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DATASHEET ANNOTATION

GPS annotate datasheets in the top right hand corner of the
first page, to indicate product status. These annotations are
as follows:-

TARGET SPECIFICATION

This is the most tentative form of information and
represents a verypreliminary product specification.
No actual design work on the product has started.
PRELIMINARY INFORMATION

The product is in design and development. The
datasheet represents the product as it is understood
but details may change.

ADVANCE INFORMATION

The product design is complete and final
characterisation for volume production is well in hand.

No annotation

The product parameters are fixed and the product is
available to datasheet specification in volume.

If you have any queries ahout the status of any GPS product,
please contact your nearest GPS Customer Service Centre.
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Foreword

This Professional Products IC Handbook replaces the previous version (Publication Number
PS2480, May 1991) and the High Speed Silicon Frequency Dividers Summary (Publication
Number LF3704, November 1992). It excludes certain specialist personal communications
products which are now published in the Personal Communications IC Handbook (Publication
Number HB2123).

Existing circuits are covered as well as a range of new designs. The bipolar synthesiser
family has been enhanced by the addition of the SP8858 and SP885xD phase lock loop devices.
These offer up to 1.7GHz frequency operation, a wide range of RF and Reference Division ratios
plus aphase noise performance that leaves similar PLLs far behind. Itis ourintention to further
enhance this product area, with the introduction of even higher frequency devices, over the next
12 months.

Many devices included in this handbook have extended operating temperature ranges and
more. package options, especially surface mount. The number of devices available to
internationally approved screening standards also has increased, as has the number of fully
approved DESC product datasheets.
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Product index
Logarithmic/Limiting Amplifier

SL3522 Monolithic 6 stage amplifier (successive detection) 600MHz 70dB 83
Logarithmic Amplifiers
SL161”:.§ Successive detection 6V 15mA | SbMHz 4.5dB 12dB (+2.0) 49
SL1615 Successive detection 6V 15mA 80MHz 4dB 12dB (+1.0) 52
SL2524A# Dual successive detection 6V 90mA 300MHz 9dB 12dB 61
SL2524B/C# Dual successive detection 6V 90mA 1000MHz 9dB 12dB 61
SL521A/B/C#  Successive detection 6V 15mA 165MHz 4dB 12dB 17
SL523B/C/CB*# Dual successive detection 6V 30mA 100MHz 4dB 24dB (£1.4) 21
SL531# True Log amp 9V 17mA 500MHz 10dB (£2) 25
SL532# Low Phase Shift Limiter 9V 10mA 400MHz 7dB 10dB (+2) 28

* Supplied in matched sets if required. # DESC approved Standard Militarised Drawings.

Wideband Amplifier

SL560C/AC Low Noise amplifier 2-15V 20mA 300MHz 2dB 40dB 38

Operational Amplifier

SL541 High Slew Rate Op amp  +12V.-6V 16mA 100MHz 5mv 70dB 31

Very Low Noise Amplifiers

SL561 Preamplifier 6.0MHz 60dB 0.8nV/'Hz (Typical) 43
ZN459 Preamplifier 15MHz 60dB 0.8nVANHz (Typical) 118
ZN460 Programmable gain/bandwidth preamplifier 6.0MHz 50-60dB  0.8nV/VHz (Typical) 126




Matched Transistor Arrays

‘ SL2364 \'/“ery hlgH performance”tr‘anssslor arrays GV é.V 12mA ] é‘OG‘H-z 20 at 8mA 58
SL2365 Very high performance transistor array 6V 9V  8mA 5.0GHz 50 at8mA 60
SL3145 NPN transistor arrays 15V 25V 20mA 1.6GHz 40at1mA . 75
SL3227 NPN transistor arrays 6V 9V 12mA 3.0GHz 40at1mA 79
SL3245 NPN transistor array 6V 9V 12mA 3.0GHz 40at1mA 81

Radiocoms

SL1640 Double balanced modulator 56
SL610C RF Amplifier 8MHz, 20dB - AGC capability 46
SL611C RF Amplifier 50MHz, 26dB - AGC capability 46
SL612C RF Amplifier 15SMHz, 34dB - AGC capability 46
SL6140 0-400MHz, 70dB - AGC range, 45dB gain 100
ZN414 AM radio receiver 108
ZN416 AM radio receiver 108

Radio Synthesisers

SP2002A Direct digital synthesiser with 350MHz output Bipolar 137
SP2002B Direct digital synthesiser with 400MHz output Bipolar 137
SP8852D Low noise 1.7GHz professional synthesiser Bipolar 144
SP8853A Low power 1.3GHz professional synthesiser Bipolar 158
SP8853B Low power 1.5GHz professional synthesiser Bipolar 158
SP8854D Low noise 1.7GHz professional synthesiser Bipolar 170
SP8855D Low noise 1.7GHz professional synthesiser Bipolar 184
SP8858 Ultra low noise 1.5GHz professional synthesiser Bipolar 198
SP8861 Low power 1.3GHz professional synthesiser Bipolar 206




Ultra Low Phase Noise Dividers

SP8400 Dual modulus divider 8/9 200MHz 1.5GHz 156dBc/Hz 221
SP8401 Dual modulus divider 10/11 50MHz 300MHz 160dBc/Hz 225
SP8402 Divide by 2N 2/4/8/16/32/64/128/256 200MHz 1.4GHz 155dBc/Hz 228

Two-Modulus Programmable Dividers

SP8720A/B 3/4 300MHz 65mA -5.2V 283
SP8741# 6/7 300MHz 60mA -5.2V 292
SP8691A 8/9 200MHz 21mA +5or-5.2V 275
SP8690A/B# 10/11 200MHz 21mA +5or-5.2V 275
SP8695A 10/11 200MHz 21mA +5or-5.2V 279
SP8647AC/B# 10/11 250MHz 65mA +5V or -5.2V 249
SP8685A/B 10/11 500MHz 70mA -5.2Vv 271
SP8680A 10/11 575MHz 105mA +4V 262
SP8680B 10/11 575MHz 105mA +4V 267
SP8789 20/21 200MHz 7mA +5.2V 299

# DESC approved Standard Militarised Drawings.



Fixed Modulus Dividers

2 SP8604A/B 300MHz 5.2V 18mA 232
2 SP8602A/B# 500MHz 5.2V 18mA 232
2 SP8607A/B 600MHz 5.2V 18mA 239
2 SP8605B 1000MHz 5.2V 100mA 235
2 SP8606B 1300MHz 5.2V 100mA 235
2 SP8802A 3300MHz 5.0V 100mA 312
4 SP8790A/B 60MHz , 5.0V 11mA 302
4 SP8610A/B 1000MHz | 5.2V 100mA 242
4 SP8611A/B 1300/1500MHz 5.2V 100mA 242
4 SP8804A 3300MHz 5.0V 90mA 319
8 SP8794A/B 120MHz 5.0V 11mA 305
8 SP8735B 600MHz 5.2V 90mA 287
8 SP8808A 3300MHz 5.0V 85mA 322
10 SP8630B# 600MHz 5.2V 70mA 246
10 SP8830A/B 1500MHz 5.0V 50mA 325
10 SP8660 150MHz 5.0V 13mA 256
16 SP8659B 200MHz 5.0V 13mA '253
16 SP8801A 3300MHz 5.0V 90mA 308
16 SP8831B 3500MHz 5.0V 90mA 328
20 SP8657A 200MHz 5.0V 13mA 253
32 SP8655A 200MHz 5.0V 13mA 253
32 SP8803A 3300MHz 5.0V 90mA 315
32 SP8833B 3500MHz 5.0V 90mA 332
64 SP8755A/B# 1200MHz 5.0V 75mA 296

# DESC approved Standard Militarised Drawings.



Product List - Alpha numeric

Type Number Description Page

SL523 100MHz dual wideband log amplifier 21

SL532 Low phase shift limiter 28

SL560 300MHz Low noise amplifier 38

SL610/1/2 RF/IF amplifier 46

SL1615 Wideband log IF strip amplifier 52

SL2364 Very high performance transistor arrays 58

SL2524 1.3GHz Dual wideband logarithmic amplifier 61

SL3227 3GHz NPN transistor arrays 79

SL3522 500MHz 75dB Logarithmic. limiting amplifier 83

SP2002 350/400MHz Direct frequency synthesisers 137

SP8401 Very low phase noise 300MHz + 10/11 225

SP8602 & SP8604 500MHz + 2 & 300MHz + 2 232

SP8607 600MHz + 2 239

SP8630 800MHz + 10 ' 246

SP8655A, 7A & 9B 200MHz + 32, +20 & +16 253




Type Number Description Page

SP8680A 550MHz + 10/11 262

SP8685 500MHz + 10/11 271

SP8695 200MHz = 10/11 279

SP8735 600MHz + 8 (Binary outputs) 287

SP8755 1200MHz + 64 296

SP8790

SP8801 16 Fixed modulus divider

SP8803 32 Fixed modulus divider 315

SP8808 3.3GHz + 8 Fixed modulus divider 322

SP8831 16 Fixed modulus divider

SP8852D 1.7GHz Parallel load professional synthesiser 144

SP8854D 1.7GHz Parallel load professional synthesiser 170

SP8858 1.5GHz Professional synthesiser 198

ZN414Z & ZN416E AM Radio receivers 108

ZN460/AM/CP Ultra low noise wideband preamplifier 126
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The Quality Concept

Quality cannotbe inspectedinto a product; itis only by careful design and evaluation of materials, parts and processes
(followed by strict control and on-going assessment) that quality products will be produced.

All designs conform to standard layout rules, all processes are thoroughly evaluated and all new piece part designs
and suppliers are investigated before authorisation for production use.

The same basic procedures are used on all products up to and including device packing. Itis only then that extra
operations are performed for certain customers in-terms of lot qualification or release procedure.

By working to common procedures, all users benefit; the high reliability user gains the advantage of scale (hence
improving the confidence factor in the quality achieved), while the volume user gains from the benefits of basic high
reliability design concepts.

GEC Plessey Semiconductors (GPS) have the following factory approvals:

AQAP1

BS9450 (Capability Approval) ,

MIL-STD-883 Class B (In conformance with the requirements of MIL-STD-883, paragraph 1.2.1)
DESC (Department of Electronics Supply Center - Device approvals)

Screening

Different screening procedures are carried out by GPS; a brief description of the differences involved are set out in
Tables 1 and 2.

1. MIL-STD-883 Class S/ESA SCC9000: GPS has supplied numerous devices to customer specifications for Space

and Satellite applications. Please contact your local GPS sales office for information.

Wafer-fab Wafer-lot
accept
Method 5007
Probe test 100% 100% | 100% 100% 100%
Visual inspect Usually 2010 2010 2010 2010 2010
chips Cond.B Cond.B Cond.B Cond.B Qond.A
Assemble Includes 100%
bond pull
Screen None Method 5004 As Table 2 Method 5004 Method 5004
Class B Class B Class S
Test 100% 100% 100% 100% 100%
Conformance None Method 5005 None Method 5005 Method 5005
testing Class B Class B Class S
Group A Group A Group A
Group B Group B Group B
Group C Group C Group C
Group D Group D Group D
Table 1

1




Internal Visual Method 2010 Test Condition B 100% Method 2010 Test Condition B 100%
Stabilisation Bake Method 1008 Method 1008
24Hrs at Condition C 100% 24Hrs at Condition C 100%
Temperature Cycling Method 1010 Test Condition C 100% Method 1010 Test Condition C 100%
Constant Acceleration Method 2010 Method 2010
Condition E Y1 only 100% Condition E Y1 only 100%
Visual Inspection 100%
Initial Electrical Those parameters requiring Delta Those parameters requiring Delta
calculations. 100% calculations. 100%
Burn-In Method 1015 Method 1015
160Hrs at 125°C min. 100% 160Hrs at 125°C min. 100%
Post Burn-In Electrical Test | Full Electrical Test to Guarantee Those parameters requiring Delta
datasheet. 100% calculations. 100%
PDA Calculation 5% max. All lots 5% max. All lots
Final Electrical Test Done as Post Burn-In Test. 100% Full Group A tests as Method 5005. 1002
Seal (a) Fine Method 1014 100% Method 1014 100%
Seal (b) Gross )
Qualification/Quality Method 5005 Class B
Conformance Test Samples as necessary
External Visual GPS Spec. sample Method 2009 100%
Table 2

2. See Section 5 for further information.

12



Standard Militarized Drawings (SMDs)

GEC Plessey Semiconductors has actively pursued a program of obtaining SMDs for our Professional products.
These products are qualified and approved as SMDs by DESC (Defense Electronics Supply Center), Ohio, USA.

As products are approved, they are listed in MIL-BUL-103 (list of standardized military drawings) and are 'preferred’ for
use in projects requesting the use of SMD qualified parts.

GPS products with approved SMDs conform to class ‘M’ (non-Jan Class 'B' microcircuits in accordance with para.1.2.1.
of MIL-STD-883 latest revision. These are generally equivalent to the earlier GPS 'AC' series of devices.

5962-92315 SL2524 DES9231501/AC/LCAZ
5962-90792 SL521 DES9079201/AC/CMAR
5962-90792 SL521 DES9079201/AC/CMCR (Solder-DIP Leads)
5962-89803 SL523 DES8980301/AC/CMAR
5962-89803 SL523 DES8980301/AC/CMCR (Solder-DIP Leads)
5962-92084 SL531 DES9208401/AC/CMAR
5962-92084 SL531 DES9208401/AC/CMAR (Solder-DIP Leads)
5962-90521 SL532 DES9052101/AC/CMAR
5962-90521 SL532 DES9052101/AC/CMCR (Solder-DIP Leads)
5692-90520 SL560 DES9052001/AC/CMAR
5692-90520 SL560 DES9052001/AC/CMCR (Solder-DIP Leads)
5962-92059 SP8602 DES9205901/AC/CMAR
5962-92059 SP8602 DES9205901/AC/CMCR (Solder-DIP Leads)
5962-90970 SP8620 DES9097001/AC/DGAZ
5962-92003 SP8630 DES9200301/AC/DGAZ
5962-90618 SP8647 DES9061801/AC/DGAZ
5962-92088 SP8670 DES9208801/AC/DGAZ
5962-87678 SP8690 DES8767801/AC/DGAZ
5962-88617 SP8718 DES8861701/AC/DGAZ
5962-90577 SP8720 DES9057701/AC/DGAZ
5962-91590 SP8741 DES9159001/AC/DGAZ
5962-88684 SP8755 DES8868401/AC/DGAZ
5962-90661 SP8802 DES9066101/AC/DGAZ
5962-91572 SP8830 DES9157201/AC/DGAZ

13
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Section 1

Linear Circuits

MIL-STD-883 Class B

Many of the integrated circuits detailed in this section are available screened
in conformance with MIL-STD-883 Class B and are identified in their
ordering codes by the letters AC immediately following the device type
number. Separate data sheets for these circuits are available from your
local GEC Plessey Semiconductors Sales Office.

WGEC PLESSEY
A scviconpucrors
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GEC PLESSEY
A scviconpucions]

ADVANCE INFORMATION

DS3606 - 2.0

SL521

150MHz WIDEBAND LOG AMPLIFIER

The SL521A, B and C are bipolar monolithic Integrated
circuit wideband amplifiers, intended primarily for use in
successive detection logarithmic IF strips, operating at centre
frequencies between 10MHz and 100MHz The devices
provide amplification, limiting and rectification, are suitable for
direct coupling and incorporate supply line decoupling The
mid-band voltage gain of the SL521 is typically12dB(4times)

. The SL521A, B and C differ mainly in the tolerance of voltage
gain and upper cut-off frequency

The device is also available as the 5962-90792 which has
guaranteed operation over the full Military Temperature
Range and is screened to MIL-STD-883 Class B. Data is
available separately

FEATURES

Wide Defined Gain

4dB Noise Figure

High I/P impedance

Low O/Pi mpedance

165MHz Bandwidth

On Chip Supply Decoupling
Low External Component Count

ORDERING INFORMATION

SL521 ACM
SL521 BCM

SL521CCM

5962-90792 (SMD)

outPuT
EARTH

A
WPUT 7’ RF SUPPLY

EARTH

DEVECTED
oUTPUT

CMs

Fig.1 Pin connections - bottom view

ABSOLUTE MAXIMUM RATINGS

(Non-simultaneous)

Storage temperature range -65°C to +150°C
Operating temperature range -55°C to +125°C
Chip operating temperature +175°C
Chip-to-ambient thermal resistance 225°C/W
Chip-to-case thermal resistance 65°C/W
Maximum instantaneous voltage at
Video-output +12V
Supply voltage +9V

APPLICATIONS

W Logarithmic IF Strips with Gains up to 108dB and
| Linearity better than 1dB

7
BIAS O——¢

6
INPUT g

e
350 SUPPLY

3 pETECTED
——C "output

3
RF
B ~— outeur

s
INPUT
€ARTH O~

) outpuT

Y ~ EARTH
CASE

Fig.2 Circuit diagram SL521
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SL521

ELECTRICALCHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated)

Temperature = +22°C +2°C
Supply voltage = +6V

DC connection between input and bias pins.

Value
Characteristic Circuits Min. [Typ. | Max. Units Conditions
Voltage gain, f = 30MHz A 11.5 125 | dB
B 1.3 127] dB
Cc 11.0 130 | dB 10 ohms source, 8pF load
Voltage gain, f = 60MHz A 11.3 12.7 dB
B 11.0 13.0 | dB
C 10.7 133 | dB
Upper cut-off frequency (Fig. 3) A 150 | 170 MHz
B 140 |170 MHz 10 ohms source, 8pF load
Cc 130 {170 MHz
Lower cut-off frequency (Fig. 3) ABC 5 7 MHz 10 ohms source, 8pF load
Propagation delay ABC 2 ns
Maximum rectified video output A 1.00 mA
current (Fig. 4 and 5) B 0.95 mA } f = 60MHz, 0.5V rms input
Cc 0.90 mA
Variation of gain with supply voltage ABC 0.7 db/V
Variation of maximum rectified ABC 25 %N
output current with supply voltage
Maximum input signal before overload ABC 1.8 | 1.9 Vrms See note below
Noise figure (Fig. 6) 4 5.25 dB f = 60MHz, Rs = 450 ohms
Supply current A 12.5 | 15.0 | 18.0 mA
B 12.5 |15.0 | 18.0 mA
C 11.5 {15.0 | 19.0 mA
Maxiumum RF output voltage 1.2 Vp-p

Note: Overload occurs when the input signal reaches a level sufficient to forward bias the base-collector junction to TR2 on peaks.

VOLTAGE GAIN (dB)

18

-
N
o

~a

-
=4
o
T

—T 125°C

——-—'"/

10 30 60
FREQUENCY (MHz)

100 200 500

Fig.3 Voltage gain v. frequency (typical)

RECTIFIED OUTPUT (mA)

NN
1

o

31—
— N

=%

00

I
n

0.02

0.05

01 02 0.5 1.0 20
INPUT SIGNAL (V rms)

Fig.4 Rectified output current v. input signal (typical)




2
5 Hz ]
fr1

E - SOMM2
g 10—
u _— oMz
- |
g INPUT  05VRM.S.
13 : .

T [] 50 100

AMBIENT TEMPERATURE ('C)

Fig.5 Maximum rectified output current v. temperature
(typical)
OPERATING NOTES

The amplifiers are intended for use directly coupled, as
shown in Fig 8.

The seventh stage in an untuned cascade will be giving
virtually full output on noise.

Noise may be reduced by inserting a single tuned circuit in
the chain As there is a large mismatch between stages a
simple shunt or series circuit cannot be used The choice of
network is also controlled by the need to avoid distorting the
logarithmic law; the network must give unity voltage transfer at
resonance A suitable network is shown in Fig 9. The value of
€1 mustbe chosen so that at resonance its admittance equals
thetotal loss conductance across the tuned circuit Resistor R1
may be introducedto improve the symmetry of filter response,
providing other values are adjusted for unity galn at
resonance.

A simple capacitor may not be suitable for decoupling the
output line if many stages and fast rise times are required.
Alternative arrangements may be derived, based on the
parasitic parameters given.

Values of positive supply line decoupling capacitor
requlred for untuned cascades are given below. Smaller
values can be used in high frequency tuned cascades.

SL521

50
L~
g ]
: LY ] |
—

g
w35
z {  60MHz
2 30 RS ' 4500

|

-60 -40 -20 20 40 ‘60 B0 100 120 140
TEMPERATURE (°C)
Fig.6 Noise figure v. temperature (typical)
]
CONDUCTANCE 0.2 MMHO

P OVER THE FREQUENCY RANGE
=
Q7 —
z PR g
= T 55°C I
G 6 t
ES T sCc | |
S sf—1  1sc—T"

4

0 0 .20 30 40 S0 60 70 80 90 100
FREQUENCY (MHz)

Fig.7 Input admittance with open-circuit output (typical)

veov

== supeLr

oc
comNEcTIon Enuwwc

outeyr
I outeyt
Ixcwnmc

Fig.8 Direct Coupled amplifiers

10 Ine Vhin STAGE
(BIAS AND INPUT

FHOM n1n
STa
ot PINS LINKED)

—a
=2

o OC BLOCKING

- ]- CAPACITOR

Number of stages
6 or more 5 3
Mﬂmum capacitance 30nF 10nF| 3nF| InF

The amplifiers have been provided with two earth leads to
avoid the introduction of common ground lead inductance
between input and output circuits. The equipment designer
shouldtake careto avond the subsequent introduction of such
inductance.

The 500pF supply decoupling capacitor has a resistance
of, typically, 1 0Q. Itis ajunction type having a low breakdown
voltage and consequently the positive supply current will
increase rapidly if the supply voltage exceeds 7.5V (see
Absolute Maximum Ratings).

Fig.9 Suitable interstagetuned circuit
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SL521

Parasitic Feedback Parameters (Approximate)

The quotation of these parameters does not indicate that
elaborate decoupling arrangements are required, the
amplifier has been designed specifically to avoid this
requirement. The parameters have been given so that the
necessity or otherwise of further decoupling, may become a
matter of calculation rather than guesswork.

'11' RF current component from pin 4

- - =20 mmhos
Ve Voltage at pin 6

(This figure allows for detector being forward biased by
noise signals).

Vs _ Effective voltage induced at pin 6

= = 0.003
Ve Voltage at pin 4
Current from pin 2
ko .—7‘) =6 mmhos (f = 10MHz)
Vs Voltage at pin 6

20

E
V2
Ve
V2

R
Ve

] _ Voltage induced atpin6 _ (f = 10MHz)

a Voltage at pin 2
Voltage at pin 2

(pin joined to pin 7 and
fed from 300Q source)

Voltage induced at pin 6
= = 0.01 (f = 10MHz)
b

Voltage at pin 2

Voltage at pin 2
(pin 7 decoupled)

Ve Ve | decrease with frequency above 10MHz
Vz Ja] V2 Jo at 6dB/octave



GEC PLESSEY
A scviconpucions

ADVANCE INFORMATION

DS3607 - 2.0

SL523

100MHz DUAL WIDEBAND LOG AMPLIFIER

The SL523B and C are wideband amplifiers for use in
successive detection logarithmic IF strips operating at centre
frequencies between 10 and 100MHz They are pin
compatible withthe SL521 series of logarithmic amplifiers and
comprise two amplifiers internally connected in cascade
Smallsignal voltage gain is 24dB and an internal detector with
an accurate logarithmic characteristic over a 20dB range
produces amaximumOutput of 2.1 mA. Astrip of SL523scan
be directly coupled and decoupling is provided on each
amplifier RF limiting occurs at an input voltage of 25mV RMS
but the device will withstand input voltages up to 1 8V RMS
withoutdamage

The device is also available as the 5962-89803 which has
guaranteed operation over the full Military Temperature
Range and is screened to MIL-STD-883 Class B. Data is
available separately.

FEATURES

B Small Size/Weight

B LowPower Consumption

B Readily Cascadable

B Accurate Logarithmic Detector Characteristic

ABSOLUTE MAXIMUM RATINGS
(Non-simultaneous)

Storage temperature range -65°C to +150°C
Operating temperature range -55°C to +125°C
Thermal resistance

Chip-to-ambient 200°C/W
Chip-to-case 52°C/W
Maximum instantaneous voltage

at video output +12V
Supply voltage +9V

GROUND
(

GHOUND
/

VIDEO
OuUTPUT

CMs

Fig.1 Pin connections (view from beneath)
QUICK REFERENCE DATA

Small Signal Voltage Gain: 24dB
Detector Output Current: 21mA
Noise Figure: 4dB

Frequency Range: 10-100MHz
Supply Voltage +6V

Supply Current 30mA

ORDERING INFORMATION

SL523 B CM
SL523 CCM

SL523 CB CM
5962-89803 (SMD)

150 2

Z VE
=0 suppLy

& vioeo
ouTPUT

L3 mr
ouTPuT

1
1——O GROUND
8
L._Scrouno

Fig.2 Circuit diagram (one amplifier)
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SL523

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated)
Ambient temperature = 22°C + 2°C; Source impedance = 10Q; Supply voltage = +6V; Load impedance = 8pF;
Frequency = 60MHz; DC connection between Pin 6 and 7

Value
Characteristic Circuits Min. [ Typ. | Max. Units Conditions
Small signal voltage gain g 23.26 33 2256.4 gg } Frequency = 30MHz
Small signal voltage gain B 22 24 26 dB
o 99 c 214 | 24 | 266| dB }‘ Frequency = 60MHz
Gain variation (set of 8) 05| 075| dB Frequency = 60MHz
Upper cut-off frequency B,C 120 | 150 MHz
Lower cut-off frequency B,C 10 15 MHz
Propagation delay B,C 4 ns
Maximum rectified video B 19 | 21| 23 mA
output current C 18 | 21| 24 mA
Maximum input signal before B,C 1.8 1.9 VRMS See note below
overioad
Noise figure 4 | 525 dB Source impedance 450Q
Supply current B 25 30 36 mA
C 23 30 38 mA
Maximum RF output voltage B,C 1.2 Vpp
Note:- Overload occurs when the input signal reaches a level sufficient to forward bias the base-collector junction to the input
transistor on peaks
OPERATING NOTES
The amplitier is designed to be directly coupled (seeFig.5) 24 - T
The fourth stage in an untuned cascade will give full output H1 "TNN 1
on the broad band noise generated by the first stage. 22 ] !
Noise may be reduced by inserting a single tuned circuit in 201 111 T
the chain As there is a large mismatch between stages a PRL
simple shunt or series circuit cannot be used The network H 16} -+ £
chosen must give unity voltage gain at resonance to avoid § 1 z
distorting the log law The typical value for input impedance is L B /
500Qin parallel with 5pF andthe outputimpedance is typically ° i Busil
30Q. 210 -
Although a 1nF supply line decoupling capacitor is 508) f {11 HH
included in the can an extra capacitor is required when the & o6f-
amplifiers are cascaded Minimum values for this capacitor 04
are: 2 stages - 3nF, 3 or more stages 30nF !
In cascades of 3 or more stages care must be taken to 02 L
avoid oscillations caused either by inductance commontothe o 10 100 1000
input and output earths of the strip or by feedback along the VIN (mV RMS)
common video line The use of a continuous earth plane will ) )
avoid earth inductance problems and a common base Fig.3 Rectified output current v. input signal (typical)
amplifier in the video line isolating the first two stages as
shown in Fig 6 will eliminate feedback on the video line
TR
g2
‘!' 2 I —1t o
é 1% 4 : ] <.
hR] p= 210 1
2w 1 paan
12 10, 0 100 200

FREQUENCY (MHz)

Fig.4 Voltage gain v. frequency (typical)
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SL523

RF INPUT o—||

\\../ —ORFQUTPUT
[,
. VIDEO OUTPUT

mL ot
Frequency range: 10 to 100MHz
Log. range: 45d8
RF small signal gain: 48dB
Video output: 2V peak

Fig.5 Simple log. IF strip

1}
w
&

GROUND
o

Tk

-~
Frequency range: 10 to 90OMHz
Log. range: 80dB
RF small signal gain: 72dB
Video output: ¢ 8mA peak
Log. accuracy: 0.5d8 (Typ.)

—9RF OUTPUT

VIOEO OUTPUT

INPUT

=a.7p=

-12v

Fig.7 Wideband logarithmic amplifier
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SL523

TYPICAL PERFORMANCE

Unselected SL523B devices were tested in a wideband
logarithmic amplifier. described in RSRE Memo No 3027 and
shown in Fig 7

The amplifier consists of six logarithmic stages and two ‘lift’
stages, giving an overall dynamic range of greater than 80dB
The response and error curves were plotted on an RHG Log
Test Set and bandwidth measurements were made with a
Telonic Sweeper and Tektronix oscilloscope

Fig 8 shows the dynamic range error curve andfrequency
response obtained. The stage gains of the SL523 devices
used were as shown in Table 1

r Max.
Stages fo (MHz) Gain (dB) Deviation
(dB)
1 60 24.123
2 60 24.089 0.235
3 60 23.888
Lift 60 24.086

Table 1 Stage gains of SL523 used in performance tests

The input v output characteristic (Fig.8a) is calibrated at
10dB/cminthe X axisand 1V/cminthe Y axis 80dB of dynamic
range was attained

The error characteristic (Fig 8b) is calibrated at 10dB/cm
in the X axis and 1dB/cm in the Y axis; this shows the error
between the log input v. output characterisitc and a mean
straight line and shows that a dynamic range of 80dB was
obtained with an accuracy of +0.5dB

As acomparison, the log amplifier of Fig 7 was constructed
with randomly selected SL521 Bs (two SL521 Bs replacing
each SL523B). Again, a dynamic response of 80dB was
obtained (Fig 9a) with an accuracy of 1 0 75dB (Fig.9b)

Bandwidth curves are shown in Figs.8c and 9c, where the
amplitude scale is 2dB/cm, with frequency markers at 10MHz
intervals from 20 to 100MHz Using SL523Bs (Fig.8c), the
frequency response at 90MHz is 4dB down on maximum and
there s afall-offin response after 50MHz Fig 9c shows thatthe
frequency response of the amplifier falls off more gradually
after 40MHz but againthe response at 90MHz is 4dB down on
maximum

These tests show that the SL523 is a very successfuldual
stage log amplifierelement and, since itis pin-compatible with
the SL521 enables retrofit to be carried out in existing log
amplifiers It will be of greatest benefit however, in the design
of new log amplifiers, enabling very compact units to be
realised with a much shorter summation line

Fig.8b Error curve

Fig.8¢c Frequency response, detected output

Fig.8 Characteristics of circuit shown in Fig 7 using SL523Bs
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ADVANCE INFORMATION

SL531

250MHz TRUE LOG IF AMPLIFIER

The SL531 C is a wide band amplifier designed for use in
logarithmic IF amplifiers of the true log type. The input and log
output of a true log amplifier are at the same frequency i e
detection does not occur. In successive detection log
amplifiers (using SL521 SL1521 types) the log output is
detected.

The small signal gain is 10dB and bandwidth is over
500MHz. At high signal levels the gain of a single stage
dropstounity. A cascade of such stages give a close
approximation to a log characteristic at centre frequenmes
between10and200MHz.

An important feature of the device is that the phase shift is
nearly constant with signal level. Thus any phase information
on the input signal is preserved through the strip.

The device is also available as the 5962-92084 which has
guaranteed operation over the full Military Termiperature
Range and is screened to MIL-STD-883 Class B. Data is
available separately

FEATURES
B Low Phase Shift vs Amplitude

B On-Chip Supply Decoupling
B Low External Components Count

APPLICATIONS
True Log Strips with:-

B Log Range 70dB

W Centrefrequencies 10 - 200MHz

B Phase Shift + 0.5 degrees /-10dB

ABSOLUTE MAXIMUM RATINGS

(Non-simultaneous)

Supply voltage +12 volts

Storage temperature range -65°C to +150°C

Operating temperature range -55°C to +125°C
See operating notes

Max junction temperature 175°C

Junction - ambient thermal resistance 220°C/Watt

Junction - case thermal resistance 80°C/Watt

CIRCUIT DESCRIPTION

The SL531 transfer characteristic hastwo regions Forsmall
inputsignals it has a nominal gain of 10dB. atlarge signalsthe
gain falls to unity (see Fig 7) This is achieved by operating a
limiting amplifier and a unity gain amplifier in parallel (see Fig
3) Tr1 and Tr4 comprise the long tailed pair limiting amplifier,
the tail current being supplied byTrS, see Fig 2 Tr2 and Tr3
formthe unity gain amplifierthe gain of which is defined by the
emitter resistors The outputs of both stages are summedinthe
300 ohm resistor and Tr7 acts as an emitter follower output
buffer. Important features are the amplitude and phase
linearity of the unity gain stage which is achieved by the use
of 5GHz transistors with carefully optimised geometries.

DS3608 - 2.0
INPUT EARTH
N /
BIAS —F o0 »O4=—— OUTPUT
vee \OU'PUI
EARTH
vee?
CMs
Fig.1 Pin connections
s
l‘ 200 .]"”’ e
LJ‘ . ™ 188
v I :
) L é
g_ s
weut TR TR2 130 L TR3 | TRe
T |oureur
mf’:s———-&? —K‘-":s— e 200032 []uo
|
EDD‘ 1600 1
4 7
GROUND GROUND
Fig.2 Circuit diagram
LIMITING
e
TRY. TRe
—
a2 A3 ™
outeur
surren
UNITY GAIN
AMP

Fig.3 Block diagram

ORDERING INFORMATION

5962-92084 (SMD)
SL531 CCM
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SL531

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated)

Test circuit Fig (4)
Frequency 60MHz

Sugply voltage 9 volts
Ambient temperature 22+2°C

ch toristi Value . Conditi
aracteristic Min.| Typ. | Max. Units onditions
Small signal voltage gain 8 10 12 dB Vin = -30dBm
High level slope gain -1 0 +1 dB
Upper cut off frequency 250 | 500 MHz
Lower cut off frequency 3 10 MHz -3dB w.r.t. £ 60MHz
Supply current 17 |25 mA
Phase change with input amplitude 1.1 |3 degress -Vin = 30dBm to +10dBm
Inputimpedance 2.pF parallel with 1kQ
Outputimpedance 15?9 geries with 25nH f=10 - 200MHz
1 1

OPERATING NOTES
1. Supply Voltage Options

Anon chipresistoris provided which can be usedtodropthe
supply voltage instead of the external 180 ohms shown inthe
test circuit. The extra dissipation in this resistor reduces the
maximum ambient operating temperature to 100°C. It is also
possibleto use a6 volt supply connected directly to pins 1and
2 Problems with feedback on the supply line etc may occur in
this connection and RF chokes may be required in the supply
line between stages.

2. Layout P recautions

The internal decoupling capacitors help prevent high
frequency instability however normal high frequency layout
precautions are still necessary. Coupling capacitors should
be physically small and be connected with short leads. It is
most important that the ground connections are made with
short leads to a continuous ground plane.

3. Low Frequency Response

The LF response is determined by the on chip capacitors. It
can be extended by extra external decoupling on pins 5 and
1.

ourpuY

-

Fig.4 Test ciruit

+ -4008m

GAIN (d8)

» o125 °C

|

o
M oMMz

100MHe

FREQUENCY

Fig.5 Small signal frequency response
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SL531

o 10 /
- 80 MKz
- o] [
x
S o
g b 4
£ /
0@ Jrm——
‘.‘u 30 -20 0 o 10 ‘0:‘:! veo /

VIN (dBm)

Vout VOLTS {rms)

0 e
i
I' /
o4 ! /
1
[
y/
o2 U

Y
Input log range OdBm to—70dBm 2] o4 o8 e
Low level gain 60dB (—70dBm in) VIN VOLTS {rms]

Output dynamic range 20dB Fig.7 Transfer characteristics linear plot
Phase shift (over log range) +3°
Frequency range 10—200MHz o

Fig.6 Phase v. input

TYPICAL APPLICATION—6 STAGE LOG STIP

$0 MH
The circuit shown in Fig 9 is designed to illustrate the use of Yoo ot
the SL531 in acomplete strip The supply voltage is fedto each
stage viaan external 180Q resistorto allow operation to 125°C
ambient If the ambient can be limited to +100°C then the

internal resistor can be used to reduce the external

Vout VOLTS (rms)
°
3

component count Interstage coupling is very simple with just /

a capacitor to isolate bias levels being necessary. No /

connection is necessary to pin 5 unless operation below o

10MHz is required. It is important to provide extra decoupling /

onpin 1 ofthefirststageto preventpositive feedback occuring | —

down the supply line. An SL560 is used as a unity gain buffer e, w0 o " ° e

the output of the log strip being attenuated before the SL560 Yin {anm)

to give a nominal 0dBm output into 50Q. Fig.8 Transfer characteristics logarithmic input scale

H ALL UNMARKED CAPACITOAS 10~

—tor B wo)—gp—

\/;

ALTERNATVE Ve w«cvm
1100°C AWBIENT MaX)

Fig.9 Circuit diagram 6 stage strip
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ADVANCE INFORMATION

SL532

LOW PHASE SHIFT LIMITER

The SL532C is a monolithic integrated circuit designed for
use in wideband limiting IF strips It offers a bandwidth of over
400MHz and very low phase shift with amplitude The small
signal gain is 12dB and the limited output is 1V peak to peak
The use of a 5GHz IC process has produced a circuit which
gives less than 1° phase shift when overdriven by 12dB The
amplifier has internal decoupling capacitors to ease the
construction of cascaded strips and the number of external
components required has been minimised.

Thedevice is also available as the DES9052101/AC/CMAR
which has guaranteed operation over the full Military
Temperature Range and is screened in accordance with the
DESC approved Standardised Military Drawing Data is
available separately.

FEATURES

B Low Phase Shift V. Amplitude
B Wide band width
B Low External Component Count

APPLICATIONS

Phase Recovery Strips in Radar and ECM Systems
(e.g. Doppler)

Limiting Amps for SAW Pulse Compression Systems
Phase Monopulse Radars

Phase Array Radars

Low Noise Oscillators

ABSOLUTE MAXIMUM RATINGS

Supply voltage +15 volts
Storage temperature range -55°C to +150°C
Operating temperature range -55°C to +125°C

CIRCUIT DESCRIPTION

The SL532 uses a long-tailed pair limiting amplifier which
combines low phase shift with a symmetrical limiting
characteristic. This is followed by a simple emitter follower
output stage. Each stage of a strip is capable of driving to full
output a succeeding SL532 but a buffer amplifier is needed to
drive lower impedance loads. No external decoupling
capacitors are normally required but for use below 10MHz
extra decoupling can be added on pins 1 and 5. Bias for the
long-tailed pairis provided by connecting the bias (pin 2) to the
decoupled supply (pin 1).
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INPUT GROUND

DECOUPLE (LF ONLY}

Cms

Fig.1 Pin connections

— ¢ &

]

200p

—C___1+——o
380 vee,
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ORDERING INFORMATION

SL532 CCM
5962-90521 (SMD)

INPUT 2. 5 OECOUPLE|
({82}
F) ak
A 200p 2= 5
ouTPUT
£1 " 500 1«
4 7
INPUT ouTPUT
GROUND GROUND
Fig.2 Circuit diagram



SL532

ELECTRICAL CHARACTERISTICS
These characteristics are guaranted over the following conditions (unless otherwise stated):
Temperature (ambient) 25°C + 2°C
Frequency 60MHz : R. = 1kQ/<5pF : Vin = -30dBm
Vee = +9.0V : Rs = 50Q

Characteristic o V:Iue ™ Units Conditions
Min, Tyn, Mayx,
Small signal voltage gain 11 12.8 14 dB
Small signal voltage gain 125 dB f = 150MHz
-1dB compression point -10 dBm
Limited output voltage 1.0 1.15 14 Vp-p VIN = +10dBm
Il.Jimited c:utpf;nf voltage ) 1.10 \"l/‘ﬂp ] f =d1B 50MHz MH
pper cut-off frequency 50 z -3dB w.r.t. 60MHz
Lower cut-off frequency 10 MHz May be extended by decoupling pin 5
Supply current 6 8.5 11 mA No signal
Phase variation with signal level +1 +3 Degrees | -30dBm to +10dBm
+1.5 Degrees | -30dBm to 0dBm. f = 150MHz
Absolute phase shift input to -21 Degrees | f = 60MHz
output -34 Degrees | f=100MHz
-43 Degrees | f=150MHz
-69 Degrees | f =200MHz
Input impedance 1kQ/2.5pF]
Output impedance 30Q
Noise figure 7 dB 4009 source impedance. f = 60MHz
Gain variation with temperature +2 dB -40°C to 85°C
Phase variation with temperature +0.5 Degrees | -40°C to +85°C at any level
between -30dBm to +10dBm
Limited output voltage +0.05 Vpp VN = +10dBm
variation with temperature -40°C to +85°C
1.3
s | o ]
. ml}:% 60MH2 § :: P
11 — g = .
[ o - VN 7S
1.0 ) |
- / ’ =
g 09 10 20 50 100 200 500 1000 2000 400.0
¥ 08 FREQUENCY (MHz)
Q / Fig.4 Gainffrequency curve of a typical device
§ :: / +15
£ / 150MHz!
2 = |
Q o0s & +10 1
5 %—‘—\\ ]
0.4 8 / /--\\ H
03 £ +os ’// \ -
0.2 E 60MHZz
q
01 . H ] 30MHz
%s0 -40 -30 -20 -10 0 10 05
VIN (dBm) =50 =40 =30 muu;zlon o -10 ) +10
Fig.3 Transfer characteristic of a single stage Fig.5 Phase change with input level
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SL532

TYPICAL APPLICATION
Five stage strip
Input signal for full limiting 300uV rms
-57dBm
Limited output 1V p-p
Phase shift (Vin - 57 - +10dBm) +3°typ.

GROUND

10n

OUTPUT

Veceov

The recommended output buffer amplifier to drive 50Q loads is the SL560C

Fig.6 Five stage IF strip

Rg - 50

Fig.7 SL532 test circuit
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The SL541 is a monolitic amplifier designed for

ADVANCE INFORMATION

D.S.36192.0

SL541

HIGH SLEW RATE OPERATIONAL AMPLIFIER

optimum

pulse response and applications requiring high slew rate with
fast setting time to high accuracy. The high open loop gain is

stable with temperature, allowing the desired closed
to be achieved using standard operational

techniques. The device has been designed for
response ata gain of 20dB when no compensation is

loop gain
amplifier

optimum_

required.

The SL541B has a guaranteed input offset voltage of =5mV

maximum and replaces the SL541C.

FEATURES

M High Slew Rate 175V/us

M Fast Setting Time 1% in 50ns

M Open Loop Gain 70dB (SL541B)

M Wide Bandwidth DC to 100MHz at 10dB G

ain

M Very Low Thermal Drift 0.02dB/°C Temperature

Coefficient of Gain
M Guaranteed 5mV input offset maximum

APPLICATIONS

M Wideband IF Amplification

W Wideband Video Amplifiaction
M Fast setting Pulse Amplifiers
M High Speed Integrators

W D/A and A/D Conversion

W Fast Multiplier Preamps

ABSOLUTE MAXIMUM RATINGS
Supply voltage (V+to V-)
Input voltage(Inv. I/P to non inv. I/P)
Storage temperature-55°C to +150°C
Chip operating temperature
Thermal resistances

Chip to ambient TO-5
DIL

Chip to case TO-5
DIL

ORDERING INFORMATION
SL541 BCM
SLs41 BDG
SL541 NA IC (NAKED DIE)

24V
+9v

+150°C

220°C/W
125°C/W
65°C/W
40°C/W

INVERTING VP CASE (~VE SUPPLY)
s
—_ — OUTPUT
INPUT EMITTER
DEGENERATION
RESISTANCE
OMPENSATION)| .~
COMPENSATION
NON-INVUP 4V cC SUPPLY
CM10
Re 0 Ne
NC 1 Re
INVERTING UP [] NON-INv.VP
EARTH [] +Vcc SUPPLY

(BOTTOM VIEW)

GND -Vee SUPPLY

[] COMPENSATION
1 nc

1 output

~Vce SUPPLY
SUBSTRATE
NC

OP VIEW
@ ! DG14

Fig. 1 pin connections
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Fig. 2 SL541 circuit diagram (TO-5 pin nos)




ELECTRICAL CHARACTERISTICS

SL541

Tamb= 22°C +2°C, Rc=0Q. These characteristics are guaranteed over the following conditions. They apply within the
specified ambient temperature and supply voltage ranges unless otherwise stated.

Value
Characteristics Circuit Min Tve Max Units Conditions
Static nominal supbly A'B 16 21 mA
current
Inrpuit bias current A/B 7 25 pA
Input offset voltage B 5 mV
Input offset voltage A 10 mV
Dynamic open loop gain A 45 54 dB 600L2 load
B 60 71 dB
Open loop temperature AB -0.02 dB/°C
coefficient
Closed loop bandwidth A B 100 MHz X10 gain
(-3dB)
Slew rate (4V peak) A B 100 175 Vlius X10 gain
Setting time to 1% A/B 50 100 ns
Maximum output voltage
(+ve) A 5.5 5.7 \'
(~ve) A -1.9 -1.5 v
(+ve) B 25 3.0 \"
(~ve) B -3.0 -2.5 v
Maximum output current A B 4 6.5 mA
Maximum input voltage
(+ve) A 5 \
(~ve) A -1 \" Non-inverting
(+ve) B 3 \" Modes
(~ve) B -3 \Y
Supply line rejection
(+ve) AB 54 66 dB
(~ve) A B 46 54 dB
Input offset current A/B 9.85 pA
Common mode rejection A B 60.7 dB
Input offset voltage drift A 25 uv/°C
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SL541

ELECTRICAL CHARACTERISTICS (Typical)
Tamb= —40°C to 85°C, Rc=0Q. Test circuit B These characteristics are guaranteed over the following conditions. They
apply within the specified ambient temperature and supply voltage ranges unless otherwise stated.

Value
Characteristics - Units Conditions
Min Typ Max
Static nominal supply current 16 25 mA
Input bias current 35 uA
Input offset voltage (+ve) 8 mV
(—ve) -8 mV
Maximum output current 3.5 6.5 mA
Maximum input voltage (+ve) 3 \ Non-inverting modes
(-ve) -3
Supply line rejection (+ve) 50 dB
(—ve) 42 dB
Maximum output voltage (+ve) 2.3 Vv
(—ve) 25 \
Common mode rejection 55 dB
Input offset current 16 pA
Output voltage drift 15 uv/°C
Input bias current drift 60 nA/°C
Output current drift 40 nA/°C
2 Rc Cc | - sLew SETTLING
e | Kl 0
_ TN e
g ~ 3 :
z T N \\~ oo | 1s 42
3 N\ \'\-— 2|0 175 50
15 ‘\ N
N
10 A —o0 |10 70 70
15
X 3 NON L
INVERTING |1
@ 10 =] AN 100 | 22 149 50
o 5 ~3 |5
|\‘\
0 I~ 22 | 10 70 50
+5
RolEE | |
ot
g o = \
s \//150 10 60 50
8 -5
\
-10
10 20 50 100 200
FREQUENCY (MHz)

Fig. 3 Performance graphs — gain v. frequency (load=2k/10pF) *See operating note 2
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SL541

+VE

SLEW RATE OVER V
l—10% TO e5% Roder

POINTS 175V/uS A
\ ~VE

t (20ns/DIV)

VOUTV (1.0V/DIV)

'Cc=0pF
i

)

g +VE

S A

] A

£

5 W,

g \4 VE

t(20n8/DIV)

Fig. 4. Slew rate —X10 non inverting mode input
square wave 0.4V p/p

Fig.5 Settling time — X10 non~inverting mode

e

VOUT(1.0V/DIV)
\

t(20n8/DIV)

Fig.6 Output clipping levels — X10 non — inverting mode input moderately overdriven, so that output goes into clipping both

sides.

OPERATING NOTES

The SL541 may be used as a normal, but non saturating
operational amplifier, in any of the usual configurations
(amplifiers, integrators etc.), provided that the following points
are observed:

1. Positive supply line decoupling back to the output load
earth should always be provided close to the device terminals.

2. Compensation capacitors should be connected
between pins 4 and 5. These may have any value greater than

that necessary for stability without causing side offsets.

3. Thecircuitis generally intended to be fed from a fairly low
impedance (<1kS2), as seen from pins 6 and 9-100Q2 or less

results in optimum speed.

4. The circuit is designed to withstand a certain degree of
capacitive loading (up to 20pF) with virtually no effect.
However, very high capacitive loads will cause loss of speed
due to the extra compensation required and asymmetric
output slew rates.

5. Pin 10 does not need to be connected to zero volts
except where the clipping levels need to be defined accurately
w.r.t. zero. If disconnected, an extra 1-0.5 volt uncertainty inthe
clipping levels results, but the separation remains. However,
the supply line rejection is improved if pin 10 can be left
open—circuit (circuit B only).
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SL541

INPUF STEP ]

T\

\

!

i \—VE
|

l
WAt
i +VE
J
1

t (20ns/DIV)

VoUT(1.0V/DIV)

Fig. 7 Output clippings level — X10 non-inverting mode. Output goes from clipping to zero volts. Viy=3V peak step, offset
+ve or —ve.

-8V

CASE -6V
—-INPUT

CASE -4V
—-INPUT

OUTPUT

+INPUT +12v ;
+15V

+INPUT

INPUT
OUTPUT
50Q

DYNAMIC TEST CIRCUIT
R =22Q
Cc=0PF

Fig. 8 Test circuit




TEST CONDITIONS AND DEFINITIONS

Both slew rate and settling time are measures of an
amplifier’s speed of response to an input. Slew rate is an
inherent characteristic of the amplifier and is generally less
subject to misinterpretation than is settling time, which is often
more dependant upon the test circuit than the amplifier’s ability
to perform.

Slew rate defines the maximum rate of change of output
voltage for a large step input change and is related to the full
power frequency response (fp) by the relationship.

S = 2nfyE,
where g, is the peak output voltage

SL541

Settling time is defined as the time elapsed from the
application of a fast input step to the time when the amplifier
output has entered and remained within a specified error band
that is symmetrical about the final value. Settling time,
therefore, is comprised of an initial propagation delay, an
additional time for the amplifier to slew to the vincinity of some
value of the output voltage, plus a period to recover from
overload and settle within the given error band.

The SL541 is tested for slew rate in a X10 gain
configuration.

+12v
o ¢

H

A
L.

SL541

3 LOAD

H

’}’10

‘Fig. 9 Non saturating sense amplifier (30V/us for 5mV).
Note: the output may be caught at a pre determined level. (TO-5 pin nos.)

-
PR
\hn;ﬂso b
-120
Re=0 N TN
RL=6002 N -140
V4=12V N h]
V-=6V 160 =
Tamg=25"C &
~ 70 -180 2
g \\ |
Z o0 % B
< N m
] N \~ ~.\ g
50 } t ; ~] n
Rc=0 NN NG Re=0 e
40 Cc=1 -~ ;‘
T~ N Re=20
LI i TS TN
30 Re=150Q NI
-
20 ~~:-\; -
<
s COMPENSATION =0 ~ Q\:\
1 |L——COMPENSATION=10F NN
» NN
o L LTI TTIER
100kHz 1MHz 10MHz 100MHz

Fig. 10 SL541B open loop gain and phase shift v. frequency
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ADVANCE INFORMATION
DS3297 - 2.1

SL560

300MHz LOW NOISE AMPLIFIER

This monolithic circuit contains three very high performance
transistors and associated biasing components in an eight- INPUT
50 APPLICATIONS

lead TO-5 package forming a300MHz low noise amplifier. The
configuration employed permits maximum flexibility with INPUT
minimum use of external components. The SL560C is a O anee,
general purpose low noise, high frequency gain block.

The device is also available as the SL560AC which has INPUT
guaranteed operation over the fully Military Temperatures COMMON EMITTER
Range and is screened to MIL-STD-883 Class B. Data is CONFIGURATION
available separately.

GAIN SET

FEATURES Bottom view
B Gain up to 40dB CMe
M Noise Figures less than 2dB (RS 200 ohm) GRoUND [I1 ~ 8 [] INPUT 50 OHMS APPLICATIONS

H Bandwidth 300MHz
B Supply Voltage 2-15V (Depending on Configuration)
B Low Power Consumption

ouTPUT CURRENT SET [J2 sL 7 [1INPUT COMMON BASE
outPuT [fs 560 6] INPUT COMMON EMITTER
Vee : a 5[] GAIN SET

Top view DP8
APPLICATIONS

B Radar IF Preamplifiers

B Infra-Red Sysems Head Amplifiers
B Amplifiers in Noise Measurement Systems —0¢ v
B Low Power Wideband Amplifiers
B Instrumentation Preamplifiers

B 50 ohm Line Drivers

B Wideband Power Amplifiers

B Wideband Dynamic Range IF Amplifiers é%ﬁ:‘:’z%?:}&
B Aerial Preamplifiers

Fig.1 Pin connections

GAINSET

INPUT
(COMMON EMITTER
1ON)

2 OUTPUT CURRENT
SET

INPUT
(50 APPLICATIONS)

ABSOLUTE MAXIMUM RATINGS

38

Supply voltage +15V Q1 oRoko
Sto;i%%?g\lg;rature -55°C to +150°C Fig.2 SL560C circuit diagram
SL560C CM -65°C to +150°C
Junctiontemperature
SL560C DP +150°C ORDERING INFORMATION
SL560C CM +175°C SL560 CCM
Operating temperature range SL560 C DP
SL560C DP -30°C to +85°C 5962-90520 (SMD)
SL560C CM -55°C to +125°C
Thermal resistance
Chip-to-ambient y
SL560C CM 225°C/W
SL560C DP 111°C/W
Chip-to-case
SL560C CM 65°C/W
SL560C DP 71°C/W



SUPPLY DECOUPLING

CAPACITOR
/ -1"'-
Z
5 7 KAt
+Vee—— 4 U |
Pat \-)\\\vp
GROUND 4}, X
op—%,_.¢
SUBVIS/BNC LINK
SOCKET

Fig.3 PC layout for 5092 line driver (see Fig.6)

SL560
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SL560

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated)

Frequency = 30MHz; V¢e=6V; Rg =

R =50Q; Tama=22°C £ 2°C; Test Circuit: Fig.6

Characteristic Min. Typ. | Max. | - ‘Units Conditions

Small signal voltage gain 11 14 17 v dB
Gain flatness +1.5 dB 10MHz - 220MHz
Unper cut-off frequency ) 250 MHz :
Output swing +5 | +7 dBm VecbV,

N RS B dBm Vee =9V
Noise figure (common emitter) 1.8 .dB . Rg=200Q

35 dB Rs = 50Q

Supply current 20 30. . mA

CIRCUIT DESCRIPTION

Three high performance transistors of identical geometry
are employed. Advanced design and processing techniques
enable these devices to combine a low base resistance (Rbb')
of 17Q (for low noise operation) with a small physical size -
giving a transition frequency, f., in excess of 1GHz.

