bandwidth. Coupler impedances are:
Z1=37.1 ohms
Z7 =91.2 ohms
Z3 = 53.4 ohms

S M_'ﬁ‘.w

00

osszeL

Fig. 15— Combination of two 2N6267 amplifiers to form a
30-watt, 16-dB module.
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Fig. 16— RF performance of the circuit of Fig. 15.

Fig. 17— Assembled 30-watt module.

PIN=1I5W
vee s 28V

POWER GAIN (48}

QUTPUT POWER (W)

MODULE EFFICIENCY (%]
8

INPUT VSWR

620 960

190
FREQUENCY (MHz)

Fig. 18— The performance of two 30-watt modules com-
bined to form a 60-watt module.
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Fig. 19— Design of a synchronous branch-line coupler.
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60 - and 100-Watt Broadband
(225-t0-400-MHz) Push-Pull RF
Amplifiers Using RCA-2N6105
VHF/UHF Power Transistors

by B. Maximow

In many applications of rf power transistors, the
output-power requirements are greater than can be realized
by any single transistor, and combinations of transistors are
inevitable. In such cases, successful circuit operation is
critically dependent upon proper choice of the rf power
transistors to be employed in the combinations and selection
of circuit configurations that provide high combining
efficiency. RCA-2N6105 vhf/uhf power transistors offer
features, such as high output-power capability, high collector
efficiency, and internal emitter ballasting, that make them
well suited for use in rf power amplifiers. In addition, the
low parasitic reactances and package dimensions of these
transistors result in exceptional broadband capabilities that
make possible useful power outputs over more than an
octave in the vhf and uhf ranges.

This Note discusses the use of 2N6105 transistors in
push-pull rf power amplifiers designed for operation over the
requency range from 225 MHz to 400 MHz. The design and
performance of a basic single-stage push-pull amplifier and
use of combined pairs of this basic circuit to obtain higher
output-power levels are explained. An improved version of
the basic push-pull circuit is also described.

CIRCUIT DESIGN APPROACH

Two RCA-2N6105 transistors can be combined in a
push-pull circuit to obtain a highly efficient broadband
amplifier that can supply an output power of 60 watts in the
frequency range from 225 MHz to 400 MHz. Two such
push-pull amplifiers combined by use of quadrature com-
biners can provide an output power of 100 watts in this
frequency range.

The push-pull circuit is an excellent configuration for use
in applications that require combinations of transistors. The
basic push-pull circuit includes a combination of two
transistors and, therefore, eliminates the need for two extra
combiners that would be required with two single-ended
amplifiers. In multiple transistor combinations, the push-pull
approach requires two less combiners for each pair of
transistors used in the total combination. In addition, the

inherent low second-harmonic component of the push-pull
circuit significantly facilitates filter design, a desirable feature
in amplifiers that have bandwidths that approach or exceed
an octave.

The collector-to-collector load resistance in the push-pull
amplifier is twice the collector load resistance of a
single-ended amplifier, and the collector-to-collector output
capacitance is smaller than the collector output capacitance
of a single-ended amplifier. These features result in a lower
transformation ratio in the critical output circuit and,
therefore, in easier impedance matching for a given band-
width.

The push-pull circuit design approach described in this
Note results in a very simple circuit, as shown in Fig. 1. The
circuit and the transistors, however, must be viewed as

Vee
Tca+ler Co
wgo et I0T
= Q = = =
2N6105
Cs
T T2
=C2
[ ce
= = Q =
2N6105
L3
—»Vce

cq +lcg Cio
T 1

.

C)-27TO I8 pF VARIABLE, AMPEREX HT IO MA/218 OR EQUIV.

Cp - 56 pF, CHIP, ATC-100 OR EQUIV.

3,C4,C5,Cg - 1000 pF, CHIP, ALLEN-BRADLEY OR EQUIV.

C7,Cg - | uF, ELECTROLYTIC

Cg,Clo — 1000 pF, FEEDTHROUGH

L| =RFC, 0.18 H, NYTRONICS OR EQUIV.

Lp,L3 - 0.75 INCH. LONG,NO. 20 WIRE . .
T}~ COAXIAL LINE, TEFLON DIELECTRIC, Zo= 25 OHMS,3.75 INCHES LONG’
T~ COAXIAL LINE, TEFLON DIELECTRIC, Zg 25 OHMS, 4.5 INCHES LONG

*SHIELED TEFLON CABLES SUCH AS ALPHA WIRE TYPE 2831,DABUN
ELECTRONICS AND CABLE CORP. TYPE 2455 OR EQUIV. . .¢ 55772

Fig. 1— Circuit diagram for the basic push-pull amplifier.
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inseparable parts because each must complement the other.
For example, transistor parasitics reactances must be
designed into the circuit very carefully, and the transistor
package dimensions should be such as to enable the designer
to layout his circuit so that parasitic reactances complement
the external elements of the over-all amplifier circuit.

The basic 60-watt push-pull circuit shown in Fig. 1 can
be used as the building block for a variety of power
amplifiers. Combinations of these blocks can be formed by
use of either quadrature or Wilkinson types of combiners to
attain higher output-power levels.

AMPLIFIER PERFORMANCE

Fig. 2 shows the typical broadband performance of a pair
of 2N6105 transistors used in the basic push-pull amplifier,
and Fig. 3 shows the physical layout of this simple amplifier
circuit. The performance data show that the collector
efficiency is highest at the upper end of the frequency band.
This factor is important because the transistor dissipation is
the function of the amplifier efficiency. This efficiency is
computed on the basis of the total (rf and dc) power input to
the transistor. At the high end of the band, the rf component
of the input power is greater than at the low end because of
the gain difference. Consequently, higher collector efficiency
compensates for the high rf power input. The computation
shows an amplifier efficiency of 63 per cent at 225 MHz, of
56 per cent at 300 MHz, and of 67 per cent at 400 MHz.
These results show that the difference between the over-all
efficiency at the low end of the frequency band and that at

?B e 90 5':
L —d .t
W — |~ 80 8L
o7 K E;
z \ g%
Ss N 7035
« Y
g wN b
gs %0

CASE TEMPERATURE (Tg) = 25°C
COLLECTOR SUPPLY VOLTAGE (Vgg) = 28V
OUTPUT POWER (PgE ) = 60W

INPUT VSWR

— VSWR ]

1
225 250 275 300 325 350 375 400
FREQUENCY (F)- MHz

92C5-20773

Fig. 2— Typical performance of the pair of 2N6105
transistors used in the basic push-pull amplifier.

(€

ouTPUT 0#’ ’

Fig. 3— Physical layout of the basic (60-watt) broadband
push-pull amplifier: (a) top view; (b) bottom view.
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the high end is not nearly as great as the difference in the
collector efficiency at these frequency extremes.

Fig. 4 shows the linearity characteristics of the basic
push-pull amplifier (i.e., the power gain of the amplifier as a
function of the input power) at the extremes of the
frequency band and at mid-band. The harmonic content of
the output is also shown for the fundamental frequency of
225 MHz, which is considered most critical frequency in
terms of output-filter design.