The |nputtran515tor(TR1 )is normally operating incommon
base, giving a well defined low input impedance. The full
voltage gain is produced by this transistor and the output
voltage produced at its collector buffered by the two emitter
followers (TR2 and TR3). To obtain maximum bandwidth the
capacitance atthe collector of TR1 must be minimised. Hence,
to avoid bonding pad and can capacitances, this point is not
brought out of the package. The collector load resistance of
TR1 is split, the tapping being accessible viapin 5. If required,
an external roll-off capacitor can be fixed to this point.

15
— NS
A\
8" \\
Ty =+25°C
: Vog ooV \ \[®
3 Pourt = (a) +50Bm \ N
o (b) 0dBm \
5 \
\l@ |
0
10 30 50 100 200 300
FREQUENCY (MHz)
Fig.4 Frequency response, smafl signal gain is of a

typical device
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The 'large number of circuit nodes accessible from the
outside of the packages affords great flexibility, enabling the
operating current and circuit configuration to be optimised for
any application. In particular, the inputtransistor (TR1) can be
operated in common emitter mode by decoupling pin 7 and
using 6 as the input. In this configuration, a 2dB noise figure
(R; = 200€2) can be achieved. This configuration can give a
gain of 35dB with a bandwidth of 300MHz (seefigs. 10and 11).

Because the transistors used in the SL560C exhibit a high
value of f,, care must be taken to avoid high frequency
instability. Capacitors of small physical size should be used,
the leads of which must be shortas possible to avoid oscillation
brought about by stray inductance. The use of aground plane
is recommended.
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TYPICAL APPLICATIONS

INPcUT I

Gain 14dB

Bandwidth 220MHz (Pgyr = 1mW, 50Q)
200MHz (Poyt = 5mW, 509)

Input SWR 1.5:1

shown'in Fig.4

Fig.6 50Q2 lin driver. The response of this configuration is

Voltage gain 32dB at 6V
35dB at 10V
Noise figure 1.8dB (Rs = 200Q)
Supply current 6mA at 6V
12mA at 10V
Bandwidth 75MHz (see Fig.9)

Fig.8 Low Noise preamplifier

10n

—"—O INPUT

n 15

279%‘5

Gain 13dB at Vcc = 9V
-1dB at 6MHz and 300MHz

Fig.10 Wide bandwidth amplifier

SL560

1.8 T
TA=+25"C
Veg = (8) 3V
(b) 6!
16 o
§ N
2 an
]
o114 P~
2 “
£ /|
\0) -~
1.2 o
10 100 2'003004oc
FREQUENCY (MHz)
Fig.7 Input standing wave ratio plot of circuit shown
in Fig.6 (typical)
40
55 [l
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% 25 AN
= 20 N
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<
g5
10
5
0
10 2030 50 100 200300 500 1000

FREQUENCY (MHz)

Fig.9 Frequency response of circuit shown in Fig.8 (typical)
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< TA = +25°C
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Fig.11 Frequency response of circuit shown in Fig.10 (typical)
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GEC PLESSEY
) ADVANCE INFORMATION

DS3622 - 1.2
ULTRA LOW NOISE PREAMPLIFIERS

This integrated circuit is a high gain, low noise preamplifier
designedfor use in audio and video systems atfrequencies up
to 6MHz. Operation at low frequencies is eased by the small secoume oureur
size of the external components and the low 1/ noise. Noise !
performance is optimised for source impedances between
20Q and 1 kQ making the device suitable for use with a
number of transducers including photo-conductive IR Wt —| 204=—vc
detectors, magnetic tape heads and dynamic microphones.

The SL561 B is only available in the TO-5 package

The SL561 C is only available in the Plastic package. ) Q

GROUND ‘GAIN SET
Cms
FEATURES -
Fig.1 Pin connections (view as above) SL561B
B HighGain 60dB
B Low Noise 0.8nVAHz (Rs = 50Q)
B Bandwidth 6MHz
B Low Power Consumption 10mW (V. = 5V) ;
vecoupLe ] {Jourpur
APPLICATIONS e hvee
B Audio Preamplifiers (low noise from low impedance ono[] Hoam ser
source)
M Video Preamplifier wiel] e
B Preamplifier for use in Low Cost Infra-Red Systems DP8
g,ggf E(I:NCGN:NFORMATION Fig.2 Pin connections (view as above) SL561C
SL561 C DP ‘
Su
1 . |——-{ ouTPUT —h ' P——-—-‘ oureur
INPUT mﬁ_.—{ <3
out T‘ west o—{— o e [Jpser
b pul
0 = 1004 H P
foor| ] ] .l- i i =L;c|
) ) GND
Fig.3 Test circuit Fig.4 Typical application
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SL561

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated):

Vee 5V

Source impedance 50Q

Load impedance 10kQ

Toro 25°C

SL561C
Characteristic Value i Conditi
Wi Typ. Max. Units onditions

Voltage gain 57 60 63 dB Pin 6 O/C
Equivalent input noise voltage 0.8 nVAHz 100Hz to 6MHz
Input resistance 3 kQ
Input capacitance 15 pF
Outputimpedance 50 Q
Output voltage 2 3 Vp-p See note
Supply current 2 3 mA
Bandwidth 6 MHz

OPERATING NOTES (Pin numbers refer to DIL package)

Upper cut-ott frequency

The bandwidth of the amplifier can be reduced from 6MHz
to any desired value by a capacitor from pin 6 to ground. This
is shown in Fig.5. No degradation in noise or output swing
occurs when this capacitor is used. The high frequency roll off
is approximately 6dB/octave.

Low frequency response

The capacitors C, and C, (Fig.4) determine the lower cut-off
frequency C, decouples an internal feedback loop and if its
value is close to that of C, an increase in gain at low
frequencies can occur.Foraflatresponse either make C, less
than 0.05 C, or make C, greater than 5 C,.

Gain set facility

Provision is made to adjust the gain by means of a resistor
between pin 6 and the output. Gains as low as 10dB can be
selected. This resistor increases the feedback around the
outputstage and stability problems can resultif the bandwidth
of the amplifier is not reduced as indicated in Note 1. Fig.6
shows recommended values of C, for each gain range. Since
the input stage is a common emitter stage without emitter
degeneration (forbest noise) at values of gain less than 40dB
this input stage, rather than the output stage, determines the

44

maximum output voltage swing. For a distortion of less than
10% the input voltage should be restricted to less than 5mV
(see Fig.9).

Driving low impedance loads

The quiescent current of the output emitter follower is
0.5mA. If larger voltage swings are required into low
impedance loads this current can be increased by a resistor
from pin 8 to ground. To avoid exceeding the ratings of the
output transistor the resistor should not be less than 200Q.

Noise performance
The equivalent input voltage for the amplifier is shown in

Fig.7. From this the input noise voltage and current
generators can be derived. They are:

e, =0.8nVA/Hz

i, = 2.0pAN/Hz
Flicker or 1/f noise is not normally a problem, the knee
frequency being typically below 100Hz.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage +10V
Storage Temperature Range
SL561 CM -65°C to +150°C
SL561 DP -55°C to +150°C
‘Operating Temperature Range
SL561 AC -55°C to +125°C
SL561C -30°C to +85°C
Thermal Resistance
Chip - to - Ambient
SL561 CM 225°C/W
SL561 DP 111°C/W
Chip -to - case
SL561 CM 65°C/W
SL561 DP 71°CW



GAIN (¢8B)

SL561
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T 0pF
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Fig.5 Gain v. frequency
Fig.6 Gain v. Rset
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Fig.8 Circuit diagram
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GEC PLESSEY
A cviconbucTons]

ADVANCE INFORMATION

DS3630 - 1.1

SL610, SL611 & SL612

RF/IF AMPLIFIER

The SL610C, SL611C and SL612C are RF voltage
amplifier with AGC facilities. The voltage gainis 10, 20 and
50 times respectively and the upper frequency response
varies from 15MHz to 120MHz according to type .

FEATURES
B Wide AGC Range: 50dB

B EasyInterfacing
B Integral Power Supply RF Decoupling

APPLICATIONS

| | RF Amplifiers
| ] IF Amplifiers

QUICK REFERENCE DATA

| Supply Voltage: 6V
] Voltage Gain: 20dB to 34dB

OUTPUT

Fig.2 Block diagram
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CMs8
Fig.1 Pin connections (top view)
ABSOLUTE MAXIMUM RATINGS
Supply voltage: 12V
Storage temperature: -65°C to +150°C
Operating temperature range -30°C to +85°C
Chip-to-ambient 225°C/W
Chip-to-case 65°C/W
ORDERING INFORMATION
SL610/1/2CCM
SL610NA 1C
SL612NA 1C
T I
, UL M
CONDUCTANCE — SL610C
6 SUSCEPTANCE —== I
SL
5 611C]
R ENREL -
s I A —
8 i1 sLe10C]
: A4
E Al ~ SL612C |/ surg
a T P W rr
= SL612C
0 = .
-1
e - 4 —
 — - . pa—
0.1 1.0 10 100

FREQUENCY (MHz)

Fig.3 Input admittance with o/c output (G”)



SL610/611 & 612

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated)

Supply voltage VCC: 6V

Ambient temperature: 22°C + 2°C

Test frequency: SL610C 30MHz
SL611C 30MHz
SL612C 1.75MHz

Value
Characteristics Circuit . Conditions
Min. | Typ. | Max. Units
Supply current SL610C 15 20 mA
SL611C 15 20 mA No signal, Pin 3 open circuit
SL612C 33 5 mA
Voltage gain SL610C 18 20 22 dB Rs = 50Q
SL611C 24 26 28 dB RL =22°C
SL612C 32 34 36 dB Tamb = 22°C
Cut-off frequency (-3dB) SL610C 85 120 MHz
SL611C 50 80 MHz
SL612C 10 15 MHz
Max. output signal (max. AGC) 1.0 V rms RL = 150Q (SL610C/611C)
RL =1.2kQ (SL612C)
Max.input signal (max. AGC)
AGCrange 250 mV rms
SL610C 40 50 dB
SL611C 40 50 dB Pin70Vto 5.1V
SL612C 60 70 dB
AGC current 0.15 0.6 mA Current into pin 7 at 5.1V
APPLICATION NOTES AGC
Input circuit When pin 7 is open circuit or connected to a voltage less

than 2V the voltage gain is normal. As the AGC voltage is

The SL610C, SL611Cand SL612C are normally used with increasedthere is a reduction in gain as shown in Fig.6. This
pins 5 and 6 connected together and with the inputconnected ~ reduction varies with temperature.

via a capacitor as shown in Fig.2.

The input impedance is negative between 30MHz and 10 T SL610C;
100MHz (SL610C, SL611C only) and is shown in Fig.3. The sok== LTI I
source and inductive is should be shunted by a 1kQ resistor to My RESISTANCE —— L]
prevent oscillation. - REACTANCE -~~~ ;

An alternative circuit with improved noise figure is shownin N SLeT a0
Fig.4. 4o TS H—"IsLs12c Y]]

/(-~ ad
c s SEii 1 sLetic
S g R
3 g ° -
g o N
w SL610C
2 40 /
-60
/
7/
-80 [1
Fig.4 Alternative input circuit
-100
Output circuit

The output stage is an emitter follower and has a negative ot 16 1 ]
output impedance at certain frequencies as shown in Fig.5. ' FREQUENCY (MHz) '

To prevent oscillation when the load is capacitive a 47Q
resistor should be conncted in series with the output. Fig.5 Typical output impedance with s/c input (G22)
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SL610/611 & 612

Typical applications

The circuit of Fig.7 is a general purpose RF preamplifier.
The voltage gain (from pin 5 to pin 3) is shown in Fig.8.
Fig.9 is the IF section of a simple SSB transceiver. At 9MHz
it has a gain of 100dB.

0
N
-10 N
2 N
8 N
m
2 A +6V 0.1y
Z-30
< SL612C \ sLet00]
S SLEI1C | S 2 l—”» o
g -40 N . : ————o oureur
N INPUT 0.0ty 7 0.01p
é -50 N ¢
-60
N
-70 ﬂ;/
0 1.0 20 3.0 4.0 5.0
AGC SIGNAL (V)
Fig.6 AGC characteristics (typical) Fig.7 RF preamplifier
40
Pan SL612C N
§ % N
T \
z
< 1 6V -
(4] ~ 0.1
-1 L611C 2 m 2| 2
o st v [ il BT il
= ¢ si2c [ 318 612C 3 612C
-O‘ 2 SL610C INPUT A EREK 14 OUTPUT
> d 4.7n 4.7n 4.7n
ooT .x?[' m‘a]’
A l i T e
10
0.1 1.0 10 100
FREQUENCY (MHz)
Fig.8 Typical voltage gain (RS = 500) Fig.9 IF amplifier using SL1612
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GEC PLESSEY
A cviconbucrons|

ADVANCE INFORMATION

SL1613

WIDEBAND LOG IF STRIP AMPLIFIER

wideband amplifier intended for use in successive detection
logarithmic IF strips, operating at centre frequencies between
10MHz and 60MHz. The device provides amplification,
limiting and rectification, is suitable for direct coupling and
incorporates supply line decoupling. The mid-band voltage
gain of the SL1613 is typically 12dB.

FEATURES

Well Defined Gain

4.5dB Noise Figure

High I/P impedance

Low O/P impedance

150MHz Bandwidth

On-Chip Supply Decoupling
Low External Component Count

APPLICATIONS

B Logarithmic IF Strips with Gains up to 108dB and
Linearity Better than 2dB

B Low Cost Radar

B Radio Telephone Filed Strength Meters

DS3612- 1.0

150 2 +ve
SUPPLY
470 | 4
womd [T
, RS 2P
BIAS 3.3 1. 27
K * 100
$ 0 & LE
‘outeur
INPUT | 3ai T 7R2 | (100
22| 270 I
OUTPUT
s 3500 | 330 390 TaND.
INPUT .
EARTH H
Fig.2 Circuit diagram

susstrate aNo[]1 8 [) oP oND
+v[l2 7 ) eias
RF ouTPUT (] SSL1813 1
o€t outeuT(] e s [1vp anD
DP8
MP8
Fig.1 Pin connections (top)
ABSOLUTE MAXIMUM RATINGS
Storage temperature range -55°C to +150°C
Operating temperature range -30°C to +85°C
Thermal resistance
Chip-to-ambient
SL1613DP 111°C/W
SL1613 MP 163°C/W
Chip-to-case
SL1613DP 71°C/W
SL1613MP 57°C/W
Maximum instantaneous voltage
at video output ' +12V
Supply voltage 9V
ORDERING INFORMATION
SL1613CDP
SL1613 CMP
20.0
18.0
16.0
§1w T‘ _E"S‘H( T =-55°CH
z 120 =at 1A
H I\
o 100 AR A 1\
= \
i X ]
e i
6.0
20
° 10 30 60 100 200 500
FREQUENCY (MHz)

Fig.3 Voltage gain v. frequency
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SL1613

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following condiotns (unless otherwise stated)

TA = +22°C +2°C
Supply voltage = +6V

DC connection between input and bias pins

Value

Characteristic Min. | Typ. Max. | Units Conditions
Voltage gain 10 12 14 dB f=30MHz, R; = 10Q, C = 8pF
Upper cut-off frequency (Fig. 3) 150 MHz Rs=10Q, C_= 8pF
Lower cut-off frequency (Fig. 3) 5 MHz Ry =10Q, C,_ = 8pF
Propagation delay 2 ns
Max. rectified video output current
(Fig. 4 and 5) 0.8 1 1.4 mA f = 60MHz, V,, = 500mV rms
Variation of gain supply voltage 0.7 dB/V
Variation of maximum rectified output
current with supply voltage 25 %IV
Maximum input signal before overload 1.9 V rms See Note 1
Noise figure (Fig. 6) 4.5 dB f = 60MHz, R = 450Q
Maximum RF output voltage 1.2 Vp-p
Supply current 1.5 20 mA

Note 1. Overload occurs when the input signal reaches a level sufficent to forward bias the base-collector junction of TR1 on peaks

A i a
™
g V/a [T =':»5|r;|z' H
5 |
g 00
=]
o
g
z 05
£ /)
O
2
4
0 0.02 005 01 02 a5 1.0 20
INPUT SIGNAL (V rms)
Fig.4 Rectified output current v. input signal
5.0
§ 45
g L
w
4.
g, 0 . ———
ias
w
3 1 = 60MHz
g 0 RS = 4500
25
-60 -40 -20 20 40 60 80 100 120 140

TEMPERATURE (°C)

Fig.6 Typical figure v. temperature

50

RECTIFIED OUTPUT (mA)

—— 30MHz
— 60MHz
A4 1= 10MHz
INPUT 0.5V RM.S.
-50 ] 50 100

AMBIENT TEMPERATURE (°C)

Fig.5 Maximum rectitied output current v. temperature

CAPACITANCE (pF)
o ~

>

v
T T 7
CONDUCTANCE - 0.2 mmho
OVER THE FREQUENCY RANGE -
l —]
T - -55°
|
-25°C[
——T - -125°cF——]
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FREQUENCY (MHz)

Fig./ Input aomittance with open circuit ourpur




SL1613

» ;],ﬁ( Js_ou:ur
e ddy
L

Fig.8 Direct coupled amplifiers

OPERATING NOTES

The amplifiers are intended for use directly coupled, as
shown in Fig. 8.

The seventh stage in an untuned cascade will be giving
virtually full output on noise. .

Noise may be reduced by inserting a single tuned circuit in
the chain. As there is a large mismatch between stages a
simple parallel or series circuit cannot be used. This choice of
network is also controlled by the need to avoid distorting the
logarithmic law:the network must give unity voltage transfer at
resonance. A suitable network is shown in Fig. 9. The value of
C1 mustbechosensothat atresonance its admittance equals
the total loss conductance across the tuned circuit. Resistor

(3]

FROM nth 1t . 7O (n 4-»1)!\ STAGE
w (BIAS AND INPUT
STAce PINS LINKED)
Ri| oC L .
OCKING
T T CAPACITOR

-+

Fig.9 Suitable interstage tuned circuit

The amplifiers have been provided with two ground leads to
avoid the introduction of common ground lead inductance
between input and output circuits. The equipment designer
should take care to avoid the subsequent introduction of such
inductance.

Number of stages
6 or more 5 4 |3
Minimum capacitance 30nF 10nF| 3nF| InF

R1 may be introduced to improve the symmetry of filter
response, providing other values are adjusted for unity gain at
resonance.

A single capacitor may not be suitable for decoupling the
output line if many stages and fast rise times are required.
Values of supply line decoupling capacitor- required for
untuned cascades are given below. Smaller values can be
used in high frequency tuned cascades.

The on-chip 500pF supply decoupling capacitor has a
resistance of, typically 10Q. Itis a junction type having a low
breakdown voltage and consequently the positive supply
current will increase rapidly if the supply voltage exceeds
7.5V. (See Absolute Maximum Ratings).

INPUT

IC1=9 = SL1613C

Typical log accuracy

Centre frequency 60MHz
Dynamic Range -75dBmto +15dBm
Video rise time 70nSec
Bandwidth approx. 20MHz
Output voltage 0-1.5v

1+2dB

Fig.10 Circuit diagram of low strip
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GEC PLESSEY

ADVANCE INFORMATION

-,
DS3613- 1.0
WIDEBAND LOG IF STRIP AMPLIFIER
The SL1615 is a bipolar monolithic integrated circuit
wideband amplifier intended for use in successive detection
logarithmic IF strips, operating at centre frequencies between Ny
10MHz and 60MHz. The device provides amplification, SUBSTRATE GNO |} 1 : g:::m)
limiting and rectification, is suitable for direct coupling and “'u:[ ; ¢ biwpur
incorporates supply line decoupling. The mid-band voltage “: Z::wm[ . e B cno
gain of the SL1615 is typically 12dB. oe
MP8
FEATURES Fig.1 Pin connections - top view
B Well Defined Gain
B  4.5dB Noise Figure ABSOLUTE MAXIMUM RATINGS
B High I/P impedance
B Low O/P impedance Storage temperature range -55°C to +150°C
B 150MHz Bandwidth Operating temperature range -30°C to +85°C
B On-Chip Supply Decoupling Thermal resistance
B Low External Component Count Chip-to-ambient 163°C/W
Chip-to-case 57°C/W
Maximum instantaneous voltage
APPLICATIONS at video OUtpUl +12V
Supply voltage 9V

B Logarithmic IF Strips with Gains up to 108dB and

Linearity Better than 2dB
B Low Cost Radar
B Radio Telephone Filed Strength Meters

ORDERING INFORMATION

SL1615 NA MP

150 2
——J}—=5 V€
SUPPLY
- 470 3 oeTecTED
- TRs ouTPUT
TRs 188 ==500p
d—
BIAS || Lo
=1.
2 100
H_H
470 3 FF
weut §—| ouTPUT
TR1 | TR2
100
1 SUBSTRATE
2.2k H 270 M M n GNO
==350p !aao ‘1"390
INPUT § 8
Gno © At
Fig.2 Circuit diagram
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated)
Temperature = +22°C +2°C, Supply Voltage = +6V, DC Connection between Input and Bias Pins

SL1615

Ch. teristi L i
aracteristic Min. Typ. Max. Units Conditions-

Voltage Gain, f = 30MHz 10 14 dB 10Q Source, 8pF Load
Voltage Gain, f = 60MHz 10.7 13.3 dB 10Q Source, 8pF Load
Upper Cut-off frequency (Fig.3) 130 170 MHz 10Q Source, 8pF Load
Lower Cut-off frequency (Fig.3) 5 MHz 10Q Source, 8pF Load
Propagination Delay 2 ns
Maximum rectified Video Output 0.80 1.40 mA f = 60MHz, 0.5V rms Input
Current (Fig.4 and 5)
Variation of Gain with Supply 0.7 db/V
Voltage
Variation of Maximum Rectified 25 %IV
Output Current with Supply
Voltage
Maximum Input Signal before 1.8 1.9 Virms See Note below
Overload
Noise Figure (Fig.6) 4 dB f = 60MHz, Rs = 450Q
Supply Current 11.5 20 mA
Maximum RF Output Voltage 1.2 Vp-p

Note: Overload occurs when the input signal reaches a level sufficent to forward bias the base-collector junction of TR1 on peaks

20.0

18.0

16.0

T=+25°C,

T=-55C

14.0

]

VOLTAGE

GAIN 120

(dB)

. 71 N\

10.0

T=+125°C

8.0

6.0

4.0

20

10 30 60 100
FREQUENCY (MHz)

200 500

Fig.3 Voltage gain v. frequency
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SL1615

[T1
el T —— 30MHz 4
— -
10 7 60MHz
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RECTIFIED ~
OUTPUT
™A s
4
/
/]
° L4
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INPUT SIGNAL(Vrms)
Fig.4 Rectified Output Current v. Input Signal
2.0
c
& *[ conpbucTANCE =02 mmho
J0MHz | A 8| OVERTHE RANGE ——1—
RECTIFIED ] c | -
OUTPUT 1.0 BOMHx V| 1 1=s85'C =TT
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*F) 0 10 20 30 40 S50 60 70 80 SO0 100
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Fig.5 Maximum Rectified Output Current v. Temperature Fig.7 Input Admittance with Open Circuit Output
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FIGURE 40 o ——
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s
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Fig.6 Typical Noise Figure v. Temperature
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SL1615
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Fig.8 Direct coupled amplifiers
OPERATING NOTES

The amplifiers are intended for use directly coupled, as
shown in Fig. 8.

The seventh stage in an untuned cascade will be giving
virtually full output on noise.

Noise may be reduced by inserting a single tuned circuit in
the chain. As there is a large mismatch between stages a
simple parallel or series circuit cannot be used. This choice of
network is also controlled by the need to avoid distorting the
logarithmic law:the network must give unity voltage transfer at
resonance. A suitable network is shown in Fig. 9. The value of
C3 mustbe chosen so that at resonance its admittance equals
the total loss conductance across the tuned circuit. Resistor
R12 may be introduced to improve the symmetry of filter
response, providing other values are adjusted for unity gain at
resonance.

A single capacitor may not be suitable for decoupling the
output line if many stages and fast rise times are required.

Values of supply line decoupling capacitor required for
untuned cascades are given below. Smaller values can be
used in high frequency tuned cascades.

The amplifiers have been provided withtwo ground leads to
avoid the introduction of common ground lead inductance
between input and output circuits. the equipment designer
shouldtake care to aviod the subsequent introduction of such
inductance.

Number of stages
6 or more 5 4 3
30nF 10nF | 3nF| InF

Minimum capacitance

The on-chip 500pF supply decoupling capacitor has a
resistance of, typically 10Q. Itis a junction type having a low
breakdown voltage and consequently the positive supply
current will increase rapidly if the supply voltage exceeds
7.5V. (See Absolute Maximum Ratings).

1C1-9 = SL1613C

aNMLIS

PP Ny "

Ao WP
werite ineygueiivy

QU<
Dynamic Range -75dBmto +15dBm
Video rise time 70nSec
Bandwidth approx. 20MHz
Output voltage 0-1.5V
Typical log accuracy +2dB

Fig.9 Circuit diagram of low strip
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GECPLESSEY

ADVANCE INFORMATION

Q. PSP SEMICONDUCTORS

DS3634 - 2.0

SL1640 IS FOR MAINTENANCE PURPOSES ONLY AND IS NOT RECOMMENDED FOR NEW DESIGNS

SL1640

DOUBLE BALANCED MODULATORS

The SL1640 is a double balanced modulator intended for
use inradio systems at frequencies up to 75MHz. The SL1640
has an integral output load resistor (Pin 5) together with an
emitter follower output (Pin 6).

FEATURES
B No External Bias Networks Needed

B Easy Interfacing
B Choice of Voltage or Current Outputs

APPLICATIONS
] Mixers In Radio Transceivers

u Phase Comparators
L] Modulators

QUICK REFERENCE DATA

| ] Supply Voltage: 6V
| ] Conversion Gain: 0dB
u Maximum Inputs: 200mV rms

ABSOLUTE MAXIMUM RATINGS

Supply voltage: 9V
Storage temperature: -55°C to +150°C
Operating temperature range: 0°C to +70°C
Chip operating temperature: +150°C
Thermal resistance

Chip-to-ambient 111°C/W
Chip-to-case 71°C/W

ORDERING INFORMATION

SL1640 CDP
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Decourte (2 SL16407 [) SIGNAL INPUT

6 Low we. outpuT
(SL1640 ONLY)

vee (Ja S{J outPur

CARRIER (NPUT (13

DP8

Fig.1 Pin connections (top view)

1001 4

CARRIER o—{34-==—

7

SIGNAL o} 025
1on.?5°°

|

L

Fig.2 Block diagram (SL1640)



ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated)

Supply voltage Vcc: 6V
Ambient temperature: 22°C +2°C

. Value
Characteristics Circuit Min. | Typ. | Max. Uniits Conditions
Supply current SL1640 12 17 mA
Conversion gain SL1640 -3 0 +3 dB
Noise figure 10 dB
Carrier input impedance 1 KQ
Signal input impedance SL1640 500 Q
210 KQ
Maximum input voltage SL1640 mV rms
( Signal: 70mVrms, 1.75MHz
Signal leak SL1640 dB {Carrier: 100mV rms, 28.25MHz
Output: 30MHz
Signal: 70mVrms, 30MHz
Signal leak SL1640 dB { Carrier: 100mV rms, 28.25MHz
’ \ Output: 1.75MHz
Signal 1: 42.5mVrms, 1.75MHz
j Signal 2: 42.5mV rms, 2MHz
Intermodulation products SL1640 dB Carrier: 100mV rms, 28.25MHz
‘\ Output: 29.75MHz

APPLICATION NOTES

The SL1640 requires input and output coupling capacitors
which normally should be chosen to present a low reactance
compared with the input and output impedances (see
Electrical Characteristics). However, for minimumcarrier leak
at high frequencies the signalinput should be driven froma low
impedance source, in which case the signal input capacitor
reactance should be comparable with the source impedance.
Pin 2 must be decoupled to earth via a capacitor which
presents the lowest possible impedance at both carrier and
signal frequencies. The presence of these frequencies at Pin
2 would give rise to poor rejection figures and to distortion

There are two outputs from the SL1640: one is a voltage
source of output impedance 350 ohms and 8pF and the other
isthe emitter of an emitter follower connectedto the first output.
The output on pin 6 requires a discrete load resistor of not less
than 1500 ohms to ground. The emitterfollower output should
not be used to drive capacitive loads as emitter followers act
as detectors under such circumstances with resultant
distortion and harmonic generation. Frequency shaping
components may be connected to the voltage output and the
shaped signal taken from the emitter follower.

Signal and carrier leak may be reduced by altering the bias
on the carrier and signal input pins, as shown in Fig.3. With

carrier but no signal R1 is adjusted for minimum carrier leak
A similar network is connected to the carrier input and with

signalandcarrier present, signal leak is minimised by means
of R2.

+ 6V
SIGNAL  R2
R1 CARRIER
LEAK ADJ. 10k 10k LEAK ADJ.

CARRIER _, |
ve

Fig.3 Signal and carrier leak adjustment
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ADVANCE INFORMATION

SL2364

VERY HIGH PERFORMANCE TRANSISTOR ARRAYS

The SL2364 is an array of transistors internally connected
to form a dual long-tailed pair with tail transistors. This is a
monolithic integrated circuit manufactured on a very high
speed bipolar process which has a minimum useable fr of
2.5GHz, (typically 5GHz).

The SL2364 is in a 14 SO package and a high
performance Dilmon encapsulation.

FEATURES

B Complete Dual Long-Tailed Pair in One Package
m Very High fr - Typically 5 GHz
H Very Good Matching Including Thermal Matching

APPLICATIONS

Wide Band Amplification Stages
140 and 560 MBit PCM Systems
Fibre Optic Systems

High Performance Instrumentation
Radio-and Satellite Communications

ELECTRICAL CHARACTERISTICS

DS 3305 -2.0

SL2364C

DC14
MP14

Fig. 1 Pin connections (top view)

These characteristics are guaranteed of the following conditions (unless otherwise stated):

T, = 22°C +2°C

Value
Characteristics Units Conditions
Min. Typ. Max
BV, 10 20 Vv I, = 104A
LVeeo 6 9 \" I, =5mA
BVeeo 25 5.0 Vv I, = 10pA
BVepo 16 40 \" lo = 10uA
Pee 50 80 I = 8MA, Vg = 2V
f, 25 5 GHz I, Tail) = 8mA, V. =2V
AV, (See note 1) 2 5 mvV o Tail) = 8mA, V. = 2V
AVee/ Tave 1.7 mV/r°C I Tail) = 8mA, V=2V
Ces 0.5 0.8 pF Vgg=0
C 1.0 1.5 pF V,=0
NOTE 1. AV, applies 10 | Viyeos - Vagas | @00 | Vieos = Viees |
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SL2364

TYPICAL CHARACTERISTICS

1.1
6 : —]
o :E* 10
E; / \ s \\
&4 - i @ 09 AN
¥ 2 f1 NORMALISED AT +20°C
2 ; § 08 Ig = 4.5mA \
0
0 2 4 6 8 10 07
Ic(mA)
Fig. 2 Collector current 60 20 420 +60 +100
TEMPERATURE (°C)

Fig. 3 Chip temperature
ABSOLUTE MAXIMUM RATINGS

Maximum individual transistor dissipation 200mW

Storage temperature -55°C to + 150°C
Maximum junction temperature +150°C
Package thermal resistance (°C/W):

Chip to case 45 (MP14) 35 (DC14)

Chip to ambient 123 (MP14) 120 (DC14)
VCBO = 10V, VEBO = 25V VCEO = 6V. VCIO = 15V IC (any one transistor) = 20mA

The substrate should be connected to the most negative
point of the circuit to maintain electrical isolation between
the transistors.

+140
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SL2365

VERY HIGH PERFORMANCE TRANSISTOR ARRAY

The SL2365is an array of transistors internally connected
to form a dual long-tail pair with current mirrors whose bases
and collectors are connected internally. The ICs are LT N C IR L I L
manufactured on a very high speed bipolar process which I — - -
has a minimum usable fT of 2.5GHz (typically 5GHz). The |
current mirror enables a well defined gain at low current
levels to be achieved.

FEATURES
]

Complete Dual Long Tailed Pair in One Package
Very High fT - Typically 5GHz

Well Defined Gain at Low Current Levels
Available in Small Outline Package

MP14

CAUTION Fig. 1 Pin connections (top view)

Pins 4 and 11 should be equal and at the most negative
voltage on the array.

ELECTRICAL CHARACTERISTICS

Value
Characteristics Units Conditions
Min. Typ. Max.
BV, 10 20 v o= 10pA
LV o 6 9 \Y lc=5mA
BVeqo 25 Y le = 10pA
BV, 16 40 Vv I, = 10uA
H, 50 80 lo=8mA, V=2V
f; 25 5 GHz I, Tail) = 8mA, V. = 2V
AV 2 5 mV I, Tail) = 8mA, V=2V
AV ! Toe -7 mV/°C I, Tail) = 8mA, V. = 2V
Ces 0.5 0.8 pF V=0
C,, 1.0 15 pF Vg =0
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SL2524

1.3GHz DUAL WIDEBAND LOGARITHMIC AMPLIFIER

The SL2524 is a pin compatable replacement for the
SL2521 and SL2522 series of log amplifiers, and exhibits a
superior stability performance. The amplifier is a successive 18_17_16_15 14
detection type which provides linear gain and accurate

logarithmic signal compression over a wide bandwidth. The

two stages can be operated independently. 19 13
When six stages (three SL2524s) are cascaded the strip

can be used for IFs between 30-650MHz whilst achieving 20 12

greater than 65dB dynamic range with a log accuracy of

<+1.0dB. The balanced limited output also offers accurate 1 SL2524 1

phase information with input amplitude. 2 10

FEATURES 3 9

M 1.3GHz Bandwidth (—3dB)

H Balanced IF limiting

B 3ns Rise Times/5ns Fall Times (six stages)
M 20ns Pulse Handling (six stages) LC20
B Temperature Stabilised
M Surface Mountable

3 2 20 19
APPLICATIONS
W Ultra Wideband Log Receivers +C] 7 18
B Channelised Receivers sl OPTINAL PIN 1
Monopulse Application: REFERENCE
u P pplications o O 16
ABSOLUTE MAXIMUM RATINGS = [ 15
Supply voltage (Vg above Vgg) +7.0V s O] ] 14
Storage temperature —65°C to + 150°C
Operating temperature range pgouougy
SL2524/B/LC —40°C to +85°C 9 10 11 12 13
SL2524/C/HP -30°C to +85°C HP20
Junction temperature -LC20 +175°C
-HP20 +150°C
Applied DC voltage to RF input  =£0.4V (between RF I/P PIN DESCRIPTION PIN DESCRIPTION
! ) pins) 1 SUBV 1
Applied RF power to RF input +15dBm 2 IF 0U1EPEUT $A; 12 R SET (| B_I)
Value of Rggr resistors NOT less than 180Q 3 IF OUTPUT A }2 DET 0U PUT (B)
Thermal resistance:- fﬁ. FC8
: o 5 oUTPUT V¢ (A 15 1 PUT (B
Die to case -LC20 28°C/W 6 IF INPUT f;( ) 16 IF OUTPUTf }
-HP20 20°C/W ; IF INPLi:' }Z OUTPUT Vec (B)
Die to ambient -LC20 73°C/W -
. 9 085 Brput (A 19 IFRBUT (8
-HP20 8°cW 10 A IF INPUT (B)
ORDERING INFORMATION

. . . Fig. 1 Pin connections top view
SL2524/B/LC (Ceramic leadless chip carrier package)

SL2524/C/HP (Plastic J lead chip carrier package)
SL2524/NA/1C (DC probe tested bare die)
5962 — 92315 (SMD)
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SL2524

OuUTPUT

Vee 517)

Ty «

T

————————————]

2 (1%

: IF
3 1@" OUTPUTS

]
[}
9(1 3):!> DETECTOR

7

8 9 10

2.17mm

TO APPROX SCALE

=120pm x 120pm
2. All pads with octagonal cross-section
=100um x 100pm
3. Chip is passivated with polyimide

6 m OUTPUT
(19) VIDEO i
S _—I:_r_-:__‘—__—]_:l_' DETECTOR !
F_ | (FULL WAVE) !
INPUTS | H
1 7(20) 1
Q ]
| s
i BANDGAP i
' REFERENCE -1 1041215 EXTERNAL
: VOLTAGE al18) | Rger
1
:. 4} Vee
Fig. 2 Circuit diagram of single stage A - (stage B pin Nos bracketed)
TERMINALS
22 21 0 19 18 v — (Ix] denotes LC20/HP20 package pin
WSCO78A1A numbers)
1
L1010 . O[] PN E—
D 16 ; \éﬁﬁ 9\) (A) Eg%
CC
2| [] = 3 IF VP (A) 6]
4 TEST POINT
5 IF P (A) 4]
[]s 6 Voc (A) - 18]
g 7 DETECTOR O/P (A) [9]
O 14 8 Rser (A) [10])
9 Rser [12]
2.46mm| 10 DETECTOR O/P (B)  [13]
1" Vce (B) [14]
13 12 IF O/P (B) [15]
3 O 13 TEST POINT
14 IF O/P (B) [16]
O 12 15 O/P Ve (B) (17
R 16 Vge (B) [18]
17 IF I/P (B) [19]
18 TEST POINT
19 IF IIP (B) [20]
5 O 20 IF O/P (A) [2]
21 TEST POINT
22 IF O/P (A) 131
o [] o Q0o []|n | notes | |
Y 1. All pads with square cross-section
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ELECTRICAL CHARACTERISTICS -SL2524B

Guaranteed at the following test conditions unless otherwise stated

Frequency = 200MHz, Tamp =25°C Input power =-30dBm, Voo =6V +0.1V, Source Impedance = 50Q.
Load impedance =509 Test Circuit =Fig. 4 Rger=300Q. Tested as a dual stage.

SL2524

o Value . .
Characteristic Units Conditions
Min Typ Max
Supply current 70 87 100 mA
Small signal gain (dual stage,| 9.6 1.4 13.0 dB Tamp= +25°C f=25MHz See Notes 1, 3
single ended)
10.1 116 131 dB Tamb=-40°C f=200MHz. See Notes 2, 3
99 11.3 12.7 dB Tamb= +25°C f=200MHz. See Note 3
95 11.0 125 dB Tamb = +85°C f=200MHz. See Notes 2, 3
9.7 1.2 12.7 dB Tamp=-40°C f=500MHz. See Notes 2, 3
9.3 10.7 121 dB Tamp = +25°C f=500MHz. See Note 3
8.2 9.7 11.2 dB Tamp = +85°C f=500MHz. See Notes 2, 3
Detected output current (max) 3.20 3.45 3.70 mA | Tamp= +25°C, Viy=0dBm, f=25MHz.
See Note 1
3.05 3.25 3.45 mA | Tamp=-40°C, Vi =0dBm, f= 200MHz
See Note 2
3.15 3.30 3.45 MA | Tamp= +25°C, Vjy =0dBm, f= 200MHz
3.10 3.30 3.50 mA | Tamp= +85°C, Vjy =0dBm, f= 200MHz
See Note 2
2.80 3.10 3.30 mA | Tamp=-40°C, V)y =0dBm, f= 500MHz
See Note 2
2.90 3.15 3.45 mA | Tamp= +25°C, Vjy =0dBm, f= 500MHz
2.85 3.10 3.65 mA | Tamp= +85°C, Viy =0dBm, f= 500MHz
See Note 2
Detected output current 0.85 0.95 1.15 mA Tamb=-40°C, See Note 2
(no signal) 0.80 0.93 1.10 mA Tamb= +25°C, See Note 2
0.80 0.90 1.10 mA Tamb= +85°C, See Note 2
MHz |-3dB w.rt. 200MHz, Tomp=-40°C
Upper cut off frequency (RF) 600 1100 See Note 2
900 1100 MHz | -3dB w.r.t. 200MHz, Ty = +25°C
MHz |-3dB w.rt. 200MHz, Tayp= +85°C
600 800 See Note 2
Lower cut off frequency (RF) 0.35 1 MHz | -3dB w.rt. 200MHz, Tymp= +25°C
Detector cut off frequency 700 MHz | 50% O/P current w.r.t. 200MHz
Limited IF O/P voltage 135 155 175 mV I/P power =0dBm, Tymp= +25°C
Phase variation with input level 020 0+3.0 | Degree |Frequency=70MHz, -55to +3dBm
(normalised to -30dBm) See Note 2
-40+2.0 |-4.0+3.0 | Degree |Frequency =200MHz, -55 to +3dBm
See Note 2
Limited O/P var with temp. £12 25 mV | See Note 1
Noise figure 14 dB
Max I/P before overload 15 dBm
Input impedance 1 kQ 1kQin parallel with 2pF
Output impedance 50 Q

NOTES
1. Parameter guaranteed but not tested

2. Tested at 25°C only, but guaranteed at temperature

3. Gain will typically increase by 6dB, when RF outputs use 1KQ loads in place of 502
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ELECTRICAL CHARACTERISTICS -SL2524C

Guaranteed at the following test conditions unless otherwise stated
Frequency = 200MHz, T,mp= +25°C, Input power =-30dBm, V=6V +0.1V, Source Impedance = 509.
Load impedance =500 Test Circuit = Fig. 4 Rggr=3009Q. Tested as a dual stage.

. Value
Characteristic Units Conditions
Min Typ Max
Supply current 70 87 100 mA
Small signal gain (dual stage, 9.6 11.4 13.0 dB Tamp = +25°C, f=25MHz
single ended) See Note 3
96 11.6 13.6 dB Tamb=-30°C f=200MHz.
See Notes 2, 3
94 1.3 13.2 dB Tamb = +25°C f=200MHz.
See Note 3
9.0 11.0 13.0 dB Tamp = +85°C f=200MHz.
. See Notes 2, 3
9.2 1.2 13.2 dB Tamb =-30°C f=500MHz.
See Notes 1, 3
8.8 10.7 12.6 dB Tamb = +25°C f=500MHz. See Note 1
77 9.7 1.7 dB Tamp= +85°C f=500MHz.
See Notes 1, 3
Detected output current (max) 3.20 3.45 3.70 mA Tamb= +25°C, V)y=0dBm, f=25MHz.
2.95 3.25 3.55 mA Tamb=-30°C, V|y =0dBm, f= 200MHz
See Note 2
3.05 3.30 3.55 . mA | Tamp= +25°C, Vjy =0dBm, f= 200MHz
3.00 3.30 3.50 mA Tamp= +85°C, Vjy =0dBm, f= 200MHz
See Note 2
270 3.10 3.30 mA Tamb=-30°C, V|y =0dBm, f= 500MHz
See Note 1
2.80 3.15 3.55 mA Tamp= +25°C, Viy =0dBm, f= 500MHz
See Note 1
2.75 3.10 3.75 mA Tamp= +85°C, V)y =0dBm, f= 500MHz
See Note 1
Detected output current (no signal) 0.75 0.95 1.25 mA Tamb=-30°C, See Note 2
0.70 0.93 1.20 mA Tamb= +25°C,
0.70 0.90 1.20 mA Tamb= +85°C, See Note 2
Upper cut off frequency (RF) 1000 MHz | -3dB w.r.t. 200MHz, T mp = +25°C See
Note 1
Lower cut off frequency (RF) 0.35 2 MHz | -3dB w.r.t. 200MHz, T, = +25°C
Detector cut off frequency 600 . MHz | 50% O/P current w.r.t. 200MHz
Limited IF O/P voltage 105 135 175 mV I/P power =0dBm, T,y = +256°C
Phase variation with input level 020 Degree | Frequency =70MHz, -55 to +3dBm
(normalised to -30dBm) See Note 1
-40+20 Degree | Frequency =200MHz, -55 to +3dBm
See Note 1 "
Limited O/P var with temp. +12 +25 mV See Note 1
Noise figure 14 dB
Max I/P before overload 15 dBm
Input impedance 1 kQ 1kQin parallel with 2pF
Output impedance 50 Q

NOTES

1.
2.
3.

6

Parameter guaranteed but not tested

4

Tested at 25°C only, but guaranteed at temperature
Gain will typically increase by 6dB, when RF outputs use 1KQ loads in place of 50Q




GENERAL DESCRIPTION

The SL2524 is primarily intended for use in Radar
and EW receivers. Six stages (3 chip carriers) can be
cascaded to form a very wideband logarithmic amplifier
offering >65dB of input dynamic range, with pulse
handling of better than 25ns. (See figs 5 and 6).

A six stage strip also offers balanced IF limiting,
linearity (log accuracy) of < +1.0dB, temperature
stabilisation and programmable detector characteristics.

The detector has an external resistor set (Rggr)pin
which allows the major characteristics of the detector to
be programmed. With a six stage strip it is possible to
vary the value of Rger on each detector and so improve
the overall log error/linearity.

SL2524

The detector is full wave and good slew rates are
achieved with 2ns rise and 5ns fall times (no video filter).
The video bandwidth of a six stage strip is typically
600MHz (-3dB).

The amplifier also offers balanced IF limiting, low
phase shift versus input amplitude, and at an IF of
120MHz, less than 5° of phase change is achievabie over
the input level of -55dBm to +5dBm.

The IF and Video ports can be used simultaneously,
so offering phase, frequency and pulse (video)
information. A slight loss of dynamic range (2dB) will be
observed when the IF ports are used in conjunction with
the video.

6V

el =

51

DETECTOR

INPUT o

OUTPUT

p—O0
OUTPUTS

ov

R = 51Q

ALL CAPACITORS 10nF
UNLESS OTHERWISE STATED

Fig. 4 Test circuit

PACKAGE 1

PACKAGE 2

PACKAGE 3

DETECTED
: OU]‘:)PUT

Fig. 5 Schematic diagram showing configuration of SD Log strip
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SL2524

* -0
17977
® DETECTED
-O
1 OUTPUT
17
I I|9
— —F
4
a3
Yineur outeutY YouTput
470
13
s C L

-6v O— /;7-7100n RESISTOR VALUES IN Ohms
ALL CAPACITORS 1nF UNLESS OTHERWISE STATED

Fig. 6 Circuit diagram for 6-log strip (results shown in figs. 11 to 24 were achieved with this circuit)

Typical characteristics for a dual - stage amplifier (i.e. One SL2524)

14
N
e
12 A
10
. A RN R -55°C
o ~
2 ~ +25°C
z 6 <
& N — _ +125°C
4 ~
2
0
0 100 200 300 400 500 600 700 800 900 1000

I/P LEVEL = -30dBm FREQUENCY (MHz)

LOAD = 50 ohms

Fig. 7 IF Gain vs frequency of 2 amplifiers (One SL2524)
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SL2524
Typical characteristics for a dual - stage amplifier (i.e. One SL2524) cont.

16 16
14 14
7 12 12
@
g 10 10
s
< 8 8 50MHz
2 & e = — . 250MHz
& S ANt T 450MHz
yoo 7 S
< &
z 2 — . 2
0 B /—=r = 0
2 2

65 60 -55 50 -45 40  -35 -30 25 20 15 10 -5 0 5 10
INPUT POWER (dBm)

Fig. 8 Normalised phase vs CW input level at 50, 250 and 450MHz for 5022 O/P termination (25°C)

\.

I/P +10dBm

)
/

0 100 200 300 400 500 600 700 800 900 1000
FREQ = 200MHz RSET (OHMS)

Fig. 9 Detector current vs Rger at 200MHz (25°C)
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Typical characteristics for a dual - stage amplifier (i.e. One SL2524) cont.

IDET (mA)

—
\
\\
\\LRSET = 200 OHMS
\\
\
B RSET = 500 OHMS

0 100 200 300 400 500 600

I/P LEVEL = +10dBm

700 800

FREQUENCY (MHz)

900

1000

Fig. 10 Detector current vs frequency at RSET =2008 and 5006 (25°C)

Typical characteristics for a six stage strip, using detected output (Ref. figs. 5 & 6)

+
()]

+
w

DETECTED OUTPUT (dB)
W o

'
»

0 100

200 300 400 500
FREQUENCY (MHz)

600

700

800
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Fig. 11 Detector bandwidth (25°C)




SL2524
Typical characteristics for a six stage strip, using detected output (Ref. figs. 5 & 6) cont.

0.7 l

06 DIYNAMI(: RANGE AT 60MHz = §7dB
= ' DYNAMIG RANGE AT 125MHz =(67dB /,
= 05 DIYNAMIC RANGE AT 450MHz =|64dB A 1~
5 o AnGE : Ve i i
& DYNAMIC RANGE AT 6Q0MHz =/60dB / / ______
3 o4 Pt —— 60 & 125MHz
Ped g

SO Y S [ R E PP P PRI Z

2 o3 P
i Pl
[« N B =

0.2 Pz

4‘_‘.“
0.1
0
-80 -70 -60 -50 -40 -30 -20 -10 0 +10  +20
INPUT POWER (dBm)
Fig. 12 Detected O/P vs CW input at 60, 125, 450 and 600MHz at 25°C

0.7

0.6
= _."/
> 05 Bz .
o B .--- -55°C
jun} B s
O 04 =7 ——  +25°C
Q g3 <~
i 8~ - —  +125°C
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~ 7
2 A7

0.2 N

_____ P
— -
0.1
0
-80 -70 -60 -50 -40 -30 -20 -10 0 +10 +20
INPUT POWER (dBm)

Fig. 13 Detected OIP vs CW input level and temperature at 60 and 125MHz
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SL2524
Typical characteristics for a six stage strip, using detected output (Ref. figs. 5 & 6) cont.

0.7
0.6
g /"/_::'
A - o
E 05 = e -55°C
a4
5 - +25°C
O 04 T
[@] 5> P °
= A - — — +125°C
O 0.3 . D~ 2
= P
4 A
02 =P
PR Bl -
v— — — -
0.1
0
-80 -70 -60 -50 -40 -30 -20 -10 0 +10 +20
INPUT POWER (dBm)
Fig. 14 Detected O/P vs CW input level at 450 MHz across temperature
+2.0
15 DYNAMIC RANGE = 64dB (WITHIN + 1dB ERROR) I
+1.0 /I
% +0.5
zo': 0 ﬁ\’\ A\ /\_/\
8 -05 /
-l
'1 0 /
'1-5 /
-2.0
-70 -60 -50 -40 -30 -20 -10 0 +10 +20
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Fig. 15 Typical log linearity of detected output measured at 450MHz (25°C)
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Typical characteristics of a six-stage strip as a low phase shift wideband limiter (Ref. figs. 5 & 6)

OUTPUT POWER (dBm)

10

5

0

-30

-35

-40

-45

-50

-110  -100 -90 -80 -70 -60 -50 -40 -30 20 10 0 10 20

INPUT POWER (dBm)

60MHz

— = 500MHz

Fig. 16 IF limiting characteristic at 60MHz and 500MHz (25°C)
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-45

-50

K-,

-110  -100 -90 -80 -70 -60 -50  -40 -30 20  -10 0 10 20

INPUT POWER (dBm)

- — +125°C

Fig. 17 IF limiting characteristic at 60MHz across temperature
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Typical characteristics of a six-stage strip as a low phase shift wideband limiter (Ref. figs. 5 & 6)
10

5

0

-15

-20

1 / ‘ — _ +125°C
-25

-30

OUTPUT POWER (dBm)

-35

-40

-45

-50

-110  -100 -90  -80 -70 -60 -50 -40 -30 20 -10 0 10 20

INPUT POWER (dBm)
Fig. 18 IF limiting characteristic at 500MHz across temperature
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Fig. 19 Small signal gain vs frequency across temperature
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Typical characteristics of a six-stage strip as a low phase shift wideband limiter (Ref. figs. 5 & 6)

PHASE ERROR (degrees)

-10
-12
-14
-16

16
14
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8

——— 250MHz

et - -—

450MHz

-65

-60 -55 -50 -45 -40 -85  -30 25 20 -15 -10 -5

INPUT POWER (dBm)

Fig. 20 Phase deviation vs CW input level (normalised at -30dBm) at 25°C
across input frequency
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Fig. 21 Phase deviation vs CW input level (normalised at -30dBm) at 50MHz
across temperature
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SL2524
Typical characteristics of a six-stage strip as a low phase shift wideband limiter (Ref. figs. 5 & 6)
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Fig. 22 Phase deviation vs CW input level (normalised at -30dBm) at 450MHz
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GEC PLESSEY

[, V4 SEMICONDUCTORS

The SL3145is a monolithic array of five high frequency low
current NPN transistors. The SL3145 consists of 3 isolated
transistors and a differential pair in a 14 lead SO package The
transistors exhibit typical frs of 1.6GHz and wideband noise

ADVANCE INFORMATION
SL3145
1.6GHz NPN TRANSISTOR ARRAYS

figures of 3.0dB The device is pin compatible with the CA3046.

FEATURES

W f Typically 1.6GHz

B Wideband Noise Figure 3.0dB
BV, Matching Better Than SmV

J J J
1 2 3

MP14

Fig.1 Pin connections SL3145

APPLICATIONS
B Wide Band Amplifiers
W PCM Regenerators ORDERING INFORMATION
B High Speed Interface Circuits
B High Performance Instrumentation Amplifiers SL3145 C MP
B High Speed Modems
pam- ——
~ // \\"--~~
//
—
|
I
ol " o 100

COLLECTOR CURRENT (mA)

Fig.2 Transition frequency (f,) v. collector current (V,= 2V, f=200MHz)
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SL3145

ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following test conditions (unless otherwise stated)
Tamb = 22°C + 2°C

Characteristic Symbol Value Units Conditions
i Typ. [ Max.
Static characteristic
Collector base breakdown BVceo 20 30 " lc=10pA E=0
Collector emitter breakdown LVeeo 15 18 v lc=1mA,le=0
Collector substrate breakdown (isolation) BVcio 20 55 \" lc=10pA IR=lE=0
Base to isolation breakdown BVsio 10 20 Vv Is=10pA, lc=E=0
Base emitter voltage Vee 0.64 | 0.74 | 0.84 Vv Vce =6V, Ic = 1TmA
Collector emitter saturation voltage Vce(SAT) 026 | 05 \" Ilc=10mA, I = TmA
Emitter base leakage current leBo 0.1 1 HA Ves = 4V
Base emitter saturation voltage VBe(SAT) 0.95 \" lc=10mA, Is = 1TmA
Base emitter voltage difference, AVee 0.45 5 mV Vce =6V, Ic = TmA
all transistors expect TR1, TR2
Base emitter voltage difference AVee 0.35 5 mV Vce = 6V, Ic = TmA
TR1, TR2
Input offset current Als 0.2 3 HA Vce = 6V, Ic = TmA
(except for TR1, TR2)
Input offset current TR1, TR2 Als 0.2 2 nA Vce =6V, lc = TmA
Temperature coefficient of AVse dAVBE 2.0 uv/eCc
aT
Temperature coefficiient of Vee oVae -1.6 mV/~C| Vce=6V,lc=1mA
aT
Static forward current ratio Hre 40 100 Vce =6V, lc = TmA
Collector base leakage Icso 0.3 nA Vce = 16V
Collector isolation leakage lcio 0.6 nA Vei = 20V
Base isolation leakage Isio 100 nA VeI =5V
Emitter base capacitance Ces 0.4 pF Ves = OV
Collector base capacitance
SL3145 Ccs 0.4 pF Vce = 0V
Collector isolation capacitance Ccl 0.8 pF Vei =0V
Dynamic characteristics
Transition frequency
SL3145 fr 1.6 GHz | Vce=6V,lc=5mA
Wideband noise figure NF 3.0 dB Vce = 2V, Rs = 1kQ
Ic = 100pA, f = 60MHz
Knee of 1/ noise curve 1 KHz Vce = 6V, Rs = 200Q
Ic =2mA

ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are limiting values above Maximum individual transistor dissipation 200 mWatt
which operating life may be shortened or specified parameters Storage temperature -55°C to 150°C

may be degraded. Max junction temperature 150°C
All electrical ratings apply to individual transistors. Thermal
ratings apply to the total package. Package thermal resistance (°C/watt):-
The isolation pin (substrate) must be connected to the most
negative voltage applied to the package to maintain electrical Package Type MP14
isolation. Chip to case 45°C/W
Vces = 20 volt Chip to ambient 123°C/W
VEes = 4.0 volt
Vce = 15 volt NOTE:
Ve =20 volt If all the power is being dissipated in one transistor, these
Ic = 20 mA thermal resistance figures should be increased by 100°C/watt
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ADVANCE INFORMATION

SL3227

3GHz NPN TRANSISTOR ARRAYS

The SL3227 is a monolithic array of the five high frequency
low current NPN transistors in a 16 lead DIL package. The
transistors exhibit typical fr of 3GHz and wideband noise
figures of 2dB. The SL3227 is pin compatible with the CA3127
and SL3127.