The basic amplifier shown in Fig. 1 has a relatively high
input VSWR and, therefore, is best suited for use with
quadrature combiners. Fig. 5 shows a block diagram of the

Vee= 28V
8
Sy —
g S it
7 2 ~ ~.
$ L ~<J__ 700w
L <~
Se 3225 MHz
= " 200MHz °
E o
g |
: s =0 =
w s -’---._~,‘3~Ro HARMONIC z
2 | AT FUNDAMENTAL FREQUENCY S~ £
T qRIM ZND HARMONIC 2038
[}
} ] g
3 8
L—T z
a
r
-40
o 4 8 0 2 .4 6

INPUT POWER (P;)—W
92C5-20774

Fig. 4— Power gain and harmonic content of the basic
push-pull amplifier at 225 MHz as a function of

input power.
2N6105 (2)
PUSH - PULL
INPUT
o— [ o°
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z g2 EFFICIENCY (n_)
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225250 275 300 325 350 375 400 425
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92CS-20775
Fig. 5— 100-watt amplifier using combined pair of push-pull
stages: (a) block diagram; (b) performance curves.
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circuit arrangement and the performance of such a combina-
tion. Fig. 6 shows a photograph of the complete amplifier
which uses four 2N6105 transistors and two quadrature
combiners. This circuit provides an output of 100 watts in
the frequency range from 225 MHz to 400 MHz. The over-all
efficiency for this amplifier, shown in Fig. S, differs from the
amplifier efficiency of the single push-pull stage discussed
previously. For the single push-pull amplifier, only the actual
if input to transistors was considered as a contributing factor

INPUT OUTPUT

Fig. 6~ Physical layout of the 100-watt push-pull amplifier.

to the device dissipation. In the curve of over-all efficiency
shown in Fig. 5, the entire rf input, part of which is
dissipated in the waste ports of quadrature combiners, is
taken into account. Any collector-current imbalance among
transistors that exist in a push-pull amplifier before
combining is somewhat aggravated by the characteristics of
the quadrature combiners. For comparison, two tables of
actual readings are given. For these readings, the collector
current of each transistor was monitored. Table I shows the
data for the push-pull amplifier, and Table II shows the data
for the two push-pull amplifiers combined as shown in Fig. 5.

The single push-pull amplifier shown in Fig. 1 because of
its high input VSWR, is not very suitable to be driven
directly by another transistor amplifier. The input VSWR,
however, can be improved to about 2.7:1 by addition of
simple LC series network, as shown in Fig. 7. This
improvement in input VSWR is accompanied by a corre-
sponding increase in gain. Fig. 8 shows performance for the
modified circuit. The gain-frequency response, which shows a
difference in power gain of about 3 dB between high and low
ends of the frequency band, can be flattened by use of

Table | — Forward Input Power (Pf), Reflected Power (Pp),
and Collector Current (I¢) for an Improved
Version (Fig. 7) of the Basic Push-Pull Amplifier

Vee=28V;Po=60W Ve =28;Po=60W

f P P lc1 lc2 |[Pr Pr o lc1 lc2
(MHz) | (W) (W) (A (A) | (W) (w) (A) (A)

400 136 0.1 1.13 108|176 00 128 125
375 122 06 127 123|155 07 141 138
350 116 1.2 140 137|146 16 1567 152
325 106 15 148 143|142 20 168 160
300 98 16 148 143|130 21 170 160

275 88 16 143 138|114 21 163 156
250 75 13 132 1.28| 96 17 148 145
225 58 1.2 119 120| 78 16 135 135

Table 11 — Input Power and Collector Currents for the 100-
Watt Push-Pull-Amplifier Combination

Vec=28V;Po=100W

f PIN Ic1 Ic2 Ic3 Ica

MH2 W) (A A A (A
400 28.2 112 1.09 1.19 1.19
375 24.1 116 1.14 1.19 1.21
350 21.9 132 133 1.20 1.23
325 19.7 140 1.38 1.20 1.23
300 190 140 1.36 1.26 1.30
275 20.0 126 1.20 1.23 1.38

250 231 1.14  1.06 1.37 1.44
225 27.2 126 1.16 1.32 1.42

broadband gain-equalizer techniques! provided that an
insertion loss of approximately 0.7 dB can be tolerated. Fig.
7 also shows that, in addition to the LC series network, two
base-to-ground resistors and one base-to-ground choke are
added in the modified circuit. These components are helpful
in suppression of spurious responses which can occur (usually
at lower power levels) at some frequencies. The added
components do not affect other performance c.iaracteristics
of the amplifier.

AMPLIFIER DESIGN
A necessary prerequisite for a push-pull amplifier is a
balun transformer. This balun transformer must provide the

1= — Vce
Lp I°3 'Zl% lcs

= b
Q =
N 2N6105
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)~ GOAXIAL LINE, TEFLON DIELECTRIC, Zo 25 OHMS 375 INCHES LonG*
Tp — COAXIAL LINE, TEFLON DIELECTRIC, Zo = 25 OHMS, 4.5 INCHES LonG™

¥* SHIELDED TEFLON CABLES SUCH AS ALPHA WIRE TYPE 2831, DABURN
ELECTRONICS AND CABLE CORP. TYPE 2455 OR EQUIV-

92C5-20776
Fig 7— Circuit diagram for improved single-stage push-pull
amplifier.
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Fig. 8~ Performance curves for the improved push-pull
amplifier.

necessary impedance-matching transformation. In high-power
rf broadband amplifiers, such transformations always involve
complex impedances and almost never have transformation
ratios, such as 4:1 or 9:1, which are associated with a certain
standard types of broadband balun transformers. In the
broadband rf power amplifier described in this Note, a
coaxial transmission is used as the required balun trans-
former. The coaxial line, when supplemented by lumped-
constant components, is the simplest and most versatile type
of impedance-matching device with balun properties. The
transformation properties of this type of transformer are
frequency dependent, but the balun property is not.

The coaxial transmission-line type of balun transformer
offers three major advan tages. First, the transmission line can
match almost any two impedances, if the length and the
characteristic impedance of the line are properly chosen.
Second, a coaxial transmission line is a perfect balun. The
grounded braid end of the coaxial cable makes an unbalanced
termination. and the floating-braid end makes a balanced
termination. The voltages on the center conductor and the
braid have a 180-degree phase relationship to each other at
any given point along the line. These voltages are also evenly
split, because apparently no rf leakage currents exist between
the floating part of the braid and the ground to any
appreciable degree. (This assumption was verified in an actual
amplifier by reversal of the input line at the bases of
transistors. No evidence of any change in the drive levels to
either transistor was detected.) Finally, in the frequency
range of 225 to 400 MHz, the line lengths required for
proper transformations are convenient and do not present
any layout problems.

A graphical design approach to the design of the
amplifier transformations consists of making a model for the
matching network, reducing this model to a form that can be
plotted on a Smith Chart, and then plotting component
reactances. This approach involves a trial-and-error type of
iterative process that is tedious and time-consuming.
Unfortunately, it does not seem likely that this design
method can be easily reduced to a set of steps and
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procedures that invariably lead to a prescribed broadband
impedance match.

Output Circuit

Fig. 9 shows a diagram of a model that simulates the
output circuit of two 2N6105 transistors operated into a
50-ohm load impedance. This diagram shows that the
push-pull circuit requires a collector-to-collector load resist-
ance that is twice the value of the collector load resistance
required by a single-ended amplifier. The collector-to-
collector capacitance of the push-pull amplifier should be less
than the output capacitance of transistor in a single-ended
amplifier. This latter factor should be helpful in the
achievement of broadband amplifier characteristics. Some of
the components shown in the diagram can be either
measured or computed, and other components must be
determined by approximations. The approximations are
believed to be reasonable and therefore admissible, because
the purpose of this exercise is not to compute exactly the
transformation made by this rather complex network, but to
ascertain whether this circuit-design approach could provide
a broad estimate of the load impedance. An optimum
impedance match can then be effected by experimentation.

Fig. 9(a) illustrates a balanced-to-unbalanced impedance
transformation showing the minimum of critical compo-
nents. The capacitors C1 represent the output capacitance of
a transistor. The resistor R1 is the real part of the collector
load impedance. Although the transistor output does not
require the conjugate match, for the purposes of computa-
tion, the output can be treated as though such a match is
required by assignment of the value of a real part of the
collector load impedance to the real part of the source
impedance. The inductor L1 is the parasitic inductance of
the package made up by the path from the pellet to the

220,161\ AT 300 MHz

Ly Lz 420215\ AT 400 MHz
2=0121x AT 225 MHz

L=inH  Lg=2nH = =
(a)

2L, 2l

n|o

= IR 2L, 50 2

(b)

NOTES:
VALUES FOR R, AND C, ARE TAKEN FROM 2N6I05 DATA SHEET AND ARE
ALSO GIVEN IN TABLE OT

THE TRANSMISSION LINE USES A TEFLON DIELECTRIC AND HAS A
2725 0HMS

OTHER COMPONENT VALUES AS SHOWN
92Cs-20778
Fig. 9~ Output-circuit model with assumed component
values.
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connecting point of .L2. The inductor L2 is the shunt
inductance which also serves as the dc feed. The inductor L3
consists of a transistor collector lead in series with a
1000-picofarad blocking capacitor and the unavoidable
lengths of the center conductor and the braid at the end of
the coaxial line.

The transmission line, L2, and, to some extent, L3 are
controlled by the designer; the other components are not,
except by collector voltage variation. For the suggested
graphical approach to be useful, the circuit scheme is
simplified to the one shown in Fig. 9(b). The simplified value
of the output capacitance is approximated by (C1)/2.
Admittedly, the exact way in which the output capacitors
combine in a class C push-pull transistor amplifier is
somewhat obscure, but the approximation seems reasonable.
The 2N6105 data sheet indicates the load impedance for
three frequencies. The values of these 'impedances are
tabulated in the left-hand column of Table 1II. The

Table 111 — Coll -to-Collector Load Resi and Out-
put Capacitances for 60-Watt Broadband Push-Pull
Amplifier
Desired Values Values Obtained
from Fig. 10
f RcL Co RcL Co
(MHz) (ohms) (pF) (ohms) (pF)
225 28 17.5 26 10.0
300 22 17.0 18 1.7
400 16 15.0 24 18.6

impedance plot shown in Fig. 10 uses the assumed values
given in Fig. 9. The impedance plot starts at 50 ohms and
goes towards the load so that it ends on the capacitive side of
the chart at a point that represents the source for the circuit
shown in Fig. 9. If the data-sheet values for the 2N6105 and
the assumed approximations in the model of Fig. 9 are not
taken as something inviolate, but rather as very good
approximations for design guidance, then the two sets of
values in Table III come close enough to each other to
indicate that the proposed:method warrants a trial.

Input Circuit

Matching requirements in the input circuit are very
similar to those in the output although there are some
significant differences. First, a conjugate match at the base is
required for maximum power transfer. Second, the
maximum-power-transfer condition is most desirable at
upper frequencies, because some reflected power can be
tolerated at lower frequencies. In fact, the greater the
difference in transistor gain at the low and high ends of the
frequency band, the greater the amount of reflected power
that can be tolerated at lower frequencies. These statements
are valid for a single-stage amplifier provided that means are
available to handle the reflected power.

If a graphical method similar to that used for output
matching is employed in the design of the input circuit, a

P
oLk
E A amg
RIS

SRy

92C5-20779

Fig. 10— Output-circuit impedance/admittance chart.

model with assumed values, such as shown in Fig. 11, is
devised. With the 50-ohm source used as the starting point,
values are chosen to match the source to the load at
400-MHz. (In this case, the load is the input to the
transistors.) Once the match is obtained, all the values are
rescaled to 225-MHz, and the plotting steps are retraced from
the load towards the source. The impedance plot in Fig. 12
shows a transformation from 50 ohms to 2.5+j3.25 at
400-MHz. However, the 225-MHz load-to-source retrace
shows an input VSWR referenced to 50 ohms of 9 to 1. With
this VSWR, approximately 65 per cent of the total forward
power will be reflected. Six watts of input power is needed
to obtain 60 watts in the output from two 2N6105
transistors at the gain of 10 dB at 225 MHz. For an input
VSWR of 9 to 1, a total forward power of 17 watts would be

220178 AT 400 MHz+] S2ord 1
) £=0.100) AT 225 MHz
| SOURCE | L3=l.5nH
| 1 ° ¢
I |
I | .
v1 o Leeser
L4 = = Lo ™
(a)
[ 2, 2L
{ Tcz < 2R,
[ I
(b)
92Cs-20780
Fig. 11— Input-circuit model with assumed component
values.

469



AN-6126

MM
et
‘«?vn‘ﬂl&'(

92¢s-20781

Fig 12— Input-circuit impedance/admittance chart.

required. At 400 MHz, an input of 16 watts is required, to
obtain an output of 60 watts from a pair of typical 2N6105
transistors. These results provide enough impetus for
laboratory trial. In fact, the experimental results yielded
considerably better performance than anticipated by these
calculations. Further refinements, such as the series-resonant
LC circuit added to the amplifier shown in Fig. 7, and the
resultant performance improvement are achieved by
extention of the graphical method outlined above. This
extension technique consists of determining circuit changes
that improve the match at lower frequencies without any
degradation in the match at 400 MHz.

LAYOUT CONSIDERATIONS
An examination of the circuit models and the Smith
Chart plots for them provides some indication of the extreme
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importance of the circuit layout. For example, the base-to-
base capacitor value is indicated as 56 picofarads. This value
is very high for use at 400 MHz; consequently, care must be
excercised in the placement of this capacitor to assure a
minimum of lead length. Another critical area is that near the
transistor collectors. When inductance values of 1 to 2
nanohenries are significant, extreme care must be excercised
in the placement of components. A suggested layout for the
pair of 2N6105 transistors is shown in Fig. 13. Placement of
the transistors further apart than indicated may present
problems in the critical areas mentioned above.

CHIP CAPACITOR .I14"x .I3"

CHIP CAPACITOR
BENT UP COLLECTOR LEAD

92CS-20782
Fig. 13— Suggested layout for a pair of 2N6105 transistors
employed in a broadband push-pull rf amplifier.
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Microwave Power-Transistor Reliability
as a Function of Current Density
and Junction Temperature

by S. Gottesfeld

Questions concerning the effect of electromigration-related
failure modes on the life of microwave power transistors using
an aluminum metallization system are frequently asked. This
Note answers these questions as they pertain to RCA microwave
power transistors. First, the design aspects of these transistors
which aid in reducing the incidence of electromigration failure
to a negligible level under normal operating conditions are dis-
cussed. Second, supporting life-test data on commercial-level
RCA microwave power transistors is presented. The lifetime
of the products in this line can be predicted from the data asa
function of current density and junction temperature — the
two main factors involved in electromigration failure modes.

Electromigration

Electromigration of the aluminum in the presence of high-
current densities and elevated temperatures is well known! and
results from the mass transport of metal by momentum ex-
change between thermally activated metal ions and con-
ducting electrons. As a consequence, the original uniform alumi-
num film reconstructs to form thin conductor regions and ex-
truded-appearing hillocks that may cause device degradation.

The electromigration process can be accompanied by the
dissolution of silicon into the aluminum. This dissolution
usually occurs during heat treatments employed in transistor
manufacturing until the aluminum-silicon saturation point is
reached. Therefore, little silicon can dissolve when the device
is in normal operation. At high-current densities and elevated
temperatures, however, the silicon ions which were diffused
into the aluminum during the manufacturing process can
be transported along with the aluminum ions undergoing
electromigration away from the silicon-aluminum interface
and into the aluminum. This situation allows further diffusion
of silicon' into the aluminum and leads to the eventual failure
of the transistor junctions2.

RELIABILITY DESIGN FEATURES
Overlay-Transistor Construction

The basic transistor construction used by RCA for rf power
transistors is the “overlay” design. The emitters in this type

of device are separated into many discrete sites which are paral-
leled for high-power performance. The overlay configuration
provides the high ratio of effective emitter periphery to base
area3 needed for high-power generation at microwave fre-
quencies. In addition, this structure has the advantage of
permitting lower current densities in the emitter metal-
lizing stripes than other high-frequency structures. This
advantage results from the relatively broad emitter-metal
stripes which interconnect the discrete emitters. These
stripes are typically 35 microns wide compared to 3 to 5
microns for other interdigitated or matrix designs. Further-
more, the separation of the emitter- and base-metal fingers
is 3 to 4 times greater in the overlay structure than competitive
structures. This separation permits the deposition of thicker
metal layers with greater cross-sectional areas; and further
reduces current densities.