FEATURES

B f Typically 3GHz

B Wideband Noise Figure 2.0dB
BV, Matching Better Than 5mV

APPLICATIONS

Wide Band Amplifiers

PCM Regenerators

High Speed Interface Circuits

High Performance Instrumentation Amplifiers
High Speed Modems

ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are limiting values above
which operating life may be shortened or specified parameters
may be degraded.

All electrical ratings apply to individual transistors. Thermal
ratings apply to the total package.

The isolation pin (substrate) must be connected to the most
negative voltage applied to the package to maintain electrical
isolation.

Vce = 10 volt

Ves = 2.5 volt

Vce = 6 volt

Vei = 15volt

Ic =20 mA

Maximum individual transistor dissipation 200 mWatt
Storage temperature -55°C to +150°C

Max junction temperature +150°C

Package thermal resistance (°C/watt)

Package Type MP16
Chip to case 111
Chip to ambient 41

NOTE:If all the power is being dissipated in one transistor,
these thermal resistance figures should be increased by
100°C/watt

Ds3628 - 1.3
16 15 14 13 12 11 10 9
[ r
5 RS t—:"L ™
TRt ™
‘?\’ suB
CJTCIJCJ T LI I T
1 2 3 4 s 6 7 8 MP16
Fig.1 Pin connections - SL3227
ORDERING INFORMATION
SL3227 NA MP
10
=
—; »
810 a
&
u'10.1 1 10 100

COLLECTOR CURRENT (mA)

Fig.2 Transition frequency (f,) v. collector current
(V= 2V, (=200MHz)
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SL3227

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following test conditions (unless otherwise stated)

Tamb = 22°C + 2°C

Static Characteristics

Value

Characteristic Symbol Units Conditions
[Min. | Typ. | Max.
Collector base breakdown BVceo 10 20 Vv lc=10pA
Collector isolation breakdown BVcio 16 40 Vv Ic = 10pA
Base emitter breakdown BVeso 2.5 5.0 Vv le = 10pA
Collector emitter breakdown LVceo 6 9 \Y Ic = 5mA
Collector emitter saturation voltage VCE 41, 022 | 05 Vv lc = 10mA, Is = TmA
Base emitter voltage Vee 0.73 | 0.78 | 0.81 v Vee =2V, Ic = TmA
Base emitter voltage difference, AVse 045 | 50 | mvV | Vee=2V,lc=1mA
all transistors
Input offset current Als 0.2 3 pA Vee =2V, Ic = TmA
Temperature coefficient of Ve AVBE -1.69 mVeC| Vee=2V,lc=1mA
T
Static forward current ratio Hre 35 80 Vce =2V, Ic = 5mA
35 95 Vce =2V, Ic = 0.1mA
40 85 Vce =2V, lc = 1mA
Emitter base leakage leso 15 nA Ves = 2V
Collector base leakage lcso 5 pA Ves = 10V
Collector isolation leakage Icio 5 pA Ve = 16V
Emitter base capacitance Ces 0.7 pF Ves = 0V
Collector base capacitance Ccs 0.4 pF Ve = 0V
Collector isolation capacitance Cci 1.5 2.0 pF Vei = 0V
Dynamic Characteristics
Characteristic Symbol Value Units Conditions
Min. | Typ. [Max.
Transition frequency fr 3 GHz Vce = 2V, lc = 5mA
Wideband noise figure NF 2.0 dB f = 60MHz Vce = 6V
Knee of NF noise curve 1 KHz lc = 1mA
Rs = 1kQ

80




GEC PLESSEY
A v conpucTors]

ADVANCE INFORMATION

SL3245

3GHz NPN TRANSISTOR ARRAY

The SL3245 is a monolithic array of five high frequency low
current NPN transistors. The SL3245 consists of 3 isolated
transistors and a differential pairin a 14 lead SO package. The
transistors exhibit typical fr of 3GHz and wideband noise
figures of 2dB. The device is pin compatible with the SL3045

and SL3145.

FEATURES

B f Typically 3GHz

B Wideband Noise Figure 2.0dB
BV, Matching Better Than 5mV

APPLICATIONS

B Wide Band Amplifiers

B PCM Regenerators

W High Speed Interface Circuits

B High Performance Instrumentation Amplifiers
M High Speed Modems

ABSOLUTE MAXIMUM RATINGS

The absolute maximum ratings are limiting values above
which operating life may be shortened or specified parameters
may be degraded.

All electrical ratings apply to individual transistors. Thermal
ratings apply to the total package.

The isolation pin (substrate) must be connected to the most
negative voltage applied to the package to maintain electrical
isolation.

Vce = 10 volt

VeB = 2.5 volt

Vce = 6 volt

Vei = 15 volt

lc =20 mA

Maximum individual transistor dissipation 200 mWatt
Storage temperature -55°C to +150°C

Max junction temperature +150°C

Package thermal resistance (°C/watt)

Package Type MP14
Chip to case 45
Chip to ambient 123

NOTE:If all the power is being dissipated in one transistor,
these thermal resistance figures should be increased by
100°C/watt

DS3629 - 1.3
14 13 12 11 10 9 8
I I I N o O
sus
RS M
) TR1 TR TR3
CITC T T T T 0
1 2 3 ) 5 6 7 MP14
Fig.1 Pin connections - SL3245
ORDERING INFORMATION
SL3245 NA MP
10
- P~
N ™
810 a
.
o'10_1 1 10 100
COLLECTOR CURRENT (mA)

Fig.2 Transition frequency (f,) v. collector current
(V= 2V, f=200MHz)
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SL3245

ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following test conditions (unless otherwise stated)

Tamb = 22°C + 2°C

Static Characteristics

Value

Characteristic Symbol Units Conditions
[Min. | Typ. | Max.
Collector base breakdown BVcso 10 20 Vv lc = 10pA
Collector isolation breakdown BVcio 16 40 Vv Ilc = 10pA
Base emitter breakown BVeso 25 | 5.0 \% le = 10pA
Collector emitter breakdown LVceo 6 9 Vv lc = 5mA
Collector emitter saturation voltage VCE g, 022 | 05 Vv lc=10mA, I = 1mA
Base emitter voltage Vee 0.73 | 0.78 | 0.81 v Vee =2V, lc = 1mA
Base emitter voltage difference AVee 045 | 50 | mvV | Vee=2V,lc=1mA
(except TR1, TR2)
Base emitter voltage diference AVee 033 ]| 50 | mv | Vee=2V,lc=1mA
TR1, TR2
Input offset current (except TR1, TR2) Als 0.2 3 uA | Vee=2V,lc=1mA
Input offset current TR1, TR2 Als 0.2 2 pA Vce =2V, lc=1mA
Temperature coefficient of Vse AVae -1.69 uvrec| Vee=2V,lc=1mA
T
Static forward current ratio Hte 35 80 Vce =2V, Ic = 5mA
35 95 Vce = 2V, Ic = 0.1mA
40 85 Vce =2V, lc = TmA
Emitter base leakage leso 10 nA Ves = 2V
Collector base leakage Icso 5 pA Ves = 10V
Collector isolation leakage (TR1-TR4) Icio 10 pA Vei = 16V
Collector isolation leakage (TR5) lcio 10 pA Vci = 5V
Emitter base capacitance Ces 0.4 pF Ves = OV
Collector base capacitance Ccs 0.4 pF Ve =0V
Collector isolation capacitance Cci 1.4 2.0 pF Ve =0V
Dynamic Characteristics
Characteristic Symbol Value Units Conditions
Min. | Typ. [Max.
Transition frequency fr 3 GHz | Vce=2V,lc=5mA
Wideband noise figure NF 2.0 dB f=60MHz  Vcc=6V
lc=1mA
Knee of NF noise curve 1 kHz Rs = 1kQ
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GEC PLESSEY APRIL 1994
__J ADVANCE INFORMATION
D.S. 3534 2.0
500MHz 75dB LOGARITHMIC / LIMITING AMPLIFIER
(Supersedes Edition in Professional Products IC Handbook May 1991)
The SL3522 is a monolithic seven stage successive
detection logarithmic amplifier integrated circuit for use in the
100MHz to 500MHz frequency range. It features an on—chip
video amplifier with provision for external adjustment of log ne exdd 28 RF P+
slope and offset. It also features a balanced RF output. The Ne e 2 27 RFUP-
SL3522 operates from supplies of +5V. vee © 26 Vee
GND ©€X3(4 2! GND
Vee £ 5 24 Vee
FEATURES - 23 GND
M 75dB Dynamic Range rorpane o s ol s
M Surface Mount SO Package RFOP- X 9 20 VIDEO Ve
W Adjustable Log Slope and Offset aromve oo v ST
B 0dBm RF Limiting Output VIDEOOP Ve € 12 17 OFFSET ADS
M 60dB Limiting Range ViDEOOP £X 13 16 VIDEO GND
W 2V Video Output Range VIDEOO/PVee CX} 14 15 VIDEO Ve
"M Low Power (Typ. 1W)
M Temperature Range (Tcasg): —55°C to +125°C Mc28
' Fig. 1 Pin connections — top view
APPLICATIONS
W Ultra Wideband LOQ Receivers ORDERING INFORMATION

u Channelised'and Monopulse Radar SL3522 A MC (Miniature Ceramic package)
M Instrumentation SL3522 C MC (Miniature Ceramic package)
SL3522 NA 1C (Probe-tested bare die)
(Also available: SL3522 AA MC screened to GPS HI-REL
ABSOLUTE MAXIMUM RATINGS level A. Contact GPS sales outlet for a separate data sheet.)
Supply voltages +6.0V
Storage temperature —-65°C to +175°C ESD PROTECTION
Junction temperature +175°C To achieve the high frequency performance there are no
Thermal resistance ESD protection structures on the RF inputpins (27, 28). These
Die-to—case 15.5°C/W pins are highly static sensitive, typically measured as 250V
Die~to—ambient ) 76.5°C/W using MIL-STD-883 method 3015. Therefore, ESD handling
Applied DC voltage to RF input +400mV precautions are essential to avoid degradation of
Applied RF power to RF input +15dBm performance or permanent damage to this device.
RF RF O
O/P- O/P+ Vcc
RF -~~~ T T T T T TTTTTTTTTTTTTT T o] 10] 4]
p- NG NG NG NG NG NG
I 2 2 2> a1 P 2 op
re | ” ” ” ” ” 50 GND
P+ |28 | vibeo
| } ¥ 13) ouT
NEIREIRETRE: y e
| ' Vee
I I l l l I I VIDEO GAIN VIDEO
| ADdosT 15°| Vec
|
L —_— 19] 181 17 __!
3,5,7,20,22,24,26 V, GAIN OFFSET
4,6,8,21,23,25GND" ADJ A]Ra||Rf]Ro ADJ

Fig. 2 Functional block diagram
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SL3522
ELECTRICAL CHARACTERISTICS

The electrical characteristics are guaranteed over the following range of operating conditions, using test circuit in Fig. 3 (unless

otherwise stated):

Temperature range: Military: SL3522 A MC, SL3522 NA 1C 55°C to +125°C (Tcasg)
Commercial: SL3522 C MC 0°C to +70°C (Tcask)

Supply voltage: Vge: +4.50V to +5.50V (all grades)
VEg: —4.5V to —5.50V (all grades)

Frequency =100MHz to 500MHz

Rg, Ro, Rt =1.5KQ

Video output load  =2009//20pF

Test conditions (unless otherwise stated):

Temperature: SL3522 A MC: +25°C, +125°C & -55°C (TcasE)
SL3522 C MC: +25°C
SL3522 NA 1C +25°C
Supply voltage: Ve = +5.0V, Vgg=-5.0V
Value
Parameter Pin Units Conditions
Min Typ Max
Positive supply current 14,15 28 35 mA Vee= +5.0V
(quiescent)
Negative supply current ALL Vge 150 175 mA Vgg=-5.0V See note 1
(quiescent) Pins 180 210 mA Vee=-5.0V See note 2
Dynamic range 75 dB 100 to 400MHz See note 1, 3
70 dB See note 1, 4
Linearity -1 +1 dB Tcase =-55°C
-1 +1 dB Tease = +25°C
-1.25 +1.25 dB Tcase =+125°C
Video output range 13 1.30 1.75 2.00 \
Video slope 13 18 21 24 mV/dB
Video slope variation 13 -5 +5 % See note 5
Video slope adjust range 13 +20 +30 % Rg=1kQ to 2.2kQ
Video offset 13 -0.1 +0.25 +0.5 \"
Video offset variation 13 -0.5 mV/°C | Tcase=+25°C
Video offset adjust range 13 +0.5 \ Ro=1kQ to 2.2kQ
Video trim reference 17, 18, -0.59 -0.54 -0.49 \
voltage 19
Video output impedance 13 10 Q See note 8
Video rise time 13 16 ns 10% — 90% (60dB step)
See note 7
Input VSWR 27,28 1.5:1 Zs = 50Q See note 7
RF bandwidth 9, 10 450 Mhz Tcase = +25°C RFjy =-=70dBm
See notes 2, 7
RF limiting range 9,10 60 dB See notes 2, 6, 7
RF limited output level 9,10 -3.0 -1.0 +1.0 dBm R1 =50Q single ended
See note 2
RF output impedance 9,10 50 Q Single ended See notes 2, 8
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ELECTRICAL CHARACTERISTICS(cont.)

SL3522

Value
Paramet Pi Units Conditions
er n Min Typ Max '

Phase variation with RF 15 Degrees |Freq= 300MHz RFy = -60 to
input level +10dBm See notes 2, 7
Phase tracking between 3 Degrees | Tcase = +25°C FREQ=300MHz
units See notes 2, 7

Notes

1. RF output buffer OFF (pin 8 disconnected from 0V)

2 RF output buffer ON (pin 8 connected to 0V)

3 Minimum dynamic range under any single set of operating conditions

4 Log linearity guaranteed for pin = —64dBm to +6dBm for ALL supply, temperature and frequency conditions

5 Full range of supply, temperature and frequency conditions k

6 Input limiting range typically ~50dBm to +10dBm

7 Not tested, but guaranteed by characterisation

8 Not tested, but guaranteed by design

The SL3522 CANNOT be GUARANTEED to operate below 100MHz and meet the electrical characteristics shown above.
However, characterisation has shown that the device can still function adequately down to frequencies of 50MHz, with the following
reservations:—

1) The video bandwidth is fixed to approx 40MHz a certain amount of carrier breakthrough on the video O/P (pin 13) will occur,
with input signal frequencies below 100MHz.

2) There are 2 RF coupling capacitors (20pF) on—chip, which couple the output signal from stage 3 to the input of stage 4 (ref
Fig. 24). These can introduce undesirable limiting phase performance for input signal frequencies below 100MHz.

E@ RF INPUT

- not recommended in Application (see Para 3C)

RT +5V Vcc
1k5 ——
GAIN oFFsET | b
1 L1 L2 ADJUST ADJUST
))lr e Rg 2k2 Ro 2k2
ANZAC
TP101 10n
5 4 10n 1
o H . —
10n
28 27 26 25 24 23 22 21 20 19 18 17 16 15
31
> L3552
1 2 3 4 5 6 7 8 9 10 " 12 13 14
] 7 o
’—I F I == 10n
10n \ 1on s
T T 470 VIDEO
swi| tn | in zoo[I] 18p ouTPUT
100
M ”I’
——
+5V Vge 5r- }
ANZAC
NOTES TP101
1. Inductors L1 to L5 =3 TURNS 1 a3
30SWG on Ferrite bead.
2. D.U.T. mounted in a test socket
— ENPLAS OTS-28-1.27-04 ;;b
3. Transmission line BALUNS used

@'.'I RF OUTPUT

Fig. 3 Test circuit
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SL3522
PRODUCT DESCRIPTION

The SL3522 is a complete monolithic successive detection
Log/limiting amplifier which can operate over an input
frequency range of 100MHz to 500MHz. Producing a log/lin
characteristic for input signals between —64dBm and +6dBm,
the log amplifier can provide an accuracy of better than
+1.00dB at case temperatures of -55°C and +25°C and an
accuracy of better than +1.25dB at +125°C. The dynamic
range is better than 75dB over a frequency range of 100MHz
to 400MHz. The graph in fig 4 shows how the dynamic range
is guaranteed over frequency.

The SL3522 consists of 6 Gain stages, 7 Detector stages,
a limiting RF Output buffer and a Video Output amplifier. The
power supply connections to each section are isolated from
each other to aid stability.

The SL3522 consumes 1.1W of power when ALL parts of
the circuit are powered up from a + 5.0V power supply. As the
circuit uses a differential architecture, the power consumption
of the RF gain/detector stages and RF Output Buffer will be
independent of RF input signal level. However, the Video
Output (pin 13) is driven by a single ended emitter follower and
so the power consumption of the Video amplifier will vary with
RF input signal level between pins 27 and 28.(upto 10mA over
2V video output range with max video load of 200Q//20pF)

The SL3522 has a high RF gain (>50dB) across a wide
bandwidth (>450MHz) when the limiting RF Output Buffer is
enabled. The limiting RF Output Buffer provides a balanced
Limited Output level of nominally —1.0dBm on each RF Output
connection (pin 9 and 10), for RF input signal levels on pins 27
and 28 in excess of —-50dBm.

The limiting RF Output Buffer can be isolated fromthe other
sections of the SL3522, by disconnecting the RF Output Buffer
GND (pin 8) from 0V, and leave the pin floating. This feature
aids stability in applications NOT requiring a Limited RF
Output signal, and lowers the power consumption of the
SL3522t0 0.95Watts, when the other sections are powered up
from a+ 5.0V power supply.

Each of the Gain and Detector stages has approximately
12dB of gain, and a significant amount of on—chip RF
decoupling (200pF per stage), also to aid stability.

The Video amplifier provides a positive going output signal
proportional to the log of the amplitude of an RF input applied
between pins 27 and 28. The gain and the offset of the Video
amplifier can be adjusted by 3 resistors; Rg, Ry, and Rg which
are connected to Gain adjust (pin 19),Trim reference (pin 18)
and Offset adjust (pin 17). With Ry set to 1.5kQ, Rg can be set
to any value between 1kQ2 and 2k2Q and achieve a range in
Video Slope of + 20%, centred on 21mV/dB. Similarly, Ro can
be set to any value between 1kQ2 and 2.2KQ and achieve an
offset range of + 0.5V, which should allow the Video Offset to
be trimmed to OV if required.

The RF input pins (27 and 28) have a 50Q terminating
resistor connected between them on—chip. These are
capacitively coupled to the I/P gain stage with 20pF on—chip
capacitors. (Refer to APPLICATION' NOTES section for
information on how to connect an RF input signal to the
device).

100
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80 T Y =
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70 L Y .. ¢2.50c ha
] s2s°C _|
“Minimum
guaranteed 50
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30
20
10
o 100 200 300 400 500 600 700 800
Fi?. 4 Plot showing guaranteed dynamic ral:fqe v. frequency
(typical achievable dynamic range lines indicated across temperature)
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APPLICATION NOTES

1) VIDEO-AMPLIFIER

The SL3522 uses a single ended Video amplifier to
produce a trimmable Video transfer characteristic. Both the
gain (Slope) and Offset of the amplifier can be externally
adjusted.

a) Gain and Offset trimming (ref Applications
circuits in figs 5 and 6)

The Gain and Offset control is achieved by adjusting Rg
and Rg respectively. The control is dependent upon their
difference from the Trim reference resistor, Rt.

Adjustment of Gain has an effect on Offset, but adjustment
of Offset does NOT affect the Gain. Therefore the Gain should
be optimisedfirst. The Offset should only be adjusted once the
Gain has been set.

Fig 7 shows the variation of Video Offset with value of Rg,
for a fixed value of Rt and Rg = 1k5Q.

Fig 8 shows the variation of Video Slope with value of Rg,
for a fixed value of Rt and Rg = 1k5Q.

The Video amplifier incorporates temperature
compensation for Video gain (Slope). To ensure temperature
stability for Video gain (Slope) over the operating temperature
range, it is recommended that the resistors with identical
temperature coefficients of resistance are used for Ry and Rg.

The Video amplifier does NOT incorporate temperature
compensation for Video Offset. Although it is recommended
that a resistor with identical temperature coefficient of
resistance to Ry be used for Rp, it may be necessary to use
an additional external temperature compensating network.

b) Video performance

The Video—amplifier has a critically damped rise time of
16ns (10% — 90%).In order to achieve this transient
performance, it is important to ensure that:—

i) the resistor connected to Trim reference (pin 18), has a
nominal resistance of 1.5kQ, with a parasitic capacitance
LESS than 5pF.

ii) the load applied to the Video Output (pin 13) does NOT
exceed 200Q resistance in parallel with 20pF.

Also, the following decoupling should be incorporated:—

i) The Video Output V¢ (pin 14) should be decoupled with
a 10nF capacitor to the RETURN line from the video load,
connected to Video GND (pin 16), avoiding any common
impedance path.

ii) The Video Output Vee (pin 12) should be decoupled with
a 10nF capacitor DIRECTLY to Video—Output Vcc (pin 14).

2) SL3522 AS A LOG AMPLIFIER
with RF output buffer disabled (pin 8 floating)

If the SL3522 is to be used as a Logarithmic successive
detection amplifier only, with no requirement for a limited RF
Output, the RF input (pins 27 and 28) can be driven EITHER
differentially or single ended from a 50Q source. If being used
with a single ended input, the SIGNAL should be appliedto pin
27 andthe RETURN should be connected to pin 28, as shown
in the Application circuit diagram in Fig 5.

The SL3522 is VERY stable when used in this way.
Although not a crucial requirement, it is recommended that the
device should be mounted using a ground plane.

SL3522

3) SL3522 AS A LOG/LIMITING AMPLIFIER
- with RF Output-Buffer ENABLED (pin 8 con-
nected to GND)

If the SL3522 is to be used as a Limiting or Log/limiting
amplifier with a requirement for a Limited RF Output signal,
care is required in the layout of components and connections
around the device to ensure stability. The following
precautions should be observed (refer to Application circuit
diagram in Fig. 6):-

a) The device should be mounted on a ground plane,
ensuring that the impedance between the ground plane and
ALL the GND pins is kept as low as possible. If a multilayer
PCB is used where the ground plane is connected to the GND
pins using through—plated holes (vias), it is essential to ensure
that the vias have a very low impedance. ALL supply
decoupling capacitors should be RF chip capacitors whose
leads should be kept as short as possible.

b) The RF Vgg connections (pins 3,5,7,11,20,22,24,26)
should be connected to a low impedance copper plane. A two
layer PCB should help to achieve this.

¢) The RF input (pins 27 and 28) should be driven with a
balanced source impedance. One way of achieving this is to
use an isolating BALUN transformer (50Q UNBALANCED —
50Q BALANCED) connected between the signal source and
the RF input pins. (e.g. Mini circuits TT1-6, TO ~75). The
device stability is VERY sensitive to an imbalance of the
differential source impedance at pins 27 and 28. Use of a
transmission line BALUN though, is NOT recommended.

d) The RF Output connections (pins 9 and 10) should each
be loaded with matched impedances ideally 50Q transmission
lines. The RF Output lines leading away from the device
shouldbe balanced. Driving highly reactive SWR loads is NOT
recommended as these can encourage device instability, as
can an imbalance of the differential load impedance at pins 9
and 10.

e) The RF Output connections (pins 9 and 10) are DC
coupled, and ideally the output pins should be capacitively
coupled to their loads using 1nF capacitors. However the RF
Outputs can drive a DC load to GND and a DC offset of approx.
400mV will exist on each RF Output pin. IT WILL NOT BE
POSSIBLE TODISABLE THE RF OUTPUT BUFFERUNDER
THESE CONDITIONS.

f) The RF output (pins 9 and 10) has a tendancy to limit on
self noise, particularly at low ambient temperatures (-55°C),
when the RF output buffer is enabled.

NOTE that this will effect the liminting range as the gain of the
RF output buffer will reduce as the amount of noise limiting
increases.

If required the limited RF Output can be attenuated using
an attenuation network as shown in fig. 9. Under these
conditions the effective RF Output currents will be reduced,
allowing the device to operate with a greater margin of
stability.It may be possible to run the device without a BALUN
transformer on the RF input if the total output impedance on
the RF Output > 50Q, and the attenuation components are
mounted as close as possible to the RF Output connections
(pins 9 and 10). The RF input connection could then be
configured as in Fig 5.

87



SL3522

;—‘f i | [ | A

2 26 25 24 23 22 21 20 19

18

17 16 15

GAIN OFFSET +5V Ve
ADJUST Ry  ADJUST ——
Rg2k2 1k5 Ro2k2

RF INPUT

RF OUTPUT

) SL3522
1 2 3 4 5 6 7 8 9 10 1" 12 13 14 VIDEO
IR T B [ %
1on VIDEO
" LgADlNoG
. >>20
—— 10n 10n c=20p
-5V Vge
Fig. 5 Application circuit successive detection logarithmic function only
RF INPUT GAIN OFFSET +5V Voo
ADJUST R ADJUST —p—
Rg 2k2 1k! Rp 2k2
Y 10n 10n 10n ;,;,
v | HHA | [F|AHH s
28 27 26 25 24 23 22 21 20 19 18 17 16 15
) SL3522
1 2 3 4 5 6 7 8 9 10 1" 12 13 14
VIDEO.
»  H > ol - l Sl
0n 7 ih== ==1n
VIDEO
-i- T " LgAgg‘:)G
b >
—— 10n 10n cza op
=5V Vge

Fig. 6 Applications circuit — Log / Limiting function




SL3522

1.25

1.00

75

pd

0.00
-25

=% —— =55'C [

“ Video offset (V)

+25°C

-.50

~75 ="

7
/

+125°C

-1.00

1000 - 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200

Offset-adjust resistor (ohms)

Fi

ig. 7 Video offset v. offset-adjust resistor (pin17 to GND) across temperature

30

8BS

-55°C |

26 =4

— +25°C

24

S

+125°C |

22

b
y,

20

18

16

Video slope (mV/dB)

14

12

10

1000 1100 1200 1300 1400

1500 1600 1700 1800 1900 2000 2100 2200
Gain-adjust resistor (ohms)

Fig. 8 Video slope v. gain-adjust resistor (pin19 to GND) across temperature

RF O/P-|9

RF OIP+‘1‘2__.|

SL3522

RF O/P GND|8

R1 []FH

¢—o0
—o0

- |

r

Fig. 9 Network for attenuating limited RF output

89



SL3522

A PRACTICAL APPLICATION FOR THE SL3522
AS A LOG/LIMITING AMPLIFIER

The SL3522, with the RF Output-Buffer ENABLED, has a
large limited RF Output level (0dBm on each of two RF Output
pins (9 and10)) and a wide RF bandwidth (450MHz) in a small
28 pin Miniature Ceramic S.O package. As a result, there is a
tendency for the device to become unstable unless care is
used in the application.

The PCB layout for a "SL3522 DEMONSTRATION
BOARD” in Fig. 11 has proved reliably stable. The PCB is a
double layer Fibre epoxy board which uses SMDs where
possible. A circuit diagram for the Demonstration PCB
appears in Fig. 10.

The following points should be noted when this application
is realised practically:—- )

1) A wire needs to connect the two pads connected to pins
14 and 15 of the SL3522, to allow +5V to appear at both pins.

2) ALL the GND connections to the SL3522 are made
through the PCB to a Ground plane on the bottom side. It is
important to ensure that the impedance of each of these
connections is kept to an absolute minimum to prevent
instability. If these connections are achieved using through
plated holes, it is recommended that they are filled with solder
to lower their impedance.

3) The PCB is configured to accept SMA, SMB or SMC
connectors for the RF input, RF Output and Video Output
connections. These can be changed if necessary to an
alternative type, but it is vital to ensure that the ground plane
is solidly connected to the Guard Ring which surrounds the RF
Output tracks.

4) The PCB is configured to accept a small surface
mounting DC isolating BALUN transformer (.9 VANGUARD
VE43666, available from Vanguard Electronics Company Inc,
1480 West 178th St. GARDENA, C.A. 90248, U.S.A. Tel:—
U.S.A. (213) 323 — 4100) to couple a signal into the RF input
connections (pins 27 and 28). It is NOT recommended to
attempt operating the SL3522 with the RF Output Buffer
enabled, WITHOUT using an input BALUN, although it may be
possible, provided the input source impedance to both pins 27
and 28 remains balanced. The centre tap of the secondary
winding of the transformer should be soldered to the small
ground plane on the upper side of the PCB.

5) The RF Output connection to the PCB is from pin 9 of the
SL3522 only, with pin 10 being terminated on the PCB using
a 51Q resistor. It is important to ensure that both pin 9 and10
are terminated with equal impedances.

6) The RF Output Buffer can be enabled by soldering a link
(LK) between pin 8 of the SL3522 and the adjacent guard track
around the RF Output lines. Similarly, the buffer can be
disabled by removing the same link. When the buffer is
disabled, the following components can be omitted:—

1nF capacitors (C1, C2)

10nF capacitor (C8)

51Q resistor (Rgo)

7) The Slope (gain) and Offset of the Video Output can be
adjusted using two 1kQ trimmers, provision for which is
included in the PCB layout.

The plots in Fig. 12to fig. 23 are typical of the performance
of SL3522 devices used with the PCB layout detailed in Fig.11.

+5V Ve
—T—
GAIN oFFseT | b
RF INPUT ADJUST ADJUST
m VRg 1k VR 1k
Cc3 Cc4 R R R, Cc5
'”I’ - I 1w ud| R -
10n 10n 10n
28 27 26 25 24 23 22 21 20 19 18 17 16 15
D SL3522
1 2 3 4 5 6 7 8 9 10 1 12 13 14 VIDEO
c9 c8 OUTPUT
- 9’3 10n I LY
LK " 1
10n -t C1 50
0|
51° c7
10n
i}
VIDEO LOADING ,,L = ce
A R=200 RF OUTPUT”;@ ; 10n
-5V Vge C=<20p
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91



SL3522

2
1.75
1.5
1.25
e
a
o
° 1
w
o
>
0.75
05 //' o —— -55°C
- P ",-’ +25°C
0.25 F====—== F .-~ +125°C
o —
-90 -80 -70 -60 -50 -40 =30 =20 -10 0 10
RF input power (dBm)
Fig. 12 Video O/P vs CW input level at 325MHz across temperature (Ve = + 5.0V, Vgg = - 5.0V)
8
—— =55°C
+25°C 1‘
6 ot
--- +125°C ||/
.
PR LY - . TN v
— P 4 ~ »° . Pl \ e
c . e Lt T /
S / /
o K
w 2 ’
[} N /
[4)
g f /
0 - ) = Nl e U N f;
/ A NA N NS N1 /
] [/
_2 - o~ /4 — < /’\\ ,"’\ l, ‘\\ /’
/ b~ N/ / N -
/ -7 ~ \\/
y
-4
-70 -60 -50 -40 -30 -20 -10 0 10
RF input power (dBm)

92

Fig. 13 Video O/P log—-error, (referenced to single straight line measured at 325MHz, +25°C, 5.0V PSUs) across
temperature
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Fig. 17 RF input — output limiting transfer characteristic at Frequency = 100MHz
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Fig. 21 Limiting phase (300MHz) normalised at -30dBm
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1. All pads with square cross—section =120um X 120um
2. All pads with octagonal cross—section =100um X 100pum
3. Chip is passivated with polyimide
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z[]
: O« s
mE O =[]
Qu »0 | E
O Jullk !
O Ost
Os
5 6 7 8 9 10 112 13 W 15 16 17 18 19 2 21 22
0ooago 0o oo oo |
5.480mm
TO SCALE
TERMINALS ((X) DENOTES MC PACKAGE PIN NUMBER)
1 | Video O/P (13) 14 | Vee 5A (22) 27 | Test point 40 | Vge 5B (7)
2 | Video O/P V¢ (14) 15 | Vgg 4A (22) 28 | Vge 1B (3) 41 | RF BUF O/P GND (8)
3 | Gain Vg (15) 16 | GND 4B (23) 29 |GND 1B (4) 42 | RF BUF O/P GND (8)
4 | Video GND (16) 17 | GND 3A (23) 30 | GND 2B (4) 43 | RF O/P - (9)
5 | Offset ADJ (17) 18 | VEg 3A (24) 31 | VEg 2A (5) 44 | RF O/P + (10)
6 | Trim REF (18) 19 | VEg 2A (24) 32 | Vee 3A (5) 45 | RF BUF O/P Vgg (11)
7 | Gain ADJ (19) 20 | GND 2A (25) 33 | GND 3B (6) 46 | Video O/P Vgg (12)
8 | Gain Vgg (20) 21 |GND 1A (25) 34 | Test point 47 | Test point
9 | Test point 22 | Veg 1A (26) 35 | Test point 48 | Test point
10 | Test point 23 | Test point 36 | Test point 49 | Test point
11 | Vee 6A (20) 24 | RF I/P signal (27) 37 | Test point 50 | Test point
12 | GND 6A (21) 25 | Test point 38 | GND 4B (6) 51 | Test point
13 | GND 5A (21) 26 | RF I/P return (28) 39 | Veg 4B (7) 52 | Test point
NOTES

Fig. 25 SL3522 pad map for bare IC dice
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[ P SEMICONDUCTORS

ADVANCE INFORMATION

D.S. 2159 3.0

SL6140

400MHz WIDEBAND AGC AMPLIFIER
(Supersedes Edition in May 1991 Professional Products I.C. Handbook)

The SL6140 is an integrated broadband AGC amplifier,
designed on an advanced 3—-micron all implanted bipolar
process. The amplifier provides over 15dB of linear gain into
50Q at 400MHz.

Accurate gain control is also provided with over 70dB of
dynamic range.

The SL6140 provides over 45dB of voltage gain with an R
of 1kQ.

FEATURES

400MHz Bandwidth (R =50Q)
High voltage Gain 45dB (R =1kQ)
70dB Gain Control Range

High Output Level at Low Gain
Accurate Gain Control .
Full Military Temperature Range (CM only) cms
MC1590 Replacement with Improved
Perforance in most applications

OuUTPUT

INPUT [T |1 8
Ve @M
GROUND [T

OUTPUT
GROUND
INPUT

APPLICATIONS —
B RF/IF Amplifier weur (5
M High Gain Mixers
B Video Amplifiers

HHHH

AGC INPUT

MP8

Fig. 1 Pin connections top view

ORDERING INFORMATION
SL6140/NA/MP Industrial temperature range miniature plastic package.
SL6140A/CM Military temperature range metal can package.
SL6140AC/CM MIL STD 883 “Class B” compliant metal can packaae.

+VCC
;;I.DpF +VCC
Fm—————=——————n
I | R | IR,
| | 10n
10n 1
13 OUTPUT
{0 ————
e A ' =
AGC 12 I
INPUT ' SL6140 1
10n 10n
IMDHT (g “-—(!\1 1 l T} ey
.mu.; i 1 ¢ {—op ouTPUT
1 I ,,,ﬁ,
1 1
| L) VN ) S

Fig.2 Typical application (CM pinout)
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ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated)

SL6140

Tamb=25°C, Ve =12V £5%, Viy =1mVRus, Frequency =6MHz, Load (R) = 1KOHms, Rpgc =22KOHm

Value
Characteristic Pin - o Units Conditions
Min Typ Max
Supply current 56,7 19 23 mA No input signal
Output stage current 56 5 7 9 mA No input signal
(sum)
Output current matching 5,6 1.0 mA See note 2
(magnitude of difference of output
currents)
AGC range 2 60 75 dB See Fig. 4 & Note 1 (VAGC =0V to
10V)
S 5,6 40 45 dB Ry =1kQ See Fig. 5 & Note 1
Voltage gain (single ended) 55 dB Tuned input and Output
5,6 15 dB R, =500
Bandwidth (-3dB) 56 25 MHz | RL=1kQ See Fig. 5 See note 2
400 RL=50Q

Maximum output level (single
ended)

0dB AGC 5,6 25 35 Vp-p |Note1

-30dB AGC 56 25 35 Vp-p |RL=1kQ.Note 1
Noise figure 56 5 dB Test CCT Fig. 13
Gain change with temp. 56 +45 dB At -55°C W.R.T R/T See note 2

Vagc =9V 56 -3 dB At +125°C W.R.T R/T See note 2
Gain change with temp. 56 +2 dB | At-55°C W.RT R/T See note 2

Vagc=10V 56 -3 dB At +125°C W.R.T R/T See note 2

Note: 1 Guaranteed but not tested for MP package
Note: 2 Guaranteed but not tested

DESCRIPTION

The SL6140 (Fig. 3) is a high gain amplifier with an
AGC control capable of reducing the gain of the amplifier
by over 70dB. The gain is adjustable by applying a
voltage to the AGC input via an external resistor (Ragc),
the value of which adjusts the curve of gain reduction
versus control voltage (see Fig. 4). As the output stage of
the amplifier is an open collector the maximum voltage
gain is determined by R;. With load resistance of 1kQ the
single ended voltage gain is 45dB and with a load
resistance ‘of 50Q the voltage gain is 15dB (20logqq
Vout/Vin)-  Another parameter that depends on the load
resistance is the bandwidth: 25MHz for R_=1kQ, as
compared with 400MHz for R =50Q. R, is chosen to give
either the required bandwidth or voltage gain for the
circuit.

Figs. 7 through to 10 show the typical S parameters
for the device. Figs 11 and 12 show the typical variation
in 3rd order intercept performance with AGC.

In any application, the substrate (pin 4 in CM 8, pin 7
in MP 8) should be connected to the most negative point
in the circuit, usually to the same point as pin 8 (pin 3 in
MP 8).

ABSOLUTE MAXIMUM RATINGS

Supply voltage, Vgc
Input voltage (differential)

AGC supply

Storage temperature

+18V

+5V

Vee

-55°C to +150°C

Operating temperature range
SL6140 MP

SL6140 A CM

-40°Cto +85°C
-65°Cto +125°C

at 200mW

Chip operating temperature

SL6140 MP +150°C

SL6140 (CM variants) +175°C

THERMAL RESISTANCE

Chip-to-ambient

SL6140 MP 163°ciw

SL6140 (CM variants) 225°C/W
Chip-to-case

SL6140 MP 57°C/W

SL6140 (CM variants) 65°C/W
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Fig. 3 Full circuit diagram of SL6140 (CM pinout)
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Fig.10 Forward transmission coeficients Sy, SL6140
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Fig.11 3rd Order intercept point against gain reduction at 250.0Mhz and 254.0MHz
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VARIABLE CAPS 3-25pF
L1 7TURNS # 18 SWG
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8mm DIA 16 mm LONG
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Fig.13 50MHz Noise figure test circuit CM package)
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ZN414Z & ZN416E :

AM RADIO RECEIVERS

The ZN414Z is a 10 transistor tuned radio frequency (TRF)
circuitpackagedin a3-pin TO-92 plastic package for simplicity
and space economy . ZN414Z

Thecircuit provides acomplete R.F. amplifier, detectorand
AGC circuit which requires only six external components to
give a high quality A.M. tuner. Effective AGC action is INPUT
available and is simply adjusted by selecting one external OuUTPUT
resistor value. Excellent audio quality can be achieved, and Vee) ~ ~GROUND
current consumption is extremely low. No setting-up or
alignment is required and the circuit is completely stable in
use.

The ZN416E is a buffered output version of the ZN414Z
giving typically 120mV (r.m.s.) output into a 64Q load.

PLASTIC (TO-92)

FEATURES

B Single cell operation (1.1 to 1.6 volt operating range)
B Low currentconsumption

B 150kHz to 3MHz frequency range

(i.e. full coverage of medium and long wavebands)
Easy to assemble, no alignment necessary ZN416E
Simple and effective AGC action

Will drive crystal earphone direct (ZN414Z)
Will drive headphone direct (ZN416E)
Excellent audio quality

Typical power gain of 72dB (ZN414Z)
Minimum of external components required

DP8
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DEVICE SPECIFICATIONS

(T = 25°C, V. = 1.4V. Parameters apply to all types unless otherwise specified)

ZN414/416E

Parameter Min. Typ. Max. Units
Supply voltage, V. 1.1 1.3 1.6 Volts
Supply current, | ZN414Z 0.3 0.5 mA
with 64Q
headphones ZN416E 4 5 mA
Input frequency range 0.15 3.0 MHz
Input resistance 4.0 MQ
Threshold sensitivity (Dependant on Q of coil) 50 uv
Selectivity 4.0 kHz
Total harmonic distortion 3.0 %
AGC range 20 dB
Power gain (ZN4142Z) 72 dB
Voltage gain of output stage ZN416E 18 dB
Output voltage into 64Q load ZN414Z 60 mVpp
before clipping ZN416E 340 mVpp
Upper cut-off frequency of output stage,
No capacitor, (ZN416E) } 20 kHz
With 0.01uF between pin 7 and 0V (ZN416E) 10 kHz
Lower cut-off frequency of output stage }
0.47uF between pins 2 and 3 for ZN416E 50 kHz
ZN414Z 40 mV
Quiescent output voltage ZN416E 200 mV
Operating temperature range 0 70 °C
Maximum storage temperature -65 125 °C
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ZN414/416E

The ZN4142Z is within the dolled area
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Fig.1 ZN414Z System Diagram
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ZN414/416E

ZN414Z CHARACTERISTICS - All measurements performed with 30% modualtion, FM = 400Hz

O T T
70t 100k RL  +Vec
00w —3—o / \
60}
750 L{zN4ieZ Your / _44.\
5 %Oor owT @ / AN
; N
‘l 40 N EEE // \
Q.
3 il SN a N
- 30 A\
5 Vee = 14 Volts
o fc = 455kMHz f \
20 tmodulated = 400Hz+- N N
Modulation = 30% y / N@&( =100a \
10
4 N
‘ﬂ >
0 el \\-
0p 00 m 1om 100m
YIN (rms) Voits
Fig.3 Gain and AGC characteristics
See operating notes for explanation of AGC action.
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/ on Input
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4 Ny \2mY
0 A S
0 00K m 10m
fc - (H2)

Fig.4 Frequency response of the ZN414Z

Note that this graph represents the chip response, and
not the receiver bandwidth.

111



ZN414/416E

ZN414Z CHARACTERISTICS - (Continued)

Input Voltage - Volts rms.

EEEEEEEEE
0 Input Frequency = IMHz
;o‘ Modulation Frequency = 400 Hz
E 30 Moduiation Depth =30%
o~ Vin = 05a¥ rms.
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o CL=01uF
'i 20
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.‘33' A
3 1
0 Lttt
09 10 1B} 12 13 14 15
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Fig.5 Gain variation with supply volts.
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LAYOUT REQUIREMENTS

As with any high gain R.F. device, certain basic layout rules
must be adhered to if stable and reliable operation is to be
obtained. These are listed below:

1. The output decoupling capacitor should be soldered as
near as possible to the output and earth leads of the
ZN414Z, Furthermore, its value together with the AGC
resistor (Racc) should be calculated at =4kHz, i.e.:

C (farads) = 1
2n . Racc . 4.10°

2. Allleads should be kept as short as possible, especially
those in close proximity to the ZN414Z.

3. Thetuning assembly should be some distance from the
battery, loudspeaker and their associated leads .

4. The ‘earthy’ side of the tuning capacitor should be
connected to the junction of the 100kQ resistor and the
0.01uF capacitor.

OPERATING NOTES

(a) Selectivity

To obtain good selectivity, essential with any T.R.F. device,
the ZN414Z must be fed from an efficient, high ‘Q’ coil and
capacitor tuning network. With suitable components the

ZN414/416E

selectivity is comparable to superhet designs, except that a
very strong signal in proximity to the receiver may swamp the
device unless the ferrite rod aerial is rotated to “null-out” the
strong signal.

Two otherfactors affectthe apparent selectivity of the device.
Firstly, the gain of the ZN414Z is voltage sensitive (see
previous page) so that, in strong signal areas, less supply
voltage willbe needed to obtain correct AGC action. Incorrect
adjustment of the AGC causes a strong station to occupy a
much wider bandwidth than necessary and in extreme cases
can cause the RF stages to saturate before the AGC can limit
RF gain. This gives the effect of swamping together with
reduced AF output. All the above factors have to be
considered if optimum performance is to be obtained.

(b) Ferrite aerial size

Because of the gain variation available by altering supply
voltage, the size of the ferrite rod is relatively unimportant.
However, the ratio of aerial rod length to diameter should
ideally be large to give the receiver better directional
properties. Successful receivers have been constructed with
ferrite rod aerials of 4cm (1.5") and up to 20cm (8").

DRIVE CIRCUITS

Three types of drive circuit are shown. each has been used
successfully. The choice is largely an economic one, but
circuit 3 is recommended wherever possible, having several
advantages overthe othercircuits. Valuesfor 9V supplies are
shown, simple calculations willgive values for other supplies.

o

R
AGC
F ==

L
—

oo

To ZNG¥Z oulput

=

Current consumption = 2mA

Fig.7 Resistive Divider (ZN4142)

§

Note: Replacing the 680<2 resistor with a 500Q resistor and a 2509 preset, sensitivity may be adjusted and will enable optimum

reception to be realised under most conditions.
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v
&Tun
I D1 = D2 = Any general purpose silicon diode
I & o Rp = Optional sensitivity control, a
l = recommended value being 250Q
D2 '
WP Racc Current consumption = 1.5mA
Rp 250n
= To 2NGWZ output

Fig.8 Diode Drive (ZN4142)

Current consumption is virtually that which

0 is taken by the ZN414Z (0.3mA)

Race

4 To ZNG1Z output

Fig.9 Transistor Drive (ZN414Z and ZN415E)
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RECOMMENDED CIRCUITS

(a) Earphone radio

The ZN414Z will drive a sensitive earpiece directly. In this
case, an earpiece of equivalent impedance to Racc is
substituted for Racc in the basic tuner circuit. Unfortunately,
the cost of a sensitive earpiece is high, and unless an ultra-
miniature radio is wanted, it is considerably cheaper to use a
low cost crystal earpiece and add a single gain stage. One
further advantage of this technique is that provision for a
volume control can be made. A suitable circuit is shown below.

ZN414/416E

L1 = 80 turns of 0.3mm dia. enamelled copper wire on a 5cm
or7.5cm long ferrite rod. Do not expect to adhere rigidly to the
coil-capacitor details given. Any value of L1 and C1 which will
give a high ‘Q’ at the desired frequency may be used.
Volume Control: a 250Q potentiometer in series with a 100Q
fixed resistor substituted forthe 270Q emitter resistor provides
an effective volume control.

h’?’;@n
ka 10k SPO?‘;T: Crystal
m [ output Earpiece
+
4 00k vev T
o0
INGIGZ 27X 300
W onF
£
SEOOYF  CyaiSOpF 'F-y; 270a

Fig.10 Earphone Radio

(b) Domestic portable receiver
The circuit shown is capable of excellent quality, and its
cost relative to conventional designs is much lower

Note: The earthy 56kn
side of VC1 (moving

Lt approx. S5t on a 15¢cm . ferrite rod

Fig.11 The complete circuit diagram of the Triffid receiver
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(b) i

Ferrjte rod

55 turns
WIHERNIIIMINN

r!lllllllllllllllllllll

/ Ill'llllll'

/mediun wowcoll\

To give a better irequency response

To ZN462Z
nput

Fig.12 Coil winding details and waveband selection

(c) Use in model control receiver

The circuit below shows a ZN414Z used as an IF amplifier

for a 27MHz superhet receiver.

equivalent SFD &

== 0pF

95 trins 25 tri

0] Ié .

0033;.-F'L
1Sk n,

|

1

Mullard LP 1175/2 or Murata
558

INLW

‘Xis a 26 T MHz crystal

Performance Details:

Supply Current: =~4.5mA.

Sensitivity = 2.5uV for a 5V p.t.p output measured at f_ = 27.21MHz.
100% modulated with 100Hz square wave.

Selectivity: +5kHz for <100mV p.t.p output.

Input Signal Range: 2.5uV to 25mV (i.e. 80dB).
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ZN414/416E

(d) Broadcast band superhet using ZN4142
The ZN414Z coupled with the modern ceramic resonators

maintaining simplicity and minimal alignment requirements. A
offers a very good LF. amplifier at modest cost, whilst

typical circuit is shown below:

ko
1

—

N

003)F ;[;m'i -

Fe&rile -
ro |

@uvuvmm\
~ °E o
RS
-:;ll\
AT
<
r—--1

»
Sy
iy
~
~,
RET~
0000000

nf

-6dB Bandwidth = 6kHz

-30dB Bandwidth = 8kHz

AGC Range = 40dB

(For 10dB change in A.F. output).

Fig.14
FURTHER APPLICATIONS
The ZN414Z is an extremely versatile device and, in a data

sheet, it is not possible to show all its varied applications. A
comprehensive applications note on the device is available

which gives full details of various radio receivers, I.F.

amplifiers and frequency standards together with
comprehensive technical information.
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GEC PLESSEY

. \l\]l\(?’\l)((l()“&

ZN459, ZN459CP

ULTRA LOW NOISE WIDEBAND PREAMPLIFIER

ADVANCE INFORMATION

DS3623 - 20

A versatile high grade a.c. pre-amplifier designed for
applications requiring ultra low noise such as infra-red
imaging and low noise wide band amplifiers e.g. microphone,
acoustic emission, transducer bridge amplifier. The matching
of open loop gain coupled with small physical size make the
ZN459 series ideal for multichannel amplification.

FEATURES

CMé
] High Controlled Gain : 60dB +1dB typical

] Low Noise : 400 Equivalent Noise
Resistance, or 800pV/VHz

B Widebandwidth : 15MHztypical ZN459CP

] Low Supply Current  :  <3mA from 5V

ABSOLUTE MAXIMUM RATINGS

Supply voltage 6 Volts
Operating Temperature Range:

for ZN459 -55to0 +125°C
for ZN459CP 010 +70°C
Storage Temperature Range -55t0 +125°C

DP8

DECQUPLING
180k A 180k n

oQuTPUT
b0

QUTPUT
EARTH

Fig.1 ZN459 Outline circuit
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ZN459

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):
(Voo =5V, T, = 25°C)

Parameter Min. Typ. Max. Units Conditions
Supply Current 2.0 2.5 3.0 mA

Voltage Gain 59 60 61 dB 10KHz

TC of Voltage Gain -0.2 %/°C

V. Coefficient of Voltage Gain 25 %N

Cut-off Frequency 15 MHz 3dB down

Input Resistance 3.5 7 kQ 10KHz

Input Capacitance 80 pF Note 1

Noise Resistance 40 Q Rs=0

White Noise Voltage 800 1100 pVAWHZ Ry=0

L.F. Spot Noise 3 nVANHZ R =0,f=25Hz
White Noise Current 1 pANHZ ‘
Output Level 15 20 2.5 v

Supply Voltage Coefficient

of Output Level 0.34 VIV

Output Current Limit 0.6 0.8 1.1 mA Sink current
Total Harmonic Distortion 0.15 % 1 Vpp at 10KHz
Output Resistance 75 Q 10KHz

Supply Rejection Ratio 42,5 dB

Delay Time 20 ns Small signal
Delay Time | 40 ns 100mV rms input
Positive Input Overdrive 10 mA

Negative Input Overdrive -5 v

Note 1: In P.C.B. The input capacitance may be reduced to 25pF by screening between output and input.

3 «Vg Supply 2 Vg Supply

3

Input © o Qutput Input ©°

oOutput Earth

Input Eartho

°Decoupling

&
Input €artho

°Decoupling

Fig.2 Pinning configuration - ZN459

Fig.3 Pinning configuration - ZN459CP




ZN459

[ ®-
Decoupling 0.2pF ¢ eve Supply
Capacitor
I Ce Ozulpul
' '-—|'_‘—
«7kn OApF L Ve Max.
700 ! =6.0V
Output o
1
Earth T
Earth
101\% 56N
Ry \Oecouplmg
Capacitor
P— —

Fig.4 Gain Test Circuit (ZN459)

The input impedance may be increased at the expense of
noise by including R, to vary the gain (R, =0, gain = 10% R, =

4704, gain = 102).

C, is required to decouple the internal feedback loop and in
order to obtain a flat frequency response make C > C_.

The earth lead of the supply decoupling capacitorshouldbe as

close as possible to that of R,.

For optimum Common Mode Rejection connect atwisted pair
between source and pins 4 and 5 of the device and complete

the earth return from source ground.