Polycrystalline Silicon Layer (PSL)

Another advantage of the overlay transistor structure with its
broad emitter fingers and non-critical metal-definition is that
it is readily adaptable to the introdiction of additional con-
ducting and insulating layers between the aluminum metal-
lization and the shallow diffused emitter sites required for
microwave performance. RCA has developed a polycrystalline
silicon layer (PSL), shown in Fig.1, which is deposited over the
emitter sites and under the aluminum metallization. The PSL

_ forms a barrier between the aluminum emitter finger and the

oxide insulating layer over the base; the barrier minimizes

* failures caused by the interaction of aluminum with silicon

dioxide. In addition, the PSL layer helps to minimize ther-
mally induced failure modes by providing a barrier between
the aluminum and the shallow-emitter diffused region to
prevent “alloy spike” failures; PSL also increases the distance
that the silicon ions must travel from emitter-site region to
metallization, Fig.1. Therefore, the amount of silicon that can
be diffused into the aluminum is limited, and the possibility of
device failure as a result of the electromigration of the silicon
in the aluminum is reduced.

11-73
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Fig.1 — Cross section of an overlay ing the poly
layer (PSL) between the metallization and emitter sites, and
how emitter ballasting may be placed in series with each emit-
ter site by controlling the doping and contacting geometry of
the PSL.

Emitter-Site Ballasting

RCA has utilized the PSL technology as a medium to intro-
duce emitter-site ballasting into its microwave power tran-
sistors.  Emitter-site ballasting permits more uniform injec-
tion across the transistor chips by reducing hot-spotting. By
controlling the resistivity of the PSL and restricting the con-
tacting geometry of the aluminum to the PSL layer, a ballast
resistor is placed in series with each emitter site, as shown in
Fig.1. These resistors function as negative-feedback elements
to control that portion of the transistor that is drawing ex-
cessive current. Since the overlay construction results in an
emitter thatis segmented into many sites which are connected
in parallel, each hot-spot may be isolated and controlled.
Furthermore, the large number of resistors in parallel mini-
mize the effects of excessive emitter resistance on input im-
pedance and gain. In fact, one microwave transistor, the
type 2N5921, which had low levels of emitter-site ballasting
added to its structure, exhibited a 35-percent improvement in
power output for the same drive level. At the same time, the
measurement of the dc safe-operating area, 3sdefined by a
200°C hot-spot junction temperature (infrared measurement),
indicated an approximate doubling of the allowable current at
15 volts (see Fig.2).

It is also known that hot-spotting under rf conditions in-
creases as the VSWR increasest. Device failures which occur
under high VSWR conditions at the output are often related
to a forward-bias second-breakdown failure mechanism which
is characterized by extremely high localized currents. Thus, it
could be expected that an emitter-ballasted transistor would
have greater resistance to failure under high VSWR conditions,
such as those encountered in some broadband amplifiers. In
fact, the 2-gigahertz power transistors which are site-ballasted,
types 2N6265 and 2N6266, have been characterized for their
ability to withstand e:]1 VSWR at all phases at rated power;
the 2N6267 has been characterized at a 10:1 VSWR. The 3-
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gigahertz chain of microwave power devices are also site-
ballasted, and are also rated at a 10:1 VSWR capacity.

Pacci d
Glass-F Al

Metallization

The standard metallization system used on all commercial
RCA microwave power transistors consists of an evaporated
aluminum-silicon film which is defined by means of photo-
lithographic and chemical-etching techniques. The addition
of silicon to the aluminum brings the state of the metal-
lization closer to the aluminum-silicon saturation point and
retards the electromigration of silicon into the aluminum.
Aluminum electromigration is also significantly retarded by
the deposition of a glass passivation layer over the aluminum
film subsequent to the definition procedures. It has been
shownl that the use of glass passivation results in a 40-percent
increase in the activation energy required before electromigra-
tion can begin. The silicon-dioxide layer also protects the
aluminum from contamination and from scratches or smears
that may occur during device assembly.

OPERATING-LIFE-TEST PROGRAM
Test Conditions

An accelerated operating-life-test program was undertaken to
study the effects of electromigration at various current densi-
ties on the lifetime of RCA microwave power transistors.
DC current-voltage conditions were used since electromigra-
tion is responsive to the dc components of the total wave-
form used in rf applications, ie., electromigration is effected
by the unidirectional components of the field. Tests were run
at three different emitter-stripe current densities (JE) with each
current density in turn run at three different peak junction tem-
peratures (T;); all tests represented stress levels above normal-

T
Te=100°¢C
Ty=200°C

1000

SITE BALLASTED

COLLECTOR CURRENT (Ig)—MILLIAMPERES

UNBALLASTED
! T
4 6 8 o 4 8 100
COLLECTOR-BASE VOLTAGE (Vcg)—VOLTS
92cs-22571
Fig.2 — DC infrared safe-area for ball: and unballasted

transistor (2N5921 coaxial packaged).
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40
use conditions. Peak junction temperature was determined by J_ | ]
infrared scanning of the transistor pellet at each life-test ;
condition. Table I shows the matrix of test conditions. The & IRTNL
sample size per test condition ranged between 10 and 15 \:\\\\\ .
units. A total of 114 units were tested. 2 20 ™~ N £ees, -
@ Yoo
'g h > 2%, G
e <. 2N e | |1 1
TABLE I — ACCELERATED LIFE-TEST CONDITIONS 2 53, N
g “en TN ~\\
Collector  Emitter  Emitter Stripe  Peak Junction Temp! * 2 100 }
Current Current  Current Density (°c) 3
(Amperes) (Amperes) (A/cm?2) T T2 T3 %
P
1 1.02 gsx10% 300 280 254
2 2.07 1.7x 103 283 258 230
3 322 27x105 300 273 240
* Represents peak temperature as averaged over several devices at each 10 46802 103 104 108 468108 107
life-test condition. External heat-sink size was adjusted to achieve MEDIAN TIME TO FAILURE —HOURS
the diff in junction perature on the life test. szcs-22572
Fig.3 — Arrhenius plot showing P to lower D es
from the life-test MTF points for the 2N6267.
Test Vehicle
A type 2N6267 device manufactured by RCA was used as the
test vehicle because it operates at one of the highest current 108 —
densities in the microwave family. This device incorporates [
. : B . N : ™ 0 1
all the design features described in the prior sections of this T Sy .y —
B ; P . —~ ™~ S~ T S LT
Note, and is considered representitive of the microwave < S ] ',\v\‘”
. . . 5 M~ N Ll250 T
family. All the transistors used on test were commercial- 3 o > 7‘,\/55\0 I~
level devices, ie., they were not subjected to conventional & f"'m > rd',?fc A~
. N . . . Te, °c
hi-rel screening prior to life testing. & : 2. 200 ™
= ~L \\ S|
& 00
Failure Mode ER S -
The accelerated test conditions produced failures due to
electromigration of aluminum and silicon as described in the
introductory section. The failure indicator was degraded or 1034 -
10 10 10° 108 107 10°

shorted transistor junctions. RF power output measured
at frequent life-test down-periods prior to device junction
failure exhibited only slight degradation (typically 8 percent);
this performance is excellent considering the severity of the
test conditions.

Data

An Arrhenius plot (1/T, log scale) of the log-normal median-
time-to-failure (MTF) obtained from each test is shown in
Fig.3. The curves are extrapolated down from the data points
to enable prediction of MTF at operating junction tem-
peratures below the maximum rated 200°C. An estimated
MTF of 9.5 x 105 hours (or greater than 100 years) is pre-
dicted for the 2N6267 device under test at its typical-
application current density of 8.5 x 104 A/cm?2 and junction
temperature of 150°C.

MEDIAN TIME TO FAILURE (HOURS)
s2cs-22570
Fig.4 — MTF as a function of current density and junction tem-
perature. In applying this chart, it is recommended that
no device be used above its i ratings as specified
in the published data sheet.