+V tvg
8:lxn
------ - e m e ouTPUT
1
BIAS -7
lO-SmA
INPUT lOAsmA
180kn 180k a outPyT
INPUT -— CARTH
o 3'6pA
EARTH DECOUPLING
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Fig.5 ZN459 Input and output circuit




ZN459

9
—
/ DECOUPLING EARTH
\ CAPACITOR PLANE
~~ 0/P COUPLING
CAPACITOR
EARTH LINK
OR o ov
EMITTER RESISTORA ,/ N
—— \
: { e
\ /
-4 o TRUT Mo’
L_Q::E \ } OUTPU —- 5v

T SUPPLY DECOUPLING CAPACITOR
-

5% THOU HOLES 35 THOU HOLES
NG ZN4S9 SUPPLY PLANE
Fig.6 PCB layout (ZN459)
SUPPLY INPUT
OfP COUPLING DECOUPLING COUPLING
CAPACITOR CAPACITOR CAPACITOR
¥ 1
39
QIP - €=~~~ ‘-’p---d:) ] =5 >|----VCC
o = S Freee= 1P
- ' ) -
G=eocig Pl =0 v N [ Y
e | l i S—
. A
DECOUPLING EAQ"O!':QUNK S Y "
CAPACITOR EMITIER RESISTOR

Fig.7 PCB layout (ZN459CP)
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ZN459

TYPICAL CHARACTERISTICS

1000

™

N\

\

FREQUENCY

RESPONSE

GAIN \
100

™

Rg(n) —s

10
T1MHz 10MMHz 100MHz
FREQUENCY ———e
Fig.8 Gain V Frequency
Rg =0
1000 g T TTA1000
- +
GAIN
GAIN RN
L/ \\ (a)
v
100 Pat 100
AN -
— (THEORE TICAL)
': Rg=0
S
10 10
0 100 1000
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Fig.9 Gain and noise resistance V; emitter resistance




ZN459

10,000 1008
1 -
A =VOLTAGE GAIN
RN =INPUT RESISTANCE
RIN
- A‘ pveg ® )Y R
GAIN A~ Lveesav| NIN
(A) v"c,'" h"wu -~ » veersv| ()
VeC =5V fame Veg r6V
1000 |—+ 08
1 1
Lvee LY,
[PA/ pd - -
ycc-:v o
100 "

-60 -40-20 0 20 <0 60 80 100 120 %O 160 WO

Fig.10 Gain and Input Impedance

10 = :
[ cc=100,F 1aNt vee =5V [
1 i
’ -
cc=100F V] N
106}l Non-ELECT /| M \
T cCriopF TANT
CMMR 1 -
103 / =22
|
102
00 M 08 100k ™ 1OM
FREQUENCY. (Hz) ~—e

Fig.11 Common Mode Rejection Vs Frequency

voCe mejeCI0 Sreque

(Measured between input earth and output earth)
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ZN459

10 T
1 1= SUPPLY CURRENT
Isdo 19 OUTPUT SINK CURRENT
(mA)
I S
L - J4-_L_ _ Is
‘;~--vcc=§v
[ v cabV
-1T° rTre ""*“-Vgg:l.\l
lo t_d-4--p-f--do |- f_Jd__ ]
vee =V ET A==~ =T b ey
1 -
Vchr.w
vcc‘uv === il ol s
vec =V R ool st Sty It et Bt it shudis b
0 -
-60 -40 -20 0 20 «0 60 80 100 120 %0 160
(*C)——e

Fig.12 Supply Current and Output Sink Current

10-14 600k
Vee = sV H
~ A = sk H
[ T =20°C ]
N K
10-18 60k
i3
N i
AN
210—16 z hg = it O _
& e ReoTika| B
2 . S
, z
[& \ .. ¢
10-17 Rg = 51004 690
X - !
Rg =1
N amu
10-18 Rg = 51044 60
Rs = 0+
i~ O
i
10719 I 6
100Hz KMz 10kHz 100kHz
FREQUENCY

Fig.13 Noise Voltage
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ZN459

.
Vg *QUIESCENT OUTPUT
1 LEvEL
vQ B
B
voLTS) ~+-b ] Voo 16
| =y -
2 Vee =S
e D S—
Tt -l-4-{ - Ve T
1< Y |
- veg BV
= s.--.-_-_.._cc._
o
-7% =50 t 0 2% 50 % Llve] s

O ——e

Fig.14 Quiescent Output Level
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GEC PLESSEY
o, ADVANCE INFORMATION

ZN460, ZN460AM, ZN460CP |

ULTRA LOW NOISE WIDEBAND PREAMPLIFIER

The ZN460 is a versatile high performance AC preampiifier,
designed for applications requiring ultra low noise such as ZN460
infra-red imaging and low noise wideband amplifiers e g
microphone, acoustic emission, transducer bridge amplifier.
The matching of open loop gain, coupled with small physical
size. makes the ZN460 ideal for multichannel amplification.

The programmable gain feature allows variable detector
gain factors to be timmed out The programmable bandwidth
feature allows the noise bandwidth to be reduced to the

required signal bandwidth, thus minimising the wideband CM8
output noise
FEATURES
B High Controlled Gain :  60dB +1dB typical
B Programmable Gain : 50-60dB typical
B Programmable Bandwidth : 6MHz downwards
W Low Noise : 40Q Equivalent Noise ZNagocP
Resistance, or800pV/vHz
B Low Supply Current : <3mAfrom 5V
ABSOLUTE MAXIMUM RATINGS
Supply voltage 6 Volts
Operating Temperature Range: DP8
for ZN460 and ZN460AM -551t0 +125°C
for ZN460CP 0to +70°C
Storage Temperature Range -5510 +125°C
ZN460AM
180k 180k
nepf
O al)
DECOUPLING 19k
OUIPUT
+—O CURRENT
BIAS
INPUTO OUTPUT
etie—— s L oymy
GAIN/ BANOWIDTH LC18

Fig.1 Circuit diagram
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ELECTRICALCHARACTERISTICS
Test conditions (unless otherwise stated):
(Voo =5V, T, = 25°C)

ZN460

Parameter Min. Typ. Max. Units Conditions
Supply Current 2.0 2.5 3.0 mA
Voltage Gain 59 60 61 dB 10KHz (Note 1)
TC of Voltage Gain -0.2 %/°C
V. Coefficient of Voltage Gain 25 %IN
Cut-off Frequency 6 MHz 3dB down (Note 1)
Input Resistance 3.5 7 kQ 10KHz
Input Capacitance 80 pF Note 2
Noise Resistance 40 Q Rg=0
White Noise Voltage 800 1100 pVAHZ R =0
L.F. Spot Noise 3 nVVHZ Ry=0,1=25Hz
White Noise Current 1 pANHZ
Output Level 1.5 2.0 25 "
Output Swing 4 Vpp R, =

2 Vpp R; = 6KQ
Supply Voltage Coefficient
of Output Level 0.34 VIV
Output Current Limit 0.6 0.8 1.1 mA Note 3
Total Harmonic Distortion 0.15 % 1 Vpp at 10KHz
Output Resistance 75 Q 10KHz
Supply Rejection Ratio 425 dB
Delay Time 20 ns Small signal
Delay Time 40 ns 100mV rms input
Positive Input Overdrive 10 mA
Negative Input Overdrive -5 "

Note 1:  Without external components
Note 2:
Note 3:  Sink current without external bias resistor

In P.C.B. The input capacitance may be reduced to 25pF by screening between output and input.

QUTPUT CURRENT BIAS & 3 vVcc

INPUT 50— 02 OUTPUT
1 OUTPUT GROUND

INPUT GROUND 6
L ¢ 7 oEcourunG

8 GAIN/BANDWIDTH

OUTPUT CURRENT BIAS ?

INPUT 6O

|
INPUT GROUND 8 O———

;18 OUTPUT
15 OUTPUT GROUND
12 GAIN/BANDWIDTH

Fig.2 Pinning configuration - ZN460 and ZN460CP

Fig.3 Pinning configuration - ZN460AM
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ZN460

DECQUPLING RS

CAPACITOR
0-2uF =
¢ .
. —
7 0 pF
L70n
INPUT (8
EARTH
10A§ S6n
Ry

34+ VE SUPPLY

©

Cr

1
QUTPUT
EARTH
GAIN/
BANOWIDTH

DECQUPLING
CAPACITOR

Fig.4 Gain Test Circuit (ZN460)

The input impedance may be increased at the expense of
noise by including R, to vary the gain (R, =0, gain = 10% R, =
470Q, gain = 10?).

C, is required to decouple the internal feedback loop and in
order to obtain a flat frequency response make C, > C..

The earth lead of the supply decoupling capacitor shouldbe as
close as possible to that of R, .

Ry may be usedto increase the output quiescentcurrentupto
a maximum of 5 mA. The value is given by:

10 (Vec - 1.34)
o RB'

Where Ry'is the parallel combination of R, and 40KQ.

The gain and bandwidth may be modified by means of R_and
C.. The gain is given by:

1. R,
A m with RF inkQ
and the bandwidth by :
1012

. = m Hz with C_ in pF

Where R_'is the parallel combination of R_ and 19KQ.

The recommended minimumvalue of R _is 6KQsince alesser
value reduces the output swing below 2V _.

6k

5VGSUPPLV
14k B J £40k %DOK
%‘ >
éu

OUTPUT

AV
J O CURRENT
+—1 BIAS
14pF [ Y
: ot L]
w7 ]!
00n
ov_ op
O EARTH
180K
VW
1P GAIN/BANOWIDTH DECOUPLING orp

Fig.5 ZN460 Circuit digram (typical values)
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ZN460

% WHEN REQUIRED

DECOUPLING,
CAPACITOR

A

O/P COUPLING

|~ CAPACITOR

[----ov
- |---0rp
1P aeme} P Jovg
1/P COUPLING +— O/P BIAS
CAPACITOR /~ § RESISTOR (Rg)
EARTH LINK OR SUPPLY DECOUPLING
EMITIER RESISTOR CAPACITOR
Fig.6 PCB Layout - ZN460
¥ WHEN REQUIRED
»
Q‘ CF
W ; Rp#*  Off----0V
=N 8 1 iE. —
DECOUPLING W (7 2| EE - wp-- B WH----0IP
=N Bl 3 E—F_l V];""VS
1p---1BSAg F-- 1|5 ¢ [CRSCR SR 2o SEER S ) N
7 6] COUPLING
1/P COUPLING by O/P\BlAS CAPACITOR
CAPACITOR RESISTOR (Rg)
AN

ya
EARTH LINK OR
EMITTER RESISTOR

——
SUPPLY DECOUPLING
CAPACITOR

Fig.7 PCB Layout - ZN460CP
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ZN460

TYPICAL CHARACTERISTICS
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— - - ud
N\ i-d
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10 l 11
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FREQUENCY ————+
Fig.8 Gain V¢ Frequency (R, = «)
Rg =0
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Fig.9 Gain and noise resistance V; emitter resistance (R, = =)
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ZN460

10,000 10Qk
1
A =VOLTAGE GAIN
Ryn =INPUT RESISTANCE
RIN
- VeV
GAIN| A L~ RIN
Ve =6V ] pvee=ev
(a) | Yo &L. L~ //j'v“m (a)
Vee =5V ‘ veg=6v
1000 —4 10k
T
Lvee =4V ’ |
"4
p AW -
y
Vcc=3"7
100 K
~60 -L0 -20 O 20 (0 €0 80 100 120 10 160 160
T(°C) —»
Fig.10 Gain and Input Impedance
103 3 i =
[— Cc=100uF 1aNT HH i vee =5V
T 1l
N H
N
CC=10pF TANT. a
CMMR it H
N
10 / e
i
\
107,
100 * 10k 100k ™ 10M
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Fig.11 Common Mode Rejection Vs Frequency
(Measured between input earth and output earth)
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ZN460

10 77—
Ig = SUPPLY CURRENT
Islo 1= OUTPUT SINK CURRENT
(mA)
lo |_J|
. Vcc‘:GV—-"
Vcc'L=5V
VCC=LV -14="1" - i il el
— T—g3=—==F=d==F=F ==
vee=3v - ol
0

(' C)—s
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Fig.12 Supply current and output sink current
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Fig.13 Quiescent Output Level
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Section 2

Frequency Synthesisers

MIL-STD-883 Class B
Many of the integrated circuits detailed in this section are available screened

in conformance with MIL-STD-883 Class B and are identified in their
ordering codes by the letters AC immediately following the device type
number. Separate data sheets for these circuits are available from your
local GEC Plessey Semiconductors Sales Office.
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GEC PLESSEY
A semiconbucrors)

ADVANCE INFORMATION

SP2002

350/400MHz DIRECT FREQUENCY SYNTHESISER

(Supersedes version in May 1991 Professional Products IC Handbook)

The SP2002 is a Direct Frequency Synthesiser (DFS) with
square and selectable sine or triangular output waveforms
available from on—chip 8-bit DA converters.

The maximum programmable output frequency and
resolution is dependant on the clock frequency. With a clock
frequency of 1.074GHz the output frequency can be
programmed in 0.5Hz steps from 0.5Hz to 268MHz by means
of an externally applied binary word. Inputs are ECL 100k
compatible.

The SP2002 is the first in a new range of DFS products.

FEATURES

M 400MHz Output Frequency

M In—-Phase (I) and Quadrature (Q) Outputs
M 0.5Hz resolution with 1074MHz Clock

M Sine, Square or Triangle Output

APPLICATIONS

B LO Synthesis in Frequency Agile Radio/Radar
B ECM/ECCm

B Deceptive Countermeasures

B Multi-Function Radio

B Instrumentation

D.S.23023.0

PIN
IDENT

OO0 |

L
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©E ©0
00, ©0
@O ©O

© ©O
@8O
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1"
See Table 2 for pinout

AC68 (POWER)

Fig.1 Pin connections - bottom view

ORDERING INFORMATION
SP2002/B/AC Industrial Temperature Range PGA
Package
SP2002/A/AC Military Temperature Range PGA Package
SP2002/AA/AC GPS HiRel Level ‘A’
SP2002/AB/AC GPS HiRel Level ‘B’
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Fig. 2 SP2002 direct frequency synthesiser block diagram
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ELECTRICAL CHARACTERISTICS

Guaranteed over the following temperature and supply voltage range.

A grade Vge= - 4.25V 10 -4.75V, Tcase= -55°Cto +125°C Clock input fc=100MHz to 1.4GHz
B grade Vgg = -4.25V to -4.75V, Tgage= -40°C to +85°C, Clock input fc = 100MHz to 1.6GHz

Test conditions (unless otherwise stated)
Supply Voltage: Vge= -4.25V and -4.75V V| = -1.67V, Vju= -1V
A grade, Temperature Tcagg = -55°C and +125°C, fc=1.4GHz
B grade, Temperature Tayg =25°C, fc=1.6GHz

i Value
Characteristic Signal y Units Conditions
Name Min | Typ Max
Supply current lgg 0.85 1.1 1.35 A Note 1
Sine/Triangle Output Current 0Q (bar) 0Q 14 24 32 mA p-p | See Operating Notes,
Ol (bar) OI fOUT = fc
29
Square Wave Output Current | 0QS(bar) 0QS 6 1" 16 mA p-p | See Operating Notes
OlS(bar) OIS fOUT = fc
29
ECL Input Bias Current, all FS0-FS29 150 pA
I/Ps except Clock I/P EN, RESET
Waveform Select Input =
Current WSt , WS2 1 mA VIH =0V
Waveform Select Input High WS1, WS2 -0.5V oV "
Voltage
Waveform Select Input Low WS1, ws2 -Vee -Vgg +0.5 Vv
Voltage
Clock Input Current CLOCK 40 pA
Output Frequency Range All Outputs fc Hz Note 2
4
Channel Spacing All Outputs 0.5 Hz fc=1.074GHz, Note 2
Close to Carrier Noise -135 dBc/Hz | 10kHz offset, Note 6
Spurious Output levels Sine Output In 10kHz Bandwidth
fou= fc -48 -45 dBc Note 3
29 Decimal input code = 8389631
four= fc -45 -41 dBc Note 3
24 Decimal input code
=167773183
fout= fc -30 -20 Note 3
23 Decimal input code
=268436479
1/4 Crossover Spurious Sine Output -30 -21 dBc
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ELECTRICAL CHARACTERISTICS (Continued)

SP2002

i Value
Characteristic Signal - Units Conditions
Name Min | Typ Max
2nd Harmonic Content Sine Output -55 -40 dBc
Four= fc
29
3nd Harmonic Content Sine Output -43 -36 dBc
Four= fc
29
5nd Harmonic Content Sine Output -50 -30 dBc
Four= fc
29
Frequency Change Range 8 40 gk:;z Note 4
Time LY ‘
Package Thermal Resistance | 4 °C/W Note 5
Chip to Case ’
NOTES

(1) The power taken by the synthesiser depends upon the 'Waveform Select’ inputs (see Fig. 2). The lgg current quoted is
for the square wave plus sine wave 'I' and 'Q’ outputs where all the SP2002 circuitry is powered up. The output waveform
options and associated lgg currents are shown in Table 1. (2) The SP2002 will operate at any clock frequency below 1.6
GHz e.g. at f = 214MHz, output frequency range =0.1Hz to 50MHz in-steps of 0.1Hz. (3) Levels refer to the highest rather
than total spurious power. A sine wave output and clock frequency of 1.6 GHz is assumed. These figures will degrade by
10 to 20dB for triangle and 20 to 30dB for square wave output. (4) Minimum figure assumes only MSB Frequency Set
Input is changed. Maximum figure assumes LSB Frequency Set Input is changed.
attached to the studs on the top of the package. (6) Assuming no spurious output at the offset frequency.

ABSOLUTE MAXIMUM RATINGS

Storage temperature range -65°C to +150°C

Supply voltage (Vgg) -6V
Input voltages Vge to +0.5V
Junction temperature +150°C

(5) A suitable heatsink should be
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CIRCUIT DESCRIPTION

The sine, triangle or square wave output frequency is
determined by a parallel 30 bit Frequency Set binary input
word. With a clock input rate of 1.074GHz, the output
frequency can be incremented in 0.5Hz steps from 0.5Hz to
268MHz. In phase ('') and Quadrature ('Q’) outputs are
provided for all three waveform options, as are true and
complementary phase outputs. Due to the internal
organisation of the chip the maximum output frequency is
timited 1o a Guarter of the clock frequency.

Referring to the block diagram of Fig. 2, Waveform
Select (WS) pins are provided to enable programming of
different output waveform combinations by hard-wiring to
the supplies as shown (see Table 1). Depending on the
output option chosen, unused circuitry on-chip is
automatically turned off to conserve power.

A Reset input is provided to initialise the internal
circuits and allow the output waveforms to start from a
known state as shown in Fig.4. Input Frequency Set data
;:‘an be latched if required, by holding the Input Enable pin

igh.

Referring to Fig. 2, the basic operation is as follows.
Frequency Set data is entered via the data latches to an
accumulator which is incremented by the clock input.

The accumulator MSB output provides the square
wave. The 8 MSB outputs are used to generate the sine
and triangle functions. The output of the accumulator is
effectively a sawtooth which is converted to a triangle by
the triangle logic. The sinewave is generated by circuitry
including a ROM containing a quadrant of sinewave data
which, with the associated logic, produces a complete
sinewave in digital form. A multiplexer selects triangle or
sine output under the control of the Waveform Select pins.
The analog triangle or sine outputs are generated via 8-bit
DACs.

OPERATING NOTES

The SP2002 is a very high speed ECL circuit with a
maximum clock frequency in excess of 1.6GHz and output
frequency capability above 400MHz. In order to achieve
correct operation at these frequencies and to ensure output
waveform integrity, attention must be paid to the layout of
the application board. The use of a ground plane and good
RF techniques is recommended. Power supply pins should
be well decoupled using high frequency capacitors. All
power supply and ground pins must be connected.

The clock input is 100k ECL compatible and if a
relatively low frequency clock is required the input may be
driven directly from a 100k ECL gate with a 50 Ohm
termination resistor to -2V mounted close to the clock pin.
At frequencies greater than a few hundred MHz, clock drive
from ECL is not practicable and a sinewave drive ac-
coupled to the clock input may be used. The application
diagram in figure 4 shows a typical arrangement where the
68 Ohm and 160 Ohm resistors set a suitable bias voltage
for the clock input and also provide a 50 Ohm termination
for the connecting cable or stripline. A suitable drive level
is +4dBm or 1V p-p, but at very high clock frequencies this

may need to be increased by a few dB to make up for
losses

The frequency set, input enable and reset inputs are
100K ECL compatible, and when very fast frequency
hopping is required, for instance when generating chirp
waveforms the input data will necessarily come from an
ECL source. Many other applications may require much
slower data which may be generated from a CMOS source.
CMOS data cannot be connected directly to the SP2002
inputs since the high logic is equal to the positive supply
which would saturate the input transistors and cause the
circuit to malfunction.
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A possible interface to CMOS logic is shown in Fig. 3
where the CMOS positive power rail is dropped
approximately 0.7V below that feeding the SP2002 by
including a diode in series with the CMOS supply.

The low logic level for the SP2002 may be equal to the
VEE supply but should not be taken more negative.

IN4148 7
ETC
cmos
= LoGic Sp2002
aK7
l [ v

-4.5v

Fig. 3 Interface to CMOS Logic

The output frequency and step size is a function of the
clock rate and the frequency select data. The output
frequency can be calculated from the formula

fout = Kfc where N=31, the number
5N

of bits in the accumulator, fc is the clock frequency and K
the number on the frequency select inputs.

The minimum output frequency and step size are given
by

fmin=fc
oN

The reset pin sets the 31 bit accumulator to zero
regardless of the state of any other inputs.

The input is active high and when reset, the sine
triangle and square wave outputs remain at the level
obtained when the accumulator reaches zero in dynamic
operation. The effect of the Input enable and Reset inputs
is shown diagramatically in figure 4.

All the outputs are current sources, the sine and
triangle outputs being obtained from the DAC outputs whilst
the square wave outputs are fed from a separate buffer
circuit driven direct from the accumulator MSB. Normally
the output signal is obtained by loading the output with a 50
Ohm resistor to ground, but in practice the resistor can be
any value from zero to 50 Ohms allowing control of the
output voltage. If necessary the output load resistor can be
returned to an output voltage up to 1V more positive than
ground. This feature may be used to produce output
signals symmetrical about ground, in the case of the sine
triangle outputs, 50 Ohm resistors connected to + 0.5V will

produce = 1V peak to peak output centred about ground.

A heatsink is required to maintain the chip operating
temperature at a safe value. The heatsink should be
attached to the studs on the top of the package using M3
nuts. A thermal resistance of 10°C/W is suitable for
operation at 25°C.

The frequency select input is positive logic, ie the
minimum output frequency is obtained when the LSB is
high and all other inputs low.



All frequency select inputs have a nominal 30K input pull
down resistor to VEE and will therefore be pulled low if left
open circuit.

The waveform select pins WS1 and WS2 are intended
to be hard wired to. VEE or ground depending on the output
waveform requirements. When necessary, the inputs could
be switched using external transistors provided the
minimum level requirements specified in the table of
characteristics are met. The waveform select inputs should
not be left open circuit.

The input Enable pin controls entry of input data to the
input latches. When the input is low the input latches are
transparent and any data change results in a change to the
output frequency. When the input is taken high the data
present on the frequency select inputs before the low to
high transition is retained on the input latches and sets the
output frequency.

The frequency select input can be changed without
changing the output frequency until the frequency select
input is again taken low, and the new data enters the
latches. The Input. Enable pin has an internal nominally
30K pull down resistor to VEE and will therefore go low if
left open circuit.

SP2002

Waveform Output
Select utpu 1 P
input waveform &E) ?vuvr;ar
selected TYP
WS1 | wWs2
Vee | Vee | Square wave ‘1" and ‘Q’ | 1.0 45
Triangle ‘' and ‘Q" :
GND | Vge | Square wave ‘I' and ‘Q’ | 1.0 45
Sine wave ‘I
Vee | GND | Square wave ‘l and Q’ 0.6 27
GND | GND | Square wave ‘I’ and ‘Q" | 1.1 5.0
Sine wave ‘I’ and ‘Q’

Table 1 Output waveform options

Pin No. Pin name Pin No. Pin name
B1 WS2 K11 FS23
B2 ws1 K10 FS24
c1 DI Ji FS25
c2 TRC J10 FS26
D1 RESET H11 FS27
D2 GND H10 FS28
3] GND G111 FS2g
E2 Vee G10 | PEN
F1 GND F11 CLOCK
F2 FSO F10 Vee
G1 FS1 El1 GND
G2 FS2 E10 GND
H1 FS3 D11 GND
H2 FS4 D10 TOQ
J FS5 cn TOI
J2 FS6 c10 oas
K1 FS7 B11 0Qs
L2 FS8 A10 Ois
K2 FS9 B10 oIS
L3 FS10 A9 IC
K3 FS11 B9 NC
L4 FS12 A8 oaQ
K4 FS13 B8 oQ
L5 FS14 A7 NC
KS GND B7 Vee
L6 Vee A6 GND
K6 FS15 B6 IC
L7 FS16 A5 NC
K7 FS17 B5 [o]]
L8 FS18 A4 ol
K8 FS19 B4 NC
L9 FS20 A3 Vee
K9 FS21 B3 GND
L10 FS22 A2 NC

Table 2 SP2002 pin assignment. IC pins are not
required for normal use but should be left open.

Pin name Function
WS1, WS2| Waveform select, see Table 1.
TDI, TRC, Test pins only. Not required for
TOQ,TOI normal operation. Leave open circuit.
RESET | A logic ‘1’ on this pin resets the accumulator
FS0-FS29 | Frequency Select inputs. FS0 is the LSB.
I PEN | Frequency Select Input Enable. A logic ‘1’
on this pin latches data into the accumulator.
CLOCK | Clock input.
0QsS, OIS | Square wave outputs.
0Q, Ol | Sine or triangle outputs.
GND ov
Vee Negative power supply (-4.5V).
NC Not connected.

Table 3 SP2002 pin descriptions
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ov

0.7v

-0.7V
ov

SQUARE

-1.3v

TRIANGLE

- oV

- 13V

SINE

RESET

CHANGE INPUT DATA

DATA INPUTS

INPUT ENABLE

Fig. 4 SP2002 timing and waveform diagram.
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ECL CLOCK
(SEE NOTE BELOW)

ECL CLOCK

TERMINATING 50

neEgISTND
TIEUIS | U

*H

8x50 OHMS

-n
(/2]
(=]

ECL100K
INPUT
DATA

-
[
N
©

F11 D2 E1 F1 K5 E11 E10 D11 A6 B3
F2

TS

I LT

c10

B11

A10

B10

A8

B8

BS

" A4
SP2002

B1

B2

INPUT ENABLE ]
ECL100K 4

H
e
e

—
7

RESET INPUT

ECL100K

——
-4.5V

Vee

NOTE

The clock input may be ECL level DC-coupled as
shown above or a sinewave input of 1V peak-to-peak
amplitude AC-coupled. When sinewave drive is used
the input should be biased to -1.3V and the input cable
terminated close to the IC with 50 ohms.

Minimum operating frequency with sinewave drive is

operal eque
50MHz.

§x10nF CHIP CAPACITORS

ws2

WAVEFORM
SELECT

W§1

-4.5V
Vee

50 OHM
COAX

-4.5V
Vee

in

Gew SQUARE

> 008 A\ \wave

> OIS O/Ps

> OIS

> 0Q | sINE AND

> 00 \TRIANGLE

. WAVE
O/Ps

ol
TO PIN F11

Use chip components
mounted as close as
possible to the IC
pins.

Typical sinewave clock bias and termination circuit

Fig. 5 SP2002 typical application circuit

143



GEC PLESSEY

N PP SEMICONDUCTORS

ADVANCE INFORMATION

D.S. 3700 2.2

SP8852D

1.7GHz PARALLEL LOAD PROFESSIONAL SYNTHESISER

The SP8852D is one of a family of parallel load
synthesisers containing all the elements apart from the loop
amplifier to fabricate a PLL synthesis loop. Other parts in the
series are the SP8854D which has hard wired reference
counter programming and requires only a single 16 bit
programming word, and the SP8855D which is fully
programmable using hard wired links or switches.

The SP8852D is programmed using a 16 bit parallel data
bus. Data can be stored in one of two internal buffers, selected
by a single address bit on the input interface. In order to fully
program the device, two 16 bit words are required, one to
select the RF division ratio (A&M counters) and phase
detector gain, and one to set the ten bit reference divider
count, phase detector state and sense. Once the reference
divide ratio has been set, frequency changes can be made by
a single 16 bit data load entry to the RF divider chain.

FEATURES
B 1.7GHz Operating Frequency

B Single 5V Supply Operation

B Low Power Consumption <1.3W

B High Comparison Frequency 20MHz

B High Gain Phase Detector 1mA/rad

M Zero “Dead Band” Phase Detector

B Wide Range of RF and Reference Divide Ratios
B Programming by Dual Word Data Transfer

ABSOLUTE MAXIMUM RATINGS

Supply Voltage -0.3Vto 6V
Storage Temperature —65°C to +150°C
Operating Temperature -55°C to +100°C

Prescaler & reference Input Voltage 2.5V p—p
Data Inputs Vee +0.3V
Vgg 0.3V

ORDERING INFORMATION
SP8852D KG HCAR (non standard temperature range
—55°C to +100°C standard product screening)

SP8852D IG HCAR (Industrial temperature range
—40°C to +85°C standard product screening)
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HC44

Pin  Description Pin  Description

1 Input bus bit 10 23 NC

2 Input bus bit 9 24 Fpa+

3 Input bus bit 8 25 Fret

4 Input bus bit 7 26 +5V

5 Input bus bit 6 27 Ref. osc capacitor
6 Input bus bit 5 28 Ref in/XTAL

7 Input bus bit 4 29 NC

8 Input bus bit 3 30 NC

9 Input bus bit 2 31 NC

10  Input bus bit 1 32 NC

1" Input bus bit 0 33 NC

12 0V (prescaler) 34 NC

13 RF input 35 NC

14  RFinput 36 NC

15  Vgc +5V (prescaler) 37 C

16  Vgg OV 38  Address input
17  Lock detect output 39 Strobe

18  C-lock detect 40 Input bus bit 15
19  Rget 41 Input bus bit 14
20 Charge pump output 42 Input bus bit 13
21 Charge pump ref. 43 Input bus bit 12
22 NC 44 Input bus bit 11

* Fpg and Fef outputs are reversed by the phase detector sense bit, bit
12in t:e r|3rogramming word. Thetable above is correctwhenthe sense
bit is high.

Fig. 1 Pin connections — top view
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SP8852D

ADDRESS +5V
STROBE
1l
CONTROL
MICRO ™
Y14 7
8
9
T * VALUES DEPEND
™ ON APPLICATION
SP8852D
~ | 33
vco 1n 2
31 LOOP
APPLICATION USING s *FILTER .
CRYSTAL REFERENCE ﬁ
SP8852 +30V
27 28 b
+
oP27
b 100n
33p inz= [ ==ton  ==e100p [ == == +1o0p [ ETC
10MHz T T T T :1: 1nT T
100p CRYSTAL ! ! ! pl10n l ”I,
Retin
Fig. 3 Typical application diagram
DESCRIPTION

Prescaler and AM counter

The programmable divider chain is of A M counter
construction and therefore contains a dual modulus front end
prescaler, an A counter which controls the dual modulus ratio
and an M counter which performs the bulk multi-modulus
division. A programmable divider of this construction has a
division ratio of MN+A and a minimum integer steppable
division ratio of N(N-1), where N is the prescaler value.

Data entry and storage
Data is loaded from the 16 bit bus into one of the internal

atraba ines Th.
buffers by applying a positive pulse o the strobe input. The

input bus can be driven from TTL or CMOS logic levels. When
the strobe input is low, the inputs are isolated and the data can
be changed without affecting the programmed state. The data
is loaded into the RF buffer when the address input is high and
into the reference buffer when low. When the strobe input is
taken high, the A and M and reference counters are reset and
the input data is applied to the internal storage register. When
the strobe input is again taken low, the data on the input bus
is stored in the selected register and the counters released.
The strobe input s level triggered so that if the data is changed
whilst the input is high, the final value before the strobe goes
low will be stored.
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In orderto prevent disturbances on the VCO control voltage
when frequency changes are made, the strobe input disables
the charge pump outputs when high. During this period the
VCO control voltage will be maintained by the loop filter
components around the loop amplifier, but due to the
combined effects of the amplifier input current and charge
pump leakage a gradual change will occur. In order to reduce
the change, the duration of the strobe pulse should be
minimised. Selection of a loop amplifer with low input current
will reduce the VCO voltage droop during the strobe pulse and
result in minimum reference sidebands from the synthesiser.

Reference input

The reference source can be either driven from an external
sine or square wave source of up to 100MHz or a crystal can
be connected as shown in Fig. 3.

Phase Comparator and Charge pump

The SP8852D has a digital phase/frequency comparator
driving a charge pump with programmable current output. The
charge pump current level at the minimum gain setting is
approximately equal to the current fed into the Rgg input pin
19 and can be increased by programming the bus according
to Table 1 by up to 4 times.



SP8852D

Bit 15 Bit 14 Current Multiplication

Factor

1.0

Bit 11 Bit 10 Phase Detector State

Phase detector enable
Fpd/Fref outputs off

1.5

25

-l al ol o
bl =] Bt =4

4.0

Table 1

Vee — 1.6V

Pin 19 current =
RSB(

Phase detector gain =

Ioin 19(MA) x multiplication. factor
2xn

mA/radian

To allow for control direction changes introduced by the
design of the PLL, bit 12 on the input bus address 0 can be
programmed to reverse the sense of the phase detector by
transposing the Fpq and Fref connections. In order that any
external phase detector will also be reversed by this
programmingbit, the Fpg/F et outputs are also interchanged by
bit 12 as shown in Table 2.

Phase detector enable
Fpd/Fref outputs on

Phase detector disable by lock detect
Fpa/Fres outputs on

Phase detector disabled
Fpd/Fref outputs on

Table 3

The charge pump connections to the loop amplifier consist
of the charge pump output and the charge pump reference.
The matching of the charge pump up and down currents will
only be maintained if the charge pump output is held at a
voltage equal to the charge pump reference using an
operational amplifier to produce a virtual earth condition at pin
20. Because the operational amplifiers will have limited
response time compared with the pulse frequency at the
charge pump output, pin 20 will not remain at the same voltage
as pin 21 without an additional capacitor to ground to decouple
the high frequencies. The value of capacitor required will vary
with comparison frequency and the bandwidth of the op amp
but a value between 50pF and 5nF will normally be required.

The lock detect circuit can drive an LED to give visual
indication of phase lock or provide an indication to the control
system if a pull up resistor is used in place of the LED. A small
capacitor connected from the C—lock detector pin to ground
may be used to delay lock detect indication and remove
glitches produced by momentary phase coincidence during
lock up.

Output for RF Phase Lag
Sense Bit (Bit 12) Pin 20
1 Current Source
0 Current Sink
Table 2

The Fpg and F signals to the phase detector are
available as ECL 10k levels on pin 24 and 25 and may be
used to monitor the frequency input to the phase detector or
used in conjunction with an external phase detector. These
outputs may be programmed by bits 10 and 11 of word 0
according to table 3. State 3 where the outputs are disabled
by the lock detect circuit is useful where the user wishes to
use an external phase detector. The internal
phase/frequency detector may be used to pull the loop into
lock and an automatic switch over to the external phase
detector made. When the Fq/Fref Outputs are to be used at

high frequencies, an external pull down resistor of minimum
value 330Q may be connected to ground to reduce the fall

time of the output pulse.

MSB LsB
] CLT T T T T T== "]
[ADDRESS NOT USED I l TEN BIT REFERENCE COUNTER
PHASE
DETECTOR
STATE
CONTROL
see Table 3
PHASE
DETECTOR
ENSE
CONTROL
see Table 2
REFERENCE WORD BIT ALLOCATION
MsSB LSB
O] T2 ==
ADDRESS PHASE I M COUNTER ' 3BITA
DETECTOR COUNTER
COGNeI'IgoL
see Table 1
RF DIVISION RATIO BIT ALLOCATION

Fig. 4 Programming data format
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SP8852D

ELECTRICAL CHARACTERISTICS

Guaranteed over the full temperature and supply voltage range (unless otherwise stated)

Temperature Ty, for KG parts ~55°C and +100 °C
Temperature Ty, for IG parts —40°C and +85°C
Supply Voltage Vg = 4.75V and 5.25V.

Value
Characteristics Pin Units Conditions
: Min Typ Max
Supply current 15, 26 180 240 mA
RF input sensitivity 13, 14 -5.0 +7.0 dBm 100MHz to 1.7GHz See Fig. 8
RF division ratio 13,14,24 56 16383
Reference division ratio 28, 25 1 1023
Comparison frequency 28,24,25 50 MHz
Reference input frequency 28 10 100 MHz Reference division ratio >2
See Note 1

Reference input voltage 28 0 +6 +10 dBm
Fref/Fpq output voltage high 24,25 -0.8 Vwrt Vgc | 330Q to OV
Fret/Fpq output voltage low 24,25 -1.4 Vwrt Vge | 330Q to OV
Lock detect output voltage 17 300 500 mV Ioyut = 3mA
Charge pump current at 19,20,21 +1.4 +1.5 +1.7 mA Vopin 20 = Vpin 21
multiplication factor =1 I pin19 = 1.6mA
Charge pump current at 19,20,21 +2.0 +2.3 +25 mA Vpin 20 = Vpin 21
multiplication factor =1.5 I pin19=1.6mA
Charge pump current at 19,20,21 +3.4 +3.8 +4.1 mA Vpin 20 = Vpin 21
multiplication factor =2.5 T pin19=1.6mA
Charge pump current at 19,20,21 +5.4 +6.1 +6.5 mA Vpin 20 = Vpin 21
multiplication factor =4.0 T pin19=1.6mA
Input bus high logic level 1-11,38 3.5 \

39,40,44
Input bus low logic level 1-11,38

39,4044 1 \"
Input bus current source 1-11,38

39,4044 200 nA Vin=0V
Input bus current sink 1-11,38

39,40-44 10 pA Vin=Vce
Up down current matching 20 +2 % Vypin 20 = Vpin 21

I pin19=1.6mA

Charge pump reference 21 Vec-0.5 \' I pin19=1.6mA
voltage current multiplication factor 1
Charge pump reference 21 Vce-1.6 \" I pin1g=1.6mA
voltage current multiplication factor 4
Rget current 19 0.5 2 mA See Note 2
Rset Voitage 19 1.6 \ Ipin19= 1.6 mA
C—lock detect current 18 +10 RA Vpin18=4.7V
Strobe pulse width 50 nS Note 3
Data set up time 100 nS Note 3

Notes:
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1. lower reference frequencies may be used if slew rates are maintained.

2. Pin 19 current x multiplication factor must be less than 5mA if charage pump accuracy is to be maintained..

3. Guaranteed but not tested.
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Fig. 5a 16 bit input bus, strobe and address

Fig. 5b RF inputs
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Fig. 5f Charge pump circuit

Fig. 5 Interface circuit diagrams
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Fig. 5g Fpq and Frer outputs

Fig. 5h Reference oscillator

Fig. 5 Interface circuit diagrams (cont)

APPLICATIONS
RF layout

The SP8852D can operate with input frequencies up to
1.7GHz but to obtain optimum performance, good RF layout
practices should be used. A suitable layout technique is to use
double sided printed circuit board with through plated holes.
Wherever possible the top surface on which the SP8852D is
mounted should be left as a continuous sheet of copperto form
a low impedance earth plane. The ground pins 12 and 16
should be connected directly to the earth plane. Pins such as
Vce and the unused RF input should be decoupled with chip
capacitors mounted as close to the device pin as possible with
a direct connection to the earth plane, suitable values are
10nF for the power supplies and 1nF for the RF input pin. A
larger decoupling capacitor mounted as close as possible to
pin 26 should be used to prevent modulation of V¢ by the
charge pump pulses. The Rge resistor should also be
mounted close to the R pin to prevent noise pickup, and the
capacitor connected from the charge pump output should be
a chip component with short connections to the SP8852D.

When the reference is derived from a crystal connected to
pins 27 and 28 as shown in Fig. 3 the oscillator components
are best mounted close to the SP8852D.

All signals such as the programming inputs, RF in,
reference in and the connections to the op—amp are best taken
through the pc board adjacent to the SP8852D with through
plated holes allowing connections to remote points without
fragmenting the earth plane. The GEC Plessey evaluation
board shown in Fig.6 uses this layout technique.

Programming bus

The input pins are designed to be compatible with TTL or
CMOS logic with a switching threshold set at about 2.4V by
three forward biased base emitter diodes. The inputs will be
taken high by an internal pull up resistor if left open circuit but
for best noise immunity it is better to connect unused inputs
directly to Vg or ground.

RF inputs

The prescaler has a differential input amplifer to improve
input sensitivity. Generally the input drive will be single ended
and the RF signal should be AC coupled to either of the inputs
using a chip capacitor. The remaining input should be
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decoupled to ground, again using a chip capacitor. The inputs
can be driven differentially but the input circuit should not
provide a DC path between inputs or to ground.

Lock detect circuit ‘

The lock detect circuit uses the up and down correction
pulses from the phase detector to determine whether the loop
is in or out of lock. When the loop is locked, both up and down
pulses are very narrow compared to the reference frequency,
but the pulse width in the out of lock condition continuously
varies, depending on the phase difference between the
outputs of the reference and RF counters. The logical AND of
the up and down pulses is used to switch a 20mA current sink
to pin 18 and a 50k resistor provides a load to V. The circuit
is shown in Fig. 5c. When lock is established, the narrow
pulses from the phase detector ensure that the current source
is off for the majority of the time and so pin 18 will be pulled high
by the 50k resistor. A voltage comparator with a switching
threshold at about 4.7V monitors the voltage at pin 18 and
switches pin 17 low when pin 18 is more positive than the 4.7V
threshold. When the loop is unlocked, the frequency
difference at the counter outputs will produce a cyclic change
in pulse width from the phase detector outputs with a
frequency equal to the difference in frequency at the reference
and RF counter outputs. A small capacitor connected to pin 18
prevents the indication of false phase lock conditions at pin 17
for momentary phase coincidence. Because of the variable
width pulse nature of the signal at pin 18 the calculation of a
suitable capacitor value is complex, but if an indication with a
delay amounting to several times the expected lock up time is
acceptable, the delay will be approximately equal to the time
constant of the capacitor on pin 18 and the internal 50k
resistor. If a faster indication is required, comparable with the
loop lock up time, the capacitor will need to be 2-3 times
smaller than the time constant calculation suggests. The time
torespondto an out of lock condition is 2-3 times less than that
required to indicate lock.

Charge pump circuit

The charge pump circuit converts the variable width up and
down pulses from the phase detector into adjustable current
pulses which can be directly connected to the loop amplifer.



The magnitude of the current and therefore the phase detector
gain can be modified when new frequency data is entered to
compensate for change in the VCO gain characteristic over its
frequency band. The charge pump pulse current is
determined by the current fed into pin 19 and is approximately
equal to pin 19 current when the programmed multiplication
ratio is-one. The circuit diagram Fig. 5e shows the internal
components on pin 19 which mirror the input current into the
charge pump. The voltage at pin 19 will be approximately 1.6V
above ground due to two Ve drops in the current mirror. This
voltage will exhibit a negative temperature coefficient, causing
the charge pump current to change with chip temperature by
up to 10% over the full military temperature range if the current
programming resistor is connected to Vgc as shown in the
application diagram Fig. 3. In critical applications where this
change in charge pump current would be too large the resistor
to pin 19 could be increased in value and connected to a
higher supply to reduce the effect of Ve variation on the
current level. A suitable resistor connected to a 30V supply
would reduce the variation in pin 19 current due to
temperature to less than 1.5%. Alternatively a stable current
source could be used to set pin 19 current.

The charge pump output on pin 20 will only produce
symmetrical up and down currents if the voltage is equal to that
on the voltage reference pin 21. In order to ensure that this
voltage relationship is maintained, an operational amplifier
must be used as shown in the typical application Fig. 3. Using
this configuration pin 20 voltage will be forced to be equal to
that on pin 21 since the operational amplifier differential input
voltage will be no more than a few millivolts (the input offset
voltage of the amplifier). When the synthesiser is first switched
onorwhen afrequency outside the VCO range is programmed
the amplifier output will limit, allowing pin 20 voltage to differ
from that on pin 21. As soon as an achievable frequency value
is programmed and the amplifer output starts to slew the
correct voltage relationship between pin 20 and 21 will be
restored. Because of the importance of voltage equality
between the charge pump reference and output pins, a
resistor should never be connected in series with the
operational amplifier inverting input and pin 20 as is the case
with a phase detector giving voltage outputs. Any current
drawn from the charge pump reference pin should be limited
to the few micro amps input current of a typical operational
amplifier. A resistor between the charge pump reference and
the non inverting input could be added to provide isolation but
the value should not be so high that more than a few millivolts
drop are produced by the amplifier input current.

When selecting a suitable amplifer for the loop filter, a
number of parameters are important; input offset voltage in
most designs is only a few milivolts and an offset of 5SmV will
produce a mismatch in the up and down currents of about 4%
with the charge pump multiplication factor set at 1. The
mismatch in up down currents caused by input offset voltage
will be reduced in proportion to the charge pump multiplication
factor in use. If the linearity of the phase detector about the
normal phase locked operating point is critical, the input offset
voltage of most amplifiers can be adjusted to near zero by
means of a potentiometer.

The charge pump reference voltage on pin 21 is about 1.3V
below the positive supply and will change with temperature
and with the programmed charge pump muitiplication factor.
In many cases it is convenient to operate the amplifier with the
negative power supply pin connected to OV as this removes
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the need for an additional power supply. The amplifier selected
must have a common mode range to within 3.4V (minimum
charge pump reference voltage) of the negative supply pin to
operate correctly without a negative supply. Most popular
amplifiers can be operated from a 30V positive supply to give
a wide VCO voltage drive range and have adequate common
mode range to operate with inputs at +3.4V with respect to the
negative supply. Input bias and offset current levels to most
operational amplifiers are unlikely to be high enough to
significantly affect the accuracy of the charge pump circuit
currents but the bias current can be important in reducing
reference side bands and local oscillator drift during frequency
changes. When the loop is locked, the charge pump produces
only very narrow pulses of sufficient width to make up for any
charge lost from the loop filter components during the
reference cycle. The charge lost will be due to leakage from
the charge pump output pin and to the amplifier input bias
current, the latter usually being more significant. The result of
the lost charge is a sawtooth ripple on the VCO control line
which frequency modulates the phase locked oscillator at the
reference frequency and its harmonics. A similar effect will
occur whenever the strobe input is taken high during a
programming sequence. In this case the charge pump is
disabled when the strobe input is high and any leakage current
will cause the oscillator to drift off frequency. To reduce this
effect, the duration of the strobe pulse should be minimised.

The necessity to maintain the charge pump output voltage
at the same voltage as the reference pin has already been
mentioned. This is important because the design of the
positive current source has no voltage compliance and any
departure from the reference voltage will introduce an error in
the positive current source. The operational amplifier will
maintain the DC charge pump voltage very close to the
reference but the current from the charge pump is a series of
pulses at the reference frequency. When the loop is locked the
output pulses are very short in duration, the only current
necessary being that required to restore and charge lost
during the reference period. The virtual earth mechanism
which maintains the charge pump output at the reference
voltage depends on the amplifier having significant gain, but
the narrow pulses from the charge pump are so short that the
amplifier output will be unable to respond, allowing the input
voltage to change and the pulse magnitude to be effectively
reduced, introducing a non linearity in the phase detector
characteristic at the phase locked point.

The capacitor shown connected from the charge pump
output pin to ground on the typical application diagram Fig. 3
is intended to decouple the output at high frequencies,
preventing voltage changes at the amplifier input which can
not be corrected by the feedback response. The capacitor
should be a high frequency type mounted close to the charge
pump pin with short connection to the earth plane as the
frequency content of the charge pump pulses extends to very
high frequencies. A suitable value for this component is very
difficult to calculate as its value depends on many factors
including the bandwidth of the amplifier used in the loop filter
and how critical the application is in terms of phase detector
linearity. A value between 50nF and 5nF will suit most
applications and the size of capacitor can be increased well
beyond that necessary to restore linearity of the phase
detector without ill effect. Many less critical applications will
operate satisfactorily without this capacitor.

151



SP8852D

anewoayos preoq uoneolddy 9 bi4

d/0 H31d

©)

4

H\ﬂ\ ondy
v €10
193y
ATH
o= i
010 = o=
Rmv L~ o— HINHOD X3ANI s
Tud -
N L
_ R Qacsssds OL-6LMS
204 o] ﬁmo_
L e =
1 —
19 I_l % L) L
e 4 - TTTTTT
2y ]
= -
| vax as |so] | # N tad
20 ~ O o
q — 0Z-LIMS
urjey pdi  jeud —
Y.
£ = =

152



Fpg and Fref outputs

These outputs provide access to the outputs from the RF
and reference dividers and are provided for monitoring
purposes during product development or test, and for
connection of an external phase detector if required. The
output circuit is of ECL type, the circuit diagram being shown
in Fig. 5g. The outputs can be enabled or disabled under
software control by the address 0 control word but are best left
in the disabled state when not required as the fast edge
speeds on the output can increase the level of reference
sidebands on the synthesised oscillator.

The emitter follower outputs have no internal down resistor
to save current and if the outputs are required an external pull
down resistor should be fitted.The value should be kept as
high as possible to reduce supply current, about 2.2k being
suitable for monitoring with a high impedance oscilloscope
probe or for driving an AC coupled 50ohm load. A minimum
value for the pull down resistor is 330ohms. When the F,qand
F e OUtputs are disabled the output level will be at the logic low
level of about 3.5V so that the additional supply current due to
the load resistors will be present even when the outputs are
disabled.

Reference input

The reference input circuit functions as an input amplifier or
crystal oscillator. When an external reference signal is used
this is simply AC coupled to pin 28, the base of the input emitter
follower. When a low phase noise synthesiser is required the
reference signal is critical since any noise present here will be
multiplied by the loop. To obtain the lowest possible phase
noise from the SP8852D it is best to use the highest possible
reference input frequency and to divide this down internally to
obtain the required frequency at the phase detector. The
amplitude of the reference input is also important, and a level
close to the maximum will give the lowest noise. When the use
of a low reference input frequency say 4-10MHz is essential
some advantage may be gained by using a limiting amplifier
such as a CMOS gate to square up the reference input.

In cases where a suitable reference signal is not available,
it may be more convenient to use the input buffer as a crystal
oscillator in this case the emitter follower input transistor is
connected as a colpitts oscillator with the crystal connected
from the base to ground and with the feedback necessary for
oscillation provided by a capacitor tap at the emitter. The
arrangement is shown inset in Fig. 3

Ci G2
FROM I
CHARGE
PUMP
= 373
TO
FROM + vco
CHARGE
PUMP
REFERENCE

Fig. 7 Third order loop filter circuit diagram
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Loop Filter Design

Generally the third order filter configuration shown in Fig.6
gives better results than the more commonly used second
order because the reference sidebands are reduced. Three
equations are required to determine values for the three
constants where;

11 =Cy
T2=Rz(C1 +C2)
13=C2 Rz

The equations are;

1 Ky K |:1+w,,2r221|‘/=

7. = T "2
VU Nog? | 1+ 0,2 1,2
2 7, = —1
2w
- 1
3 _ tan @, + Cosd,
Ty = @,
Where;

is the phase detector gain factor in mA/radian
Ko is the VCO gain factor in radian/second/Volt
N s the total division ratio from VCO to reference
frequency
wp is the natural loop bandwidth
o is the phase margin normally set to 45°
Since the phase detector is linear over a range of 2z radian,
Ky can be calculated from

K¢ = Phase comparator current setting/ 2x  mA/radian

These values can now be substituted in equation 1 to obtain
a value for C4 and equation 2 and 3 used to determine values
for Co and Ry

EXAMPLE
Calculate values for a loop with the following parameters

Frequency to be synthesised: ~ 1000MHz

Reference frequency 10MHz

Division ratio 1000MHz/10MHz = 100
wp natural loop frequency 100kHz

Ko VCO gain factor 25 x 10MHz/Volt

@, phase margin 45°

Phase comparator current 6.3mA

The phase detector gain factor K¢
=6.3mA2r = 1mA/radian

From equation 3:

PR
—tan 45° + oosaEe _ 0. 4142
T00KHZ X 2 628319

Ty =

T3 = 659 x 1079

From equation 2:

1
(100kHz X 2m)2 x 659 x 10-°

Ty =

T, =3.844 x 1076
Using these values in equation 1:

1 x 10 -8 x 2x X 10MHz/V
100 x (2 X 100kHz)?

Ye

T = [A]
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Where Ais : Substituting for C»
2 —_6\2 T
1+ w,,: 12: _ 1+ (2m x 100kHz2) 2>< (3.844 x 10-5) Ty = Rz[c1 +R_s] o Ty = RyCy 41
1+ 0?14 1 + (27 x 100kHz)? x (659 x 10 ~9) 2
% T~ T3 _ 3.844 X 10-6 — 659 x 10-9
_ 62832 6.833 ~Rp = = >
"1 39.48 x 1012[1 .1714] C, 9.61x 1079
T, =1.59 x107% x 2. 415 R, = 829.4Q

=

]
w
[o2]
S
X
=
)
®

. _
T3 = CyR, ~ C, = & = 889X 1078

Now 7, = C, .. C, = 3.84nF Ry 829.4
C, = 0.794nF
T, = R, (C; + Cp)
3, =C, Ry
TYPICAL OVERLOAD
+20 1
il ——
A)
+10
B T
INPUT TO GUARANTEED
PIN13 OPERATING |
(dBm) WINDOW |
..
-10
-20
L ,/\
-30

]
100MHz 16Hz Yz 10GHz
INPUT DRIVE REQUIREMENTS TYPICAL SENSITIVITY

Fig. 8 SP8852D
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TRACK LAYOUT (topside)
TRACK LAYOUT (underside)

I

)

Fig. 9 P.C.B. layout
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COMPONENT LAYOUT (topside)

Fig.10 component layout.

COMPONENT LAYOUT (underside)

Fig. 17 component layout.
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Component List.

C1 47uF  electrolytic R1 100K

C2  10pF tant R2  2K7

C3 1pF  tant R3 10K

C4 1uF  tant R4 2K2

C5 100nF ceramic R5 2K2

C6 100nF ceramic R6 2K2

c7 22nF  polyester R7 1K

c8 10nF  ceramic R8 1K

Cc9 10nF  ceramic R9 1K

C10  10nF ceramic R10 NU

Cc11 100pF ceramic R11 NU

C12  10nF ceramic R12 NU

C13 10nF chip R13 47K  chip
C14  10nF chip R14 10K  chip
C15 10nF chip R15 1K8  chip
C16  10nF  chip R16  180R chip
C17 1nF  chip R17 50R  chip
Ci18 1nF  chip RNET1 10K

C19 1nF  chip RNET2 10K

C20 1.5pF chip

C21  1.5pF chip Note R13 to R17 are mounted on the underside of the board

C22 1.5pF chip

Note C13 to C22 are mounted on the underside of the board.

IC1  SP8852D XTAL 40MHz crystal (optional)

IC2 OP-27G SW1 to SW17 SPDT d.i.l toggle switches
REG1 L7812CP PB1 pcb mount push button

TR1 AT-41486 SKT1 to SKT5 SMA pcb mount sockets
VARICAP BB405B FC1, FC2 & FR2 are application dependant.

LED 5mm round

I FILTER O/P - . .
L_d R0

* NOTE the second emitter lead is cropped

Fig. 12 VCO detail
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GEC PLESSEY

ADVANCE INFORMATION

Q. PP SECMICONDUCTORS

D.S.23522.2

SP8853A/B

1.3/ 1.5GHz PROFESSIONAL SYNTHESISER
(Supersedes the Edition in May 1991 Professional I.C Handbook)

The SP8853 is a low power single chip synthesiser
intended for professional radio applications, and contains all
the elements (apart from the loop amplifier) to fabricate a PLL
frequency synthesis loop.

The device is serially programmable by a three wire data
highway and contains three independent buffers to store one
reference divider word and two local oscillator divider words.
A digital comparator, with two charge pump, programmable in
phase and gain are provided to improve lock up performance.
the preset tandem operation of the charge pumps can be
overwritten or the comparison frequencies switched to output
ports under control of the divider word. the dual modulus ratio
and so operating range is also programmable through the
same word.

A power down mode is incorporated as a battery economy
feature.

The part is specified to 1.5GHz at +85°C and to 1.3GHz at
+125°C in the DG package. In the HC package the part is
specified to 1.3GHz at +85°C and +125°C.

FEATURES

Improved Digital Phase Detector to Eliminate
“Dead Band” Effects

Low Operating Power, Typically 175mW
1.5GHz Operating Frequency (DG package)
Complete Phase Locked Loop

High Input Sensitivity

Programmed through Three Wire Data Bus
Wide Range of Reference Division Ratios
Local Storage for Two Frequency Words giving
Rapid Frequency Toggling

Programmable Phase Detector Gain

Power Down Mode

ABSOLUTE MAXIMUM RATINGS

Supply voltage -0.3Vto 7V
Storage temperature -55°C to +150°C
Prescaler input voltage 2.5V p-p

ORDERING INFORMATION
SP8853/A/DG Military temperature range
SP8853/B/DG Industrial temperature range
SP8853/AC/DG Mil std 883
SP8853/A/HC Military temperature range
SP8853/B/HC Industrial temperature range
SP8853/AC/HC Mil std 883
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Y A
INTERNALLY CONNECTED [| 1 28] cd
vees [ 2 27 [1 LOCK DETECT
poroutpur [ 3 2 [] Nc
*Fpd [ 4 25 [] PD2 OUTPUT
*Freft [] 5 24 [] RPD
POWERDOWN [} & 23 [] vees
vees [ 7 gpggs53 22 [] EARTH
vees [ 8 21 [] xvAL1
veer [ 9 20 [] xvAL2
RFINPUT [] 10 19 [] VEE2
RFINPUT [] 1 18 [] vee2
veer [ 12 171 Ne
FFr2 [0 18 16 [] ENABLE
DATA q 1 157 crLock
—
DG28
=
i 0
i i
i 1
q 15-—PIN No. 1
INDEX
i I
i i
i I
(.
HC28
1 15 LOC
2 VEE3 16 ENABLE
3 PD1 OUTPUT 17 NC
4 *Fpd 18 vee2
5 * Fref 19 VEE2
6 POWER DOWN 20 XTAL 2
7 VEE4 21 XTAL 1
8 VCC4 22 EARTH
9 vcet 23 CC3
10 RF INPUT 24 RPD
1 RF INPT 5 PD2 OUTPUT
12 VEE1 26 NC
13 Fi/F2 27 LOCK DETECT
14 DATA 28 cd

*  Fpd and Fref outputs are reversed ﬁgii‘lé phase detector sense
bit Iln tlhs programming word. Diagram above is correct when sense
bit is low.

VCC1, VEE1 -~ Preamp and Prescaler
VCC2, VEE2 - Oscillator Supplies
VCC3, VEES3 ~ Charge Pump 2 Supplies
VCC4, VEE4 - ECL Supplies.

Fig. 1 Pin connections - top view
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Fpd and Fret outputs are reversed by the
phase detector sense bit in the programming

word. Diagram is correct when sense bit is low.

]
1
1
)
1
11 H
RE S 1617 A COUNT | | M COUNT fod i
INPUT M 8/9 +LOGIC + LOGIC 1
1
1
1 N\ '
: — :
i > DUAL F1/F2 I PHASE !
: i =l | |aTaBuFFER DETECTOR |,
1 H : — ]
! | H H
1 1
! LoGic f— | aBmiT 15 BIT 2BIT 18T |— \ H
1 1 '
] 1 [}
! i | cHARGE | ,; PDI
! -y - -9 - F---- N pump |0 ErROR
143 Nof |n3 N4l [N18  N1gf |N20 N21 V] 1 | sIGNAL]
FF2 OB ~ —— H
1
DATA O14- BIT SR 22BITSR pse ] 2ad o
115 | DATA LSB No| |N12 N13 N1a| [N15 28
cLock o™ \NpuT 70{& ---------------- i ﬁ-- ; —2&ocd
11 6 L] | 1
ENABLEQ 1 H N] charce | ! PD2
POWER ! g L— J13BIT 1BIT 28BIT 1 y PUMP =0 ERROR
DOWN ! H 2 | SIGNAL]
1 1 ' |
i termmd e ——mqmemead Lo a ] LOCK
\ :
h A F SINGLE | L 27 perecr
: . REFERENCE 1¢
! BUFFER
) U >} count > 5t
: fref —'6Fref *
1 OUTPUT i
i SZ INTERFACE | , !
: - —OI Fpd *
! LOGIC '
! | 1
] 1
| 1
R - | 3. O 2 3 S -
CRYSTAL
Fig. 2 SP8853 block diagram
© 3 PD1 vee +sv
45K
LOCK
HARG CHARGE PUMP 1 DISABLE DETECT
~—] Pump 279
— 1
275V ~
1 N " H y —
CHARG DUAL
1 PUMP X1 VOLTAGE
— 2 1 COMPARATOR
TRANSCONDUCTANCE
AMPLIFIER %
VOLTAGE GAIN = 1 BUFFER
24 25 28 O 1
] RPD  PD2 cd 2.25v >
fod
P bereeen OUTPUT CURRENT AT PIN 28 5K
. IS PROPORTIONAL TO VOLTAGE DIFFERENCE
ref

BETWEEN PIN 25 AND 28, | MAX = t 25pA

Fig. 3 Detailed Block Diagram of Lock Detect Circuit
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TYPICAL OVERLOAD
500mV /
J SPBBS3A
400mV 7&\
INPUT >< SP8853B
Vo&L’I‘MGSE 300mV =1 GUARANTEED 7, GUARANTEED =
m OPERATING 7 OPERATING
WINDOW Z WINDOW
200mV I—p -89 MODE 7 +16/17 MODE
-1 \ ¢ /~ ----------- 125mV
100mV \\\ /
1
“-‘;i‘_y/ ----------- 50mv
N— |
0 1 il i
0 80 500 650 1000 1300 1500
TYPICAL SENSITIVITY INPUT FREQUENCY (MHz)
Fig. 4a Typical input characteristics and input drive requirements (DG package)
TYPICAL OVERLOAD
400mV // T
]
]
INPUT H
VOLTAGE 300mV : | SPEBS3A & B
s ZO) N
“““““ T 250
/ GUARANTEED
200mV —t GUARANTEED / OPERATING
_t OPERATING % WINDOW N NNIRNY¥ - - = - 150
WINDOW % +16/17 MODE
100mv | +8/9MODE 7
50 |1 /
D
25 §- "
0 080 150 500 650 750 1000 1300 1500
TYPICAL SENSITIVITY  INPUT FREQUENCY (MHz)
Fig. 4b Typical input characteristics and input drive requirements (HC package)
DATA 2V FiRsT DATA x FINAL DATA \
/ BIT BIT
e ts e top > 1o | trep
-“ trep = 1us min
CLOCK — \ ts = 50ns min
__/ \___/ 50ns min
—— e — to 100ns min
50ns min
ENABLE —f—2v - 1,
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Fig. 5 Data and clock timing requirements
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ELECTRICAL CHARACTERISTICS
These characteristics are guaranteed over the following conditions (unless otherwise stated)
Supply Voltage Voo +4.75 to + 5.25V
Temperature A Grade T, = -55°Cto + 125°C
B Grade T, = -40°C to +85°C

Value
Characteristic Pin Units Conditions
Min. Typ Max.
Supply Current 89
18,23 33 40 mA
Supply Current in Power Down Mode 8 45 7.5 mA
Input Sensitivity 10,11 See Figure 4a and b
Input Overload 10,11 See Figure 4a and b
RF input Division Ratio 10,11,4 256 524287 With 16/17 selected
56 262143 With 8/9 selected
Comparison Frequency 4,5 5 MHz
Reference Oscillator Input Frequency | 20,21 -4 20 MHz
External Reference Input Voltage 20 10 500 mVrms
Reference Division Ratio 20,5 1 8191
Data Clock Repetition Rate t;ep 15 1 us See Figure 5
Minimum Set up Time tg 14,15 50 ns See Figure 5
Data Input High 14 0.6Vce Vce - \"
Low 14 Vee 0.3Vcc \
Clock Input High 15 0.6Vcc Vce \
Low 15 Vee 0.3Vce \
Data Enable High 16 0.6Vcc Vce "
Low 16 Vee 0.3Vee \
F1/F2 Input High 13 0.6Vce Vce \ F1 buffer selected
Low 13 Vee 0.3Vee \ F2 buffer selected
Power Down Input High 6 0.6Vce 0.9vVce \
Low 6 Vee 0.3Vce \
F1/F2 Input Current 13 5 BA V Pin 13=5.0V
Power Down Input Current 6 5 HA v Pin 6=4.5V
RPD External Resistance 24 68 330 KOhms
Lock Detect Output Voltage “in lock” 27 1 A I pin 27=1mA
Lock Detect Switching VoltageHigh 25 27 Vv Vee =5V
Low 25 23 \ Vee =5V
Fpd and Fref Output Voltage Swing 0.9 \ Vec=5V. External pull
down may be required
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DESCRIPTION

Prescaler and A M counter

The programmable divider chain is of A M counter
construction and therefore contains a dual modulus front
end prescaler, an A counter which controls the dual
modulus ratio and an M counter which performs the bulk
multi-modulus division. A programmable divider of this
construction has a division ratio of MN + A and a minimum
integer steppable division ratio of N(N-1).

In the SP8853 the dual modulus front end prescaler
is a dual N ratio device capable of being statically
switched between 16/17 and 8/9 ratios. The controlling A
counter is of four bit design enabling a maximum count
sequence of 15, (24-1) which begins with the start of the M
counter sequence and stops when it has counted by the
preloaded number of cycles. Whilst the A counter is
counting the dual modulus prescaler is held in the N+1
mode, then relaxes back to the N mode at the completion
of the sequence. The M counter is a 15-bit asynchronous
divider which counts with a ratio set by a control word. In
both A and M counters the controlling data from the F1/F2
buffer is loaded in sequence with every M count cycle.
The N ratio of the dual modulus prescaler is selected by a
one bit word in the reference divider buffer and, when a
ratio of 8/9 is selected the A counter requires only three
programming bits, having an impact on the frequency bit
allocation as described in the data entry section.

Reference source and divider

The reterence source in the SP8853 is obtained from
an on board oscillator, frequency controlled by an external
crystal. The oscillator can also function as a buffer
amplifier allowing the use of an external reference source.
In this mode the source is simply AC coupled into the
oscillator transistor base on pin 20.

The oscillator output is coupled to a programmable
reference divider whose output is the reference for the
phase detector. The reference divider is a fully
programmable 13-bit asynchronous design and can be set
to any division ratio between 1 and 8191. The actual
division ratio is controlled by a data word stored in the
internal reference buffer.

Phase comparator

The SP8853 is provided with a digital phase
comparator feeding two charge pump circuits. Charge
pump 1 has preset currents programmable as shown in
table 1. Charge pump 2 has a current level set by an
external resistor: the current is multiplied by a factor
determined by the F1 or F2 word (see table 1).

A lock detect circuit is connected to the output of
charge pump 2. When the voltage level at pin 25 is
between approximately 2.25 and 2.75 volts, pin 27 will be
low and charge pump 1 disabled depending on the PD1
and PD2 programming bits as shown in table 4.

The output signals from the reference and M counters
are available on pins 4 and 5 when programmed by the
reference programming word: the various options are
shown in table 4. An external phase detector may be
connected to pins 4 and 5 and may be used
independently or in conjunction with the on chip detector.

To allow for control direction changes introduced by
the design of the control loop, a programming bit in the
F1/F2 programming word interchanges the inputs to the
on chip phase detector and reverses the functions on pins
4 and 5.
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F1 OR F2 WORD| CHARGE PUMP 1 CHARGE PUMP 2
G2 G1 CURRENT MULTIPLIER
0 0 50pA 1
1 0 75pA 1.5
0 1 125pA 25
1 1 200pA 4

Table 1 Charge pump currents

Note: Charge pump 2 is pin 24 current X multiplication
factor. I pin 24=VCC-1.5V
“RPD

Data entry and storage

The data section of the SP8853 consists of a data
input interface, an internal data shift register and three
internal data buffers.

Data is entered to the data input interface by a three
wire data highway with data, clock and chip enable inputs.
The input interface then routes this data to a 24-bit shift
register with bus connections to three data buffers. Data
entered via the serial bus is transfered to the appropriate
data buffer on the negative transition of the chip enable
input according to the two final data bits as shown in Table
3. The MSB of the data is entered first.

The dual F1/F2 buffer can receive two 22-bit words
and controls the programmable divider A and M counters
using 19-bits, the phase detector gain with two bits and the
phase detector sense with one bit. A fourth input from the
synthesiser control system selects the active buffer.

OUTPUT FOR RF PHASE LAG

Sense Bit Pins 3 and 25
Current source
1 Current sink

Table 2

The third buffer contains only 16 bits, 13 being used to
set the reference counter division ratio, and 2 to control the
phase comparator enable logic. The remaining bit sets the
dual modulus prescaler N ratio.

2 Bit S.R. Contents Buffer Loaded
00 F1
10 F2
01 Active A *
1 Reference
Table 3

= Transfer of A counter bits into buffer controlling the
programmable counter

The data words may be entered in any individual
multiple sequence and the shift register can be updated
whilst the data buffers retain control of the synthesiser with
the previously loaded data. This enables four unique data
words to be stored in the device, with three in the data
buffers and a fourth in the shift register, whiist the chip is
enabled. F1 word may also be updated whilst F2 is
controlling the programmable divider and vice versa.

The dual F1/F2 buffer enables the device to be
toggled between two frequencies using the F1/F2 select
input at a rate determined by the comparasion frequency




and also enables random frequency hopping at a rate
determined by a byte load period, since the loop can be
locked to F1 whilst F2 is updated by entering new data
via the shift register. The F1/F2 input is high to select
F1.

An F1 or F2 update cycle will consist of a byte
containing 24 bits, whereas the reference byte will
contain 18 bits. The device requires 3 bytes each with a

[T S P Iy | TIRPIEY. V. S R TORPOY PR

chip select sequence, totailing 66 bits to fully program.

SP8853

When the dual modulus counter (A count) is set to
+8/9, the data required to set the counter is reduced by
one bit, leaving an unused bit in the 22-bit F1/F2 buffer.
this bit must always be set to zero when +8/9 mode is
required. Various programming sequences are shown in
Fig. 7

The data entry and storage registers are always
powered up, making it possible to enter data when the

P S SR

UCVILG lb Ill the pUWGleU UUW” Stdte.

PD2 PD1
0 0 Fref and Fpd outputs off, charge pump 1 and 2 on
0 1 Fref and Fpd outputs on, charge pump 1 off. Charge pump 2 on
1 0 Fref and Fpd outputs off, charge pump 1 disabled by lock detect. Charge pump 2 on
1 1 Fref and Fpd outputs on, charge pump 1 disabled by lock detect. Charge pump 2 on
Table 4
Vv +5v  VARICAP
cc FROM CHARGE SUPPLY
. 0.25V PUMP
Ra=>2X Lrogrammed comparator 2 current
211FNC EXTERNAL
20[l—]}—reFerence Ra 10K
19 SOURCE T0 10
Loop LOOP 470 vco
AMPLIFIER FILTER
Ra
CONNECTION OF EXTERNAL USE OF LOCK DETECT CIRCUIT o
REFERENCE
WITH PD1
-4 OV
+5V ¢ 1 H
1
A\ 7
g 28 o
B [}
{]2 27 RPD ! |
2K2 L LOOP FILTER
-——E 3 26[] Rb A
Fpd {}4 C2
Fref€ s
Os
—]7 22
ds SP8853
&
CONTROL de
MICRO ’_| 1n 0
i
T {112
VOLTAGE {]rs
CONTROLLED {]14
OSCILLATOR
0.1p==
T ! 4oV
Rb= > Jrogrammed comparator 2 current

Fig. 6 Typical application diagram
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PHASE
DETECTOR
GAIN
CONTROL
(See table 1)'

ussl LsB
l IGzlml2'3|2‘7[216I2'5[2‘412‘312‘212”l2‘0| 29[ 28I 271 26[ 251 24123[ zzl 21[20l Czl C‘l

PHASE 15 BIT PROGRAMMABLE COUNTER (M COUNTER) 4BIT CONTROL
DETECTOR PROGRAMMABLE LOGIC
SENSE COUNTER (See table 3)
(See table 2) (A COUNTER)
FIG.7(a) F1 or F2 word, bit allocation with 16/17 selected
PHASE
DETECTOR
GAIN MUST
CONTROL BE
(See table 1) ZERO
MsB | I LSB
L I Gz[ G1|217|zmlzlslzmlzmlzlegnlzml 29 l 28' 27 I 26[25' 24] 23| o I 22 I 21 | 20 | czl CIJ
PHASE 15 BIT PROGRAMMABLE COUNTER (M COUNTER CONTROL
DETECTORI | 58 06 ! ) l l LOGIC
SENSE 3 BIT (See table 3)
(See table 2) PROGRAMMABLE
COUNTER
(A COUNTER)
FIG.7(b) F1 or F2 word, bit allocation with 8/9 selected
DUAL
MODULUS
N RATIO
SELECT
MSB | | LSB
'PDZIF‘DII A 12'2[2"12‘0I 29l 28| 27| 26| 25I 24| 23| 22| 21J 20| czl c‘|
PHASE | 13 BIT PROGRAMMABLE COUNTER (R COUNTER) CONTROL
DETECTOR LOGIC
BISTABLE 0= {See table 3)
CONTROL
(See table 4)
FIG.7(c) reference word bit allocation
F1 WORD F2 WORD REF WORD

DATA l 22 BITS |0|0l 22 BITS 1l0| I 16 BITS I 1! 1I

P 22 CLOCKS Iﬂn I 22 CLOCKS m n | 16 CLOCKS I[m

DATA LOADS ON NEGATIVE EDGE

CHIP N \
SELECT

Fig.7(d) Typical data load sequence

Fig. 7 Data format diagrams
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Vel Vecd Ve
H‘3K25 1250 1250 6K oK | |62ks 12K
1 > >
500 500 -
JEp— [ ] ~ 13,146 ~ R
HF INFU I w 77K5
RF INPUTOLL
[] 37k
10K 0.8mA 50pA
27.5pA
— V,
Veel eed Vged
RF PRE-AMPLIFIER INPUTS F1/F2 DATA AND POWER DOWN HYSTERESIS INPUTS DATA CLOCK
INPUTS AND ENABLE
Vec*
Voo 3 *CP1 Vg4
CP2 V¢c3
27 oup
80K Vee
ouP 3,25
[ ——)
6DOWN
Vee
35K
ODOWN
Vge3
OSCILLATOR PINS LOCK DETECT OUTPUT Vee*
PHASE DETECTOR
CHARGE PUMPS
Vecd Phase detector current =
Vecd
Vce-1.5V_x charge pump multiplier
EXTERNAL | |pony  ~ RPD 10K
RESISTOR
Veed
FROM M OR R
COUNTERS
—O 4'5
ouTPuT B ]
ENABLE L—f——‘ l
Veed 100pA 50pA
CHARGE PUMP 2 Veed
CURRENT PROGRAMMING
Fpd AND Frer OUTPUTS

Fig. 8 Input and output interface diagrams
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APPLICATIONS

A basic application using a single phase comparator
is shown in figure 6. The SP8853 is a 1.5 GHz pant, so
good RF design techniques should be employed,
including the use of a ground plane and suitable high
frequency capacitors at the RF input and for power supply
decoupling.

The RF input should be coupled to either pin 10 or
11, and the other pin decoupled to ground. The reference
oscillator is of conventional Colpitts type with two
capacitors required to provide a low impedance tap for the
feedback signal to the transistor emitter. Typical values
are shown in figure 6, although these may be varied to
suit the loading requirements of particular crystals. Where
a suitable reference signal already exists or where a very
stable source is required, it is possible to apply an
external reference as shown inset in figure 6. The
amplitude should be kept below 0.5V RMS to avoid
forward biasing the transistor collector base junction.

In some systems, it is useful to have an indication of
phase lock. The output from pin 27 goes low when the
output of charge pump 2 is between 2.25 and 2.75V and
can be used to operate an LED to give visual indication of
phase lock. Alternatively a pull-up resistor may be
connected to Vg and the output used to signal to the
control microprocessor that the loop is locked thus
speeding up system operation. The output current
available from pin 27 is limited to 1.5mA. If this current is
exceeded the logic low level will be uncertain.

The circuit diagram shown in figure 6 is a basic
application with minimum component count which is
nevertheless perfectly adequate for many applications.
Charge pump 1 on pin 3 is used to drive the loop amplifier
which provides the control voltage for the local oscillator.
When charge pump 1 is used in this mode, the PD1 and
PD2 bits in the reference programming word must be set
to enable charge pump 1 continuously. This application
could also use charge pump 2 output on pin 25 or if a
higher phase comparator gain is required, pins 3 and 25
could be connected in parallel to use the combined output
current from both charge pumps.

The lock detect circuit can be programmed to
automatically disable charge pump 1 as shown in table 4.
This feature can be used to reduce the system lock up
time by connecting the charge pump outputs in parallel to
the loop amplifier with a resistor, (shown dotted) in series
with charge pump 2. This connection allows a relatively
high current to be used from charge pump 1 to give short
lock up time, and a low current to be set on charge pump
2 giving low reference frequency sidebands. The degree
of lock up time improvement depends on the ratio of
charge pump 1 to charge pump 2 currents.

When the loop is out of lock, both charge pumps will
be enabled and will feed current to the loop amplifier to
bring the oscillator to phase lock. The current from
charge pump 2 will produce a voltage drop across the
series resistor allowing operation of the lock detect circuit
and enabling charge pump 1. The resistor must be
chosen to give a voltage drop greater than 0.25V at the
current level programmed for charge pump 2. When
phase lock is achieved, there will be no charge pump
current and therefore the voltage at pin 25 will be equal to
that on the virtual earth point of the loop amplifier (2.5V),
disabling charge pump 1.

Charge pump 1 should not be left open circuit when
enabled as this prevents correct operation of the phase
detector. The output on pin 3 should be biased to half
supply with a pair of 4k7 resistors connected between
supplies.
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When charge pump 2 is used to drive the loop
amplifier, the lock detect circuit will only give an out of
lock indication when large frequency changes are made or
when a frequency outside the range of the local oscillator
is programmed. At other times the loop amplifier input is
maintained at 2.5V by the action of the loop filter
components. Again a resistor connected between pin 25
and the loop amplifier, producing a voltage drop greater
than 0.25V at the charge pump current programmed will
allow sensitive out of lock detection.

When phase lock detection is required using
comparator 1 only, charge pump 2 output on (pin 25)
should be biased to 2.5V using two equal value resistors
across the supply. The values should be chosen to give a
voltage change greater than 0.25V at the programmed
comparator 2 charge pump current. A small capacitor
connected from pin 28 to ground may be used to reduce
chatter at the lock detect output. (see inset figure 6) A
detailed block diagram showing the lock detect circuitry is
shown in fig 3.

An amplifier is required to convert the current pulses
from the phase comparator into a voltage of suitable
magnitude to drive the chosen VCO. The choice of
amplifier must be determined by the voltage swing
required at the VCO to achieve the necessary frequency
range, and in most cases an operational amplifier will be
used to provide the essential characteristics of high input
impedance, high gain and low output impedance required
in this application.

Although it is expected that an operational amplifier
will be used in most cases, a simple discrete design can
be used and a suitable design is shown inset in figure 6.
This arrangement can be particularly useful when the
minimum VCO control voltage must be close to ground
and where negative supplies are inconvenient. This
form of amplifier is not suitable for use with charge pump
2 when the lock detect circuit is required.

When an operational ampilifier is used in the inverting
configuration shown in figure 6, the charge pump output is
connected directly to the virtual earth point and will
therefore operate at a voltage similar to that set on the
non-inverting input. Normaly this operating point should
be set at half supply using a potentiometer of two equal
resistors, but if necessary this voltage can be set up to 1V
higher or lower than half supply without detrimental effect.
When the lock detect function is required on charge pump
2, the non inverting input must be at half supply.

The digital phase comparator and charge pump used
on the SP8853 produces bi-directional current pulses in
order to correct errors between the reference and VCO
divider outputs. Once synchronisation is achieved, in
theory no further output from the charge pump should be
required, but in practice, due to leakage currents and
particularly the input current of the amplifier, the
capacitors forming the loop filter around the amplifier will
gradually discharge, modifying the VCO voltage and
requiring further outputs from the charge pump to restore
the charge. The effect of this continuous correction of the
local oscillator frequency, is to frequency modulate the
VCO and thus produce sidebands at the reference
frequency. In order to reduce this effect to a minimum, an
amplifier with low input bias current is essential.
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COMPARATOR

Cc1 R2
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COMPARATOR
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Fig. 9 Standard Form of Second Order Loop Filter

Loop calculations

Many frequency synthesiser designs use a second
order loop with a loop filter of the form shown in figure 9.

In practice an additional RC time constant (shown
dotted in figure 9) is often added to reduce noise from the
amplifier. In addition any feedthrough capacitor or local
decoupling at the VCO will be added to the value of C2.
These additional components in fact form a third order
loop, and if the values are chosen correctly, the additional
filtering provided can considerably reduce the level of
reference frequency sidebands and noise without adversly
affecting the loop settling time. The calculation of values
for both forms of loop is shown below.

Second Order Loop.

For this filter two equations are required to determine
the time constants Tq and Ty where:

t = Ci Ry
Tp = C1 Rz
The equations are:

1 T1 = KgKj
wp2N

2 =2
Q’l

where:

Ky is the phase detector gain factor in V/Radian
K is the VCO gain factor in radians
second /Volt
N is the division ratio from VCO to reference
frequency
®, is the natural loop bandwidth
{ is the damping factor: normaly 0.7071

The SP8853 phase comparator is a current source
rather than a conventional voltage source and has a gain
factor specified in pA/radian. Since the equations deal
with a filter where R, is feeding the virtual earth point of
an operational amplifier from a voltage source, R, is
setting the input current to the filter which is similar to the
circuit shown in fig. 10 where a current source phase
comparator is connected directly to the virtual earth point
of the operational amplifier.

The equivalent voltage gain of the phase comparator
can be calculated by assuming a value for Ry and
calculating a gain in volts/radian which would produce the
set current.

The digital phase comparator used in the SP8853 is
linear over a range of 2n radians and therefore the phase

Fig.10 Modified Second Order Loop Filter

comparator gain is given by:

phase comparator current setting pA/Radian.
2n

The phase comparator gain in V/radian is therefore:

50 pA x1K ohm
2n

assuming a value of 1K for R4 and 50pA for the phase
comparator current setting, these values can now be
inserted in equation 1 to obtain values for C; and equation
2 used to determine a value for R,.

Example:

Calculate values for a second order loop with the
following parameters.

Frequency to be synthesised 800Mhz

Reference frequency 100KHz

Division ratio N 800MHz =8000
100KHz

Natural loop frequency w, 500Hz

VCO gain tactor Ko 20 x 10MHz/Volt

Damping factor ( 0.7071

Phase comparator current setting 50pA

Assuming R; is 1K ohm, then the equivalent phase
comparator gain Kg in V/iradian =50pA x 1000
2n

Ky =0.00796V/radian.

0.00796 X2 XnX10MHz
T

From equation 1

2XnX500)*X8000
= 6.334%x106
- 2X0.7071
riom equa tion 2 TZZ YRR
2XnX500

T, = 4.50% 104

6.334x10°8

N =C.R =
ow ikt 1 1Kohm

1K is chosen value for R4

C; = 6.33nF
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c, c,
FROM FROM
CHARGE R, CHARGE .
PUMP Ry T0 PUMP R, 3 To
vco vco
/7J_77cz
a b
Fig. 11a and 11b Standard and Modified Form of Third Order Loop Filter
Where
450x10~4 Ky ?s the phase detector gAain factor in V/Radian
t=C.R. - — =R Ky is the VCO gain factor in radians second/Volt
2T Y12 6.33%10~? 2 N s the total division ratio from VCO to reference

R, = 71000 ohms

Third Order Loop

The third order loop filter is normally shown as in
figure 11. Figure 11b shows the circuit redrawn to use an
RC time constant after the amplifier, allowing any
feedthrough capacitance on the VCO line to be included in
the loop calculations. Where the modified form in figure
11b is used it is advantageous to connect a small
capacitor Cx of typically 100pF (shown dotted), across the
amplifier to reduce sidebands caused by the amplifier
being forced into non linear operation by the phase
comparator pulses.

Three equations are required to determine the time
constants, Ty, Tp and T3 where :

frequency
Wy is the natural loop bandwidth
o is the Phase margin normaly set to 45°

As in the second order filter example a value for R1 can
be assumed and an equivalent gain Kg in V/radian
calculated from:

phase comparator current setting pA/radian X 1K
2n
Where 1K ohm is the assumed value for B4

These values can now be substituted in equation 1 to
obtain a value for Cy and equations 2 and 3 used to
determine values for C, and Ro.

EXAMPLE

Calculate values for a loop with the following parameters.

Frequency to be synthesised: 800MHz
Reference frequency 100KHz
Division ratio 800MHz
T00KHz =8000
Wy, natural loop frequency 500Hz

Ky VCO gain factor

2n x 10MHz/Volt

T, = C1 Ry
for figure 11a To = Ry (Cy + Cp)
T3 = Co Rs
T = Ci By
and for figure 11b T2 = Cy R»
T3 = C2 B3
The equations are:
2 2
. KeK0 1+wn T, r
T, =
! No?lite? T, 2
n 3
9 1
. L=
(.\)" T'3
— tan +
b, Y
3 _ 0
. T, = "
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d, phase margin 45°
Phase comparator current S50pA

assuming R4 is 1K Ohm, then the equivalent phase
comparator gain Kgin V/radian is:

50pA x1000
2n =0.00796 V/Radian

From equation 3:

— tan 45° +

cos 45° 0.4142
T, =
3 500Hz X 2n 3141.6

T3 = 1.318 X 10



From equation 2:
1
%= 2 4
(500 X 2 Xn)“Xx1.318X10"

Tp = 7.687 X 10 -4

Using these values in equation 1:

7.96><10"3><2Xn><10MHz/V[ '%
T, =

! 8000 X (21 X 500)2
Where A is:

2 2 B
I+ "% 1+ @2nx500)%x (7.687x10 ~ 42

1+mn2 na"’ 1+ @2nx500)2x (1.318x10™ 4?2

500141.6 [ 6.832 r

ke 11714

7.896 x 1010
T, = 6.334 x 10 -6 X 2.415

Ty = 1583 x 10-5
now Tty = Cy R4

. Cy = 1.563 X 10 -5 (R, is chosen as 1K)
1K Ohm

C

0.0153pF

for figure 11a T = Ry (Cy + C»)
for figure 11a T3 = Ca Ry
substituting for Ca

T3
=R, [C1+ —]
2

& T,—T3 7.687x10 " %_1318x10"*
¢ 0.0153 x 10 ~ ¢
R, = 41627 Ohms
c R c Ty 1.318 x 10 ~*
BT BT R T T e
C, = 3.17nF

for figure 11b T = Cy Ry .. Cy =1.53X105

1K
C1=0.0153pF

SP8853

T2 =C1 R .. R = 7.687 X104
1.53X108

R5>=50.242 Kohms
T3 = C2 Ry

Since both values are independent of the other

components, either C2 or R3 can be chosen and the other
calculated.

assume B3 = 1Kohm .. Cp = 1.318 X104

1000
Cy = 1.318%10-7

C»=0.1318yF

169



GEC PLESSEY
v "conbucTons ]

ADVANCE INFORMATION

SP8854D

1.7GHz PARALLEL LOAD PROFESSIONAL SYNTHESISER

The SP8854D is one of a family of parallel load
synthesisers containing all the elements apart from the loop
amplifier to fabricate a PLL synthesis loop. Other parts in the
series are the SP8852D which is fully programmable requiring
two 16 word bit words to set the RF and reference counters,
and the SP8855D which is programmed by hard wired links or
switches.

The SP8854D is programmed using a 16 bit parallel data
bus. This Data is stored in an internal buffer. The 10 bit
programmable reference divider is programmed by
connecting the 10 programming pins either to ground or +5V.
The device can therefore be programmed with a single
transfer from the control microprocessor. Hard wired inputs
can also control the Fpg and Fef outputs and the control sense
of the loop.

FEATURES

B 1.7GHz Operating Frequency

B Single 5V Supply Operation

B Low Power Consumption <1.3W

B High Comparison Frequency 20MHz

B High Gain Phase Detector 1mA/rad

B Zero “Dead Band” Phase Detector

B Wide Range of RF and Reference Divide Ratios
B Programming by Single Word Data Transfer

ABSOLUTE MAXIMUM RATINGS

Supply Voltage -0.3V to 6V
Storage Temperature —65°C to +150°C
Operating Temperature -55°C to +100°C
Prescaler & reference Input Voltage 2.5V p-p
Data inputs Vee +0.3V
Vgg -0.3V

ORDERING INFORMATION

SP8854D KG HCAR (non standard temperature range
—-55°C to +100°C standard product screening)

SP8854D IG HCAR (Industrial temperature range
—-40°C to +85°C standard product screening)
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D.S. 3701 2.2

HC44

Pin  Description Pin  Description

1 Input bus bit 10 23 Control direction
2 Input bus bit 9 24 Fpd+

3 Input bus bit 8 25 Fref

4 Input bus bit 7 26 +5%I

5 Input bus bit 6 27 Ref. osc capacitor
6 Input bus bit 5 28 Ref in/XTAL

7 Input bus bit 4 29 Ref divider bit 9
8 Input bus bit 3 30 Ref divider bit 8
9 Input bus bit 2 31 Ref divider bit 7
10  Inputbus bit 1 32 Ref divider bit 6
1 input bus bit 0 33 Ref divider bit 5
12 OV (prescaler) 34 Ref divider bit 4
13 RF input 35 Ref divider bit 3
14 RF input 36 Ref divider bit 2
15 Ve +5V (prescaler) 37 Ref divider bit 1
16 g OV 38  Ref divider bit0
17 Lock detect output 39 Strobe

18  C-lock detect 40 Input bus bit 15
19  Rget 4 Input bus bit 14
20  Charge pump output 42 Input bus bit 13
21 Charge pump ref. 43 Input bus bit 12
22 FpgfFrerenable 44 Input bus bit 11

*F,
tabﬁ

dand Feroutputs are reversed using the control directioninput. The
e above is correct when pin 23 is high.

Fig. 1 Pin connections — top view
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M 1k
V74
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ON APPLICATION
SP8854D
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SP8854 +30V
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b 100n
33p 10 s == 10n J— *100p :" = == ETC
== 10MHz T T T T. - 1"-11-00p T
100p | I CRYSTAL ip § 10n l $ : %
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Fig. 3 Typical application diagram

DESCRIPTION
Prescaler and AM counter

The programmable divider chain is of A M counter
construction and therefore contains a dual modulus front end
prescaler, an A counter which controls the dual modulus ratio
and an M counter which performs the bulk multi-modulus
division. A programmable divider of this construction has a
division ratio of MN+A and a minimum integer steppable
division ratio of N(N-1), where N is the prescaler ratio.

Data entry and storage

Data is loaded from the 16 bit bus by applying a positive
pulse to the strobe input. The input bus can be driven from TTL
or CMOS logic levels. When the strobe input is low, the bus
inputs are isolated and the data can be changed without
affecting the programmed state. When the strobe input is
taken high, the A and M and counters are reset and the input
datais applied to the internal storage register. When the strobe
input is again taken low, the data on the input bus is stored in
the internal register and the A and M counters released. The
strobe input is level triggered so that if the data is changed
whilst the input is high, the final value before the strobe goes
low will be stored.

Inorder to prevent disturbances on the VCO control voltage
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when frequency changes are made, the strobe input disables
the charge pump outputs when high. During this period the
VCO control voltage will be maintained by the loop filter
components around the loop amplifier, but due to the
combined effects of the amplifier input current and charge
pump leakage a gradual change will occur. In order to reduce
the change, the duration of the strobe pulse should be
minimised. Selection of a loop amplifer with low input current
will reduce the VCO voltage droop during the strobe pulse and
result in minimum reference sidebands from the synthesiser.

Reference input

The reference source can be either driven from an external
sine or square wave source of up to 100MHz or a crystal can
be connected as shown in Fig. 3.

Phase Comparator and Charge pump

The SP8854D has a digital phase/frequency comparator
driving a charge pump with programmable current output. The
charge pump current level at the minimum gain setting is
approximately equal to the current fed into the Rgg; input pin
19 and can be increased by programming the bus according
to Table 1 by up to 4 times.



Bit 15 Bit 14 Current Multiplication
Factor
0 0 1.0
0 1 1.5
1 0 25
1 1 4.0
Table 1
Pin 19 current = Yee —1:6V
RSB(
Phase detector gain =
loin 19(MA) X multiplication factor
pn 1o(MA) P mA/radian

2n

To allow for control direction changes introduced by the
design of the PLL, pin 23 is used to reverse the sense of the
phase detector by transposing the Fppg and Fyef connections.
In order that any external phase detector will also be reversed,
the Fpq/Fref outputs are interchanged by pin 23 as shown in
Table 2.

SP8854D

The Fpq and Fref signals to the phase detector are available
as ECL 10k levels on pin 24 and 25 and may be used to
monitor the frequency input to the phase detector or used in
conjunction with an external phase detector. The outputs are
disabled by taking pin 22 low. When the Fp4 and Fief outputs
are to be used at high frequencies, an external pull down
resistor of minimum value 330Q may be connected to ground
to reduce the fall time of the output pulse.

The charge pump connections to the loop amplifier consist
of the charge pump output and the charge pump reference.
The matching of the charge pump up and down currents will
only be maintained if the charge pump output is held at a
voltage equal to the charge pump reference using an
operational amplifier to produce a virtual earth condition at pin
20. Because the operational amplifiers will have limited
response time compared with the pulse frequency at the
charge pump output, pin 20 will not remain atthe same voltage
as pin 21 without an additional capacitor to ground to decouple
the high frequencies. The value of capacitor required will vary
with comparison frequency and the bandwidth of the op amp
but a value between 50pF and 5nF will normally be required.

The lock detect circuit can drive an LED to give visual
indication of phase lock or provide an indication to the control
system if a pull up resistor is used in place of the LED. A small
capacitor connected from the c—lock detector pin to ground
may be used to delay lock detect indication and remove
glitches produced by momentary phase coincidence during
lock up.

Output for RF Phase Lag
Control direction pin 23 Pin 20
1 Current Source
0 Current Sink

40 41 42 43 44 1 2 3 4 5 6 7 8 9 10 MPIN
L[]z = =] ] =] =] =] =] 2] ] ]

M COUNTER I 3BITA

PHASE |
COUNTER

DETECTOR
GAIN
CONTROL
See Table 1

Table 2

Fig. 4 Programming pin allocation
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ELECTRICAL CHARACTERISTICS
Guaranteed over the full temperature and supply voltage range (unless otherwise stated)
Temperature Tymp for KG parts —=55°C and +100 °C
Temperature Ty, for IG parts —40°C and +85°C
Supply Voltage Vge = 4.75V and 5.25V

Value
Characteristics Pin Units Conditions
Min Typ Max
Supply current 15, 26 180 240 mA
RF input sensitivity 13, 14 -5.0 +7.0 dBm 100MHz to 1.7GHz See Fig. 8
RF division ratio 13,14,24 56 16383
Reference division ratio 28, 25 1 1023
Comparison frequency 28,24,25 50 MHz
Reference input frequency 28 10 100 MHz Reference division ratio = 2 See
Note 1

Reference input voltage 28 0 +6 +10 dBm
Fret/Fpa output voltage high 24,25 -0.8 Vwrt Vgg | 330Q to OV
Fret/Fpa output voltage low 24,25 -1.4 Vwrt Voo | 3302 to OV
Lock detect output voltage 17 2 300 500 mV Iout = SMA
Charge pump current at 19,20,21 +1.4 +1.5 +1.7 mA Vpin 20 = Vpin 21
multiplication factor =1 I pin19=1.6mA
Charge pump current at 19,20,21 +2.0 +23 +2.5 mA Vpin 20 = Vpin 21,
multiplication factor =1.5 I pin1g=1.6mA
Charge pump current at 19,20,21 +3.4 +3.8 +4.1 mA Vpin 20 = Vpin 21,
multiplication factor = 2.5 I pin19=1.6mA
Charge pump current at 19,20,21 +5.4 +6.1 +6.5 mA | Vpin 20 = Vpin 21,
multiplication factor = 4.0 I pin19=1.6mA
Input bus high logic level 1-11,22 3.5 ) \

23,29,44
Input bus low logic level 1-11,22,

23,29-44 1 \"
Input bus current source 1-11,22,

23,2944 | -200 pA Vin =0V
Input bus current sink 1-11,22,

23,2944 10 pA Vin=Vce
Up down current matching 20 +2 % Vpin 20 = Vpin 21,

I pin19=1.6mA

Charge pump reference 21 Vec—-0.5 \ T pin19=1.6mA
voltage current multiplication factor =1
Charge pump reference 21 Vce-1.6 Vv I pin1g=1.6mA
voltage current multiplication factor = 4
Rget current 19 0.5 2 mA See Note 2
Rset Voltage 19 1.6 \" Ipin19=1.6mA
C—lock detect current 18 +10 A Vpin18=4.7V
Strobe pulse width 50 nS Note 3
Data set up time 100 nS Note 3

Notes: 1. Lower reference frequencies may be used if slew rates are maintained.
2. Pin 19 current x multiplication factor must be less than 5mA if charge pump current accuracy is to be maintained.
3. Guaranteed but not tested.
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4k 325 325
40k | | 40k 5k 5k
RF
INPUT
o—
13
500
INPUT
RF
INPUT 500
o
14
50pA
3mA
o OV 3k
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Fig. 5a 16 bit input bus, F,q/Fef €nable, control direction, Fig. 5b RF inputs
reference dlwapdr inputs and ‘strobe
C-LOCK DETECT (HIGH WHEN LOCKED) v,
¢ 9 o Vcc
18 o
o Vee 2k5 2k5 ‘
50k
17
Low
WHEN L
VRer LOCKED Dg'(l?lE(CT
4V 3k OUTPUT
400pA @
100pA
20pA 100 1
ov o 0V
Fig. 5¢ Lock detect decouple Fig. 5d Lock detect output
CHARGE PUMP
OUTPUT o ? REFERENCE
Rset ’ . o Vee
19 20| 21
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Vee
CHARGE PUMP
CURRENT SOURCES (V] 4 83
3
E - T DOWN
2mA
0

Fig. 5e Rset pin.

Fig. 5f Charge pump circuit

Fig. 5 Interface circuit diagrams

175



SP8854D

296 296

j 24,25
de Fref
OUTPUTS
@ 3.3mA
o 0V

V,
) ovee
3k 3k
40k 40k
S
24
4
4 O—ad ~N |
35 28 N N A A
o«
ox o
2L 2
-G
sHa
g
1) [] [] 60k
60k
50pA | 50ua]
—t . O ov
100pA 1004A 100uA

Fig. 5g Fpq and Frer outputs

Fig. 5h Reference oscillator

Fig. 5 Interface circuit diagrams (cont)

APPLICATIONS
RF layout

The SP8854D can operate with input frequencies up to
1.7GHz but to obtain optimum performance, good RF layout
practices should be used. A suitable layout technique is to use
double sided printed circuit board with through plated holes.
Wherever possible the top surface on which the SP8854D is
mounted should be left as a continuous sheet of copperto form
a low impedance earth plane. The ground pins 12 and 16
should be connected directly to the earth plane. Pins such as
Ve and the unused RF input should be decoupled with chip
capacitors mounted as close to the device pin as possible with
a direct connection to the earth plane, suitable values are
10nF for the power supplies and 1nF for the RF input pin. A
larger decoupling capacitor mounted as close as possible to
pin 26 should be used to prevent modulation of V¢ by the
charge pump pulses. The Rge resistor should also be
mounted close to the Rgg pin to prevent noise pickup, and the
capacitor connected from the charge pump output should be
a chip component with short connections to the SP8854D.

When the reference is derived from a crystal connected to
pins 27 and 28 as shown in Fig. 3 the oscillator components
are best mounted close to the SP8854D.

All signals such as the programming inputs, RF in,
reference in and the connections to the op—amp are besttaken
through the pc board adjacent to the SP8854D with through
plated holes allowing connections to remote points without
fragmenting the earth plane. The GEC Plessey evaluation
board shown in Fig.6 uses this layout technique.

Programming bus

The input pins are designed to be compatibie with TTL or
CMOS logic with a switching threshold set at about 2.4V by
three forward biased base emitter diodes. The inputs will be
taken high by an internal pull up resistor if left open circuit but
for best noise immunity it is better to connect unused inputs
directly to Vg or ground.

RF inputs

The prescaler has a differential input amplifer to improve
input sensitivity. Generally the input drive will be single ended
and the RF signal should be AC coupled to either of the inputs
using a chip capacitor. The remaining input should be
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decoupled to ground, again using a chip capacitor. The inputs
can be driven differentially but the input circuit should not
provide a DC path between inputs or to ground.

Lock detect circuit

The lock detect circuit uses the up and down correction
pulses from the phase detector to determine whether the loop
is in or out of lock. When the loop is locked, both up and down
pulses are very narrow compared to the reference frequency,
but the pulse width in the out of lock condition continuously
varies, depending on the phase difference between the
outputs of the reference and RF counters. The logical AND of
the up and down pulses is used to switch a 20mA current sink
to pin 18 and a 50k resistor provides a load to V. The circuit
is shown in Fig. 5¢c. When lock is established, the narrow
pulses from the phase detector ensure that the current source
is off for the majority of the time and so pin 18 will be pulled high
by the 50k resistor. A voltage comparator with a switching
threshold at about 4.7V monitors the voltage at pin 18 and
switches pin 17 low when pin 18 is more positive than the 4.7V
threshold. When the loop is unlocked, the frequency
difference at the counter outputs will produce a cyclic change
in pulse width from the phase detector outputs with a
frequency equal to the difference in frequency at the reference
and RF counter outputs. A small capacitor connected to pin 18
prevents the indication of false phase lock conditions at pin 17
for momentary phase coincidence. Because of the variable
width pulse nature of the signal at pin 18 the calculation of a
suitable capacitor value is complex, but if an indication with a
delay amounting to several times the expected lock up time is
acceptable, the delay will be approximately equal to the time
constant of the capacitor on pin 18 and the internal 50k
resistor. If a faster indication is required, comparable with the
loop lock up time, the capacitor will need to be 2-3 times
smaller than the time constant calculation suggests. The time
to respond to an out of lock condition is 2-3 times less than that
required to indicate lock.

Charge pump circuit

The charge pump circuit converts the variable width up and
down pulses from the phase detector into adjustable current
pulses which can be directly connected to the loop amplifer.
The magnitude of the current and therefore the phase detector
gain can be modified when new frequency data is entered to



compensate for change in the VCO gain characteristic over its
frequency band. The charge pump pulse current is
determined by the current fed into pin 19 and is approximately
equal to pin 19 current when the programmed multiplication
ratio is one. The circuit diagram Fig. 5e shows the internal
components on pin 19 which mirror the input current into the
charge pump. The voltage at pin 19 will be approximately 1.6V
above ground due to two Ve drops in the current mirror. This
voltage will exhibit a negative temperature coefficient, causing
the charge pump current to change with chip temperature by
up to 10% over the full military temperature range if the current
programming resistor is connected to Vg as shown in the
application diagram Fig. 3. In critical applications where this
change in charge pump current would be too large the resistor
to pin 19 could be increased in value and connected to a
higher supply to reduce the effect of Vi, variation on the
current level. A suitable resistor connected to a 30V supply
would reduce the variation in pin 19 current due to
temperature to less than 1.5%. Alternatively a stable current
source could be used to set pin 19 current.

The charge pump output on pin 20 will only produce
symmetrical up and down currents if the voltage is equal to that
on the voltage reference pin 21. In order to ensure that this
voltage relationship is maintained, an operational amplifier
must be used as shown in the typical application Fig. 3. Using
this configuration pin 20 voltage will be forced to be equal to
that on pin 21 since the operational amplifier differential input
voltage will be no more than a few millivolts (the input offset
voltage of the amplifier). When the synthesiser is first switched
on orwhen afrequency outside the VCO range is programmed
the amplifier output will limit, allowing pin 20 voltage to differ
fromthat on pin 21. As soon as an achievable frequency value
is programmed and the amplifier output starts to slew the
correct voltage relationship between pin 20 and 21 will be
restored. Because of the importance of voltage equality
between the charge pump reference and output pins, a
resistor should never be connected in series with the
operational amplifier inverting input and pin 20 as is the case
with a phase detector giving voltage outputs. Any current
drawn from the charge pump reference pin should be limited
to the few micro amps input current of a typical operational
amplifier. A resistor between the charge pump reference and
the non inverting input could be added to provide isolation but
the value should not be so high that more than a few millivolts
drop are produced by the amplifier input current.

When selecting a suitable amplifer for the loop filter, a
number of parameters are important; input offset voltage in
most designs is only a few milivolts and an offset of 5mV will
produce a mismatch in the up and down currents of about 4%
with the charge pump multiplication factor set at 1. The
mismatch in up down currents caused by input offset voltage
will be reduced in proportion to the charge pump multiplication
factor in use. If the linearity of the phase detector about the
normal phase locked operating point is critical, the input offset
voltage of most amplifiers can be adjusted to near zero by
means of a potentiometer.

The charge pump reference voltage on pin 21 is about 1.3V
below the positive supply and will change with temperature
and with the programmed charge pump multiplication factor.
In many cases it is convenient to operate the amplifier with the
negative power supply pin connected to OV as this removes
the need for an additional power supply. The amplifier selected

SP8854D

must have a common mode range to within 3.4V (minimum
charge pump reference voltage) of the negative supply pin to
operate correctly without a negative supply. Most popular
amplifiers can be operated from a 30V positive supply to give
a wide VCO voltage drive range and have adequate common
mode range to operate with inputs at +3.4V with respect to the
negative supply. Input bias and offset current levels to most
operational amplifiers are unlikely to be high enough to
significantly affect the accuracy of the charge pump circuit
currents but the bias current can be important in reducing
reference side bands and local oscillator drift during frequency
changes. When the loop is locked, the charge pump produces
only very narrow pulses of sufficient width to make up for any
charge lost from the loop filter components during the
reference cycle. The charge lost will be due to leakage from
the charge pump output pin and to the amplifier input bias
current, the latter usually being more significant. The result of
the lost charge is a sawtooth ripple on the VCO control line
which frequency modulates the phase locked oscillator at the
reference frequency and its harmonics. A similar effect will
occur whenever the strobe input is taken high during a
programming sequence. In this case the charge pump is
disabled when the strobe input s high and any leakage current
will cause the oscillator to drift off frequency. To reduce this
effect, the duration of the strobe pulse should be minimised.

The necessity to maintain the charge pump output voltage
at the same voltage as the reference pin has already been
mentioned. This is important because the design of the
positive current source has no voltage compliance and any
departure from the reference voltage will introduce an error in
the positive current source. The operational amplifier will
maintain the DC charge pump voltage very close to the
reference but the current from the charge pump is a series of
pulses at the reference frequency. When the loop is locked the
output pulses are very short in duration, the only current
necessary being that required to restore and charge lost
during the reference period. The virtual earth mechanism
which maintains the charge pump output at the reference
voltage depends on the amplifier having significant gain, but
the narrow pulses from the charge pump are so short that the
amplifier output will be unable to respond, allowing the input
voltage to change and the pulse magnitude to be effectively
reduced, introducing ‘a non linearity in the phase detector
characteristic at the phase locked point.

The capacitor shown connected from the charge pump
output pin to ground on the typical application diagram Fig. 3
is intended to decouple the output at high frequencies,
preventing voltage changes at the amplifier input which can
not be corrected by the feedback response. The capacitor
should be a high frequency type mounted close to the charge
pump. pin with short connection to the earth plane as the
frequency content of the charge pump pulses extends to very
high frequencies. A suitable value for this component is very
difficult to calculate as its value depends on many factors
including the bandwidth of the amplifier used in the loop filter
and how critical the application is in terms of phase detector
linearity. A value between 50pF and 5nF will suit most
applications and the size of capacitor can be increased well
beyond that necessary to restore linearity of the phase
detector without ill effect. Many less critical applications will
operate satisfactorily without this capacitor.

177



aljeweyos pieoq uonesyddy 9 "bi4

SP8854D

[22e]
d/0 H3aLd

©)

OOA

I—I:U
AT+ %

>
o
.T-
@
o
1
(-}
3
(-
o
w
-
ol
T80

01 == m U\I
% r_r.__”_...
104 1o ] |_~I — _HF, m——
2zdo LA e |_.l. A _
t = _ )
=2 ===
|— m aysssds o
204 104 S 0
sH -
H\—W H\n s |f

19 wu ‘
Ao+ ¢ l_l "
d (41 [2°]
]
|

i
on

02-LIMS

l B 19d
vix e o
-
-
o

00) -

upjey pd4 jeud _ =

I

0

8
HH&
o -
e —
1
1
-}
o —
i —
g -
—{2TH }
(T HH
0T}
ou—
g
o —
-1
g
o —
o —
P—‘|- — -‘h-.-

d
As+ ¢

178



Fpg and Fres outputs

These outputs provide access to the outputs from the RF
and reference dividers and are provided for monitoring
purposes during product development or test, and for
connection of an external phase detector if required. the
output circuit is of ECL type, the circuit diagram being shown
in Fig. 5g. The outputs can be enabled or disabled under
software control by the address 0 control word but are best left
in the disabled state when not required as the fast edge
speeds on the output can increase the level of reference
sidebands on the synthesised oscillator.

The emitter follower outputs have no internal down resistor
to save current and if the outputs are required an external pull
down resistor should be fitted.The value should be kept as
high as possible to reduce supply current, about 2.2k being
suitable for monitoring with a high impedance oscilloscope
probe or for driving an AC coupled 50ohm load. A minimum
value for the pull down resistor is 330ohms. When the Fyqand
Fref outputs are disabled the output level will be at the logic low
level of about 3.5V so that the additional supply current due to
the load resistors will be present even when the outputs are
disabled.