Points from each curve in the Arrhenius plot were taken in
the temperature range of 200°C to 100°C and replotted on a
log-log scale, Fig.4, for extrapolation over various current den-
sities. Fig.4 shows the general plot of MTF as a function of
emitter-current density and peak-junction temperature. This
chart can be used to estimate the MTF for each microwave
transistor at its typical operating-current density. T able 11 lists
the transistor types currenily in the microwave family, and
shows the predicted MTF for typical-application values of
emitter current, emitter-stripe current density, and peak
junction temperature.
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TABLE Il — ESTIMATED MTF FOR MICROWAVE FAMILY
AT TYPICAL-APPLICATION CURRENT DENSITIES

Operating Typical O ing Esti
Package Frequency Type Conditions MTF (106 hours)
(GHz) Ig(Amperes)  JE(10%A/em?) @ Tj = 150°C

HF-11 Coaxial 1 2N5470 0.119 5.2 4.0
2 2N5920 0.180 55 3.5
HF-21 Coaxial 2 2N5921 0.450 35 12.0
HF-28 Stripline 2 2N6265 0.215 6.5 2.0
2 2N6266 0.540 4.2 7.0

2 2N6267 1.02 8.5 0.95
23 2N6268 0.275 8.3 1.0
2.3 2N6269 0.920 7.2 1.5

HF46 Stripline 2 RCA2003 0.300 9.0 0.80
2 RCA2005 0.540 4.2 7.0

2 RCA2010 1.02 8.5 0.95
3 RCA3001 0.120 3.8 10.0

3 RCA3003 0.300 9.0 0.80
3 RCA3005 0.540 8.0 1.1

CONCLUSIONS ACKNOWLEDGMENT

The life-test data presented in this Note shows that the
design features of RCA microwave-power transistors assure
reliable operation at the current densities and junction tem-
peratures normally encountered in typical applications. Under
these operating conditions, the lifetime of these devices in
terms of failure due to electromigration is estimated at approxi-
mately 100 years.

The author acknowledges the assistance of D. S. Jacobson
in providing information concerning the transistor design
descriptions, C. B. Leuthauser in providing microwave-tran-
sistor application information, and L. J. Gallace for his com-
ments regarding the reliability aspects of this Application Note.
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Microwave Transistor Oscillators
by G. Hodowanec
INTRODUCTION are also less sensitive to spurious modes than the diode

Bipolar transistor oscillators have now become important
components in many present day commercial communications
and test systems as well as the more highly specialized military
systems. These transistor sources, which feature low residual
FM noise, very good frequency stability, and a capability for
voltage tuning and phase locking, are currently available in a
wide range of options from a growing number of suppliers.
Sources are available as fundamental oscillators, frequency
doublers, and as frequency multipliers. Power outputs range
from the milliwatt levels needed for fixed-tuned or broadband
local oscillators used in receiver or test systems to the much
higher power levels (order of watts) needed in the commercial
telecommunications and specialized military systems. While
transistors are now available for use as fundamental oscillators
at about 12 GHzl, frequency-doublers or multipliers are
generally used with lower frequency devices to achieve source
power at the higher frequencies. Transistor sources in the L-
and S-band frequency range are competitive in cost and
performance with most other sources generally available in this
frequency range. While IMPATT and TRAPATT diode oscil-
lators can also develop adequate powers in this frequency
range, the diodes generally require much higher bias voltages
and are also less efficient. The noise performance of the diodes
is also poorer, especially in the free-running modes. The
higher-efficiency TRAPATT mode requires more critical
circuitry compared to bipolar oscillators. Bipolar oscillators

FEEDBACK
NETWORK

PFEEDBACK

[T

oscillators. In addition, bipolar devices are rapidly developing a
history of high reliability in this frequency range. Therefore,
emphasis in this Note is placed on current L- and S-band
transistor oscillator techniques.

TRANSISTOR OSCILLATOR BASICS

At microwave frequencies, the most effective transistor
configuration for an amplifier is the common-base mode of
operation. This configuration provides higher gains,
efficiencies, and stability at higher frequencies (frequencies
above the transistor 1) then the other possible configurations.
Since an oscillator may be considered as a regenerative
feedback amplifier (or a negative conductance amplifier), these
conditions also apply to the oscillator mode under well-
designed conditions.

The basic microwave oscillator circuit considered here is
shown in block diagram form in Fig. 1(a). Requirements
similar to a power amplifier are seen. In each case, the
transistor must provide gain at the desired operating frequency
under matched input and output conditions. The main
difference is that the oscillator must include a feedback
network that couples a portion of the output power back to
the input circuit in the proper phase and level to sustain
oscillations. The oscillator power delivered to the load is the
equivalent amplifier power output less the amount of power
fed back to the input circuit and any losses in the feedback

ouTPUT
NETWORK

INPUT

NETWORK Rioap

92CS-20596

c2
c [ —)
= L L c G= c
TR
COLPITTS HARTLEY CLAPP
(a} (b) ()

92C5-20597

b

ions

b.

Fig. 1 — Basic requirements for 2-bipolar transistor oscillator.
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network. The feedback network can be an external loop, an
internal loop, or a combination of internal and external
elements. Although many variations of the feedback networks
are possible, the three general variants shown in Fig. 1(b) have
been found to be also effective at microwave frequencies.

The Hartley circuit utilizes a tapped-inductor in the output
tuned network to provide the correct level and phase of the
feedback to the input circuit. The Colpitts circuit makes use of
a tapped-capacitor in the output tuned circuit to provide the
correct feedback. The Clapp circuit is but a high-stability
version of the Colpitts circuit. In each case, the frequency of
oscillation is established by the output tuned circuit which
must also incorporate the feedback network as an integral part
of this network.

A closer examination of Fig. 1(a) also indicates that the
frequency determining portion of the oscillator can be.
separated from the output matching network by placement of
a high—Q LC resonant network in the collector-to-emitter
feedback network, the input matching network, or the
common base-to-ground circuit. The output network can then
be designed from large-signal amplifier load conditions, while
the feedback network can be treated essentially independ-
ently. This technique is especially suitable for the simplified
design of stable, high-power transistor oscillator circuits.2

LUMPED-CONSTANT OSCILLATORS

A typical Colpitts type oscillator circuit using lumped-
constant circuit elements is shown in Fig. 2(a). As seen in the
“equivalent circuit” shown, it is also of the Clapp type. Using
the RCA 40836 transistor, this circuit can develop a power
output of 0.6 watts at 2.0 GHz and has an overall efficiency of
20-25 percent when operated from a 21-volt supply. No
external feedback elements are required. The feedback
required to sustain oscillations is provided by the parasitic
capacitances of the package housing the 40836 device. The
collector of the transistor is grounded and thus appears, at first
glance, to be connected in the common-collector mode.
However, the collector was grounded to improve collector heat
dissipation and to reduce the collector-base loop inductance.
The circuit still operates common-base since the feedback is

“Vee

Ces /I‘u

EQUIVALENT CIRCUIT

92Cs-23976

a. typical Colpitts oscillator of the Clapp type

“Vee

from collector-base to the emitter-base circuits utilizing the
parasitic capacitances CCE and CEB.

The circuit of Fig. 2(a) is readily adaptable to voltage
tuning. Tuning capacitor C] may be replaced with a proper
varactor diode including the necessary bias feed and isolation .
Tuning range of one octave (i-e., 1-2 GHz) is obtainable with
tuning voltages in the order of 0-25 volts. Inductors Liand Ly
can be a low-loss strap type in this frequency range. Proper
choice of these elements enables matching over this entire
frequency range.

The circuit of Fig. 2(a) can also be adapted to push-push
doubler service as shown in Fig. 2(b). In this mode, two
oscillators are operated 180° out of phase (phased by
capacitor C) in the input circuits while the outputs are

 essentially paralleled. The output frequency is doubled by the

“doubling action” depicted in Fig. 2(b) while maintaining the
power levels and collector efficiencies of the fundamental
mode. Other variations of this technique are also possible.
Such techniques can make the 1-2-GHz oscillator into a
2-4-GHz oscillator without need for a higher frequency device.
Use of higher frequency devices, of course, can extend
operation to even higher frequencies. As with the single
oscillator, voltage tuning can also be incorporated here.
Voltage-tuned (i.e., varactor-tuned) sources are, in general, low
cost and have reasonably low FM noise. However, harmonic
content (even order) is high unless further output filtering
(band-pass type) is used.