Reference input

The reference input circuit functions as an input amplifier or
crystal oscillator. When an external reference signal is used
this is simply AC coupled to pin 28, the base of the input emitter
follower. When a low phase noise synthesiser is required the
reference signal is critical since any noise present here will be
multiplied by the loop. To obtain the lowest possible phase
noise from the SP8854D it is best to use the highest possible
reference input frequency and to divide this down internally to
obtain the required frequency at the phase detector. The
amplitude of the reference input is also important, and a level
close to the maximum will give the lowest noise. When the use
of a low reference input frequency say 4-10MHz is essential
some advantage may be gained by using a limiting amplifier
such as a CMOS gate to square up the reference input.

In cases where a suitable reference signal is not available,
it may be more convenient to use the input buffer as a crystal
oscillator in this case the emitter follower input transistor is
connected as a colpitts oscillator with the crystal connected
from the base to ground and with the feedback necessary for
oscillation provided by a capacitor tap at the emitter. The
arrangement is shown inset in Fig. 3

Ci C

FROM I

CHARGE
PUMP
OUTPUT = Rz

T0
FROM oo vco
CHARGE

PUMP
REFERENCE

Fig. 7. Third order loop filter circuit diagram
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Loop Fiiter Design

Generally the third order filter configuration shown in Fig.7
gives better results than the more commonly used second
order because the reference sidebands are reduced. Three
equations are required to determine values for the three
constants where;

T71=C4
T2 = Rz (C1+C)

T =02 R
~2 2

The equations are;

1 K, Ko [1+wn2122]v-

T =

Nw 2 1+w,2 7,2
2 T, = —
2wy
- 1
3 ~ tan @, + Cosd,
Ty = @,
Where;

is the phase detector gain factor in mA/radian
Ko is the VCO gain factor in radian/second/Volt
N s the total division ratio from VCO to reference
frequency
wp, is the natural loop bandwidth
@, is the phase margln normally set to 45°
Since the phase detector is linear over a range of 2x radian,
K¢ can be calculated from

K¢ = Phase comparator current setting/2n  mA/radian

These values can now be substituted in equation 1 to obtain
a value for C4 and equation 2.and 3 used to determine values
for Co and Ry

EXAMPLE
Calculate values for a loop with the following parameters

Frequency to be synthesised: 1000MHz

Reference frequency 10MHz

Division ratio 1000MHz/10MHz = 100
wp, natural loop frequency 100kHz

Ko VCO gain factor 2n x 10MHz/Volt

@, phase margin 45°

Phase comparator current 6.3mA

The phase detector gain factor Ky
= 6.3mA /2x = 1mA/radian

From equation 3:

oy 1
o N4 a0, 4142
3 T00KHZ X 2 628319
T3 = 659 x 10°

From equation 2:

1
(T00kHz x 2m)2 X 659 x 10-°

T, =

T, =3.844 x 1076
Using these values in equation 1:

1 x 10 -3 x 2z X 10MHz/V

%
100 x (2r % 100kHz)? [A]

T4=
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Where A'is : Substituting for C»
1+ 02 %2 _ 1+ (2n X 100kH2)° x (3. 844 x 10-9)° alc R+
1T+ 02 %% 14 (27 x 100kHz)? x (659 x 10 -9)2 B T2 = Pt T
y - -6 — -9
. __ 62832 [6.833]" ARp=TTe_3.844%107 659 x 10
' 39.48 x 10'2[1.1714] g.061 X 10
7, =1.59 x 1079 x 2. 415 R, = 829.4Q
7, = 3.84x10°° T -9
' % = C,R; <. C; = 2 = BFX 102
Now 1, = C, .. C, = 3.84nF 2 ’
C, = 0.794nF
T, =R, (Cy + Cp)
3=C, R,
TYPICAL OVERLOAD
+20 1
- ——
N
+10
INPUT T GUARANTEED
p|N13° OPERATING
(dBm) WINDOW
-10
—20
N— J/\
-30 ]
1.7G
100MHz 1GHz Nz 10GHz
INPUT DRIVE REQUIREMENTS TYPICAL SENSTIVITY

Fig. 8 SP8854D

180



SP8854D

TRACK LAYOUT (topside>

181

N\
Wm( e G ﬁ.
" o o o o®

i

TRACK LAYOUT <(underside)

onoooooooflocoofElicoooocoofionnonooofol

Fig. 9 P.C.B. layout
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COMPONENT LAYOUT (topside)

Fig. 10 Component layout

COMPONENT LAYOUT (underside)
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Fig. 11 Component layout




SP8854D
Component List.

C1 47uF  electrolytic R1 100K

c2 10uF  tant R2 2K7

c3 1uF  tant R3 10K

C4 1pF  tant R4 2K2

C5 100nF ceramic R5 2K2

Cc6 100nF ceramic R6 2K2

c7 22nF  polyester R7 1K

c8 10nF  ceramic R8 1K

Cc9 10nF  ceramic R9 1K

C10 10nF ceramic R10 10K

Cc11 100pF ceramic R11 10K

C12 10nF ceramic R12 10K

C13 10nF chip R13 47K  chip
C14  10nF chip R14 10K  chip
C15 10nF chip R15 1K8  chip
C16  10nF chip R16  180R chip
C17 1nF  chip R17 50R  chip
C18 1nF  chip RNETI 10K

C19 1nF  chip RNET2 10K

C20 1.5pF chip RNET3 10K

C21  1.5pF chip Note R13 to R17 are mounted on the underside of the board

C22 1.5pF chip

Note C13 to C22 are mounted on the underside of the board.

IC1  SP8854D XTAL 40MHz crystal (optional)

IC2 OP-27G SW1 to SW28 SPDT d.i.l toggle switches
REG1 L7812CP PB1 pcb mount push button

TR1 AT-41486 SKT1 to SKT5 SMA pcb mount sockets
VARICAP BB405B FC1, FC2 & FR2 are application dependent

LED 5mm round

| 0o

FILTER O/P 120 O O

L_d_ R

*NOTE the second emitter lead is cropped

Fig. 12 VCO detail
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GEC PLESSEY
ﬁ

ADVANCE INFORMATION

D.S. 370222

SP8855D

1.7GHz PARALLEL LOAD PROFESSIONAL SYNTHESISER

The SP8855D is one of a family of parallel load
synthesisers containing all the elements apart from the loop
amplifier to fabricate a PLL synthesis loop. Other parts in the
series are the SP8852D which is a fully programmable device
requiring two 16 bit words to set the RF and reference
counters, and the SP8854D which has hard wired reference
counter programming and requires a single bit word to
program the RF divider.

The SP8855D is intended for applications where a fixed
synthesiser frequency is required although it can also be used
where frequency selection is set by switches. In general the
device will be programmed by connecting the programming
pins to either V¢c or ground. Additional hard wired inputs can
be used to control the Fpq and Fres outputs, set the control
direction of the loop and select the phase detector gain.
Another input may be used to disable the phase detector
output

FEATURES

1.7GHz Operating Frequency

Single 5V Supply Operation

Low Power Consumption <1.3W

High Comparison Frequency 50MHz

High Gain Phase Detector 1mA/rad
Programmable Phase Detector Gain

Zero “Dead Band” Phase Detector

Wide range of RF and Reference Divide Ratios
Programming by Hard Wired Inputs

ABSOLUTE MAXIMUM RATINGS

Supply Voltage —0.3Vto 6V
Storage Temperature —65°C to+150°C
Operating Temperature -55°C to+100°C
Prescaler & reference Input Voltage 2.5V p-p
Data Inputs Vee +0.3V
Veg 0.3V

ORDERING INFORMATION

SP8855D KG HCAR (non standard temperature range
-55°C to +100°C standard product screening)
SP8855D IG HCAR (Industrial temperature range
—40°C to +85°C standard product screening)
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HC44
Pin  Description Pin  Description
1 Input bus bit 10 23 Control Direction
2 Input bus bit 9 24 Fpa*
3 Input bus bit 8 25 Fref
4 Input bus bit 7 26 +5
5 Input bus bit 6 27  Ref. osc capacitor
6 Input bus bit 5 28 Ref in/XTAL
7 Input bus bit 4 29 Reference bit 9
8 Input bus bit 3 30 Reference bit 8
9 Input bus bit 2 31 Reference bit 7
10  Input bus bit 1 32 Reference bit 6
1 Ir{rul bus bit 0 33 Reference bit 5
12 0V (prescaler) 34 Reference bit 4
13 RF input 35 Reference bit 3
14  RFinput 36 Reference bit 2
15  Vgc +5V (prescaler) 37 Reference bit 1
16 Vgg OV 38 Reference bit 0
17 Lock detect output 39 Phase Detect disable
18  C-lock detect 40 Phase Detect Gain 1.
19 Rget 41 Phase Detect Gain 0
20 Charge pump output 42 Input bus bit 13
21 Charge pump ref. 43 Input bus bit 12
22 Fref/Fpq enable 44 Input bus bit 11

* Fpa and Fie outputs are reversed using the Control Direction input.
The table above is correct when pin 23 is high.

Fig. 1 Pin connections — top view
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-

+5V
Vcec

* VALUES DEPEND

| ON APPLICATION

L 1
REFERENCE COUNTER
PES&%’MFNRG PROGRAMMING
\ 1k Vce

L]

SP8855D

-; LOOP

(=]
100p | l CRYSTAL

APPLICATION USING FILTE‘R

CRYSTAL REFERENCE —

* *
SP8855 E " 430V
27 28 Fpd Fref
+
oP27 100n
33p tn== | ==10n == * 100p == == *100p ETC
10MHz = |[1n
T T 1uTWnT T T

Refin

Fig. 3 Typical application diagram

DESCRIPTION
Prescaler and AM counter

The programmable divider chain is of A M counter
construction and therefore contains a dual modulus front end
prescaler, an A counter which controls the dual modulus ratio
and an M counter which performs the bulk multi-modulus
division. A programmable divider of this construction has a
division ratio of MN+A and a minimum integer steppable
division ratio of N(N-1), where N is the prescaler ratio.

Programming

The device is programmed by connecting the programming
pins to either Vg or ground. The programming inputs will go
high if left open circuit but for best noise immunity a wired
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connection to Vg is preferable. The programming inputs can
be driven from TTL or CMOS logic levels if required.

Reference input

The reference source can be either driven from an external
sine or square wave source of up to 100MHz or a crystal can
be connected as shown in Fig. 3.

Phase Comparator and Charge pump

The SP8855D has a digital phase/frequency comparator
driving a charge pump with programmable current output. The
charge pump current level at the minimum gain setting is
approximately equal to the current fed into the Rgg; input pin
19 and can be increased by programming pins 40 and 41
according to Table 1 by up to 4 times.



Pin 40 Pin 41 Current Multiplication

Factor

1.0

1.5

25

a]l 2]l o]l o
<]l o] 2] o

4.0

Table 1

Vee — 1.6V

Pin 19 current = =]
set

Phase detector gain =

lin 19(MA) X multiplication factor
2n

mA/radian

To allow for control direction changes introduced by the
design of the PLL, pin 23 can be programmed to reverse the
control direction of the loop by transposing the Fpq and Fref
connections. In order that any external phase detector will
also be reversed by this function, the Fpq and Fes outputs are
also interchanged as shown in Table 2.

SP8855D

The charge pump connections to the loop amplifier consist
of the charge pump output and the charge pump reference.
The matching of the charge pump up and down currents will
only be maintained if the charge pumps output is held at a
voltage equal to the charge pump reference using an
operational amplifier to produce a virtual earth condition at pin
20. Because the operational amplifiers will have limited
response time compared with the pulse frequency at the
charge pump output, pin 20 will not remain atthe same voltage
as pin 21 without an additional capacitor to ground to decouple
the high frequencies. The value of capacitor required will vary
with comparison frequency and the bandwidth of the op amp
but a value between 50pF and 5nF will normally be required.

The lock detect circuit can drive an LED to give visual
indication of phase lock or provide an indication to the control
system if a pull up resistor is used in place of the LED. A small
capacitor connected from the C-lock detector pin to ground
may be used to delay lock detect indication and remove
glitches produced by momentary phase coincidence during
lock up. The phase detector can be disabled by pulling pin 39
to logic low.

Output for RF Phase Lag
Control direction pin 23 Pin 20
1 Current Source
0 Current Sink

Table 2

The Fpg and Fre signals to the phase detector are
available as ECL 10k levels on pin 24 and 25 and may be
used to monitor the frequency input to the phase detector or
used in conjunction with an external phase detector. When
the Fpg/Fiet outputs are to be used at high frequencies, an
external pull down resistor of minimum value 330Q may be
used connected to ground to reduce the fall time of the
output pulse.

29 30 31 32 33 34 35 36 37 3PN

LLT T T T [==f=l=]*]=]=]=[=]]

TEN BIT REFERENCE COUNTER

REFERENCE DIVIDER PROGRAMMING PIN ALLOCATION

4 41 42 43 441 2 '3 4 5 6 7 8 9 10 11 PN

(T

oo | aiten
GAIN

CONTROL

see Table 1
RF DIVIDER PROGRAMMING PIN ALLOCATION

Fig. 4 Programming data format
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ELECTRICAL CHARACTERISTICS
Guaranteed over the full temperature and supply voltage range (unless otherwise stated)
Temperature T, for KG parts —55°C and +100 °C
Temperature Ty, for IG parts —-40°C and +85°
Supply Voltage = 4.75V and 5.25V

Value
Characteristics Pin - Units Conditions
Min Typ Max
Supply current 15, 26 180 240 mA
RF input sensitivity 13, 14 -5.0 +7.0 dBm 100MHz to 1.7GHz See Fig. 8
RF division ratio 13,14,24 56 16383
Reference division ratio 28,25 1 1023
Comparison frequency 28,24,25 50 MHz
Reference input frequency 28 10 100 MHz Reference division ratio > 2 See
Note 1
Reference input voltage 28 0 +6 +10 dBm
Fret/Fpg output voltage high 24,25 -0.8 Vwrt Vge | 330Q to OV
Fret/Fpq output voltage low 24,25 -1.4 Vwrt Ve | 330Q to OV
Lock detect output voltage 17 300 500 mV Iout =3mA
Charge pump current at 19,20,21 +1.4 +1.5 +1.7 mA Vopin 20 = Vpin 21,
multiplication factor =1 I pin19=1.6mA
Charge pump current at 19,20,21 +2.0 +2.3 +25 mA Vpin 20 = Vpin 21,
multiplication factor =1.5 I pin19=1.6mMA
Charge pump current at 19,20,21 +34 +3.8 +46 mA Vpin 20 = Vpin 21,
multiplication factor = 2.5 T pin 19 = 1.6mMA
Charge pump current at 19,2021 | 54 £6.1 £6.5 mA [ Vpin 20 = Vpin 21,
multiplication factor = 4.0 I pin19 = 1.6MA
Input bus high logic level 1-11,22 3.5 v
23,29-44
Input bus low logic level 1-11,22,
23,2944 1 \"
Input bus current source 1-11,22,
23,2944 | -200 nA Vin =0V
Input bus current sink 1-11,22,
23,29-44 10 nA Vin=Vce
Up down current matching 20 +2 % Vpin 20 = Vpin 21,
I pin19 = 1.6mA
Charge pump reference 21 Vec—0.5 \ I pin19 = 1.6mA current
voltage multiplication factor = 1
Charge pump reference 21 Vce-1.6 \ I pin19 = 1.6mA current
voltage multiplication factor = 4
Rget current 19 0.5 2 mA See Note 2
Rset Voltage 19 1.6 \" I pn19=1.6mA

Notes: 1. Lower reference frequencies may be used if slew rates are maintained.
2. Pin 19 current x multiplication factor must be less than 5mA if charge pump accuracy is to be maintained..
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—o Vee

f] 4k 325 325

500

RF
INPUT m 500

@ 3mA

3k
O ov
Fig. 5a RF and reference divider programming bits, Fig. 5b RF inputs
Foa/Fret €nable, control direction and phase detector gain
control inputs
C-LOCK DETECT (HIGH WHEN LOCKED) )
o Vec

18 o

[ o Vee
50k 3k 3k
VRer
. av
100pA
20pA
o OV

—I: 17

Low
WHEN
LOCKED

3k

LOCK
DETECT
OUTPUT

400pA
100 11
o oV
Fig. 5¢ Lock detect decouple Fig. 5d Lock detect output
CHARGE PUMP
OUTPUT 9 o REFERENCE
Rget I ¢ . o Vee
19 201 21
450 450
Vee
CHARGE PUMP
CURRENT SOURCES upP 83 83
| | Ve <+ §
Nl ¥ ..
130

DOWN
2mA @
O

Fig. 5e Rset pin.

Fig. 5f Charge pump circuit

Fig. 5 Interface circuit diagrams
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Fig. 59 Fpq and Fref outputs

Fig. 5h Reference oscillator

Fig. 5 Interface circuit diagrams (cont)

APPLICATIONS
RF layout

The SP8855D can operate with input frequencies up to
1.7GHz but to obtain optimum performance, good RF layout
practices should be used. A suitable layout technique is to use
double sided printed board with through plated holes.
Wherever possible the top surface on which the SP8855D is
mounted should be left as a continuous sheet of copperto form
a low impedance earth plane. The ground pins 12 and 16
should be connected directly to the earth plane. Pins such as
Ve and the unused RF input should be decoupled with chip
capacitors mounted as close to the device pin as possible with
a direct connection to the earth plane, suitable values are
10nF for the power supplies and 1nF for the RF input pin. A
larger decoupling capacitor mounted as close as possible to
pin 26 should be used to prevent modulation of V¢ by the
charge pump pulses. The Rgg resistor should also be
mounted close to the Rget pin to prevent noise pickup, and the
capacitor connected from the charge pump output should be
a chip component with short connections to the SP8855D.

When the reference is derived from a crystal connected to
pins 27 and 28 as shown in Fig. 3 the oscillator components
are best mounted close to the SP8855D.

All signals such as the programming inputs, RF in,
reference in and the connections to the op—amp are best taken
through the pc board adjacent to the SP8855D with through
plated holes allowing connections to remote points without
fragmenting the earth plane. The GEC Plessey evaluation
board shown in Fig.6 uses this layout technique.

Programming inputs

The input pins are designed to be compatibie with TTL or
CMOS logic with a switching threshold set at about 2.4V by
three forward biased base emitter diodes. The inputs will be
taken high by an internal pull up resistor if left open circuit but
for best noise immunity it is better to connect unused inputs
directly to Vg or ground.

RF inputs

The prescaler has a differential input amplifer to improve
input sensitivity. Generally the input drive will be single ended
and the RF signal should be AC coupled to either of the inputs
using a chip capacitor. The remaining input should be
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decoupled to ground, again using a chip capacitor. The inputs
can be driven differentially but the input circuit should not
provide a DC path between inputs or to ground.

Lock detect circuit

The lock detect circuit uses the up and down correction
pulses from the phase detector to determine whether the loop
is in or out of lock. When the loop is locked, both up and down
pulses are very narrow compared to the reference frequency,
but the pulse width in the out of lock condition continuously
varies, depending on the phase difference between the
outputs of the reference and RF counters. The logical AND of
the up and down pulses is used to switch a 20mA current sink
to pin 18 and a 50k resistor provides a load to V. The circuit
is shown in Fig. 5c. When lock is established, the narrow
pulses from the phase detector ensure that the current source
is off for the majority of the time and so pin 18 will be pulled high
by the 50k resistor. A voltage comparator with a switching
threshold at about 4.7V monitors the voltage at pin 18 and
switches pin 17 low when pin 18 is more positive than the 4.7V
threshold. When the loop is unlocked, the frequency
difference at the counter outputs will produce a cyclic change
in pulse width from the phase detector outputs with a
frequency equal to the difference in frequency at the reference
and RF counter outputs. A small capacitor connected to pin 18
prevents the indication of false phase lock conditions at pin 17
for momentary phase coincidence. Because of the variable
width pulse nature of the signal at pin 18 the calculation of a
suitable capacitor value is complex, but if an indication with a
delay amounting to several times the expected lock up time is
acceptable, the delay will be approximately equal to the time
constant of the capacitor on pin 18 and the internal 50k
resistor. If a faster indication is required, comparable with the
loop lock up time, the capacitor will need to be 2-3 times
smaller than the time constant calculation suggests. The time
to respond to an out of lock condition is 2-3 times less than that
required to indicate lock.

Charge pump circuit

The charge pump circuit converts the variable width up and
down pulses from the phase detector into adjustable current
pulses which can be directly connected to the loop amplifer.
The magnitude of the current and therefore the phase detector
gain can be modified when new frequency data is entered to



compensate for change in the VCO gain characteristic over its
frequency band. The charge pump pulse current is
determined by the current fed into pin 19 and is approximately
equal to pin 19 current when the programmed multiplication
ratio is one. The circuit diagram Fig. 5e shows the internal
components on pin 19 which mirror the input current into the
charge pump. The voltage at pin 19 will be approximately 1.6V
above ground due to two Ve drops in the current mirror. this
voltage will exhibit a negative temperature coefficient, causing
the charge pump current to change with chip temperature by
up to 10% over the full military temperature range if the current
programming resistor is connected to Vg as shown in the
application diagram Fig. 3. In critical applications where this
change in charge pump current would be too large the resistor
to pin 19 could be increased in value and connected to a
higher supply to reduce the effect of Ve variation on the
current level. A suitable resistor connected to a 30V supply
would reduce the variation in pin 19 current due to
temperature to less than 1.5%. Alternatively a stable current
source could be used to set pin 19 current.

The charge pump output on pin 20 will only produce
symmetrical up and down currents if the voltage is equal to that
on the voltage reference pin 21. In order to ensure that this
voltage relationship is maintained, an operational amplifier
must be used as shown in the typical application Fig. 3. Using
this configuration pin 20 voltage will be forced to be equal to
that on pin 21 since the operational amplifier differential input
voltage will be no more than a few millivolts (the input offset
voltage of the amplifier). When the synthesiser is first switched
on orwhen afrequency outside the VCO range is programmed
the amplifier output will limit, allowing pin 20 voltage to differ
fromthat on pin 21. As soon as an achievable frequency value
is programmed and the amplifier output starts to slew the
correct voltage relationship between pin 20 and 21 will be
restored. Because of the importance of voltage equality
between the charge pump reference and output pins, a
resistor should never be connected in series with the
operational amplifier inverting input and pin 20 as is the case
with a phase detector giving voltage outputs. Any current
drawn from the charge pump reference pin should be limited
to the few micro amps input current of a typical operationat
amplifier. A resistor between the charge pump reference and
the non inverting input could be added to provide isolation but
the value should not be so high that more than a few millivolts
drop are produced by the amplifier input current.

When selecting a suitable amplifer for the loop filter, a
number of parameters are important; input offset voltage in
most designs is only a few milivolts and an offset of 5mV will
produce a mismatch in the up and down currents of about 4%
with the charge pump multiplication factor set at 1. The
mismatch in up down currents caused by input offset voltage
will be reduced in proportion to the charge pump multiplication
factor in use. If the linearity of the phase detector about the
normal phase locked operating point is critical, the input offset
voltage of most amplifiers can be adjusted to near zero by
means of a potentiometer.

The charge pump reference voltage on pin 21 is about 1.3V
below the positive supply and will change with temperature
and with the programmed charge pump multiplication factor.
in many cases it is convenient to operate the ampiifier with the
negative power supply pin connected to OV as this removes
the need foran additional power supply. The amplifier selected

SP8855D

must have a common mode range to within 3.4V (minimum
charge pump reference voltage) of the negative supply pin to
operate correctly without a negative supply. Most popular
amplifiers can be operated from a 30V positive supply to give
awide VCO voltage drive range and have adequate common
mode range to operate with inputs at +3.4V with respect to the
negative supply. Input bias and offset current levels to most
operational amplifiers are unlikely to be high' enough to
significantly affect the accuracy of the charge pump circuit
currents but the bias current can be important in reducing
reference side bands and local oscillator drift during frequency
changes. When the loop is locked, the charge pump produces
only very narrow pulses of sufficient width to make up for any
charge lost from the loop filter components during the
reference cycle. The charge lost will be due to leakage from
the charge pump output pin and to the amplifier input bias
current, the latter usually being more significant. The result of
the lost charge is a sawtooth ripple on the VCO control line
which frequency modulates the phase locked oscillator at the
reference frequency and its harmonics.

It is possible to disable the charge pump by taking pin 39
low. In this case any leakage current will cause the oscillator
to drift off frequency. This feature may be useful where having
acheived lock an external phase detector of the user’s choice
can be employed to suit a specific application.

The necessity to maintain the charge pump output voltage
at the same voltage as the reference pin has already been
mentioned. This is important because the design of the
positive current source has no voltage compliance and any
departure from the reference voltage will introduce an errorin
the positive current source. The operational amplifier will
maintain the DC charge pump voltage very close to the
reference but the current from the charge pump is a series of
pulses at the reference frequency. When the loop is locked the
output pulses are very short in duration, the only current
necessary being that required to restore and charge lost
during the reference period. The virtual earth mechanism
which maintains the charge pump output at the reference
voltage depends on the amplifier having significant gain, but
the narrow pulses from the charge pump are so short that the
amplifier output will be unable to respond, allowing the input
voltage to change and the pulse magnitude to be effectively
reduced, introducing a non linearity in the phase detector
characteristic at the phase locked point.

The capacitor shown connected from the charge pump
output pin to ground on the typical application diagram Fig. 3
is intended to decouple the output at high frequencies,
preventing voltage changes at the amplifier input which can
not be corrected by the feedback response. The capacitor
should be a high frequency type mounted close to the charge
pump pin with short connection to the earth plane as the
frequency content of the charge pump pulses extends to very
high frequencies. A suitable value for this component is very
difficult to calculate as its value depends on many factors
including the bandwidth of the amplifier used in the loop filter
and how critical the application is in terms of phase detector
linearity. A value between 50pF and 5nF will suit most
applications and the size of capacitor can be increased well
beyond that necessary to restore linearity of the phase
detector without ili effect. Many less criticai appiications wil
operate satisfactorily without this capacitor.
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Fpq and Fies outputs

These outputs provide access to the outputs from the RF
and reference dividers and are provided for monitoring
purposes during product development or test, and for
connection of an external phase detector if required. the
output circuit is of ECL type, the circuit diagram being shown
in Fig.5g. The outputs can be enabled or disabled under
software control by the address 0 control word but are best left
in the disabled state when not required as the fast edge
speeds on the output can increase the level of reference
sidebands on the synthesised oscillator.

The emitter follower outputs have no internal pull down
resistor to save current and if the outputs are required an
external pull down resistor should be fitted.The value should
be kept as high as possible to reduce supply current, about
2.2k being suitable for monitoring with a high impedance
oscilloscope probe or for driving an AC coupled 50ohm load.
A minimum value for the pull down resistor is 330ohms. When
the Fpq and Fef outputs are disabled the output level will be at
the logic low level of about 3.5V so that the additional supply
current due to the load resistors will be present even when the
outputs are disabled.

Reference input

The reference input circuit functions as an input amplifier or
crystal oscillator. When an external reference signal is used
this is simply AC coupled to pin 28, the base of the input emitter
follower. When a low phase noise synthesiser is required the
reference signal is critical since any noise present here will be
multiplied by the loop. To obtain the lowest possible phase
noise from the SP8855D it is best to use the highest possible
reference input frequency and to divide this down internally to
obtain the required frequency at the phase detector. The
amplitude of the reference input is also important, and a level
close to the maximum will give the lowest noise. When the use
of a low reference input frequency say 4-10MHz is essential
some advantage may be gained by using a limiting amplifier
such as a CMOS gate to square up the reference input.

In cases where a suitable reference signal is not available,
it may be more convenient to use the input buffer as a crystal
oscillator in this case the emitter follower input transistor is
connected as a colpitts oscillator with the crystal connected
from the base to ground and with the feedback necessary for
oscillation provided by a capacitor tap at the emitter. The
arrangement is shown inset in Fig. 3.

OUTPUT T0
FROM + vco
CHARGE
PUMP
REFERENCE

Fig. 7 Third order loop filter circuit diagram

SP8855D

Loop Filter Design

Generally the third order filter configuration shown in Fig.7
gives better results than the more commonly used second
order because the reference sidebands are reduced. Three
equations are required to determine values for the three
constants where;

T =Cy
T2=R2(C1 +Cp)
T3 = Cg Rz

The equations are;

1 K¢Ko [1+(Dn2722]‘/’

T, =
VU Ne? | 14,2 1,2

2 7, = —
z w2ty
- 1
3 tan @, + Cosd- o,
z =
3 @n
Where;

is the phase detector gain factor in mA/radian
Ko is the VCO gain factor in radian/second/Volt
N s the total division ratio from VCO to reference
frequency
wp is the natural loop bandwidth
®, is the phase margin normally set to 45°
Since the phase detector is linear over a range of 2x radian,
K¢ can be calculated from

Ky = Phase comparator current setting/2n  mA/radian

These values can now be substituted in equation 1 to obtain
a value for Cq and equation 2 and 3 used to determine values
for Co and Rg

EXAMPLE
Calculate values for a loop with the following parameters

Frequency to be synthesised: 1000MHz

Reference frequency 10MHz

Division ratio 1000MHz/10MHz = 100
wp, natural loop frequency 100kHz

Ko VCO gain factor 2n x 10MHz/Volt

@, phase margin 45°

Phase comparator current 6.3mA

The phase detector gain factor Ky
= 6.3mA/2n = 1mA/radian

From equation 3:

tan 45 4 1
oo N4t CosaE _ 0. 4142
s T00KHZ X 2 628319
75 = 659 x 10-°

From equation 2:

— 1
~ (100kHz X 2m)? x 659 x 10-?

T2

T, =3.844 x 1078
Using these values in equation 1:

1 x 10 =3 x 2 x 10MHz/V

%
100 x (2 x 100kHz)? (Al

T1=
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Where Ais : Substituting for Co
1+ 0252 _ 1+ (@n x 100kH2)® x (3.844 x 10-6)° alc. 43 RC
T+ 02% {4 (2n x 100kHz) x (659 x 10 -9)2 =R Gt T ROt
" .p _T2—Ts _3.844 x 10-6 — 659 x 10-9
T = 938:‘3‘2“\!2[46 833 “+Re c, 9.61 x 10-9
35.48 X 10°=L1.1714] 1

T, =1.59 x 1079 x 2. 415 R, = 829.4Q
7, = 3.84x%x107° T3 _ 659 x 10-9

7,=C,R, » C, =

Now 1, = C, .. C, = 3.84nF R 829.4
C, = 0.794nF
1, =R, (Cy + Cp)
3=C, R,
TYPICAL OVERLOAD
+20 1
e ﬁ\
+10
INPUT TO GUARANTEED
PIN13 OPERATING
(dBm) | WINDOW
-10
-20
- J/
-30 It; \
100MHz 16Hz  "TMEGu, 10GHz
INPUT DRIVE REQUIREMENTS TYPICAL SENSITIVITY

Fig. 8 SP8855D
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TRACK LAYOUT (topside)
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Fig. 9 P.C.B. layout
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COMPONENT LAYOUT (topside)
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I
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Fig.10 component layout.

COMPONENT LAYOUT (underside)
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Fig.11 component layout.




SP8855D
Component List.

C1 47uF  electrolytic R1 N/U

c2 10puF  tant R2 N/U

C3 1pF  tant R3 10K

C4 1uF tant R4 2K2

C5 100nF ceramic R5 2K2

Ccé6 100nF ceramic Ré 2K2

Cc7 N/U R7 1K

(01:) 10nF  ceramic R8 1K

Cc9 10nF  ceramic R9 1K

C10  10nF ceramic R10 10K

Cc11 100pF ceramic R11 10K

C12 10nF ceramic R12 . 10K

C13 10nF chip R13 47K  chip
C14  10nF chip R14 10K  chip
C15  10nF chip R15 1K8  chip
C16  10nF chip R16 180R chip
C17 1nF  chip ) R17 50R = chip
C18 1nF  chip RNET1 10K

C19 1nF  chip RNET2 10K

C20 1.5pF chip ’ RNET3 10K

C21 1.5pF chip

C22  1.5pF chip Note R13 to R17 are mounted on the underside of the board

Note C13 to C22 are mounted on the underside of the board.

IC1 SP8855D XTAL 40MHz crystal (optional)

IC2 OP-27G SW1 to SW28 SPDT d.i.l toggle switches
REG1 L7812CP SKT1 to SKT5 SMA pcb mount sockets
TR1 AT-41486 FC1, FC2 & FR2 are application dependant

VARICAP BB405B
LED 5mm round

I FILTER O/P 120 - o
Ld REL0

*NOTE the second emitter lead is cropped

Fig. 12 VCO detail
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ADVANCE INFORMATION

SP8858

1.5GHz PROFESSIONAL SYNTHESISER

The SP8858 is a single chip synthesiser intended for PLL
signal synthesis applications up to 1.5GHz and includes a
dual modulus prescaler, programmable A, M and R dividers,
digital phase detector, charge pump and lock detect circuits.

The SP8858 is a development of the SP8853 synthesiser
with reduced noise floor, increased dynamic range above
1GHz and an improved, high gain, phase detector design that
eliminates the dead-band. The improvements are at the
expense of an increase in power consumption.

The low prescaler modulus, programmable to either 16/17
or 8/9, together with the 15 bit M counter and 13 bit reference
counter make this device ideal for a diverse range of high
performance applications.

The nominal phase detector gain is set by an external
resistor and the gain can be varied over a 4:1 range when the
device is programmed. The dividers, the phase detector
sense, the prescaler modulus and the data buffer control logic
are also programmable using the three wire serial interface.
An alternative 22 bit control word for the A/M dividers and
phase detector gain can be stored so allowing fast frequency
hopping and bandwidth switching by simply toggling the logic
level on pin 13 (F1/F2). In addition, the A counter of the “active”
buffer can be programmed with only 6 bits allowing fast
hopping to adjacent channels.

A simple exclusive—or lock detect circuit is also provided,
the sensitivity of which is determined by an external capacitor.

This part is specified to 1.5GHz at +125°C in the DG
package and to 1.3GHz at +125°C in the HC package.

FEATURES

M Low phase noise floor typically <-150dBc/Hz

B Operation to 1.5GHz over full operataing
temperature

B High input sensitivity

l Improved linear digital phase detector

B Programmable charge pump current: 10pA to
2mA

B On-chip 16/17 or 8/9 dual modulus prescaler

B Three wire serial data interface

B 13 bit reference counter

B 15 bit M counter

B Stores an alternative programming word

B Facility to programme A counter only

B Power saving standby mode

ABSOLUTE MAXIMUM RATINGS
Supply voltage -0.3Vto 7V
Storage temperature —65°C to +150°C
Operating temperature -55°C to 125°C
Prescaler input voltage 2.5V p-p
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D.S. 3843 1.5
NC ] 1 cb
Veea[] 2 27 [1 LOCK DETECT
+senseBiT=0 NGO 3 26 - CPREF
*Feo ] 4 25 [1 CP OUTPUT
*FRer [ 5 24 [1 RPD
POWER DOWN[] 6 23 [1 vees
Vees [} 7 22 [1 GROUND
Veea[] 8 21 [] XTAL1
Veei[] 9 20 [J XTAL2
RF INPUT [ VeE2
RF INPUT[] Vee2
VeE1 [ NC
Fi/F2 [ ENABLE
DATA [ cLoCK
DG28
5
u
Sy
a © o
£9fogds
*F REF]] I CPOUTPUT
POWER DOWN ] 1 RPD
VeEs [] l Vces
Veea ]  GROUND
Veet || l XTAL1
RF INPUTI] I XTAL2
RF INPUT{] | Vee2
HC28

Fig. 1 pin connections — top view

ORDERING INFORMATION
SP8858 IG DGAS (—40 to +85°C)
SP8858 IG HCAR (40 to +85°C)
SP8858 MG DGAS (~55 to +125°C)

SP8858 MG HCAR (-55 to +125°C)
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PIN DESCRIPTION

Pin 4 (Fpq*) M divider output pulses
Fpa = RF input frequency (pins 10 and 11) / (M.N + A)
Pin 5 (Fref*) R divider output pulses )

Fref = Reference input frequency (pin 20) / R

* These pins are reversed when the SENSE bit is set to 1 (see Data Entry and Control
description)

Pin 6 (POWER DOWN)

With this pin held high the device is in the power saving standby mode. The serial interface
shift register and data buffers remain active at all times so that the device can still be pro-
grammed in this. mode.

Pins 10 and 11 (RF INPUT)

Balanced inputs to the RF preamplifier. For single ended operation the signal is AC coupled
into pin 11 with pin 10 decoupled to ground or vice-versa.

Pin 13 (F1/F2)

The logic level on this input determines which of the two words stored in the internal buffers
is used to reload the A and M dividers at the end of the count cycle. With F1/F2 high the F1
buffer is selected.

Pin 14 (DATA) Serial data on this line is clocked into a shift register under control of clock and enable.

Pin 15 (CLOCK) Clocks the data into the shift register. Maximum clock frequency is 1MHz.

Pin 16 (ENABLE) Logic high on this pin allows data to be clocked into the shift register and the subsequent
falling edge loads the buffer chosen by the LSBs of the programmed word. The clock input
is ignored when enable is low.

PIN 20 (XTAL2) This pin is the input to a buffer amplifier if an external reference signal is provided. Alterna-

tively, the amplifier provides the active element for a reference oscillator if a quartz crystal is
connected at this point (see Applications)

PIN 21 (XTAL1)

Leave open circuit if an external reference is used or connect load capacitors for the
chosen crystal (see Applications)

Pin 24 (RPD) An external resistor connected between this pin and V¢ sets the Charge Pump output
current. A multiplication factor can also be programmed into the device (see table 1)

PIN 25 (CP output) The phase detector output is a single—ended charge pump sourcing or sinking current to
the inverting input of an external loop filter

PIN 26 (CP Ref) Connected to the non-inverting input of the loop filter to set the dc bias

PIN 27 (Lock Detect)

A current sink into this pin is enabled when the lock detect circuit indicates lock. Used to
give external indication of phase lock

PIN 28 (Cd)

A capacitor connected to this point determines the lock detect integrator time constant and
can be used to vary the sensitivity of the phase lock indicator
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MC
10 |
o—]
4 REIN Amp 1617 M Fv A - 28
! a9 v COUNTER COUNTER ———————0 ¢p
X LoCcK
RESET £ DETECT 4
4 BITS on A ——————O 0w
£0 cam
15 BITS I 2
L
13 I RPB
[eg - F1/F2 22 BIT DATA BUFFER
FilF2
- /N >
3 BITS 22 BITS ey 25
14 SELECT FI/F2/ACTIVE A i l————0
D ATOA . FV PHASE CHARGE CP OUTPUT
DETECTOR | PUMP
15 ,mg:?‘ﬁ cic2 I 24 BIT SHIFT REGISTER l FR 26
—————0
———
cLocK I LSB MsB XFAR| CP REF
p- 16 BITS
ENABLE l T
SEcTR 29, PD SENSE
| | 16 BIT REFERENCE BUFFER I
4
| PD1 l l PD2 O ppp’
6 SELECT MODULUS BUFFER g
VREF 13 BITS FREF
oW DECODE SENSE=0
DISABLE
2 XFR FR
XTAL Y R DIVIDER
21
Fig. 2 SP8858 block diagram
*rvch/. OVERLOAD
500mvV l/
—
400mvV \\ 7 \
soomy _i\\\\\\\ //////%
INPUT GUARANTEED [/ GUARANTEED //
VOLTAGE OPERATING OPERATING /]
mV RMS WINDOW v WINDOW A
+8/9MODE |/ +16/17 MODE
200mvV ] \§ 7
- _\\\ //
- k /Z ———d somv
~ | |
D ] | I
o 80 500 750 1000 1500
TYPICAL SENSITIVITY
INPUT FREQUENCY (MHz)

Fig. 3a typical input characteristics and input drive requirements (DG package)
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TYPICAL OVERLOAD
400mv 1 T
- \\\\\\\\///////
GUARANTEEX GUARANTEED
VOLTAGE  200mV OPERATING \ OPERATING 5 200mv
mV RMS 59 MODE \\\ +18017 MODE
100mv \\ 100mv
50
25 > —~ 25mv
0 N 1
0 80 150 500 750 1000 1300 1500
TYPICAL SENSIIVITY
INPUT FREQUENCY (MHz)

Fig. 3b typical input characteristics and input drive requirements (HC package)

tg+teh
DATA _7!. v FIRSTDATA ( x FINAL DATA \
s th tol trop
cLock [ A - [ A P
1 K \ ] K
ENABLE [ av
te

“ts-en

tep = 1p8  min
t. = 50ns min
ten = 50ns min
tg = ;gouc m:n
::,.,, = ”mu)nmyn;z |npm(uzpsons

(see sectlon data nmry and ccn!rol)

Fig. 4 Data and clock timing requirements
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ELECTRICAL CHARACTERISTICS

These characteristics are guaranteed over the following conditions (unless otherwise stated).
Supply voltage Vcc+4.75 to +5.25V

Temperature Tamp =-55°C to +125°C

Resistor

Value
Characteristics Pin Units Conditions
Min Typ Max
Supply Current 8,9
18,23 100 mA
Supply Current in Power 8 45 mA
Down Mode
Input Sensitivity 10, 11 See Fig. 4a and b.
Input overload 10, 11 See Fig. 4aand b
RF Input Division Ratio 10, 11,4 240 524287 With 16/17 selected
56 262143 With 8/9 selected

Comparison Frequency 4,5 5 MHz
Reference Oscillator Input 20, 21 4 40 MHz See note 1
Frequency
External Reference Input 20 10 500 mVrms
Voltage
Reference Division Ratio 20.5 1 8191
Data Clock Repetition Rate 15 1 us See Fig. 4
trep .
Minimum Set up Time tg 14, 15 50 ns See Fig. 4
Data Input High 14 0.6Vee Vee \

Low 14 Vee 0.3Vce \"
Clock Input High 15 0.6Vce \"

Low 15 Vee 0.3Vee \
Data Enable High 16 0.6V¢ee Vee \

Low 16 VEE 0.3Vce \
F1/F2 Input High 13 0.6Vce Vee \" F1 buffer selected

Low 13 VEe 0.3Vce \" F2 buffer selected
Power Down Input High 6 0.6Vee 0.9Vce \

Low 6 VEe 0.3Vce Vv
F1/F2 Input Current 13 5 pA V Pin 13=5.0V
Power Down Input Current 6 5 pA V Pin 6=4.5V
RPD External Resistance 24 7 330 KOhms
Lock Detect Output Voltage 27 1 \" | pin 27<3mA
“in lock”
Fpg and Fret Output Voltage 0.9 \ Vcc=5V. External pull down may
Swing be required
Lock Detect Time Constant 27 50K Ohms

Note 1: The reference frequency range when using a crystal oscillator is 4-20MHz

202




SP8858

DESCRIPTION
Prescaler and Dividers

The block diagram of a dual modulus divider arrangement loop filter operational amplifier which is designed to provide a
is shown in Fig. 5. The N/N+1 prescaler, together with the A type |l third order control loop (see Applications).
and M dividers, divide the RF input frequency down to the The nominal charge pump output current is set by an
comparison frequency at the phase detector input. The external resistor connected between pin 24 and the supply
comparison frequency sets the resolution of a single loop rail. This current can be multiplied by up to four times by
synthesiser; when Ais incremented (or decremented) by one, programming bits G1 and G2 as shown in Table 1. The
the loop output frequency automatically increments (or maximum charge pump output current is & 2mA.
decrements) by the comparison frequency. When the dividers Ipin 24=(Vgc—1.5)/RPD.
are reset, at the end of the each count cycle, the modulus of lout=G.Ipin 24
the prescaleris setto N+1 and the input frequency to the A and Gain = lout /2 A/rad.
M dividers is then RFinput/(N+1) Hz. The output of the A -
counter controls the prescaler modulus, which is setto N when G2 G1 Multiplier G
A reaches its programmed value. The M divider continues to 0 0 1
count at the rate RFinput/N until it reaches its programmed
value at which point the dividers are reset and the count cycle 1.0 1.5
starts again. The division ratio of this arrangement is therefore 0 1 25

1 1 4

A. (N+1) + (M—A) N=M. N+ A

Table 1
It is evident that for this arrangement to work M must always
be programmed greater than or equal to A and A must be able Data Entry and Control
to count to N-1. These restrictions set a minimum count of
N2-N; below this value some division ratios will not be
available.

The SP8858 prescaler can be set to 8/9 or 16/17 mode by
setting the appropriate bit of the reference word. The A divider
is a 4bit counter, whilst the M divider is a 15bit counter. The
minimum division ratio, with the 8/9 prescaler, is 82-8 = 56,
whilst the maximum division ratio, with the 16/17 prescaler, is buffers (F1, F2 or reference). Fig. 4 shows the timing

16. (215-1) + (24-1) = 524287. . -
. requirements for these three signals.
be hihe 8/9 prescalar is used the MSB of the A counter must The 2LSBs ofthe 24 bit shift register, C1 and C2, determine
prog : which of the three buffers is loaded with the data held in the
remaining 22bits as shown in Table 2.

The SP8858 is programmed using the serial data interface.
Data is entered into the chip on the DATA pin and clocked into
the internal shift register by the positive going edge of the
CLOCK signal with the Enable pin held. high. Whilst the
ENABLE pin is high, changes to the shift register will not affect
the current count cycle. On the falling edge of ENABLE the
data held in the shift register is transferred to one of the three

Reference Source and Divider
The reference source in the SP8858 is obtained from an on Cc2 C1 Buffer Loaded
chip oscillator, stabilised by an external quartz crystal. The 0 0 F1

oscillator circuit will also function as a buffer amplifierifan | S S R

external reference is preferred. In the latter case the signal, 10 F2
should be ac coupled into pin 20.(See Applications) Active A”

The reference oscillator drives a divider stage, the output 01 ctive
of which is the reference signal to the phase comparator. The 1 1 Reference
PLL controls the input voltage to an external VCO so that the
divided VCO signal is phased locked to this reference signal. Table 2
The dynamics of the control loop are determined by the * Only the A divider of the active buffer is changed
external loop filter.

The 13bit reference divider is fully programmable and can Ifthe F1 buffer (C2=0, C1=0) is selected the 22MSBs of the
be setto any ratio between 1 and 8191. The programmed word shift register are transferred to it. 19bits of the buffer provide
is stored in the internal reference buffer. the data for the A and M dividers. The three remaining bits

control the charge pump current multiplication factor as shown
Phase Comparator and Charge Pump in Table 1 and the sense of the phase detector. The F2 buffer

The digital phase detector is sensitive to frequency and performs the same function so that an alternative divider word
phase errors. The basic circuit for a conventional digital and/or phase detector gain can be stored.
phase/frequency detector is based on two D type flip flops. When the sense bit is set to 1 the inputs and clocks to the
Initially the flip flops are reset, each one is then set by the phase detector flip flops are reversed. The bit should be set to
respective pulses of the divider outputs. When both flip flops 1fora VCO with a positive frequency vs voltage characteristic.
have been set they are immediately reset. In this way the The sense bit also swops the outputs Frer and Fpq on pins 4
output of one flip flop is a pulse whose width is proportional to and 5. Fig. 1 shows the pin out for sense = 0.
phase difference, whilst the second flip flop is a narrow pulse The active buffer, i.e. the one that is currently used to
determined by the time to reset. The phase detector outputs update the dividers, is selected at pin 13 (F1/F2). An high on
drive a charge pump amplifier. One output controls a constant this pin selects F1. The F2 word can be updated whilst F1 is
current source, the other an identical current sink connected controlling the dividers without disrupting the loop (and vice
to the same node (CP output pin 25). The SP8858 versa). This facilty can be used to reduce synthesiser
phase/frequency detector has been modified and improved to switching time by preparing the non-active buffer prior to the
provide a linear characteristic, thus eliminating deadband instant of switching and can also be used to modify the open
effects. loop gain. .

The phase detector gain is determined by the output To ensure reliable data is loaded into the dividers the
current from the charge pump (lout A). An external internal control circuits ensure that the buffer data can only be
transimpedance amplifier is required to provide the voltage updated if the remaining M count is greater than 3. Given this
drive to the VCO. This requirement is usually performed by the restriction, the maximum time taken to update the buffer after
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the negative going ENABLE transition (or after F1/F2 has
been toggled) is:

Max. buffer update time (Sec) = ((3+M) N+A)/RF input (Hz)
+50nS

Time taken to reprogramme the shift register is determined
by the clock rate and the number of bits required:

Programming time (F1 or F2) = 24.t,gp ,ts+te (see Fig. 4).

If the reference buffer is selected (C2=1,C1=1) only the
16LSBs of the shift register are used. 13bits provide the data
for the Reference divider. Two bits, PD1 and PD2, control the
charge pump and the divider output buffer as shown in table
3

PD2 PD1
0 0 Fret and Fpg outputs off, charge pump on
0 1 Fref and Fpg outputs on, charge pump on
1 0 Fref and Fpq outputs on, charge pump off
1 1 Fref and Fpq outputs on, charge pump
disabled by lock detect

Table 3

The remaining bit of the Reference word is used to select
the prescaler modulus. A 1 in this position selects the 8/9
mode. Note that when the 8/9 mode is selected the A divider
only requires 3bits — the 4th bit must be set to 0.

To ensure reliable data is loaded into the dividers the
internal control circuits ensure that the buffer data can only be
updated if the remaining R count is greater than 1. Given this

restriction, the maximum time taken to update the buffer after
the negative going ENABLE transition (or after F1/F2 has
been toggled) is:

Max. buffer update time(Sec) = 1/F+50nS

Only 16bits are required to programme the reference
buffer, therefore programming time (Reference)=16.trgp+ts+te
(see fig. 4)

If the Active A mode is programmed (C2=0. C1=1) only the
4 A divider bits of the active buffer are updated atthe end of the
M count. The M divider data, multiplication factor and phase
detector sense remain unchanged.

This can be used to frequency hop to an adjacent channel
with the programming time reduced to :

Programming time (Active A)=6.t,ep+ts+te
discussed above are

The programming details
summarised in Fig. 6.

Lock Detect

A simple EXCLUSIVE OR phase detector together with an
integrator and comparator are used to indicate phase lock.

A capacitor on pin 28 sets the integrator time constant and
hence the sensitivity of the lock detect function. The
comparator controls a current sink connected to pin 27 which
can be used together with an external LED or resistor to
indicate phase lock.

The lock detect can also be used to disable the charge
pump by programming PD1 and PD2 of the reference word
(Table 3).
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PHASE
DETECTOR
GAIN
CONTROL
See table 1)
MSB LS8
e EFF R
PESER 15BIT PROGRAMMABLE COUNTER (M COUNTER) pROGRAMMABLE | CToGIe-
SENSE UNTER (See table 2)
(A COUNTER)
Fig. 6 (a) F1 or F2 word bit allocation with 16/17 selected
PHASE
DETECTOR
AIN
CONTROL
(See table 1) MUST
BE
ZERQ
MSB LSB
I Gzl G1 211lzﬂl z‘ﬁlzﬂlzﬂ Izﬂl 2“|21° |2° l 28 I z7| 28 I b I 24 [ 210 22| 2! I 20 cch']
pEHASE o l ‘ 15BIT PROGRAMMABLE COUNTER (M COUNTER) PROGHEIMABLE | CONTROL
SENSE COUNTER 4
(A COUNTER) (See table 2)

Fig. 6 (b) F1 or F2 word bit allocation with 8/9 selected

DUAL
MODULUS
N RATIO
SELECT
MSB ' ] LSB
[roefeor] g 2]z [oo [z ]2] o] 2|z [a]2]a]a]=]c]c]
SRR 13BIT PROGRAMMABLE COUNTER (R COUNTER) coumaL
BISTABLE (See table 1)
CONTROL
(See table 3)
Fig. 6 (c) reference word bit allocation
F1 WORD F2 WORD REF WORD

DATA l @283 l°|°l | 22BITS Hol F—BFFH

DATA | 22 CLDCKSlHn | 22 CLOCKS"‘I” ] 16 CLOCKS"-"_I
CLOCK

DATA LOADS ON NEGATIVE EDGE
p /\\ —_—
SELECT_J |_| L_.__l L..

Fig. 6 (d) typical data load sequence

Fig. 6 Data format diagrams
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WGEC PLESSEY
(v iconpucion]

D.S. 3640 2.0

SP8861

1.3GHz LOW POWER SINGLE-CHIP FREQUENCY SYNTHESISER
(Supersedes September 1990 Edition)

The SP8861 is a low power single chip synthesiser
intended for professional radio applications, and contains all
the elements (apart from the loop ampilifier) to fabricate a PLL
frequency synthesis loop.

The device is serially programmable by a three wire data
highway and contains three independent buffers to store one
reference divider word and two local oscillator divider words.
A digital comparator, with two charge pumps, programmable
in phase gain are provided to improve lock up performance.
the preset tandem operation of the charge pumps can be
overwritten or the comparison frequencies switched to output
ports under control of the divider word. The dual modulus ratio
and so operating range is also programmable through the
same word.

A power down mode is incorporated as a battery economy
feature.

FEATURES

B Improved Digital Phase Detector to Eliminate
“Dead Band” Effects

Low Operating Power, Typically 175mW
1.8GHz Operating Frequency

Complete Phase Locked Loop

high Input Sensitivity

Programmed through Three Wire Data Bus
Wide Range of Reference Division Ratios
Local Storage for Two Frequency Words giving
Rapid Frequency Toggling

Programmable Phase Detection Gain

Power Down Mode

ESD Protection on all pins.

ABSOLUTE MAXIMUM RATINGS
Supply voltage
Storage temperature
Operating temperatue
Prescaler input voltage

0.3Vto 7V
—-55°C to +150°C
—40°C t0+85°C
2.5V p-p

ORDERING INFORMATION
SP8861/NA/HP
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noononom
|=g=g=g=p=p=)
N
N

| Pin _ Description __ Pin ____ Description

i ic 15 CLOCK
2 Veed 16 ENABLE
3 Pr_fﬁ output 17 NC

“ cc
5 Fhy 19 Vee2
6 p&WeER DOWN 20 XTAL 2
7 eed 21 XTAL 1
om0 2 o

C

10 REINPUT 24 RED
1 RF INPUT 25 PD2 OUTPUT
12 Vel 26 NC
13 Filk2 27 LOCK DETECT
14 DATA 28 cd

* Fpgand Freroutputs are reversed by the g’;ase detector sense
bit'in the programming word. Diagram above is correct when
sense bit is low.

Vecl, Veel - Preamp and Prescaler
Vce2, Vee2 ~ Oscillator Supplies
Vee3, VEe3 - Charge Pump 2 Supplies
Veed, Vg4 - ECL Supplies

Fig. 1 Pin connections — top view
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[ - b
: Fpd and Fref outputs are reversed by the :
1 o phase detector sense bit in the programming ]
: - word. Diagram is correct when sense bit is low. :
1y 1
aE § 16/17 A COUNT M COUNT fpd i
INPUT | 8/9 +LOGIC +LOGIC l !
! |
! —] it !
! > DUAL F1/F2 I Y o E':‘HE:;'E) a !
1
\ ‘ l——:!: =wi I | DATA BUFFER __ H
i | ] —t—t !
: : : '
]
! } LoGic }— | aBiT 15 BIT 2 BIT 1BIT |— y 1
1 [} ]
| 1 1 ]
! i i CHARGE | PD1
! |__~--- ------------------- - N “Pump |- ERROR
14 No| [N3 N4l [N18  N13| |N20 N21 1 | SIGNAL
FIF2 Q - +— '
]
DATA G14 BIT SR 22 BIT SR MsB ) l 24} cop
11 DATA LSB 1
crock ol \NoyT Nopim2 | Mg Na] s, I —2tocd
116 ' : L] 1
ENABLEQ ' H ] cHance |, | Po2
POWER ! g L BT 1BIT 2BIT | PUMP |20 ERROR
DOWN ¢ ! ! 4 2 i SIGNAL,
' 1 1
1 RN [ S, ISR ——a ' Lock
] 27 1
; < 2 SINGLE ‘ L‘T?DETECT
h REFERENCE >
! R BUFFER
i U > counr 5 '!
! fret Fref *
\ L1 ourpur :
' N2 INTERFACE | 4}
1 5| —QFpd
! LOGIC 1
1 ] 1
1 - 1
1 1
R . . . F. S o
CRYSTAL
Fig. 2 SP8861 block diagram
3 PDI1 vee +sv
45K
LOCK
HARG CHARGE PUMP 1 DISABLE Dsrgcr
—— PUMP 27
— 1
DUAL
um VOLTAGE
* COMPARATOR
‘ TRANSCONDUCTANCE
AMPLIFIER x1
VOLTAGE GAIN = 1 BUFFER
25 28 0
_] RPD  PD2 cd I
[}
pd P‘"“SE OUTPUT CURRENT AT PIN 28
fro™] ETECTO 1S PROPORTIONAL TO VOLTAGE DIFFERENCE
rel

BETWEEN PIN 25 AND 28, | MAX = t 25pA

Fig. 3 Detailed Block Diagram of Lock Detect Circuit
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400mV

INPUT
VOLTAGE 300mV

RVE.TYT
v nvio

200mvV

100mV
50
25

U7 -

GUARANTEED OPERATING

Z WINDOW +16/17 MODE

7
GUARANTEED y
OPERATING

WINDOW
+8/9 MODE

N

500 750

1000

INPUT FREQUENCY (MH2)

1300

25mV

1500

Fig. 4 Typical input characteristics and input drive requirements

DATA 7

2V FIRST DATA

BIT

CLOCK

e t;, >l tg) > |lEe— Loy ——>
——

\\\__J

ENABLE

FINAL DATA

tep =

1ps min
50ns min

= 50ns min

100ns min
= 50ns min
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ELECTRICAL CHARACTERISTICS

Test conditions (unless otherwise stated)
Supply Voltage Vg +4.75 to + 5.25V

Temperature Ty, = 25°C

SP8861

Value
Characteristic Pin Units Conditions
Min. Typ Max.
Supply Current 8,9
18,23 33 40 mA
Supply Current in Power Down Mode 8 4.5 6 mA
Input Sensitivity 10,11 See Figure 4a and b
Input Overload 10,11 See Figure 4a and b
RF Input Division Ratio 10,11,4 256 524287 With 16/17 selected
56 262143 With 8/9 selected
Comparison Frequency 45 5 MHz
Reference Oscillator Input Frequency | 20,21 4 20 MHz
External Reference Input Voltage 20 10 500 mVrms
Reference Division Ratio 20,5 1 8191
Data Clock Repetition Rate t;e, 15 1 Hus See Figure 5
Minimum Set up Time tg 14,15 50 ns See Figure 5
Data Input High 14 0.6Vcc Vecce \"
. Low 14 Vee 0.3Vee Vv
Clock Input High 15 0.6Vcc Vee \
Low 15 Vee 0.3Vce \'
Data Enable High 16 0.6Vce Vee \
Low 16 Vee 0.3Vee v
F1/F2 Input ’ High 13 0.6Vcc Vce \" F1 buffer selected
Low 13 Vee 0.3Vee \ F2 buffer selected
Power Down Input High 6 0.6Vce 0.9Vce Vv
‘ Low 6 Vee 0.3Vce Vv
F1/F2 Input Current 13 5 pA V Pin 13=5.0V
Power Down Input Current 6 5 pA v Pin 6=4.5V
RPD External Resistance 24 68 330 KQ
Lock Detect Output Voltage “in lock” 27 1 \" | pin 27=1mA
Lock Detect Switching VoltageHigh 25 27 v Vce=5V
. Low 25 23 " Vcc =5V
Fpd and Fref Output Voltage Swing 0.9 \ Vec=5V. External pull

down may be required
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DESCRIPTION

Prescaler and A M counter

The programmable divider chain is of A M counter
construction and therefore contains a dual modulus front
end prescaler, an A counter which controls the dual
modulus ratio and an M counter which performs the bulk
multi-modulus division. A programmable divider of this
construction has a division ratio of MN +A and a minimum
integer steppabie division ratio of N{N-1i).

In the SP8861 the dual modulus front end prescaler
is a dual N ratio device capable of being statically
switched between 16/17 and 8/9 ratios. The controlling A
counter 'is of four bit design enabling a maximum count
sequence of 15, (24-1) which begins with the start of the M
counter sequence and stops when it has counted by the
preloaded number of cycles. Whilst the A counter is
counting the dual modulus prescaler is held in the N+1
mode, then relaxes back to the N mode at the completion
of the sequence. The M counter is a 15-bit asynchronous
divider which counts with a ratio set by a control word. In
both A and M counters the controlling data from the F1/F2
buffer is loaded in sequence with every M count cycle.
The N ratio of the dual modulus prescaler is selected by a
one bit word in the reference divider buffer and, when a
ratio of 8/9 is selected the A counter requires only three
programming bits, having an impact on the frequency bit
allocation as described in the data entry section.

Reference source and divider

The reference source in the SP8861 is obtained from
an on board oscillator, frequency controlled by an external
crystal. The oscillator can also function as a buffer
amplifier allowing the use of an external reference source.
In this mode the source is simply AC coupled into the
oscillator transistor base on pin 20.

The oscillator output is coupled to a programmable
reference divider whose output is the reference for the
phase detector. The reference divider is a fully
programmable 13-bit asynchronous design and can be set
to any division ratio between 1 and 8191. The actual
division ratio is controlled by a data word stored in the
internal reference buffer.

Phase comparator

The SP8861 is provided with a digital phase
comparator feeding two charge pump circuits. Charge
pump 1 has preset currents programmable as shown in
table 1. Charge pump 2 has a current level set by an
external resistor: the current is multiplied by a factor
determined by the F1 or F2 word (see table 1).

A lock detect circuit is connected to the output of
charge pump 2. When the voltage level at pin 25 is
between approximately 2.25 and 2.75 volts, pin 27 will be
low and charge pump 1 disabled depending on the PD1
and PD2 programming bits as shown in table 4.

The output signals from the reference and M counters
are available on pins 4 and 5 when programmed by the
reference programming word: the various options are
shown in iabie 4. An exiernal phase detector may be
connected to pins 4 and 5 and may be used
independently or in conjunction with the on chip detector.

To allow for control direction changes introduced by
the design of the control loop, a programming bit in the
F1/F2 programming word interchanges the inputs to the
on chip phase detector and reverses the functions on pins
4 and 5.
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F1 OR F2 WORD| CHARGE PUMP 1 CHARGE PUMP 2
G2 G1 CURRENT MULTIPLIER
0 0 50pA 1
1 0 75pA 15
0 1 125pA 2.5
1 1 200pA 4

Table. 1 Charge pump currents

Note: Charge pump 2 is pin 24 current X multiplication
factor. 1 pin 24=VCC-1.5V
“RPD

Data entry and storage

The data section of the SP8853 consists of a data
input interface, an internal data shift register and three
internal data buffers.

Data is entered to the data input interface by a three
wire data highway with data, clock and chip enable inputs.
The input interface then routes this data to a 24-bit shift
register with bus connections to three data buffers. Data
entered via the serial bus is transfered to the appropriate
data buffer on the negative transition of the chip enable
input according to the two final data bits as shown in Table
3. The MSB of the data is entered first.

The dual F1/F2 buffer can receive two 22-bit words
and controls the programmable divider A and M counters
using 19-bits, the phase detector gain with two bits and the
phase detector sense with one bit. A fourth input from the
synthesiser control system selects the active buffer.

OUTPUT FOR RF PHASE LAG
Sense Bit Pins 3 and 25
0 Current source
1 Current sink
Table 2

The third buffer contains only 16 bits, 13 being used to
set the reference counter division ratio, and 2 to control the
phase comparator enable logic. The remaining bit sets the
dual modulus prescaler N ratio.

2 Bit S.R. Contents Buffer Loaded
00 F1
10 F2
01 Active A *
11 Reference
Table 3

* Transfer of A counter bits into buffer controlling the
programmable counter

The data words may be entered in any individual
multiple sequence and the shift register can be updated
whiist the data buffers retain contiol of the synthesiser with
the previously loaded data. This enables four unique data
words to be stored in the device, with three in the data
buffers and a fourth in the shift register, whilst the chip is
enabled. F1 word may also be updated whilst F2 is
controlling the programmable divider and vice versa.

The dual F1/F2 buffer enables the device to be
toggled between two frequencies using the F1/F2 select
input at a rate determined by the comparasion frequency




and also enables random frequency hopping at a rate
determined by a byte load period, since the loop can be
locked to F1 whilst F2 is updated by entering new data
via the shift register. The F1/F2 input is high to select
F1.

An F1 or F2 update cycle will consist of a byte
containing 24 bits, whereas the reference byte will
contain 18 bits. The device requires 3 bytes, each with a

P P, PO N VS

P . PR nn oL AT,
Chip SeioCl sequence, totaiing oo DITS 10 Tully program.

SP8861

When the dual modulus counter (A count) is set to
+8/9, the data required to set the counter is reduced by
one bit, leaving an unused bit in the 22-bit F1/F2 buffer.
this bit must always be set to zero when +8/9 mode is
required. Various programming sequences are shown in
Fig. 7

¢ The data entry and storage registers are always
powered up, making it possible to enter data when the
device is in the powered down siate.

PD2 PD1
0 0 Fref and Fpd outputs off, charge pump 1 and 2 on
0 1 Fref and Fpd outputs on, charge pump 1 off. Charge pump 2 on
1 0 Fref and Fpd outputs off, charge pump 1 disabled by lock detect. Charge pump 2 on
1 1 Fref and Fpd outputs on, charge pump 1 disabled by lock detect. Charge pump 2 on
Table 4
e ikt ar e e iesul et 1
' b o VARICAP !
i i | | FROM CHARGE *+SV suppLY ]
1 1 1 PUMP !
] 1 1l ]
i 11 () ]
1 11 ! ]
1 [ I |
] (] I ]
] [ 1 : :
1 2IPPNC  ExteRNAL | | Hi i
i 20 EFERENCE | | i {
N SOURCE | ! i1 |Loop _)v1§) :
' i 11 [FLTER i
) [N (R} ]
1 [N 11 !
1 [} [} ]
) i ! 1
i i 025V i :
! 11 Ra= >y Sgrammed comparator 2 current | ! | ]
1 11 [ |
ICONNECTION OF EXTERNAL | | USE OF LOCK DETECT CIRCUIT i E i
: REFERENCE i WITH PD1 i ! SIMPLE DISCRETE AMPLIFER '
| Ay S S - d lmmcccrcccrcr e ccr e c o ——————————— 4 b e e e e e o e o N
+5V¢ 1 ;
]
Ty
g ~ 2sh r
{]2 271 RPD! |
L 1s afl | 22 o L LOOP FILTER
Fpd = {4 2sft-1---{227}------ c2
A 1
Fref 5 2aff s m oo
e 231
—]7 22[}
. seeser _ F
{]s 21}
CONTROL s 20{}
l‘MCRO "" in 10 10}
s R
r {}12 17[1 0.4p |
VOLTAGE {]13 16—
CONTROLLED {] 14 15
OSCILLATOR -
0ip==
-|_ # ov
Rb= 0.25V
=2 programmed comparator 2 current
Fig. 6 Typical application diagram
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FIG.7(b) F1 or F2 word, bit allocation with 8/9 selected

PHASE
DETECTOR
GAIN
CONTROL
(See table 1)
wmsal J LsB
I IGzlG1Iz18]2‘l7|218|215|214|213|2121211IQIOI28I28I27|26|25|24|23I22[21'20'02'(;1
DEP#EA;%R | 15 BIT PROGRAMMABLE COUNTER (M COUNTER) oG ;:&MBLE C?gTGTgL
SENSE 1 ! i COUNTER I(See table 3)
(See table 2) (A COUNTER)
FIG.7(a) F1 or F2 word, bit allocation with 16/17 selected
PHASE
DETECTOR
GAIN MUST
CONTROL BE
(See table 1) ZERO
MSB J I LsB
| |GzlG,lznl215I215|214|213|212|21112|olzslzel27126I25l24|23|0I22I21I20|Cz|c|—l
DS;ZST%R' | 15 BIT PROGRAMMABLE COUNTER (M COUNTER) I I G?gg Fligl-
SENSE 3BIT (See table 3)
(See table 2) PROGRAMMABLE
COUNTER
(A COUNTER)

DUAL
MODULUS
N RATIO
SELECT
MSB LsSB
[l 4 [z [ [ 2] 2 7] e[ 2 2] 2 2] ] #[ 2] o]
PHASE | 13 BIT PROGRAMMABLE COUNTER (R COUNTER) CONTROL
DETEGTOR LOGIC
BISTABLE 0= +16/17 (See table 3)
CONTROL :
(See table 4)
FIG.7(c) reference word bit allocation
F1 WORD F2 WORD REF WORD
DATA | 22 BITS |o ol [ 22 BITS |1|0I | 16 BITS H1|
DATA
CLOCK | 22 CLOCKS mﬂ | 22 CLOCKS mﬂ [ 16 CLOCKS Iﬂ n

DATA LOADS ON NEGATIVE EDGE
TS —

CHIP Y

SELECT

Fig.7(d) Typical data load sequence

1T ST ——
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Vel Veed Vecd
13K25 4550 1250 6K 6k | 62Ks
> '
500 500 —
13,14,6
RF INPUTOLL j*‘_’_r:l—' I 77K5
RF INPUTO-L [~ ]
] 37Ks
10K 0.8mA 50pA
27.5pA
Vet — Vged Veed
RF PRE-AMPLIFIER INPUTS FI/F2 DATA AND POWER DOWN HYSTERESIS INPUTS DATA CLOCK
INPUTS AND ENABLE

Vo2 ‘ Vec'
24K
Voo 3 CP1 Vgcd
20 CP2 Vc3
21 27 ouP
80K — Ve
oup 3,25
%
ODOWN
Vee
35K
6DOWN
Veed
Veg2
OSCILLATOR PINS LOCK DETECT OUTPUT Vee*

PHASE DETECTOR
CHARGE PUMPS

Veed

Phase detector current=

Vecd
Vce-1.5V x charge pump multiplier
EXTERNAL | { oo~ RPD 10K
RESISTOR
Vg3
FROM M OR R
COUNTERS
045
OUTPUT
ENABLE
Veed 100pA, " 50pA
CHARGE PUMP 2 " Veed

[
CURRENT PROGRAMMING Fpd AND Frer OUTPUTS

Fig. 8 Input and output interface diagrams
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APPLICATIONS

A basic application using a single phase comparator
is shown in Fig. 6. The SP8861 is a 1.6 GHz part, so
good RF design techniques should be employed,
including the use of a ground plane and suitable high
frequency capacitors at the RF input and for power supply
decoupling.

The RF input should be coupled to either pin 10 or
11, and the other pin decoupled to ground. The reference
oscillator is of conventional Colpitts type with two
capacitors required to provide a low impedance tap for the
feedback signal to the transistor emitter. Typical values
are shown in figure 6, although these may be varied to
suit the loading requirements of particular crystals. Where
a suitable reference signal already exists or where a very
stable source is required, it is possible to apply an
external reference as shown inset in Fig. 6. The
amplitude should be kept below 0.5V RMS to avoid
forward biasing the transistor collector base junction.

In some systems, it is useful to have an indication of
phase lock. The output from pin 27 goes low when the
output of charge pump 2 is between 2.25 and 2.75V and
can be used to operate an LED to give visual indication of
phase lock. Alternatively a pull-up resistor may be
connected to Vg and the output used to signal to the
control microprocessor that the loop is locked thus
speeding up system operation. The output current
available from pin 27 is limited to 1.5mA. If this current is
exceeded the logic low level will be uncertain.

The circuit diagram shown in figure 6 is a basic
application with minimum component count which is
nevertheless perfectly adequate for many applications.
Charge pump 1 on pin 3 is used to drive the loop amplifier
which provides the control voltage for the local oscillator.
When charge pump 1 is used in this mode, the PD1 and
PD2 bits in the reference programming word must be set
to enable charge pump 1 continuously. This application
could also use charge pump 2 output on pin 25 or if a
higher phase comparator gain is required, pins 3 and 25
could be connected in parallel to use the combined output
current from both charge pumps.

The lock detect circuit can be programmed to
automatically disable charge pump 1 as shown in Table 4.
This feature can be used to reduce the system lock up
time by connecting the charge pump outputs in parallel to
the loop amplifier with a resistor, (shown dotted) in series
with charge pump 2. This connection allows a relatively
high current to be used from charge pump 1 to give short
lock up time, and a low current to be set on charge pump
2 giving low reference frequency sidebands. The degree
of lock up time improvement depends on the ratio of
charge pump 1 to charge pump 2 currents.

When the loop is out of lock, both charge pumps will
be enabled and will feed current to the loop- amplifier to
bring the oscillator to phase lock. The current from
charge pump 2 will produce a voltage drop across the
series resistor allowing operation of the lock detect circuit
and enabling charge pump 1. The resistor must be
chosen to give a voltage drop greater than 0.25V at the
current level programmed for charge pump 2. When
phase lock is achieved, there will be no charge pump
current and therefore the voltage at pin 25 will be equal to
that on the virtual earth point of the loop amplifier (2.5V),
disabling charge pump 1.

Charge pump 1 should not be left open circuit when
enabled as this prevents correct operation of the phase
detector. The output on pin 3 should be biased to half
supply with a pair of 4.7kQ resistors connected between
supplies.
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When charge pump 2 is used to drive the loop
amplifier, the lock detect circuit will only give an out of
lock indication when large frequency changes are made or
when a frequency outside the range of the local oscillator
is programmed. At other times the loop ampilifier input is
maintained at 2.5V by the action of the loop filter
components. Again a resistor connected between pin 25
and the loop amplifier, producing a voltage drop greater
than 0.25V at the charge pump current programmed will
allow sensitive out of lock detection.

When phase lock detection is required using
comparator 1 only (see inset Fig.6) charge pump 2 output
(pin 25) should be biased to 2.5V using two equal value
resistors across the supply. The values should be chosen
to give a voltage change greater than 0.25V at the
programmed comparator 2 charge pump current. A small
capacitor connected from pin 28 to ground may be used
to reduce chatter at the lock detect output. (see inset
figure 6) A detailed block diagram showing the lock
detect circuitry is shown in Fig 3.

An amplifier is required to convert the current pulses
from the phase comparator into a voitage of suitable
magnitude to drive the chosen VCO. The choice of
amplifier must be determined by the voltage swing
required at the VCO to achieve the necessary frequency
range, and in most cases an operational amplifier will be
used to provide the essential characteristics of high input
impedance, high gain and low output impedance required
in this application.

Although it is expected that an operational amplifier
will be used in most cases, a simple discrete design can
be used and a suitable design is shown inset in Fig. 6.
This arrangement can be particularly useful when the
minimum VCO control voltage must be close to ground
and where negative supplies are inconvenient. This
form of ampilifier is not suitable for use with charge pump
2 when the lock detect circuit is required.

When an operational amplifier is used in the inverting
configuration shown in Fig. 6, the charge pump output is
connected directly to the virtual earth point and will
therefore operate at a voltage similar to that set on the
non-inverting input. Normaly this operating point should
be set at half supply using a potentiometer of two equal
resistors, but if necessary this voltage can be set up to 1V
higher or lower than half supply without detrimental effect.
When the lock detect function is required on charge pump
2, the non inverting input must be at half supply.

The digital phase comparator and charge pump used
on the SP8861 produces bi-directional current pulses in
order to correct errors between the reference and VCO
divider outputs. Once synchronisation is achieved, in
theory no further output from the charge pump should be
required, but in practice, due to leakage currents and
particularly the input current of the amplifier, the
capacitors forming the loop filter around the amplifier will
gradually discharge, modifying the VCO voltage and
requiring further outputs from the charge pump to restore
the charge. The effect of this continuous correction of the
local oscillator frequency, is to frequency modulate the
VCO and thus produce sidebands at the reference
frequency. In order to reduce this effect to a minimum, an
amplifier with low input bias current is essential.
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FROM PHASE
COMPARATOR

c1 R2

PHASE
COMPARATOR

Fig. 9 Standard Form of Second Order Loop Filter

Loop calculations

Many frequency synthesiser designs use a second
order loop with a loop filter of the form shown in figure 9.

In practice an additional RC time constant (shown
dotted in Fig. 9) is often added to reduce noise from the
amplifier. In addition any feedthrough capacitor or local
decoupling at the VCO will be added to the value of C2.
These additional components in fact form a third order
loop, and if the values are chosen correctly, the additional
filtering provided can considerably reduce the level of
reference frequency sidebands and noise without adversly
affecting the loop settling time. The calculation of values
for both forms of loop is shown below.

Second Order Loop.

For this filter two equations are required to determine
the time constants T4 and T where:

T = C1 R1
T2 = C1 Rz
The equations are:
Ty = KoKy
2N (1)
T2 = 20 .. (2)
p

where:

Ky is the phase detector gain factor in V/Radian
Ky is the VCO gain factor in radians
second /Volt .
N is the division ratio from VCO to reference
frequency
Wy, is the natural loop bandwidth
is the damping factor: normaly 0.7071

The SP8853 phase comparator is a current source
rather than a conventional voltage source and has a gain
factor specified in IgA/radian. Since the equations deal
with a filter where R, is feeding the virtual earth point of
an operational amplifier from a voltage source, R; is
setting the input current to the filter which is similar to the
circuit shown in Fig. 10 where a current source phase
comparator is connected directly to the virtual earth point
of the operational amplifier.

The equivalent voltage gain of the phase comparator
can be calculated by assuming a value for R; and
calculating a gain in volts/radian which would produce the
set current.

The digital phase comparator used in the SP8861 is
linear over a range of 2n radians and therefore the phase

Fig.10 Modified Second Order Loop Filter

comparator gain is given by:
phase comparator current setting pA/Radian.
11
The phase comparator gain in V/radian is therefore:

50 pA X 1K ohm
2n

assuming a value of 1K for Ry and 50pA for the phase
comparator current setting, these values can now be
inserted in equation 1 to obtain values for Cy and equation
2 used to determine a value for R,.

Example:

Calculate values for a second order loop with the
following parameters.

Frequency to be synthesised 800Mhz

Reference frequency 100KHz

Division ratio N 800MHz =8000
100KHz

Natural loop frequency wp 500Hz

VCO gain factor K 2n x 10MHz/Volt
Damping factor { 0.7071
Phase comparator current setting S50pA

Assuming R, is 1kQ then the equivalent phase
comparator gain Kg in V/iradian =50pA x 1000
2n

Kg =0.00796V/radian.

0.00796 X2 X 1 X 10MHz
@Xnx500)%X8000

From equation 1 T

Ty = 6.334%106

_2X0.7071

From equation 2 T,=
2 2XnX500

Tp = 450X 104

6.334x1076

Now tl=ClR1 Cl— 50

1K is chosen value for R4

C; = 6.33nF
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Cq C;
CHARGE R, CHARGE
PUMP Ry T0 PUMP
vco
a
Fig. 11 Third Order Loop Filter
Ky is the phase detector gain factor in V/Radian
Ky is the VCO gain factor in radians second/Volt
-4 N s the total division ratio from VCO to reference
4.50X10 f
,=C R, . —— = frequency A
2 172 6.33%1 0_9 2 ®y, is the natural loop bandwidth
: ¢ is the Phase margin normaly set to 45°
R, = 71000Q

Third Order Loop

The third order loop filter is normally shown as in Fig.
11. Fig. 11b shows the circuit redrawn to use an RC time
constant after the amplifier, allowing any feedthrough
capacitance on the VCO line to be included in the loop
calculations. Where the modified form in Fig. 11b is used
it is advantageous to connect a small capacitor Cx . of
typically 100pF (shown dotted), across the amplifier. to
reduce sidebands caused by the amplifier being forced
into non linear operation by the phase comparator pulses.

Three equations are required to determine the time
constants, T4, To and T3 where :

'I:‘1 = C1 R1
for Fig. 11a T2 = Ra (Cy + Cp)
3 = C2Ry
Ty = C1 R1
and for Fig. 11b w2 =Ci Ry
T3 = C2 Ry
The equations are:
KK, 1146 "7 4
0 n 2
T = > I 5 2] (3)
No 1+w “v
n n 3
1
‘52.—_ 2 .. (4)
mn .53
—tand, +
(1)0 cos(})0
= m— .. (5)
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As in the second order filter example a value for R1 can
be assumed and an equivalent gain' Kg in V/radian
calculated from: '

phase comparator current setting pA/radian X 1K

2n
Where 1K ohm is the assumed value for R4
These values can now be substituted in  equation (3) to
obtain a value for C1 and equations (4) and (5) used to
determine values for C» and Ko,

EXAMPLE

Calculate values for a loop with the following parameters.

Frequency to be synthesised: 800MHz
Reference frequency 100KHz
Division ratio 800MHz
T00KHz' =8000
wy, natural loop frequency 500Hz

K VCO gain factor
¢, phase margin
Phase comparator current

2 x 10MHz/Volt
45°
50pA

assuming R4 is 1K Ohm, then the equivalent phase
comparator gain Kgin V/radian is:

50pA X 1000
2n

From equation-3:

— tan 45°+

=0.00796 V/Radian

cos 45°  0.4142

37 500Hz X 2n

T 3141.6

T3 = 1.318 X 104



From equation 2:
1

2 (500x2xm2x1.318x10 4

T,

Tp = 7.687 X 10 4

Using these vaiues in equation i:
7.96 X 10~ 3 X 2 X n X 10MHzV lAr

'E —3
! 8000 X (21 X 500)2

Where A is:
2 2
1+ "%, 14 @nx500)2x (7.687x10 " 4?2

1+0 %o’ 1+ @nx500)2x (1.318x10~ 4?2

T, =

500141.6 l 6.832 ]*
' 7896x10"

1.1714

Ty = 6.334 X 106 x 2,415
T = 163 X 105

now Ty = C1 R4

s Cy = 1.63 X 10 -5 (R, is chosen as 1kQ)
1kQ

C; = 0.0153pF

for figure 11a T = Ra (C1 + Cp)

for figure 11a T3 = C2 Ro

substituting for C2

T3
T =R2 [Cl+—l

9 R2 Ty =R2C1 + 1

T,— T, 7.687Xx10 4-1.318X10"

"R, =
S A 0.0153 x 10 ~ 8

R, = 41627Q

3 2772 2

Y3
., =C,R, .. C,=—
R__ 41627

Cy = 3.17nF

for figure 11b

C; =0.0153pF

1.318 x 10 ~ 4

T =CiRy .. Cq =1.53XLO'5
1

SP8861

1t =C; R .. R =7.687 X104
1.53%108

R5=50.242kQ
T3 = C2R3

Since both values are independent of the other
components, either C2 or R3 can be chosen and the other
calculated.

- Cp = 1.318x104

assume R3 = 1kQ
1000

Cp = 1.318%10-7

C>=0.1318yF
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Section 3

Frequency Dividers

MIL-STD-883 Class B

Many of the integrated circuits detailed in this section are available screened
in conformance with MIL-STD-883 Class B and are identified in their
ordering codes by the letters AC immediately following the device type
number. Separate data sheets for these circuits are available from your
local GEC Plessey Semiconductors Sales Office.

' GECPLESSEY
. PP SEMICONDUCTORS.
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GEC PLESSEY
(5 co U oS

ADVANCE INFORMATION

D.S.37392.0
VERY LOW PHASE NOISE SYNTHESISER DIVIDER
The SP8400 is a very low phase noise programmable
divider which is based on a divide by 8/9 dual modulus
prescaler and a 12 stage control counter. This gives a
minimum division ratio of 56 (64 for fractional — N synthesis
applications), and a maximum division ratio of 4103. Special
circuit techniques have been used to reduce the phase noise . -
considerably below that produced by standard dividers.The n o| 2 - "
data inputs are CMOS or TTL compatible. w o3 2 ; M5
The SP8400 is packaged in a 28 pin plastic SO package. Veessv 4| 4 ko we
GND 0415 24O m7
FEATURES TLOCKINFUT | 6 230 us
. . CLOCKINPUT 4] 7 2 Nne
M Very low Phase Noise (Typically ~156dBc/Hz at crockmeur o] 8 21 ko outeur
1kHz offset) TIOCRINFUT | 9 20 b - sUTROT
M Supply Voltage 5V GND |10 19 F8 Ne
Vee+5v 4|11 18 [0 Ve +5V
Vee+sv |12 17k
ABSOLUTE MAXIMUM RATINGS | MY =
Supply Voltage 6.5V Ao )14 15 o af
Output Current 20mA
Storage Temperature Range -55°C to +125°C
Maxi Clock Input Volt .5V
aximum Clock Input Voltage 2.5V p-p MP28
ORDERING INFORMATION Fig. 1 Pin connections — top view
SP8400 KG MPES(Commercial Grade)
0
-10
-20
-30
-40
50
9 -s0
T 0
% -80
m -90
A
s -100
o3 -110
-120
-130
-140 M‘wvh
-150 oY ‘L,
T Qe D7 T e Y S e ey e vy
-160
-170 T LU N B B B A T T LN B B e Ll L) LA L) T UL
10 100 1k 10k 100k
Frequency (Hz)

Fig. 2. Typical single sideband phase noise measured at 300MHz
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ELECTRICAL CHARACTERISTICS

Guaranteed over: Supply Voltage Vg = +4.75V to +5.25V Temperature Tymp =—10°C to +75°C

Tested at +4.75V and +5.25V at Tymp = +25°C

Value
Characteristics Pin - Units Conditions
Min Typ Max

Supply current 4,11,12, 122 137 152 mA Outputs loaded with 330R

18 See Fig.4
Output voltage swing 20,21 320 410 mV p-p @ 1.5GHz input + 71 mode

See Fig. 4

Input sensitivity 200MHz to 7.8 140 mV RMS Sine wave into 50 Ohms
1.5GHz (-4) dBm (dBm equivalent) See Fig. 3
DATA INPUTS '
Logic high voltage 2.2 v
Logic low voltage 0.8
Input current 180 uA 5V Data input voltage

600

500

400

300

Vin mVrms

200

355mV

140mV

100

200

400

600

800 1000
FREQUENCY MHz

1200

1400

1600
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APPLICATIONS INFORMATION

Fig. 4 Test circuit

Circuit description, synthesiser divider

The divider is based on a divide by 8/9 modulus prescaler,
and a 12 stage control counter. This gives minimum fractional
~ N division ratio of 64 (56 for general division), and a
maximum division ratio of 4103. The inputs to the control
counter are TTL/CMOS compatible. There is a fixed offset of
8 between the number on the data lines and the actual division

Tb. it + it
The output is one transition only pe

eliminates the problem of where to put

ES

3

S
3 c:.

ivide cycle. This

redundant e'dgl;;

when the divider is used in a fractional-N system, and also
avoids the problem of how to define the output pulse width.
This means that the overall division ratio conventionally
defined in terms of the rate of edges of the same polarity is

twice the selected division ratio.

Equations for division
The M and Adata inputs form a 12 bit number with A0 being
the least significant bit and M8 being the most significant bit.
Definition 1:  Division ratio — (input frequency to output
edges, positive or negative).

= Number loaded + 8

Definition 2: Division ratio — (input freq
efinition 2:  Division ratio — (input treq

frequency).

= (Number loaded + 8) x 2
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SP8400

Available division ratio

All division ratios of 64 to 4103 (Definition 1) will return the
divider to the same internal state at the end of the count and
hence these are the only divisional ratios to be used for
fractional-N synthesiser application.
All division ratios of 56 to 4103 are available for general
division purposes. Additional division ratios available for
general division are:—

8,9

16,17, 18

24, 25, 26, 27

32, 33, 34, 35, 36

40, 41, 42, 43, 44, 45
48, 49, 50, 51, 52, 53, 54

+5V ]
| |
E
O
O
M _|o
INPUTS — pd
o ]| 1 zs:D-J
(o ]| 2 27
e, ]| 3 26 [—- +15V
———— | 4 2 Fop—
—{I] | 5 24 O 1k
—
1nF ™| » 2 x BF569
CLOCK INPUT I |7 SPsaco 2{m (or similar)
50R Lu: [} 21 T3 1
]| e 20 [T}
] | 10 19 O
] | 11 18 [T 10nF
] |12 7D "—0
{13 16 [ I——
[o, 1] |14 15
A
INPUTS O
o
330R
inF | 10nF inF 10nF
T TIT wan] | T

m

Fig. 5a Typical application combining output to increase signal and retain low phase noise
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GEC PLESSEY
(S EMICONDUCTORS|

ADVANCE INFORMATION

C

SP8401

(Supersedes February 1992 edition)
VERY LOW PHASE NOISE 300MHz -+ 10/11

D.S. 3230 3.0

The SP8401 is a very low phase noise variable modulus
divider. Special circuit techniques have been used to reduce
the phase noise considerably below that produced by
standard dividers. The modulus control inputis CMOS or TTL
compatable

The SP8401 is packaged in a 28 pin plastic SO package to
be compatible with the SP8400 and SP8402 devices.

FEATURES

M Very low Phase Noise (Typically —160dBc/Hz
at 1kHz offset)

W Supply Voltage 5V

ABSOLUTE MAXIMUM RATINGS
Supply Voltage
Output Current
Storage Temperature Range
Maximum Clock Input Voltage

6.5V
20mA
-55°C to +125°C

2.5V p-p

ORDERING INFORMATION

NC

NC

NC

Voo #5V

GND

TTOTK INPUT
CLOCK INPUT
CLOCK INPUT
CLOCK INPUT
GND

Vee +5V

Vee +5V

NC
MODULUS CONTROL

@ N YR LN =

ARARARARARAARAARAR

MP28

SP8401 KG MPES (Commercial Grade)

Fig. 1 Pin connections - top view

20 (dBcHz) —3dB

M\
v

A

W

R

T T TTrT T

1 10

T T T T

100
Frequency (Hz2)

T T T TTITIT

100k

Fig. 2. Typical single sideband phase noise measured at 300MHz
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SP8401

ELECTRICAL CHARACTERISTICS
Guaranteed over; Supply Voltage Vg = +4.75V to +5.25V, Temperature Toyp = —10°C to +75°C
Tested at +4.75V and +5.25V at Tymp = +25°C

Value
Characteristics Pin - Units Conditions
Min Typ Max
Supply current 4,11,12, 50 57 64 mA Outputs loaded with 330R
18 See Fig.5
Output voltage swing 20,21 340 440 mV p—p @ 330MHz input + 11 mode
Outputs loaded with 330R
Input sensitivity 50MHz to 7,8 140 mV RMS Sine wave into 50Q
300MHz (-4) dBm (dBm equivalent) See Fig. 3
MODULUS CONTROL
INPUT
Logic high voltage 14 2.2 \" +10 mode
Logic low voltage 14 0.8 + 11 mode
Input current 14 180 uA Modulus control input voltage 5V
Set up time tg 14 4 ns
Release time t, 14 4 ns
400
355mV
g 300
i
z 200
>
140mV
100
™~
0 50 100 150 200 250 300 350

INPUT FREQUENCY (MHz)

Fig.3 Typical input sensitivity

sockmeur - L UL Lo

- I
MODULUS ri r
CONTROL

INPUT

J B L

OUTPUT

Fig.4. timing diagram
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SP8401

Vee -
@l : 28
@] 2 7D
== § 26 b:
———{T] | 4 25 Fn
—]| 5 24D
..... . nF | | ¢ o
' 3|7 20
\ ' Ln: seadot L o  220nF OUTPUT
S50R*
' RF [ 20 - |__°
' SIGN. rﬂ:
\ * GENERATOR 10 wim
R ]| 1
]| 12 T4 =]
[« § BT 16 [0
MODOLDS © == | =
CONTROL
50R
inF T10nFT T nF 2x330R -T- 10nF

r

Fig. 5 Test circuit
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GEC PLESSEY
i conpucTons|

ADVANCE INFORMATION

SP8402

D.S.3738 2.0

VERY LOW PHASE NOISE DIVIDE BY 2N

The SP8402 is a very low phase noise divider which divides
by powers of two. The SO, S1, S2 data inputs select the
division ratio in the range 21 to 28, Special circuits techniques
have been used to reduce the phase noise considerably
below that produced by standard dividers.The data inputs are
CMOS or TTL compatible.

The SP8402 is packaged in a 28 pin plastic SO package to
be compatible with the SP8400 and SP8401 devices.

FEATURES

M Very low Phase Noise (Typically —155 to
160dBc/Hz at 1kHz offset)

B Supply Voltage 5V

ABSOLUTE MAXIMUM RATINGS
Supply Voltage 6.5V
Output Current 20mA
Storage Temperature Range -55°C to +125°C
Maximum Clock Input Voltage 2.5V pp

ORDERING INFORMATION
SP8402 KG MPES (Commercial Grade)

NC

NC

NC

Ve +5V

GND
TLOCKINPUT
CLOCK INPUT
CLOCK INPUT
GND

Ve +5V

Vee +5V

NC

S0

ARAARAARARARARAAR

§555§

NC
NC
NC
OUTPUT

eNon AL -
2

NC

Vee +5V
NC

s2

s1

HHUHHBHEHHEEH

MP28

Fig. 1 Pin

connections — top view

£.(0 (dBeMz) -3dB

~120

-130

~140

-160

=150+ P Y Y]
li f ST WA

-170

10

LI B B O

100

T

LI S I § T LN SN B B i T LN B B e |

1k 10k 100k
Frequency (Hz)
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Fig. 2. Typical single sideband phase noise measured at 768MHz




SP8402

ELECTRICAL CHARACTERISTICS
Guaranteed over : Supply Voltage Vgc = +4.75V to +5.25V Temperature Tamp = —10°C to +75°C
Tested at +4.75V and +5.25V at Tymp = +25°C

Value
Characteristics Pin - Units Conditions
Min Typ Max
Supply current 4,11,12, 82 92 102 mA Outputs loaded with 330R
18 See Fig.5
Output voltage swing 20,21 320 410 mV p-p @ 1.4GHz input + 256 mode’
outputs loaded with 330R
See Fig. 5
Input sensitivity 200MHz to 7.8 140 mV RMS Sine wave into 50 Ohms
1.4GHz (~4) dBm (dBm equivalent) See Fig. 3
DATA INPUTS
Logic high voltage 2.2 Vv
Logic low voltage 0.8 Vv
Input current 180 uA 5V Data input voltage
600
500
400 355mV

. OPERATING WINDOW

140mV

0 200 400 600 800 1000 1200 1400 1600
FREQUENCY MHz

Fig.3 Typical input sensitivity

[72}
o
w
-
[72]
N

DIVISION RATIO

2

4

16

32

64

128

Ijr|fTfr|IT|{r|{ |
b of == I o O o = o = o I ol I
IjTjT|x|rrjr|r|r

256

Fig. 4 Truth table
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SP8402

Vee £

r———— inF

-

sor |
RF

| _ SIGNAL
| GENERATOR

r—————

—_—Td

SP8402

© ® N o n 2 @ N

-
°

-
=

12

TTL/CMOS °
MODULUS

HHHHHﬁﬂH”HHH

o

__lilTHHHHl?HHHHHHH

CONTROL ©

o

inF JdonF ] 1

-

F

3

—
I

2x330R

1 10nF

T

220nF OUTPUT
I.__o

50R

r
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SP8402

+5V 3
RS
10uF
J’: 1 28 F
@] 2 27 D
= | 26 D
p—oi_]| ¢ 25 M
—{]| 5 flY ms]
cLock inF s | I =
INPUT © 1 Lz 7 spas 2N OUTPUT
02
50R [ 21 o YY Y “—o
ruﬂ ) 20 Pp——
]| 10 19 0
0|1 18 [T )mmmed
]| 2 170
= § KT 16 D
S0 O -] | 14 15 :D——I
S1 0o
inF _10nF__ £ inF 10nF__ 10nF 2x330R
TTIT T T

Fig. 6 Typical application - outputs combined in balun
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GEC PLESSEY
N/ ADVANCE INFORMATION

DS3658-1-2
SP8602 soomHz+2
SP8604 30omHz-+2
The SP8602 and SP8604 are emitter coupled logic dividers
which feature ECL10K compatible outputs when used with
external pulldown resistors. The inputs are AC coupled.
VEE (CASE)
FEATURES —
. OUTPUT, CLOCK INPUT
Il ECL Compatible Outputs
M AC-Coupled Inputs (Internal Bias)
OUTPUT—| 06 20 }— CLOCK INPUT

QUICK REFERENCE DATA J 2) N

M Supply Voltage: —5-2V Yoo 104 | "DECOUPLING

B Power Consumption: 85mW ‘ Ne

M Temperature Range: cms
—55°C to +125°C (A Grade) Fig. 1 Pin connections - bottom view

—30°C to +70°C (B Grade)

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage, Vee -8V SP8602 ACM
Output current ! 10mA SP8602 B CM
Storage temperature range —65°C to +150°C SP8604 ACM
Max. junction temperature +175°C SP8604 B CM
Max. clock input voltage ) 2:5V p-p 5962-92059 (SMD) (SP8602)
INTERNAL BIA
DECOUPLINGS Vec (OV)
itk Selmiaiet ity
I |
I I
cockivpur 4—o T 1 Sdoureur
l DIVIDE BY |
= 2 2 L Yoviid
clockmpur 82— | OUTPUT
1
| |
I . |
D SN |
Vee

Fig. 2 Functional diagram
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SP8602/4

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, Veg = OV, Vg = —5-2V * 025V :
Temperature, T,,,; = —55°C to +125°C (A Grade), —30°C to-+70°C (B Grade)

Value . ‘
Characteristic Symbol Units | Type Conditions Notes

Min. | Max.
Maximum frequency (sinewave input) fmax 500 MHz | SP8602 | Input = 400-800mV p-p

300 MHz | SP8604 | Input = 400-800mV p-p
Minimum frequency (sinewave input) favin 40 MHz Both Input = 400-800mV p-p
Power supply current lee 18 mA Both Vee = —5-2V, outputs

unloaded

Output low voltage Voo -1-8 | —14 \" Both Ve = =52V 3
Output high voltage Vou |-085] —0-7 \" Both Ve = =52V 3
Minimum output swing Vour | 400 mV Both Vee=—-52V

NOTES .

1. The temperature coefficients of Vo = +1:63mV/°C, and Vg, = +0-34mV/°C but these are not tested.
2. The test configuration for dynamic testing is shown in Fig.5.

3. Tested at 25°C only.

1000 NN SP860s TA,L, = -ssvlc TO + mlsvc (A elluos)

T 777 specez| - Tays = ~30°C TO +70°C (B GRADE)
L1 | |
E ™ ; RRXXXA 77, .
w GUARANTEED * Tested as specified
g OFERATING in table of Electrical
E WINDOW 1 ¢ s
2 w0 aracteristics
§ 200 ‘
z
0
0 100 200 300 400 500
INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristics of SP8602 and 'SP8604

Fig. 4 Typical input impedance. Test conditions: supply voltage = —5-2V, ambient
temperature = 25°C, frequencies in MHz, Impedances normalised to 5002
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SP8602/4

OPERATING NOTES

1.The clock inputs (pins 1 and 2) can be driven single ended or
differentially and should be capacitively coupled to the signal
source. The input signal path is completed by connecting a
capacitor from the internal bias decoupling, pin 3, to ground.
2.Inthe absence of a signal the device will self-oscillate. If this is
undesirable, it may be prevented by connecting a 15kQ resistor
from the unused input to Ve This will reduce the input sensitivity
by approximately 100mV.

3. The circuit will operate down to DC but slew rate must be better
than 100V/us.

4. The outputs are compatible with ECLII. Thereis aninternal load
of 4kQ on each output. The outputs can be interfaced to ECL10K
by the addition of 1-5kQpulldown resistors from the outputsto Vge
to increase output voltage swing.

5. Input impedance is a function of frequency, See Fig. 4.

6. All components should be suitable for the frequency in use.

TO SAMPLING
SCOPE

in 'E :;;L7
FROM GENERATOR in 2 T Is 6 s W
INPUTY — CHHH=——
| o - oy
FROM GENERATOR 1 ~ 7
INPUT2 > 4 HH=—
33 8
33 ask| {35k
TO SAMPLING
SCOPE  €—
20 VEe

——

ot

n

Fig. 5 Test circuit

BIAS

» ECL OUTPUT

]1'5k

-
1in
s

Vee

Fig. 6 Typical application showing interfacing
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GEC PLESSEY
(v conbucrons

ADVANCE INFORMATION

DS3659-1-2

SP8605 100oMHz+2
SP8606 1300MHz+2

The SP8605 and SP8606 are emitter coupled logic dividers
with EClllcompatible outputs when used with external pulldown
resistors. Specified from 0°C to+70°C, these devices feature
AC coupled inputs and 600mV p-p clock input sensitivity.
FEATURES
B ECL Compatible Outputs

I AC-Coupled Inputs (Internal Bias)

QUICK REFERENCE DATA

H Supply Voltage: —5-2V

B Power Consumption: 320mwW

B Temperature Range: 0°C to +70°C

ABSOLUTE MAXIMUM RATINGS

NC
NC
NC
SP8605
CLOCK INPUT SP8606 1"

NC
INTERNAL BIAS DECOUPLING

Vee

DG14

Fig. 1 Pin connections - top view

ORDERING INFORMATION

Supply voltage, Ve -8V SP8605 B DG
Output current 15mA SP8605 NA 1C
Storage temperature range —65°C to +150°C SP8606 B DG
Max. junction temperature +175°C
Max. clock input voltage 25V p-p
INTERNAL BIAS
DECOUPLING Vee (OV)
F=—=—=—="7==7 il T |
1 I
1 1
| L "Loureur
cLocKINPUTG4— 1 DIVIDEBY |
2 1) p—
| Xl
1 |
1 |
1 |
U A —— e d
Vee

Fig. 2 Functional diagram
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SP8605/6
ELECTRICAL CHARACTERISTICS

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, Vg = 0V, Vgg = —5-2V = 0-25V
Temperature, Tayg = 0°C to +70°C

Value
Characteristic Symbol - Units| Type Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) furax 10 GHz | SP8605B | Input = 400-1200mV p-p! §
1-3 GHz | SP8606B | Input = 400-1200mV p-p| 5
Minimum frequency (sinewave input) fvin 150 |MHz All Input = 600-1200mV p-p| 3
Current consumption lee 100 | mA All Vee = —5:45V, outputs 4
unloaded
Output low voltage VoL -192| —-162| V All Vee = =52V, R =430
(25°C)
Output high voltage Vou |-093]|-075]| V All Vee=—52V, R_ =430
(25°C)
Minimum output swing Vour 500 mV All Vee = =52V, R_ =430 4
NOTES
1. The temperature coefficients of Voy = +1-2mV/°C, and Vo, = +0-24mV/°C but these are not tested.
2. The test configuration for dynamic testing is shown in Fig.5.
3. Tested at 25°C and +70°C only.
4. Tested at 25°C only
5. Tested at +70°C only.

r T 1
oo ] SP8605B
1400 P77 7| SPscosB
|
—~ 1200
S //
T 1000 .
w GUARANTEED * Tested as specified
g 80 OPERATING in table of Electrical
=] WINDOW Characteristics
Z 60
5
% 400 5
Tamp = +70°C
200 L I
0
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300
INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristics of SP8605B and SP86068

THERMAL CHARACTERISTICS
0,c approximately 30°C/W
0,4 approximately 110°C/W

OPERATING NOTES

1.The clock input (pin 4) should be capacitively coupled to the
signal source. The input signal path is completed by connecting
a capacitor from the internal bias decoupling, pin 6, to ground.
2.Inthe absence of a signal the device will self-oscillate. If this is
undesirable, it may be prevented by connecting a 10k  resistor
from the unusedinputto Vggi.e. frompin4topin 7. This will reduce
the input sensitivity by approximately 100mV.

3.The circuit will operate at very low input frequencies but slew
rate must be better than 200V/ps.

236

4. Theinputimpedance of the SP8605/6 is a function of frequency,
see Fig. 4.

5.The emitter follower outputs require external load resistors.
These should not be less than 330 and a value of 430 is

recommended. Interfacing to ECLIIV10K is shown in Fig. 7.

6. These devices may be used with split suopply lines and ground
referenced input; a suitable configuration is shown in Fig. 6.

7. All components should be suitable for the frequency in use.



SP8605/6

Fig. 4 Typical input impedance. Test conditions: supply voltage = —5-2V, ambient temperature = 25°C, frequencies in MHz,
Impedances normalised to 50

——;;—Vcc =0V

10n 14 50 in
50“ _______ 1 4 11
SIGNAL ——> :‘I H —
SOURCE DUT TO SAMPLING

10 50 1I'i_L__ SCOPE

MONITOR €——

’Y VEg = —52V=0-25V

—5dB
ATTENUATOR

1
[
[
!
|
|
[
1
[
[
|
NETWORK |

Fig. 5 Toggle frequency test circuit

—-——————T +3V
14 50 1in
INPUT FROM a
500 OUTPUT —2= u — 1| =—> oureur
50 SPB605/6

in
6 10 :%)—"—E—» OuUTPUT

430 430

VEg= -2:2V

/;J;Wn

Fig. 6 Circuit for using the input signal about ground potential

237



SP8605/6

/7J77 Vee=0V /77L7

Q

SP8605/6 ookt $P8605/6 el
3| -

430 430 1-5k

LOW POWER INTERFACING

ov

-52v

Fig. 7 Interfacing SP8605/6 to ECL10K and ECLIIl

| 14_——_-1

1in |4

inpuT | 11

|

| 400 IDIVIDE BYI

| 2 10
|

—m)en e w—

BIAS

a0 [ Jua

-4~ . -52v

=t

» ECL OUTPUT
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Fig. 8 Typical application showing interfacing




GEC PLESSEY

O

ADVANCE INFORMATION

SP8607

The SP8607 is an emitter coupled logic divider which
features ECL10K compatible outputs when used with external
pulldown resistors. The inputs are AC coupled.

FEATURES
M ECL Compatible Outputs
M AC-Coupled Inputs (Internal Bias)

QUICK REFERENCE DATA
M Supply Voltage: —5-2V

M Power Consumption: 80mW
M Temperature Range:

—55°C to +125°C (A Grade)
—30°C to +70°C (B Grade)

ABSOLUTE MAXIMUM RATINGS

DS3660-1-2

600MHz+2

Vee (CASE)

OUTPUT,

\ INTERNAL BIAS
DECOUPLING

CM8

Fig. 1 Pin connections - bottom view

ORDERING INFORMATION

Supply voltage, Ve -8V SP8607 ACM
Output current 10mA SP8607 B CM
Storage temperature range —65°C to +150°C SP8607 AC CM
Max. junction temperature +175°C
Max. clock input voltage 2:5V p-p
INTERNAL BIAS
DECOUPLING Vee (V)
r—----"" I S
1 |
| I
crockmpur oo | &3 outpur
1 DIVIDE BY l
cLocknpuT &2 — | -—-——74:> oUTPUT
I
1 |
1 |
b oo - —— N, 1
Vee

Fig. 2 Functional diagram
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SP8607

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, Vg = 0V, Vgg = =52V * 0:25V
Temperature, T,,,, = —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)

Value
Characteristic Symbol [—— Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) faax 600 MHz | Input = 400-800mV n-p
Minimum frequency (sinewave input) fmin 40 MHz | Input = 400-800mV p-p
Power supply current lee 18 mA | Vge = —5-2V, outputs unloaded
Output low voltage VoL -18 | —1-4 \" Vgg = =52V 3
Output high voltage Vou -0-85| —07 \" Vge = =52V 3
Minimum output swing Vour 400 mV | Vgg= =52V
NOTES
1. The temperature coefficients of Vo = +1:63mV/°C, and Vg = +0-34mV/°C but these are not tested.
2. The test configuration for dynamic testing is shown in Fig.5.
3. Tested at 25°C only.
__ 1000
z Tamp = ~55°C TO +125°C
> 800 ] ! |
E // 77 / // A .
8 600 GUARANTEED * Tested as specified
S OPERATING : :
E / WINDOW / / / in table of Electrical
§ 400 / LLL i’ o / Characteristics
<
5 \\
g 200 N
= . /
0 100 200 300 400 500 600
INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic of SP8607A

-jo.5

-j1

Fig. 4 Typical input impedance. Test conditions: supply voltage = —5-2V, ambient
temperature = 25°C, frequencies in MHz, Impedances normalised to 5082
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OPERATING NOTES

1. The clock inputs (pins 1 and 2) can be driven single ended or
differentially and should be capacitively coupled to the signal
source. The input signal path is completed by connecting a
capacitor from the internal bias decoupling, pin 3, to ground.
2.Inthe absence of a signal the device will self-oscillate. If this is
undesirable, it may be prevented by connecting a 15kQ  resistor
from the unused input to Vgg. This will reduce the input sensitivity
by approximately 100mV.

SP8607

3. The circuit will operate down to DC but slew rate must be better
than 100V/us.

4. The outputs are compatible with ECLII. Thereis aninternal load
of 4kQon each output. The outputs can be interfaced to ECL10K
by the addition of 1-5k2pulldown resistors from the outputsto Vge
to increase output voltage swing.