The simple transistor oscillator shown in Fig. 2(a) can be
directly multiplied to higher multiples using the nonlinear
output capacitance of the device as a varactor element, or if
perferred, an external varactor element may be used.3 More
commonly today, transistor multipliers couple the fundamen-
tal output of the transistor through a low-pass impedance
transformer to a step-recovery-diode (SRD)4 An output
bandpass filter matches the SRD to the load and also serves to
short circuit (circulate) all harmonics other than the desired
output frequency. Therefore, harmonic suppression is good
(order of 50 dB) but residual noise in the fundamental
oscillator is multiplied by the SRD. Such circuits ¢an make
extremely low-cost high-frequency sources.
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b. push-push version of oscillator (a)

Fig. 2 — Typical lumped-constant microwave oscillators.
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CAVITY-TYPE OSCILLATORS

Microwave cavity oscillators are generally used where high
spectral purity and good frequency stability are required. The
frequency-controlling element is a high-Q cavity (which is
sometimes made of INVAR) to provide frequency stabilities of
about +0.05 percent over a wide temperature range. Typical
coaxial-cavity circuits are shown in Fig. 3(a). Most cavities are
of the fore-shortened quarter-wave coaxial-line type with the
characteristic impedance in the order of 72 ohms. Mechanical
tuning is possible with a movable probe at the capacitive end
of the cavity. Power output is taken either from a capacitive
probe or an inductive loop suitably positioned within the
cavity.

-VEE

TUNING

ZzZa
50-OHM
ouTPUT

(1) grounded-base version

+Vec

92C5-23979
(2) grounded-collector version
a. typical cavity oscillators

devices as measured in a 3-kHz slot (based on a 200 kHz rms
deviation reference) for baseband frequencies of 70 kHz to 5
MHz.5 The noise ratios are plotted also as a function of the
relative base output impedances, giving an indication that the
noise performance is a strong function of the cavity loaded Q.
In this case, the higher powered device, the RCA 40909, has
appreciably better noise performance than the RCA 40837
device, since the loaded Qs are approximately 15 and 5,
respectively.

Voltage-tuning of the coaxial-cavity type oscillators are
possible, but somewhat more complicated than the simpler
lumped-constant ~ circuits discussed previously. The same
general techniques shown above may ‘also be applied to
microstripline, rectangular-coaxial, or slabline circuits as well.
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|
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Z 75 RCA40836 —|
o
£
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E
g -2
? o
0 2 4 6 8 10 12

Re (Zg|)— OHMS
92CS-23980
b. typical FM noise performance for oscillator 2).

Fig. 3 — Coaxial-cavity microwave oscillators.

Two oscillator versions are shown in Fig. 3. The grounded-
base version, either directly grounded as shown in (1) or
RF-grounded with a bypass capacitance (to utilize a single bias
supply) generally requires a device with sufficient internal
feedback to perform efficiently. The grounded-collector
version shown in (2) has proven to be much more efficient,
not only due to the effective heat sinking of the collector, but
also to the fact that the feedback mechanism is now an
integra] part of the microwave cavity.

In these oscillators, the device impedance appears in series
with the low impedance end of the cavity and thus directly
affects the oscillator loaded Q. The loaded Q directly affects
the oscillator output FM noise spectrum. Shown in Fig. 3(b)
are typical signal-to-noise ratios for RCA coaxial transistor

RCA41044
50-0HM
OUTPUT

“C": AIR-DIELECTRIC,PISTON-TUNED
CAPACITOR (RESONANCE >5 GHz)

92CS-23974

MICROSTRIP OSCILLATORS

Microwave oscillators which are possible in lumped-constant
form are generally duplicable in microstrip form also. At the
higher frequencies, the microstrip form is preferred since the
microstrip equivalent elements are reasonable in both physical
size and also electrical losses. Shown in Fig. 4 is a typical
microstrip oscillator operating at about 4.35 GHz. This circuit
uses the RCA 41044 device which contains a 5-GHz chip
bonded in the common-collector configuration in a stripline
package. This bonding arrangement is used to improve the
collector heat dissipation and to reduce the collector-base loop
inductance.

Operation of the circuit of Fig. 4 is still in the common-base

Fig. 4 — 4.35-GHz microstrip oscillator.
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mode. The oscillation frequency is primarily established by
resonating the collector-to-emitter feedback capacitance with
an inductive s‘tub element Xj. The output circuit is matched
with an in-line impedance transformer Xy, with capacitor “C”
providing for fine tuning and dc isolation for this network.
The output network must be properly centered in frequency
in this case if it is not to have strong frequency pulling effects
on the oscillating frequency which should be primarily
established by stub section Xj.

The RCA 41044 in this circuit typically develops about 400
mW of output power at 4.35 GHz with an overall efficiency of
15-20 percent when a 20-volt bias supply is used.

HIGH-POWER OSCILLATORS

There is a need for higher-power signal sources in specialized
applications where the requirements for extreme stability or
very low noise are not really necessary. Such oscillators can be
readily designed using simplified large-signal ~ design
techniques? and can approach the large-signal power output
and efficiency performance of the parent amplifier design.

Fig. 5(a) shows a simple 1.68-GHz oscillator suitable for
50-0HM
OUTPUT

RCA40I25

c2

+Vee

Cl :0.4- 6.0 pF, AIR-DIELECTRIC, PISTON-
TUNED CAPACITOR
C2 : 30 pF, ATC- 100, OR EQUIVALENT
92€S-23973
a. 1.68-GHz radiosonde oscillator

HYBRID THIN-FILM MICROWAVE OSCILLATORS

Microwave-integrated circuits (thin-film) form a large
portion of present-day microwave circuitry. Hybrid thin-film
techniques are well established and can also be readily applied
to microwave oscillators. Hybrid oscillators, using packaged
bipolar transistors (which have correct parasitic capacitances),
are easily incorporated into thin-film circuitry. The present
trend, however, is to use transistor *“chips” bonded into
thin-film circuitry, since reduced costs and further circuit
miniaturization is now possible.

Shown in Fig. 6 is a typical hybrid thin-film oscillator
circuit. Coupled-lines, Xy and X3, are used in the output to
establish the resonant frequency and the output match. The
circuit is of the Colpitts type with feedback from the output
to the emitter base being established by the collector-emitter
capacitance formed by stub section X1 and the emitter-base
capacitance formed by the fringing fields between stub
sections X1 and X7. Since there is very little coupling across a
transistor “‘chip”, it is necessary to resort to some sort of
external coupling methods as indicated in this example.

Fig. 5 — Typical high-power microwave oscillator.

radiosonde service. This circuit, which uses the RCA 41025
device, is an example of a circuit in which a high-Q frequency
determining network is placed in the base-to-ground circuit.
Capacitor Cj series resonates the common-base inductance at
the operating frequency. The base is effectively at RF ground
at this frequency only. At 1.68 GHz, the collector load of the
41025 transistor is effectively about 5.5 ohms real. A simple
5.5-ohm to 50-ohm tapered-line output matching trans-
former, using the methods of Womack,5 is used to keep the
output network broadband in response and to keep second
harmonic output more than 40 dB down. Package parasitics
provide the correct level of capacitive feedback over the range
of about 1.4 GHz to 1.8 GHz. This is also the effective tuning
range of capacitor Cj.

Performance of this oscillator at the 1.68-GHz radiosonde
frequency is given in Fig. 5(b). It is to be noted that the
frequency remains essentially constant over a range of supply
voltages of 20 to 28 volts. The overall circuit efficiency
remains essentially constant over the range of 24 to 28 volts.
The rapid falloff in power and efficiency at the lower voltages
can be corrected with the redesign of the output network for
the collector loads developed at these lower voltages.
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RCA has refined and extended these techniques in the
development of a hybrid thin-film radiosonde oscillator.” This
oscillator, the type $254, delivers a minimum of 50 mW over
the 1600 - 1700-MHz range. It can maintain a 4-MHz frequency
stability throughout a 10-volt change in input voltage (from
30V to 20V) and over the —70° to +70°C temperature range.
The frequency of this oscillator has been stabilized with the
incorporation of an additional high-Q resonator which is seen
in the photograph of this oscillator (Fig. 7).

Fig. 7 — Prototype of hybrid thin-film radiosonde oscillator.

CONCLUSIONS

Bipolar transistor oscillators are used extensively in appli-
cations from the VHF frequency range to X-band. Power
outputs from milliwatts to several watts are available with a
wide range of options in terms of tuning range, stability, noise
performance, and flexibility. Bipolar transistor oscillators are

reliable and cost competitive in this frequency range. Highly
efficient operation at low bias voltages in relatively simple and
easily understood circuitry is probably the greatest advantage
of bipolar devices over negative resistance diode devices in the
range of VHF through X-band. Therefore, it is concluded that
bipolar transistor oscillators will continue to dominate this
frequency range for many years to come.
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Microwave Amplifiers and Oscillators
Using RCA3000-Series Transistors

by G. Hodowanec

This Note describes several experimental microstripline
circuits which employ RCA3001, RCA3003, or RCA3005
transistors at frequencies of 1.7 to 2.7 GHz! The
RCA3000-series transistors are emitter-ballasted, silicon,
n-p-n devices packaged in the hermetic stripline package
(HF-46) shown in Fig. 1. They are designed for use in

H-1796R1

Fig.1 — Hermetic
series transistors.

kage, HF-46, housing the RCA3000-

ipline

microwave communications, telemetry, relay links, trans-
ponders, and radionavigation or radiolocation systems
which operate in the frequency range of approximately 1.7
to 3.2 GHz. These transistors, which are employed
primarily in the common-base mode of operation, are
suitable for small-signal class A and large-signal class B or C
cw or pulsed applications in stripline, microstripline, or
lumped-constant circuits.

The hermetic  stripline package which houses the
transistors has relatively low parasitic capacitances and
inductances, characteristics which afford stable operation in
the common-base mode. In general, microstrip circuit
elements are used in the circuits described, and the
unavoidable package parasitics are incorporated into the
matching networks to yield good performance with
reasonable operating bandwidths. Although there are many
ways of designing matching networks, this Note emphasizes
only a few methods which have demonstrated both

simplicity in design and good performance in the frequency
range of interest. Therefore, the circuits and design
approaches discussed should be considered primarily as
guidance for the circuit designer and not necessarily as
optimum designs.

RCA3001 Circuits

The RCA3001 transistor is intended for low-level pre-
driver or oscillator applications and is capable of about 1.3
watts of saturated power output at 3 GHz and 2 watts at 2
GHz when operated with a 28-volt collector supply. The
low input and output Q’s for this device in the range of 1.7
to approximately 2.7 GHz facilites its application in
broadband circuits operating over this frequency range.
With the techniques shown, the broadband performance
approaches the narrowband performance obtainable from
this device.

Amplifier Designs

The input impedance of the RCA3001 transistor can be
matched over the range of about 1.7 to 2.6 GHz with better
than 1-dB gain flatness using relatively simple input-circuit
networks. Two circuit approaches are considered: an
in-line tapered-line transformer based upon the methods of
Womack?, and a more conventional two-step network
which also shows broadband capability.

TAPERED-LINE DESIGN

Fig. 2 shows an RCA3001 transistor in a circuit con-
structed on a 1/32-inch Teflon-fiberglass circuit board. The
circuit is composed of a broadband tapered-line input
transformer and an output matching network consisting of
a conventional single-step uniform-line matching
transformer.3 The circuit is designed to operate at a center
frequency of 2.3 GHz with fixed input drive and a 28-volt
collector supply. The typical performance of . the input
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RCA 3003

€1,C2 : 10 pF, ATC-100, OR EQUIVALENT

3,C4 : FILTER CON, A-B SMF B-Al, OR EQUIVALENT

R :0.248

RFC  : 0.70INCH LENTH #32 WIRE (LAY FLAT ON CIRCUIT BOARD)

LINE-SECTION DETAILS :1/32 INCH TEFLON- FIBERGLASS
DIMENSIONS IN INCHES (AND MILLIMETERSY
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Fig.2 — 2.3 GHz tapered-line (broadband input) circuit using the
RCA3001 transistor.

network is determined by optimally matching the output
network over a wide frequency range by use of a triple-stub
tuner section.

The performance of the input circuit is shown by the
solid curves in Fig. 3. The data indicates the potential 1-dB
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Fig.3 — Performance of the'circuit of Fig. 2 with Vcc =28 V.

bandwidth of the input circuit to be greater than 800 MHz.
The power output and collector efficiency are relatively
constant in the range of about 1.8 to 2.4 GHz; therefore,
approximately 1.3 to 1.5 watts of output power with an 8-
to 9-dB power gain and a collector efficiency in the order
of 40 percent can be expected from these devices in this
frequency range. The performance of the uniform-line
output transformer is given by the dashed curves of Fig. 3.
The narrower bandwidth of the uniform-line matching
section is obvious in this plot, the 1-dB bandwidth now
being in the order of 175 MHz. The overall performance of
the circuit of Fig. 2 is similar to that of the dashed-line
curves of Fig. 3 since the circuit performance is limited by
the narrow-band filter characteristics of the output
network.

While the circuit shown in Fig. 2 is intended for
operation at 2.3 GHz, it can be operated anywhere in the
range of 1.7 to 2.6 GHz (without changing the input
network design) simply by redesigning the output network
for the new frequency range. Performance of the circuit of
Fig. 2 with the collector supply at 22 volts is given in Fig.
4. Slight circuit modifications to better match the 22-volt
impedances will improve this performance.
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Fig.4 — Performance of the circuit of Fig. 2 with Voc =22 V.
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TWO-STEP NETWORK DESIGN

Fig. 5 shows an RCA3001 transistor in a circuit that uses
a two-step network to achieve broadband performance at

50 o CA30
NPUT X Reasoos

[

+OVee

Cl :5pF ATC-100,0R EQUIVALENT
€2 :FILTERCON, A-B SMF B-Al, OR EQUIVALENT
RFC :0.70 INCH LENGTH#32WIRE (LAY FLAT ON CIRCUIT BOARD)

LINE-SECTION DETAILS :10-MIL TEFLON~- FIBERGL ASS
DIMENSIONS IN INCHES (AND MILLIMETERS)
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{b) 2.3 GHz OUTPUT 92C8-2506!

Fig.5 ~ 2.6 GHz (two-step input) circuit using the RCA30071
transistor.

the input to the device. A capacitive stub section is used to
tune out the inductive reactance of the input impedance,
and the resulting real impedance is transformed to the
50-ohm source impedance with a quarter-wave matching
section. Although this circuit is constructed on 10-mil
Teflon-fiberglass circuit board to better define the stub
sections, it can also be constructed on 1/32-inch board.

The performance of the two-step input network under
“tuned” output conditions is given by the solid curves of
Fig. 6. The potential 1-dB performance of this input design
is about 1.8 to 2.5 GHz. The original output circuit, shown
in Fig. 5(a), utilizes a tapered-line section designed for a
center frequency of 2.5 GHz. Performance of the output
circuit (and thus also the basic circuit) is given by the
dashed-line curves of Fig. 6,

The circuit performance at 2.5 GHz appeared to be
limited by the input response at this frequency. Therefore,
the output circuit was modified to a center frequency of
2.3 GHz, as shown in Fig. 5(b). Some additional inductive
reactance was needed at the output of the device to make
up for the additional electrical length needed to drop the
filter response approximately 200 MHz (utilizing the
original circuit-board length dimensions). Performance of
the revised output circuit is given by the dashed (long and
short) curves of Fig. 6. The 1-dB bandwith is now
approximately 2.1 to 2.4 GHz. Power gain and collector
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Fig.6 — Performance of the circuits of Fig. 5 with Voo =28 V.

efficiency with this modification is slightly degraded,
probably as a result of losses in the series inductance added
to lower the output filter characteristics. The input VSWR
for both the tapered-line network and the two-step network
are typically less than 1.5:1 in the 1-dB bandwidth range.

Oscillator Design

Shown in Fig. 7 is an oscillator design that uses the
cl

500
OUTPUT
Cl 104 -2.5pF, JOHANSON 7280, OR EQUIVALENT
C2,C3:FILTER CON, A-B SMF B-Al, OR EQUIVALENT
€4 :10 pF, ATC-100, OR EQUIVALENT
LI,L2: SEE TEXT
X DETAILS: I0-MiL TEFLON - FIBERGLASS
DIMENSIONS IN INCHES (AND MILLIMETERS)
W 0375
7 (953)
0.50
(12,70}
92C5-25063
Fig.7 —2- to 2.2-GHz oscillator circuit using the RCA3001

transistor.
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RCA3001 device in a simple resonant-feedback-loop
circuit.# With a 15-volt supply, better than 1 watt of
output power is developed over the range of 2 to 2.2 GHz
with the collector efficiency in the order of 50 percent. The
feedback network consists of inductors L1, L2 and
capacitor C1. Inductor L1 is formed by bending the emitter
lead back over the top ceramic of the RCA3001 device;
inductor Ly is formed from a 0.20-inch length of collector
lead bent down to the output line-transformer section of
the circuit. Capacitor C] connects these two inductors
(from the end of Lj to the center of L) and is the tuning
element (fo) for this circuit. The output network consists
of a half portion of L2 and the uniform-line transformer,
X1. Capacitor C4 is selected so that it is self-resonant above
2.15 GHz, and thus serves as a dc block. The tuning range
of this circuit is limited by the feedback network as well as
the limited response of the uniform-ine output trans-
former. The high collector efficiency is the direct result of
the efficient feedback system used in this oscillator design.

RCA3003 Circuits

The RCA3003 transistor is intended for use in higher-
level driver stages and oscillator applications as well as in
applications with low-level output-device requirements.
This device is capable of approximately 3 watts of saturated
power output at 3 GHz and 4 watts at 2 GHz when
operated with a 28-volt collector supply. The relatively low
input and output Q’s for this device permit reasonable
broadband operation in the range of 1.7 to 2.5 GHz.
Broadband performance in the circuits shown approaches
the narrowband performance obtainable under highly-tuned
conditions.

Amplifier Designs

The design approaches used in the experimental
RCA3003 circuits shown are similar to those used with the
RCA3001 devices. A design using a tapered-line input
section and a uniform-line output section is shown in Fig.
8. Performance of this circuit is shown in Fig. 9. The
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R {EMITTER RESISTOR (CHOOSE FOR BEST EFFICIENCY inc)

RFC  :0.70 INCH LENGTH#32 WIRE (LAY FLAT ON CIRCUIT BOARD)
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Fig.8 — 2.1-GHz circuit using the RCA3003 transistor (tapered-
line).
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Fig.9 — Performance of the circuit of Fig. 8.

potential 1-dB bandwidth response of the input (center
frequency of 2.1 GHz) is about 1.7 to 2.4 GHz, or 700
MHz. The 1-dB response of the output circuit is 1.95 to 22
GHz, or 250 MHz. Power gain is about 7-dB and collector
efficiency is in the order of 40 percent for this frequency
range.

Fig. 10 shows a circuit originally designed for a center
frequency of 2.7 GHz. A two-step matching network was
used in the input and a tapered-line section in the output.
The output circuit was later modified to a center frequency
of 2.3 GHz. The performance of these circuits is shown in
Fig. 11. The broadband response of the input network is
shown by the solid curves. Moreover, a 1-dB bandwidth
greater than 400 MHz was obtained from the 2.3 GHz
circuit at both the 28-volt and 22-volt collector supply
levels. Response of the 2.3 GHz circuits is limited mainly
by the output filter characteristics, while the 2.7 GHz
circuit is also limited by the input response.

Oscillator Design

The oscillator design shown in Fig. 7 can also be used
with the RCA3003 device. With a 20-volt collector supply,
a power output in the order of 2.5 watts over the range of
19 to 2.1 GHz is obtained; the collector efficiency remains
in the order of 50 percent. Again, the tunable frequency
range is limited by the feedback-loop characteristics and the
narrow-band response of the output network.
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Fig.11 — Performance of the circuit in Fig. 10.
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RCA3005 Circuits

The RCA3005 is intended for use in high-level driver
stages or as the output stage of an amplifier. This device is
capable of about 5 watts of saturated output power at 3
GHz and 7 watts at 2 GHz when operated with a 28-volt
collector supply. Because of the higher Qs for this device,
broadband operation generally requires a two-step matching
network, where the first step “tunes out” at least a portion
of the reactive terms of the device impedances.

Amplifier Designs

A two-step input network (similar to those used with
RCA3001 and RCA3003 devices) is used to obtain a 1-dB
bandwidth of approximately 500 MHz for the input section
of the RCA3005 device. The test circuit, shown in Fig.
12(a) was originally designed for a center frequency of

RCA 3005

50 Q
OUTPUT

Cl  :I0pF, ATC-100, OR EQUIVALENT

€2 :FILTER CON, A-B, SMF B-Al, OR EQUIVALENT

RFC : 0.70 INCH LENGTH NO. 32 WIRE (LAY FLAT ON CIRCUIT
)

LINE SECTION DETAILS : 10 MIL TEFLON- FIBERGLASS
M DIMENSIONS IN INCHES (AND MILLIMETERS)
X2

0.175
0.13 (4.45)
) %—[
i j ‘ f

025 L 060 J
©es | oor 115247
070 :
(17.78)

Lo | !

(i2.70)

(b) 23 GHz OUTPUT LINE 950525068

Fig.12 — Amplifier circuit using the RCA3005 transistor.

approximately 2.1 GHz. A 10-mil Teflon-fiberglass circuit
board was chosen to better define the microstrip stub
sections and to achieve low transformer impedances with
reasonable line dimensions.

The tapered-line output transformers were also evaluated.
The first design, shown in Fig. 12(a), matches the collector
load impedance at a center frequency of 2.1 GHz. The
performance of this output section is shown by the
dashed-line curves of Fig. 13. The output 1-dB bandwidth
was limited to about 200 MHz, as a result, in part, of the
higher output Q of the RCA3005.
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Fig.13 — Performance of the circuit of Fig. 12.

In the output circuit of Fig. 12(b), a microstrip
capacitive-stub section is used to “tune out” some of the
excess output inductance, and the tapered-line transformer
is redesigned for a center frequency of 2.3 GHz. The
response of this output circuit is shown by the dashed (long
and short) curves of Fig. 13. The 1-dB bandwidth has been
increased to about 350 MHz, and covers the range of
approximately 2.05 to 2.4 GHz. The power output, power
gain, and collector efficiency of these circuits closely
approaches the performance obtainable under narrowband
conditions.

—

. ““High-Power

Oscillator Designs

No attempt was made to evaluate the performance of the
RCA3005 as an oscillator. However, performance similar to
that of the RCA3001 and RCA3003 can be expected. For
example, 5 watts of output power at 2.0 GHz can be
expected of the RCA3005 device in oscillator service.

Other Designs

Not all possible design techniques have been evaluated
above. The more conventional techniques, such as two-step
in-line transformersS and ladder or Chebyshev-type net-
works (using lumped or distributed elements), could be
used to obtain reasonable bandwidths. In addition, further
size reduction could be achieved through the use of alumina
circuit boards. Alumina boards could also be expected to
further improve the bandwidth of tapered-line
transformers.

The circuit dimensions given in this Note are based on the
characteristics of circuit boards available to the author.
Variations in the characteristics of these boards from
different suppliers as well as variations in device characteris-
tics may require some adjustment of circuit dimensions for
proper circuit operation.
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