5. Input impedance is a function of frequency, See Fig. 4.

6. All components should be suitable for the frequency in use.

_
[']2‘711( -E

77

GENERATOR ___-— I i 450 10n:
INPUT  ——2 ii 1+ H=—> ourrur
33 450 100
33 2 7 N
TO SAMPLING = oumeut
SCOPE = *—
20 35| |a-5k
oy
VEE
sy
Fig. 5 Test circuit
" '--'—___—-_—___)-—____l

DIVIDE BY
] 2

L

» ECL OUTPUT

]1-5k

Vee

Fig. 6 Typical application showing interfacing
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GEC PLESSEY
N ADVANCE INFORMATION

DS3661-1-2
SP8610 1000mHz+4
SP8611 1300/1500mMHz+4
The SP8610and SP8611 are asynchronous ECL divide by
four circuits with ECL compatible outputs which can also be
used to drive 100Q lines. They feature input sensitivities of L\
600mV p-p (800mV p-p above 1300MHz). NC E 1 1] vec(ov)
FEATURES ne E’ el ne
B ECL Compatible Outputs Ne[[s spocto 12[] ne
B AC-Coupled Inputs (Internal Bias) ctockmput (s SpeR1S 1 [] oureur
Ne []s 10[] GUTPUT
QUICK REFERENCE DATA INTERNAL BIAS DECOUPLING [{e 9f] nc
B Supply Voltage: —5-2V vee [J7 8[] ne
B Power Consumption: 380mW DG14
B Max. Input Frequency: 1500MHz (SP8611B) Fig. 1 Pin connections - Top view
B Temperature Range:
A Grade: —55°C to +110°C
(+125°C with suitable heat sink)
B Grade: 0°C to +70°C
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage, Ve -8V SP8610 A DG
Output-current 15mA SP8610 B DG
Storage temperature range —65°C to +150°C SP8610 AA DG
Max. junction temperature +175°C SP8610 NA 1C
Max. clock input voltage 2:5V p-p SP8611 A DG
SP8611 B DG

SP8611 AA DG
SP8611 NA 1C

Vec (V)
|""__""'___—"_'?13"'__—_""__—ﬂ
|
|

] ———"% OuTPUT
CLOCK .NpUTQ“___— DIVIDE BY DIVIDE BY
2 2 10

I OUTPUT
' |
I I
N RPN S |
INTERNALBIAS  Vgg
DECOUPLING

Fig. 2 Functional diagram
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ELECTRICAL CHARACTERISTICS

SP8610/11

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, Ve = OV, Vge = —5:2V * 0-25V

Temperature, Tayg = —55°C to +125°C (A Grade) (Note 1), 0°C to +70°C (B Grade)

Value
Characteristic Symbol - nits| Type Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) fmax 1-0 GHz |SP8605A,B| Input = 400-1200mV p-p| 6
1-3 GHz | SP8606A | Input =800-1200mV p-p| 6
15 GHz | SP8606B | Input = 400-1200mV p-p| 6
Minimum frequency (sinewave input) fain 150 |MHz All Input = 600-1200mV p-p| 4
Current consumption lee 100 | mA All Vee = —5:45V, outputs 5
unloaded
Output low voltage VoL -192|-162| V All Vee = =52V, R = 430Q
(25°C)
Output high voltage Vou -093|-075]| V All Vee = =52V, R_ =430Q
(25°C)
Minimum output swing Vour 500 mV Al Vee=—-52V,R =430Q| 5
NOTES
1. The A Grade devices must be used with a heat sink to maintain chip temperature below +150°C when operating in a Tayg of +125°C.
2. The temperature coefficients of Vo = +1:2mV/°C, and Vg = +0-24mV/°C but these are not tested.
3. The test configuration for dynamic testing is shown in Fig.5.
4. Tested at 25°C and +125°C only (+70°C for B grade).
5. Tested at 25°C only
6. Tested at +125°C only (+70°C for B grade).
| | ]
772 ASP8611A
1400
SP8611B
] | |
1200
g N
z N
E 1000 * Tested ified
w ested as specifie
E 800 G%‘i\i’%ﬂﬁg ' in table of Electrical
a s WINDOW Characteristics
£ 600 / — Teasg = +70°C —
E
= Tease = +125°C //
200 ,
N~ b Tease = -55°C
o L1
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic of SP8611

THERMAL CHARACTERISTICS
0,c approximately 30°C/W
0,4 approximately 110°C/W

OPERATING NOTES

1.The clock input (pin 4) should be capacitively coupled to the
signal source. The input signal path is completed by connecting
a capacitor from the internal bias decoupling, pin 6, to ground.
2.In the absence of a signal the device will self-oscillate. If this is
undesirable, it may be prevented by connecting a 10kQ2 resistor
fromthe unusedinputto Vggi.e.frompin4topin 7. This will reduce
the input sensitivity by approximately 100mV.

3.The circuit will operate at very low input frequencies but slew
rate must be better than 200V/us.

4. Theinputimpedance ofthe SP8610/11isafunctionoffrequency,
see Fig. 4.

5.The emitter follower outputs require external load resistors.
These should not be less than 330Q and a value of 430Q is
recommended. Interfacing to ECLIIV10K is shown in Fig. 7.

6. These devices may be used with split suopply lines and ground
referenced input; a suitable configuration is shown in Fig. 6.

7. All components should be suitable for the frequency in use.
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Fig. 4 Typical input impedance. Test conditions: supply voltage = —5-2V, ambient temperature = 25°C, frequencies in MHz,
Impedances normalised to 5092

-—7 Vecc =0V
500 LINE
500 @0 e mm e 10n 14 1 50 1n  TO SCOPE
SIGNAL —> —HH H=—
SOURCE
R L s 1n
1
CHH=—
MONITOR €—— X >
] in
! 430 430
! 20 ) ; [1]
|
: I VEE= 52025V
| ATTENUATOR | ==1on
1
| “NETWORK | i
Fig. 5 Toggle frequency test circuit
—
10n
50Q a 14 » 50 1n
SIGNAL ——>
SOURCE 1+ =—>ourrur
50 ot |, s0 1n
8 — 1+ =—>ourur
7
430 430
VEg= —-2:2V

Fig. 6 Circuit for using the input signal about ground potential
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SP8610/11

1‘ Vec =0V 1 ov

Q

SPB610/11 echk SP8610/11 o

Q ‘—71 -
430 II‘ lII 430 llJ 15k
-52V

LOW POWER INTERFACING

-52v

Fig. 7 Interfacing SP8610/11 to ECL10K and ECLIIl

}_ _____ ===
| |

INPUT —>—1]n ls :
I 11T > ECL OUTPUT
I 00 lDIVlDE BY| |
l 4 10
|

BIAS

430 []430
e ,%7_ e
3 -52v

1n'L'
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Fig. 8 Typical application showing interfacing
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GEC PLESSEY
N ADVANCE INFORMATION

DS3664-1-2
600MHz-+10

The SP8630 is an asynchronous emitter coupled logic
divider which provides an ECLIII/10K compatible output when
used with an external pulldown resistor. It requires an AC )
coupled input of 600mV p-p. ne [| 14{] vee (ov)
FEATURES ne [l wllne
B ECL Compatible Outputs Ne [fs 12[] INTERNAL BIAS DECOUPLING
B AC-Coupled Inputs (Internal Bias) outpur [Je SP8630 1 [] Ne

ne [|s 10[] cLOCK INPUT

QUICK REFERENCE DATA Ne [fe o[Ine
B Supply Voltage: —5-2V vee [J7 8[]ne
B Power Consumption: 350mwW DG14

B Temperature Range: —30°C to +70°C Fig. 1 Pin connections - top view

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage, Ve -8V SP8630 B DG
Output current 15mA 5962-92003 (SMD)
Storage temperature range —65°C to +150°C
Max. junction temperature +175°C
Max. clock input voltage 2:5V p-p
Vec (OV)
""" WommmTm T 1
| |
I |_ I
1 D @ D a p a4 outpur
cLock INPUTQ'Y 2 |
| REFl 3 _a- R g
I ck CK cK CK cK CK I
i i ]
| I
L e S e J
INTERNAL BIAS Vee
DECOUPLING

Fig. 2 Functional diagram
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SP8630

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, Vge = 0V, Vgg = —52V.+ 025V
Temperature, T,us = —30°Cto +70°C

Value
Characteristic Symbol - Units Conditions Notes
Min. | Max.

Maximum frequency (sinewave input) fmax 600 MHz | Input = 400-800mV p-p

Minimum frequency (sinewave input) fmin 40 MHz | Input = 400-800mV p-p

Power supply current lee 70 mA | Vgg=-52V

Output low voltage VoL -1-8 | —15 Vv Vge = =52V 3
Output high voltage Vou -085| —07 \" Vgg = =52V 3
Minimum output swing Vout 400 mV | Vgg = —5:2V

NOTES

1. The temperature coefficients of Vo = +1:63mV/°C, and Vg = +0:94mV/°C but these are not tested.
2. The test configuration for dynamic testing is shown in Fig.5.

3. Tested at 25°C only.

1200
__ 1000 Tams = —30°C TO +70°C
z ||
g w0 7 7777 .
8 00 |—] / GUARANTEED + Tested as specified
E / WNDOW / in table of Electrical
g .0 LSS e Characteristics
<
g 200 ]

0
0 100 200 300 400 500 600

INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic

-j1

Fig. 4 Typical input impedance. Test conditions: supply voltage = —5-2V, ambient temperature = 25°C, frequencies in MHz,
Impedances normalised to 5002
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OPERATING NOTES
1. The clock input (pin 10) should be capacitively coupled to the 3. The outputis compatible with ECLII. Thereis aninternal load of
signal source. The input signal path is completed by connecting 3kQ at the output. The output can be interfaced to ECLII/10K by

a capacitor from the internal bias decoupling, pin 12, to ground. the addition of 1:5kQ to the output to increase the output voltage
2. The circuit will operate down to DC but slew rate must be better swing.
than 100V/us. 4. Input impedance is a function of frequency, see Fig. 4.

5. All components should be suitable for the frequency in use.

7o

in 14
INPUT FROM > ] lﬁ in
GENERATOR ' put “—E%—ll—r:_—»m%ﬂ'mm
33 3 12 SCOPE
TO SAMPLING
SCOPE < _L_1

I:J1_3 7
20 /7:]7'7 “
/;7 Vee

———

A

Fig. 5 Test circuit

1
I
|
|
|
|
1
1
I
|
1
|
|
|
|
I

—

in
ineut >}

» ECL OUTPUT

-

&
— o (O — ————

|

-52V

Fig. 6 Typical application showing interfacing
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GEC PLESSEY
IS eviconDuCTORS

[

The SP8647 is an ECL variable modulus divider, with
ECL10K and TTL/CMOS compatible outputs. It divides by 10
when eitherof the ECL controlinputs, PE1 or PE2, isin the high
state and by 11 when both are low (or open circuit).

The two clock inputs are interchangeable and either will act
as a clock inhibit when connected to an ECL high level.
Normally, one input is left open circuit and the other is AC-
coupled, with externally applied bias.

FEATURES

Il ECL Compatible Inputs/Outputs
M Open Collector TTL/CMOS Output

ADVANCE INFORMATION
DS3643-1-2
250MHz+10/11
clockmputt [t 1s[] cLock NpUT2
{ pEl [[2 15[] Ne
CONTROL INPUTS { ___
PE2[[s 1] ne
Ne [} 1] ne
SP8647
Vee [ 5 12 ] VEE
ne ] [] Truemos outPuT
ne [} 10[] ne
EcL ouTpuT [] 9[] cL GUTRUT

M AC-Coupled Input (External Bias)

QUICK REFERENCE DATA

M Supply Voltage: —5-2V+0-25V (ECL), 50V+025V (TTL)
M Power Consumption: 260mwW

M Temperature Range: —30°C to +70°C

ABSOLUTE MAXIMUM RATINGS
Supply voltage, [Vco—Veel 8V

DG16

Fig. 1 Pin connections - top view

ORDERING INFORMATION
SP8647 B DG

Output current 20mA 5962-90618 (SMD)
Storage temperature range —65°C to +150°C
Max. junction temperature +175°C
Open collector voltage (pin 11) +12V
Max. clock input voltage 25V p-p
Max. apen collector current 15mA
r ____________________________ -
11 4 TTL/CMOS
1 OUTPUT
I |
I |
I |
I |
I |
| D1 Qi D2 Q2 D3 Q34 ~|ps a4 84 outpur
PE2 — 9] ——
CK CK CK CK Q4 % OUTPUT
CLOCK INPUT 1 01 T T T -
cLOCK INPUT 2 18 :

Fig. 2 Functional diagram
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SP8647

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
ECL OPERATION
Supply voltage, Ve = OV, Vg = —5-2V = 0-25V
Temperature, T,,; = —30°C to +70°C

Value
Characteristic Symbol Units Conditions Notes
Min. | Max.

Maximum frequency (sinewave input) fmax 250 MHz | Input = 400-800mV p-p 5
Minimum frequency (sinewave input) fuin 50 MHz | Input = 400-800mV p-p 5
Power supply current lee 65 mA | Vgg=-52V 5
ECL output high voltage Von -0:85| -07 Vv Vge = =52V (25°C)

ECL output low voltage VoL -18 | =15 Vv Vee = =52V (25°C)

Clock and PE input high voltage Vine | —0-93 Vv Ve = =52V (25°C)

Clock and PE input low voltage Vine -1:62 Vv Vge = =52V (25°C)

Clock to ECL output delay to 6 ns 6
Set-up time ts 25 ns 3,6
Release time t, 3 ns 4,6

TTL OPERATION
Supply voltage, Vg = 5V = 025V, Vgg =0V
Temperature, T,,,, = —30°C to +70°C
Characteristic Symbol Value Units Conditions Notes
Min. | Max.

Maximum frequency (sinewave input) fumax 250 MHz | Input = 400-800mV p-p 5
Minimum frequency (sinewave input) fuin 50 MHz | Input = 400-800mV p-p 5
Power supply current lee 65 mA 5
TTL output low voltage VoL 05 Vv Vee = 5:25V, sink current = 8mA 57
TTL output high voltage VoH 35 \" Veo = 50V 57
Clock to TTL output high delay, +ve going toLn 15 ns 6
Clock to TTL output low delay,—ve going tpuL 15 ns 6
Set-up time ts 25 ns 3,6
Release time t 3 ns 4,6

NATES

NUVICO

1. The temperature coefficients of Vo = +1:63mV/°C, Vg = +0-94mV/°C and of V|y = +1:22mV/°C.

2. The test configuration for dynamic testing is shown in Fig.6.

3. The set-up time tg is defined as the minimum time that can elapse between L—H transition of control input and the next L—H clock pulse transition
to ensure that the -+ 10 mode is obtained.

4. Therelease time t;is defined as the minimum time that can elapse between H—L transition of control input and the next L—H clock pulse transition
to ensure that the +11 mode is obtained.

5. Tested at 25°C only.

6. Guaranteed but not tested.

7. The open collector output is not recommended for use at output frequencies above 15MHz. C_oap < 5pF.

3 120 m i
> 1000 Tam = ~30°C TO +70°C
%1 800 . * -
] / GUARANTEED * 7"~ Tested as specified
E 600 OPERATING 7. in table of Electrical
g 7/ CWINDOW /7 ¥
= 400 A N f Characteristics
<
-

g 200

°0 100 200 300

INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic
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TRUTH TABLE FOR

CLOCK INPUT CONTROL INPUTS
—-‘ 4 —-{ —t, PET | PE2 |Division ratio

PEINPUT ] | L L 11

‘ H L 10

6 | 5 L H 10

OUTPUT 5 1 H H 10

Fig. 4 Timing diagram

Fig. 5 Typical input impedance. Test conditions: Supply Voltage = 5V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 5052.

OPERATING NOTES

1. The clock and controlinputs are ECLIII compatible. There
is aninternal pulldown resistor to Vg of 4:3kQon each input
and therefore any unused input can be left open circuit. If it
is desirable to capacitively couple the signal source to the
clock then an external bias is required as shown in Fig. 6.
The external bias voltage should be —1-3V at 25°C.

2. The outputs are compatible with ECLII but canbeinterfaced
to ECL10K as shown in Fig.8.

3. The circuit will operate down to DC but slew rate must be
better than 100V/us.

4. Input impedance is a function of frequency. See Fig. 5.

5. The TTL/CMOS output is a free collector, with an output
rise/fall time which is a function of load resistance and load
capacitance. The load capacitance should therefore be kept
to a minimum and the load resistance should not be too
small otherwise Vg will be too great. For example, TTL
output current = 8mA, Vg, = 0:-5V. For CMOS outputs, the
value of load resistor should be the maximum consistent
with satisfactory rise times.

6. All components should be suitable for the frequency in use.
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INPUT FROM
GENERATOR

TO SAMPLING
SCOPE <€——

L

s 450 0.1p
— "—-'_— OUTPUTS TO
450 0.1p SAMPLING
8 - "__r—-—! SCOPE

-52v

Fig. 6 Test circuit

TTL CONTROL INPUTS

1

+5V

I
[] 750 | 4:3k
I
|
i

Veg (0V)

J-

——> TTL OUTPUT

ov

Fig. 7 Typical application showing TTL interfacing. NB: Voltage at TP1 should be +3-75V at 25°C.
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GEC PLESSEY

[N

SR SEMICONDUCTORS

ADVANCE INFORMATION

DS3667-1-2

SP8655A 200mHz+32, SP8657 A 200MHz+20,
SP8659B 200mHz+16

The SP8655A, SP8657A and SP8659B are low power ECL

counters with open

collector output capable of driving TTL or

CMOS and have internally biased inputs.

FEATURES

Il AC Coupled Inputs
Il Low Power Consumption
Il CMOS/TTL Compatible Open Collector Output

QUICK REFERENCE DATA

M Supply Voltage:

50V

B Power Consumption: 50mwW
M Temperature Range: —55°C to +125°C (SP8655A,

SP8657A)
—30°C to +70°C (SP8659B)

ABSOLUTE MAXIMUM RATINGS

Vee (0V) /

CM8

OUTPUT

Fig. 1 Pin connections - bottom view

ORDERING INFORMATION

Supply voltage 8V SP8655 A CM
Open collector output voltage 12v SP8657 ACM
Storage temperature range —65°Cto +150°C SP8659 B CM
Max. junction temperature +175°C
Max. clock input voltage 2:5V p-p
Output sink current 10mA
oo ——-—————————————— - = m oo ;
| T[T B
| H 0 ol L b oHe|YHo oHe|Ho ot |Yo @ oUTPUT —4ouwu1'
I D _aoH D _aH b _aH D _aop D _0 STAGE |
1 cK CK cK CK CK CK CK CK cK CK
gtggi :::3: : —T T =T =1 |=—_1 spsessa ﬁvgg(ow
L
il e e irn bt k|
2
: [_ L l\_—Gi ‘%Vcc
D ofH¢e|Yo a4 D a D Q D a 34 outpuT
1 REF OUTPUT
| b _aH b _ap|=q _=@ b @ b _@ STAGE| |
1 CK CK CK CK c‘{( c| 01( (? CIK cK l
CLOCK INPUT 63————1 — ] 1 —T | sPeesTA  Soveew
CLOCK INPUT — 'j
[ N S S T e e e
I———'——————————————ﬁﬁ============2-‘|
N [l [Tl il e
I D afr¢|HD o} D oHe|lHDp @ OUTPUT 4 OUTPUT
I D _aH b _a b _aH D _a STAGE |
] cK CK cK CK cK Gl cK Cl
CLOCK INPUT i;' —T T T T {7 SP8659B %VEE(W)
CLOCK INPUT s

Fig. 2 Functional diagrams
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SP8655/7/9
ELECTRICAL CHARACTERISTICS

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, V¢g = 5:0V+0-25V, Vgg = 0V

Temperature, T, = —55°C to +125°C (SP8655A, SP8657A), —30°C to +70°C (SP8659B)
Value
Characteristic Symbol Units Conditions
Min. | Max.
Maximum frequency (sinewave input) friax 200 MHz | Input = 400-800mV p-p
Minimum frequency (sinewave input) fain 40 MHz | Input = 400-800mV p-p
Power supply current lec 13 mA
Output high voltage Vo 75 Vv Vee = 5V, CLoap<5pF, pin 4 = 1-5kQ to 10V
Output low voltage VoL 045 Y Vee = 5V, pin 4 = 1-5kQ to 10V
NOTES

1. The test configuration for dynamic testing is shown in Fig.5.
2. Above characteristics are not tested at 25°C (tested at low and high

temperatures only).

1200
__ 1000
CN
> 800
E / SIS .
w GUARANTEED * Tested as specified
S 600 OPERATING H 3
[= / WINDOW / in table of Electrical
g‘ 00 s / // Characteristics
<
5
- 0 \
0
0 50 150 200 250
INPUT FREQUENCY (MH2)
Fig. 3 Typical input characteristic
OPERATING NOTES

1.The clock inputs (pins 1 and 8) should be capacitively
coupled to the signal source. When driven single ended, the
input signal path is completed by a capacitor from the unused
input to ground.

2.Inthe absence of a signal the devices will self-oscillate. This
can be prevented by connecting a 39kQ resistor from either
input to ground. If the device is driven single ended, it is
recommended that the pull-down resistor be connected to the
decoupled unused input. There will be a loss in sensitivity of
approximately 200mV.

3. The device will operate down to DC but input slew rate must
be better than 100V/us.

4. The open collector output will drive three TTL loads, and

254

therefore requires a a suitable resistor to V¢ to maintain noise
immunity. In order to maintain noise immunity on transitions,
this resistor should not exceed 4:7kQ Forinterfacing to CMOS,
the open collector may be restored to a +10V line via a 3-3kQ
resistor.
5. Inputimpedance varies as a function of frequency; see Fig. 4.
6. Therisetime of the open collector output waveformis directly
proportional to the load capacitance and load resistor value.
Therefore, the load capacitance should be minimised and the
load resistor kept to a minimum compatible with system power
requirements.

In the test configuration of Fig. 5, the output rise time is
approximately 20ns and the fall time is typically 10ns.



SP8655/7/9

Fig. 4 Typical input impedance. Test conditions: supply voltage = 5-0V, ambient temperature = 25°C, frequencies in MHz,
Impedances normalised to 502

Vee +10V
10n
GENERATOR——> n ’ﬂ 33k
H A 1k 19on SAMPLING
To ShlpLNe o ovr H=>"score
5

Fig. 5 Test circuit

| +5vi+10v  (DEPENDING ON
CMOS SUPPLY VOLTAGE)

| DIVIDE BY
I 32 (ggaegg)

8 20 (SP86
o 16 ?spaese CcMos

10k | | 1 -L ! |
n

1 2k 2k |

| |

I |

| BIAS |

| NN | S S S |

Fig. 6. Typical application circuit showing interfacing

B +5V

SPB6s5/7/9 | TIL

Fig. 7. Interfacing to TTL. Load not to exceed 3 TTL unit loads
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GEC PLESSEY

. ADVANCE INFORMATION
DS3668-1-1
150MHz-+10
The SP8660 is a low power ECL counter with an open
collector output capable of driving TTL or CMOS. It has
internally biased inputs.
\J [—
FEATURES cLock INPUT [ 8[] TTOCK INPUT
B AC Coupled Inputs vee [J2 . ] ne
B Low Power Consumption Ne s s ne
B CMOS/TTL Compatible Open Collector Output ourpur [Js o] veetow
DP8
QUICK REFERENCE DATA
B Supply Voltage: 5:0V Fig. 1 Pin connections - top view
pply g g
B Power Consumption: 50mwW ‘
B Temperature Range:  —30°C to +70°C
M 8-Lead Plastic Package
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage 8V SPsee0 DP
Open collector output voltage 12V
Storage temperature range -55°C to +150°C
Max. junction temperature +150°C
Max. clock input voltage 2:5V p-p
Output sink current 10mA
Vee
r————======-= e
|
I 1
1 L— G——'—— » I
I'{Uo oH¢4 Up a b o D @ oureut—4 oureur
I L5 _al4|™ 35 5 @ 5 @& stace | |
1 CK TK CcK K cK TK cKk_CK - |
CLOCK INPUT o2 ] L — "] |
CLOCK INPUT %— I
e ) —_————
Vi (0V)

Fig. 2 Functional diagram
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ELECTRICAL CHARACTERISTICS

SP8660

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, V¢ = 5:0V+£0-25V, Vge = 0V

Temperature, T,,,, = —30°C to +70°C

Value
Characteristic Symbol Units Conditions
Min. | Max.

Maximum frequency (sinewave input) fmax 150 MHz | input = 200-1000mV p-p

Minimum frequency (sinewave input) famin 40 MHz | Input = 400-1000mV p-p

Power supply current lee 13 mA Ve = 525V

Output high voltage Vou 9 \' Vee =5V, pin 4 = 1:-5kQ to 10V, see note 3
Output low voltage VoL 400 mV | Vec =5V, pin 4 = 1-5kQ to 10V, see note 3

NOTES

1. The test configuration for dynamic testing is s

hown in Fig.5.

2. All characteristics above are tested at 25°C only.

3. Croap 9 5pF.

1600

1400

8
o

Taug = ~30°C TO +70°C

\\;\\

INPUT AMPLITUDE (mV p-p)
@
8

|
ARANTEED * * Tested as specified
A in table of Electrical
\\\\\\\ Characteristics

600
400
200
0 \ — =
0 50 100 150 200

INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic

-j1

Fig. 4 Typical input impedance. Test conditions: supply voltage = 5-0V, ambient temperature = 25°C, frequencies in MHz,

Impedances normalised to 50Q
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SP8660

OPERATING NOTES

1.The clock inputs (pins 1 and 8) should be capacitively coupled
to the signal source. When driven single ended, the input signal
pathis completed by a capacitor from the unused input to ground.
2. Inthe absence of a signal the devices will self-oscillate. Thiscan
be prevented by connecting a 39kQ resistor from either input to
ground. If the device is driven single ended, it is recommended
thatthe pull-down resistor be connected to the decoupled unused
input. There will be a loss in sensitivity of approximately 200mV.
3. The device will operate down to DC but input slew rate must be
better than 100V/us.

4. The open collector output will drive three TTL loads, and
therefore requires a a suitable resistor to V¢¢ to maintain noise
immunity. In order to maintain noise immunity on transitions, this

resistor should not exceed 4:7kQ. For interfacing to CMOS, the
open collector may be restoredto a + 10V line via a 3-3kQresistor.
The output sink current must not exceed 10mA and the use of too
low a value of resistor may lead to a loss of noise immunity,
especially at low temperatures.

5. Input impedance varies as a function of frequency; see Fig. 4.
6. The rise time of the open collector output waveform is directly
proportional to the load capacitance and load resistor value.
Therefore, the load capacitance should be minimised and the

.......... N ST I P e

load resistor kept to a minimum compatible with system power
requirements.

In the test configuration of Fig. 5, the output rise time is
approximately 20ns and the fall time is typically 10ns.

Vee

SAMPLING
H ——> SCOPE
INPUT

FROM >
GENERATOR 1n 2
I__1_
TO SAMPLING
SCOPE 8 out
L=
in

=

m——————-

1in |
INPUT »—Il—-f—AﬁT;-
1

16k - []1'6k

DIVIDE BY 4
10 I

+5V/+10V  (DEPENDING ON
CMOS SUPPLY VOLTAGE)

3-3k

» CMOS

| SR o Y p———

Fig. 6. Typical application circuit showing interfacing

+5V

2:2k

SP8660

TTL

Fig. 7. Interfacing to TTL. Load not to exceed 3 TTL unit loads
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GEC PLESSEY
FPSEMICONDUCTORS |

[N

ADVANCE INFORMATION

DS3669-1-2

SP8660A

150MHz+-10

The SP8660A is a low power ECL counter with -an open
collector output capable of driving TTL or CMOS.The device
has internally biased inputs.

FEATURES

M AC Coupled Inputs

M Low Power Consumption

B CMOS/TTL Compatible Open Collector Output

QUICK REFERENCE DATA

M Supply Voltage: 5-0V

B Power Consumption: 50mw

B Temperature Range: —55°C to +125°C

ABSOLUTE MAXIMUM RATINGS

CLOCK INPUT

VEE(OV)

Cms

OUTPUT

Fig. 1 Pin connections - bottom view

ORDERING INFORMATION

Supply voltage 8V SP8660 A CM
Open collector output voltage 12V
Storage temperature range —65°C to +150°C
Max. junction temperature +175°C
Max. clock input voltage 25V p-p
Output sink current 10mA
Vee
| '?2" ———————————— 1
| |
| |
| | C(———— I
I L b ot Ho o b a D @ OUTRUT J%OUTPUT
I L5 al4|%H 3 5 @ 5 @ STAGE
1, CK CK CK CK CK CTK cK CK |
CLOCK INPUT 2 ] —+ 1 ] 1
CLOCK INPUT |
e e B -
Vee(OV)

Fig. 2 Functional diagram
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SP8660A

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, Vg = 5:0V+0-25V, Vee = 0V
Temperature, T,,,, = —55°C to +125°C

Value
Characteristic Symbol Units Conditions
Min. | Max.
Maximum frequency (sinewave input) fuax 150 MHz | Input = 400-800mV p-p
Minimum frequency (sinewave input) fan 40 MHz | Input = 400-800mV p-p
Power supply current lec 13 mA | Vgc =525V
Output high voltage Vou 7'5 Vv Vee = 5V, pin 4 = 1-5kQ to 10V, see note 3
Output low voltage VoL 400 mV | Vec =5V, pin4=15kQ to 10V

NOTES
1. The test configuration for dynamic testing is shown in Fig.5.

2. Above characteristics are not tested at 25°C. Tested at high and low temperatures only.
3. Cionp < 5pF.

1600

1400

Taup = ~55°C TO +125°C

-
n
S
23

8
o

INPUT AMPLITUDE (mV p)
@
8

\\\\\\ N \\
GUARMITEED * * Tested as specified
WINDOW \ in table of Electrical
~

NN Characteristics

7:

8

\

[ —————

0 50 100 150 200
INPUT FREQUENCY (MHz)

o

Fig. 3 Typical input characteristic, SP8660A

Fig. 4 Typical input impedance. Test conditions: supply voltage = 5-0V, ambient temperature = 25°C, frequencies in MHz,
Impedances normalised to 50Q
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OPERATINGNOTES

1.The clock inputs (pins 1 and 8) should be capacitively coupled
to the signal source. When driven single ended, the input signal
pathis completed by a capacitor fromthe unusedinputto ground.
2. Inthe absence of a signal the devices will self-oscillate. Thiscan
be prevented by connecting a 39kQ resistor from either input to
ground. If the device is driven single ended, it is recommended
thatthe pull-down resistor be connected to the decoupled unused
input. There will be a loss in sensitivity of approximately 200mV.
3. Thedevice willoperate down to DC butinput slew rate must be
betterthan 100V/us.

4. The open collector output will drive three TTL loads, and
therefore requires a a suitable resistor to V¢ to maintain noise
immunity. Inorderto maintain noiseimmunity ontransitions, this

SP8660A

resistor should not exceed 4:7kQ. For interfacing to CMOS, the
open collectormay be restoredtoa +10V line via a 3-3kQresistor.
Theoutput sink current must not exceed 10mA and the use of too
low a value of resistor may lead to a loss of noise immunity,
especially at lowtemperatures.
5. Input impedance varies as a function of frequency; see Fig. 4.
6. The rise time of the open collector output waveform is directly
proportional to the load capacitance and load resistor value.
Therefore, the load capacitance should be minimised and the
load resistor kept to a minimum compatible with system power
requirements.

In the test configuration of Fig. 5, the output rise time is
approximately 20ns and the fall time is typically 10ns.

FROM >
GENERATOR

TO SAMPLING
SCOPE

j
LT

1k  100n

SAMPLING
H ——> SCOPE

INPUT

T

Fig. 5 Test circuit
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DIVIDE BY o
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| +svi+1ov (DEPENDING ON

CMOS SUPPLY VOLTAGE)
3-3k
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| I

Fig. 6. Typical application circuit showing interfacing

+5V

2:2k

Fig. 7. Interfacing to TTL. Load not to exceed 3 TTL unit loads
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GEC PLESSEY

. J ADVANCE INFORMATION
DS3644-1:2
550MHz+10/11
The SP8680A is an ECL variable modulus divider, with ECL
and TTL compatible outputs. The circuit can operate from v
either ECL or TTL supplies. It divides by 10 when either of the CLOCK INHIBIT []1 16[] cLock INPUT
ECL control inputs, PE1 or PE2, is in the high state and by 11 ——
when both are low (or open circuit). The divider can be set CONTROL INPUTS{ PEi [|2 15]] INPUT BIAS
asynchronously to the eleventh state by applying a high level PEZ [Jo 1 ] MASTER SET INPUT
to the master set (MS) input.
Vee [}* < pgagon ™[] Ve MO
FEATURES O/P STAGE VecA [[s 12[] vee
M Very High Speed — 650MHz (Typ.) 71 puLLUP [[s 1 [] 7L outeur
M ECL and TTL Compatible Inputs/Outputs Pz puLLUP [[7 wf] ne
M DC or AC Clocking EcL ouTPUT [8 9{] ecL BUTPUT
B Clock Inhibit DG16
H Asynchronous Master Set Fig. 1 Pin connections - top view
B Equivalent to Fairchild 11C90
QUICK REFERENCE DATA
M Supply Voltage: —4-75V to —5-5V (ECL),
4-75Vto 5-5V (TTL)
B Power Consumption: 420mw
B Temperature Range: —55°C to +125°C
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage, |Veo—VEeel 8V SP8680 A DG
ECL output source current 50mA
Storage temperature range —65°C to +150°C
Max. junction temperature +175°C
TTL output sink current 30mA
Max. clock input voltage 25V p-p
Vee VeeA
ittt frommmmmos By
I 11 TTL
OUTPUT
_ I
PET PULLUP |
l
_ | D1 Q1 D2 Q2 D3 Q3 D4 Qa 80 output
z_:1 2 cK CK —cK cK |
2 | s s s s 4 2% ooTPUT
|
PE2 PULLUP OL

CLOCK INHIBIT 9‘—?3
cLocK INPUT L&

r---

MASTER SET INPUT BIAS

de e ___ ]

Vee TTL Vge

Fig. 2 Functional diagram
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SP8680A

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
ECLOPERATION
Supply voltage, Vgg = =475V to — 5:5V, V¢ = OV
Temperature, T,,5 = —55°C to +125°C

Value
Characteristic Symbol Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) | fyax 550 MHz | AC coupled clock = 350mV p-p 5
Minimum frequency (sinewave input) fmin 10 MHz | AC coupled clock = 600mV p-p 6
Power supply current lee 105 mA | Vge= —55V, pins 6, 7, 13 o/c 5
ECL output high voltage VoH -093|-078| V Ve = =52V (25°C), R_ = 100Q to —2V
ECL output low voltage Vo -185|-162| V Vee = —5:2V (25°C), R_ = 100Q to —2V
Input high voltage Vi |—0-095] —0-81 v Vge = ~5:2V (25°C)
Input low voltage VinL -185|-1-475| V Vge = =52V (25°C)
Input low currents I 05 MA | 25°C
Input high current, clock and MS In 400 pA | Viy= —1:85V (25°C)
Input high current, PET and PE2 In 250 MA | Vin= =08V (25°C)
Propagation delay, clock to Q4 low tomL 4 ns R_ = 100Q to —2V (25°C) 6
Propagation delay, clock to Q4 high toLH 3 ns R_ = 100Q to —2V (25°C) 6
Propagation delay, MS to Q4 high toLH 6 ns | 25°C 6
Modulus control set-up time ts 4 ns | 25°C 3,6
Modulus control release time t, 4 ns 25°C 4,6
ECL output rise time (20% - 80%) teH 2 ns | 25°C 6
ECL output fall time (80% - 20%) tenL 2 ns | 25°C 6
TTLOPERATION
Supply voltage, Veg = VecA = 475V t0 5:5V, Vgg = 0V
Temperature, Tayg = —55°C to +125°C
Value
Characteristic Symbol Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) | fyax 550 MHz | AC coupled clock = 350mV p-p 5
Minimum frequency (sinewave input) fvin 10 MHz | AC coupled clock = 600mV p-p 6
Power supply current [ 111 mA | Vge =55V, pins 6, 7 o/c, pin 13to pin 12| 5
TTL output high voltage Vou 2:3 V | Vec =475V, lopy = —640pA 5
TTL output low voltage VoL 05 V | Vec =556V, loL = —20pA 5
Input high voltage, PET and PE2 VinH 3-9 V | Vec =50V (25°C)
Input low voltage, PE1 and PE2 VinL 35 V| Vg =50V (25°C)
Input low current, PET and PE2 " -4 mA | Vee =56V (25°C), pins 6, 7 = Vg,
VIN = 0'4V
Propagation delay, clock to TTL low tomL 6 14 ns | Vec =50V (25°C) 6
Propagation delay, clock to TTL high toLH 6 14 ns Vee = 50V (25°C) 6
Propagation delay, MS to TTL high to 17 ns Vee = 50V (25°C) 6
Modulus control set-up time ts 4 ns | Vec =50V (25°C) 3,6
Modulus control release time t, 4 ns | Vgo =50V (25°C) 4,6
TTL output rise time (20% - 80%) trin 5 ns | Vgo =50V (25°C) 6
TTL output fall time (80% - 20%) tTHL 5 ns Vec = 50V (25°C) 6

NOTES

1. The temperature coefficients of Vou = +1:2mV/°C, Vg = +0-24mV/°C and of V|y = +0-8mV/°C.

2. Thetestconfiguration for dynamic testing is shown in Fig.6.

3. The set-uptime tgis defined as the minimum time that can elapse between L—H transition of control inputand the next L—H clock pulse transition
to ensure that the + 10 mode is obtained.

4. Thereleasetimet,is defined as the minimum time that can elapse between H—L transition of control input and the next L—sH clock pulse transition
to ensure that the + 11 mode is obtained.

5. Tested at +25°C and +125°C only.

6. Guaranteed butnot tested.
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Fig. 3 Typical input sensitivity
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CLOCK INPUT MS [inhibit E1 | PE2 response
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_ _'i ’ set high
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L L L L +11
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Fig. 4 Truth table and timing diagram
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Fig. & Typical input impedance. Test conditions: Supply Voltage = 5V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 5012.
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. Vee
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200
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TO
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: H ——> ECL OUTPUT TO 50 Q
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——3 ECL OUTPUT TO
—H— TO SAMPLING SCOPE

Fig. 6 Test circuit

OPERATING NOTES

1. The clock input, which is ECL10K compatible throughout
the temperature range —55°C to +125°C, can also be
coupled to TTL as shown in Fig. 9. The clock can also be
capacitively coupled to the signal source (see Fig, 7).
Connecting the internally-generated bias voltage to the
clock input i.e., pin 15 to pin 16, centres the clock input about
the switching threshold (see Fig. 8).

2. The two complementary outputs are ECL10K compatible
but internal pulldown resistors are not included and therefore
external pulldown resistors to Vge are required.

T“ 16—
SP8680
15

Fig. 7. AC coupled input

3. The TTL totem pole output operates with the same supply
and is powered up by connecting Vge (pin 12) to TTL Ve (pin
13). If the TTL output is not required then the TTL Vgg pin
should be left open circuit, reducing the power consumption
by 20mW, typically. _ o

4. Both control inputs (PE1 and PE2) are ECL10K compatible
throughout the temperature range. Each controlinputis provided
with a pullup resistor, the remote ends of which are connected
to pins 6 and 7, respectively. This allows the pullup resistors
to be unused if so desired or to be used to interface from TTL
(see Fig. 9). If interfacing to ECL is required then pins 6 and 7
should be left open circuit; alternatively, they can be connected
to Veeto act as pulldown resistors. When high, the master set
input sets the divider to the eleventh state, is asynchronous
and overrides the clock input.

5. All the inputs have internal 50kQ pulldown resistors.

6. The circuit will operate down to DC but inputslew rate
must be better than 20V/us.

7. Input impedance is a function of frequency. See Fig. 5.

TTLMODULUS
CONTROL

INPUT

DIVIDE BY
10/11

TTL OUTPUT

Fig. 8 Typical application showing TTL interfacing.

265



SP8680A

(a) LOW SPEED (a) HIGH SPEED

Fig. 9 TTL interface to PET and PE2
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GECPLESSEY

. ADVANCE INFORMATION
DS3645-1-2
575MHz+-10/11
The SP8680B is an ECL variable modulus divider, with ECL
and TTL compatible outputs. The circuit can operate from ‘v
either ECL or TTL supplies._lt divides.by 10 when either of the CLOCK INHIBIT []1 16[] cLock INPUT
ECL control inputs, PE1 or PE2, is in the high state and by 11 — .
when both are low (or open circuit). The divider can be set CONTROUNPUTS{ e [J2 ] INPUT BIAS
asynchronously to the eleventh state by applying a high level PE2 [a 14 ] MASTER SET INPUT
to the master set (MS) input. ’ vee [Js e Lap
FEATURES ccll* spgegop "} VEEMOP)
u O/P STAGE VccA [[s 12f] vee
B Very High Speed - 650MHz (Typ.) PEi puLLUP [[o ] T outeut
M ECL and TTL Compatible Inputs/Outputs pEz puLLUP []7 0[] N
M DC or AC Clocking ECL OUTRUT [J8 o|]ecLotTROYT
M Clock Inhibit DG16

B Asynchronous Master Set
B Equivalent to Fairchild 11C90

QUICK REFERENCE DATA

M Supply Voltage: —4-75V to —5-5V (ECL),
4-75V 10 5-5V (TTL)

B Power Consumption: 420mwW
B Temperature Range: —40°C to +85°C

ABSOLUTE MAXIMUM RATINGS

Fig. 1 Pin connections - top view

ORDERING INFORMATION

Supply voltage, |Vec—Veel 8V SP8680.B DG
ECL output source current 50mA SP8680 NA 1C
Storage temperature range —65°Cto +150°C
Max. junction temperature +175°C
TTL output sink current 30mA
Max. clock input voltage 2:5V p-p
Vee VecA
il frommmoms B
I 11 L
I OUTPUT
PET PULLUP 08
I D1 Q1 D2 Q2 D3 Q3 D4 Q4 85 outpuT
PE1 2 cK cK —cK cK
pE2 &2 9
s S S s O3 OUTPUT
PE2 PULLUP OL

CLOCK INHIBIT

~1
CLOCK INPUT ?‘—G—E

-

MASTER SET

INPUT BIAS

—— i ——— O —() ——

1®
I

I

|
—

TTL Veg

Fig. 2 Functional diagram
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SP8680B

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
ECLOPERATION
Supply voltage, Vge = =475V to — 55V, Vgo = OV
Temperature, T,,, = —40°C to +85°C

AMB ©

Value
Characteristic Symbol Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) | fyax 575 MHz | AC coupled clock = 350mV p-p
Minimum frequency (sinewave input) fain 10 MHz | AC coupled clock = 600mV p-p 5
Power supply current lee 105 mA | Vee= —55V, pins 6,7, 13 o/c
ECL output high voltage Vou -093|-078| V Vee = =52V (26°C), R_ = 100Q to —2V
ECL output low voltage VoL -185|-162| V Vege = =52V (25°C), R_ = 100Q to —2V
Input high voltage Vine  |—0-095| —0-81 \" Vee = =52V (25°C)
Input low voltage VINL —1-85 |-1-475 Vv Vee = =52V (25°C)
Input low currents I 05 pA | 25°C
Input high current, clock and MS ™ 400 pA | Vin= —1-85V (25°C)
Input high current, PET and PE2 I 400 | pA | Vin=—08V (25°C)
Propagation delay, clock to Q4 high toLH 3 ns | R_=100Qto —2V (25°C) 5
Propagation delay, MS to Q4 high toLH 6 ns | 25°C 5
Modulus control set-up time 1 4 ns | 25°C 3,5
Modulus control release time tr 4 ns | 25°C 4,5
ECL output rise time (20% - 80%) teLn 2 ns | 25°C 5
ECL output fall time (80% - 20%) teHL 2 ns | 25°C 5
TTLOPERATION
Supply voltage, Veg = VecA = 475V 10 5:5V, Vge = 0V
Temperature, Tayg = —40°C to +85°C
Value
Characteristic Symbol Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) | fuax 575 MHz | AC coupled clock = 350mV p-p
Minimum frequency (sinewave input) fain 10 MHz | AC coupled clock = 600mV p-p 5
Power supply current lee 111 mA | Vge =55V, pins 6, 7 o/c, pin 13 to pin 12
TTL output high voltage Vor 2:3 v Ve = 475V, loy = —640pA
TTL output low voltage VoL 05 \" Vee =55V, loL = —20pA
Input high voltage, PET and PE2 Vinn 39 V | Vee =50V (25°C)
Input low voltage, PET and PE2 Vine 35 V | Vo =50V (25°C)
Input low current, PET and PE2 e -4 mA | Vge =55V (25°C), pins 6, 7 = Vg,
V|N =0-4V
Propagation delay, clock to TTL low toHL 6 14 ns | Voo =50V (25°C) 5
Propagation delay, clock to TTL high toLm 6 14 ns | Voo =50V (25°C) 5
Propagation delay, MS to TTL high tp 17 ns | Vgc =50V (25°C) 5
Modulus control set-up time s 4 ns | Vgc =50V (25°C) 3,5
Modulus control release time t, 4 ns | Vec =50V (25°C) 4,5
TTL output rise time (20% - 80%) trin 5 ns | Vee =50V (25°C) 5
TTL output fall time (80% - 20%) tTHL 5 ns | Vec =50V (25°C) 5

NOTES

1. The temperature coefficients of Vo, = +1:2mV/°C, Vg = +0-25mV/°C and of V}y = +0-8mV/°C.

2. Thetest configuration for dynamic testing is shown in Fig.6.

3. The set-uptime tsis defined as the minimumtime that can elapse between L—H transition of control inputand the next L—sH clock pulse transition
to ensure that the + 10 mode is obtained.

4. Thereleasetimet, is defined as the minimumtime that can elapse between H-sL transition of control input and the next L—H clock pulse transition
to ensure that the + 11 mode is obtained.

5. Guaranteed but not tested.
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Clock | == | s=5 | Output
CLOCK INPUT MS |inhibit | PET | PE2 respgnse
_.| ‘ 4 __‘ 1, H X X X [All outputs
5E I —— set high
PEINPUT 7] I L| H X | x | Hod
L L L L +11
6 5 L L H L +10
Q4 AND TTL 5 | '_] L L L H +10
L L H H +10
Fig. 3 Truth table and timing diagram
Fig. 4 Typical input impedance. Test conditions: Supply Voltage = 5V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 509.
Vce
f]wo f]wo f]wo
200
[ }+{——> TTLOUTPUT
] ? 11 200
Qaf~ [} ——>ECLOUTPUTTOS50Q
GENERATOR ——= DuT 20
aal2 ECL OUT
33 Q4 T ——>55's2MPLinG Scope
T0 33 12 13
MONITOR € ——
20
Vee Vee(TTL)

Fig. 5 Test circuit
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SP8680B

OPERATING NOTES

1. The clock input, which is ECL10K compatible throughout
the temperature range, can also be coupled to TTL as shown
in Fig. 8. The clock can also be capacitively coupled to the
signal source (see Fig, 6). Connecting the internally-
generated bias voltage to the clock input i.e., pin 15 to pin
16, centres the clock input about the switching threshold
(see Fig.7).

2. The two complementary outputs are ECL10K compatible
but internal pulldown resistors are not included and therefore
external pulldown resistors to Vg are required. The outputs
are capable of driving a 50Q load to —2V over the temperature
range —40°C to +85°C. The output high level will typically

01p

I L —
SP8680
15

Fig. 6 AC coupled input

be reduced by 50mV.

3. The TTL totem pole output operates with the same supply
and is powered up by connecting Ve (pin 12) to TTL Vge (pin
13). If the TTL output is not required then the TTL Vgg pin
should be left open circuit, reducing the power consumption
by 20mW, typically. __ -

4. Both control inputs (PE1 and PE2) are ECL10K compatible
throughout the temperature range. Each control input is
provided with pullup resistor, the remote ends of which are
connected to pins 6 and 7, respectively. This allows the
pullup resistors to be unused if so desired or to be used to
interface from TTL (see Fig. 9). If interfacing to ECL is
required then pins 6 and 7 should be left open circuit;
alternatively, they can be connected to Vg to act as pulldown
resistors. When high, the master set input sets the divider to
the eleventh state, is asynchronous and overrides the clock
input.

5. All the inputs have internal 50kQ pulldown resistors.

6. The circuit will operate down to DC but inputslew rate
must be better than 20V/ps.

7. Input impedance is a function of frequency. See Fig. 5.

TTLMODULUS
CONTROL

(a) LOW SPEED

01p
CLOCK
INPUT TTL OUTPUT
Fig. 7 Typical application showing TTL interfacing.
Vee
2k
TIL

(a) HIGH SPEED

Fig. 8 TTL interface to PET and PE2
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GECPLESSEY
SPSEMICONDUCTORS ]

[N

ADVANCE INFORMATION

SP8685

500MHz+10/11

DS3646-1-2

The SP8685 is an ECL variable modulus divider, with
ECL10K compatible outputs. It divides by 10 when either of the

ECL control inputs, PE1 or PE2, is in the high state and by 11 ne [ 16] | Vec
when both are low (or open circuit). outeut [J2 1] bT-:i} oL NPT
col
FEATURES Ne s 14]] PE2
M Divides by 10 or 11 ouTPUT ¢ 1[]ne
M AC-Coupled Input (Internal Bias) ne[[s Speess ] cLock INpuT
M ECL Compatible Output ne [e w[Ine
ne |7 10[] INTERNAL BIAS DECOUPLING
QUICK REFERENCE DATA vee [Jo ofTne
EE
M Supply Voltage: —5-2V DG16
M Power Consumption: 300mW Fig. 1 Pin connections - top view
M Temperature Range:
—55°C to +125°C (A Grade)
—30°C to +70°C (B Grade)
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage -8V SP8685 A DG
Output current 20mA SP8685 B DG
Storage temperature range —65°Cto +150°C SP8685 AC DG
Max. junction temperature +175°C SP8685 NA 1C
Max. clock input voltage 2:5V p-p
Ve (0V)
l"'"'""_"_"__"'""??e""'_"__"__"'"‘l
|
|
|
I
D1 Qi D2 Q2 D3 Q3|4 D4 Q4 2% ouTPUT
|
cK cK cK cK 4 4? oUTRUT
CLOCK INPUT %12 I l | I
| |
1 L ; - -
INTERNAL BIAS Vee
DECOUPLING

Fig. 2 Functional diagram
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SP8685
ELECTRICAL CHARACTERISTICS

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, Vge = 0V, Vg = —5:2V = 0-25V
Temperature, T, = —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)

Value
Characteristic Symbol Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) fuax 500 MHz | Input = 400-800mV p-p
Minimum frequency (sinewave input) fmin 50 MHz | Input = 400-800mV p-p
Power supply current lee 70 mA | Vgge=~-52V
Output high voltage Vor -087 | 07 Vv Ve = =52V (25°C)
Output low voltage VoL -18 | -15 Vv Ve = =52V (25°C)
PE input high voltage Ve | —0-93 V | Vge= =52V (25°C)
PE input low voltage (U -162| V | Vge=—52V (25°C)
Clock to output delay t 6 ns 5
Set-up time ts 2 ns 5
Release time t, 2 ns 5
NOTES

1. The temperature coefficients of Vo = +1:63mV/°C, Vo = +0:94mV/°C and of V) = +1-22mV/°C.
2. The test configuration for dynamic testing is shown in Fig.6.
3. Theset-uptime tsis defined as the minimumtime that can elapse between L—sH transition of control inputand the next L—H clock pulse transition

to ensure that the + 10 mode is obtained.

4. Thereleasetimet,is defined as the minimumtime that can elapse between H—L transition of control input and the next L—H clock pulse transition

to ensure that the -+ 11 mode is obtained.
5. Guaranteed butnot tested.

* Tested as specified
in table of Electrical
Characteristics

1600
T 1400 I~
T, = -55°C TO +125°C
g 120 Aug i \\
28 1000
=3
= 800
g L GUARANTEED * /
- 7, cwae %
) £ : £
200
0
0 100 200 300 400 500
INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic of SP8685A
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L H 10
H H 10
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OPERATINGNOTES

1. Theclock inputis biasedinternally andis coupled to the signal
sourcewith asuitable capacitor. Theinputsignal pathis completed
by an input reference decoupling capacitor which is connected
from pin 10 to ground.

2. If no signal is present the device will self-oscillate. If this is
undesirable, it may be prevented by connecting a 15kQ resistor
from the clock input (pin 12) to Vge. This will reduce the input
sensitivity by approximately 100mV.

SP8685

3. The circuitwill operate downto DC but slew rate mustbe better
than 100V/ps.
4. The outputs are compatible with ECLIIbutcanbeinterfaced to
ECL10K as shownin Fig. 7.
5. The PE inputs are ECLIII/10K compatible and include 4:3kQ
pulldown resistors. Unused inputs can therefore be left open.
6. Inputimpedance is a function of frequency, See Fig. 5.

7. Allcomponents should be suitable for the frequency in use.

Fig. 5 Typical input impedance. Test conditions: Supply Voltage = —5-2V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 5082.
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GENERATOR ——>J | ] !"‘l—— > QuTRUTS TO
33 puT 450 O*
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SCOPE <—— 5
in
2 5 vee

Fig. 6 Test circuit
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GEC PLESSEY
. A scviconbucrons)

ADVANCE INFORMATION

DS3647-1-2
SP8690 200mHz+10/11
SP8691 200mHz+8/9
The SP8690 and SP8691 are low power ECL variable
modulus dividers, with both ECL10K and TTL/CMOS compatible 7
outputs. They divide by the lower division ratio when either of CLOCK INPUT [ |1 6] | CLOCK INPUT
the ECL control inputs, PE1 or PEZ2, is in the high state and by — (]
the higher ratio when both are low (or open circuit). CONTROL INPUTS { PET |2 Ne
PE2 |3 NC
FEATURES NCE % c
4 N
M ECL and TTL/CMOS Compatible Outputs gggggg’
M AC-Coupled Input Ve [Js 12{] vee
B Control Inputs ECL Compatible Ne [fe TTLiCNOS QUTPUT
ne [f7 0[] ne
QUICK REFERENCE DATA ecL ourpur [[e ECL OUTPUT
W Supply Voitage: —5-2V+0-25V (ECL), 5V+0-25V (TTL) — , ' DG16
_I Power Consumption: 70mW (Typ.) '9. 1 Pin connections - top view
M Temperature Range:
—55°C to +125°C (A Grade)
—30°C to +70°C (B Grade)
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage, [Vcc— Vel 8v SP8690 A DG
ECL output current 10mA SP8690 B DG
Storage temperature range —65°Cto +150°C SP8691 A DG
Max. junction temperature +175°C 5962-87678 (SMD) (SP8690)
TTL output voltage +12V
Input voltage 2:5V p-p
Max. open collector current 15mA
Vee
Fem—————— e O ———— ——— i —— -
| |
1 I
| |
| D1 o D2 Q2 Ds a3l4 |os a4 “% ECL OUTPUT
PE1d2
PE233 ol
‘ l Q3 Q ECL GUTPUT
CLOCK INPUT l ' 1
CLOCK INpUT Q18 11} TTUCMOS
L OUTPUT
———————————————————————————— -l

Fig. 2 Functional diagram (SP8690)
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SP8690/SP8691

Vee
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I |
oE I, D1 af D2 Q2 D3 a3l4 ps a4 e% ECL OUTPUT
PE &2 _ 1 .l
| o & Q ECL GUTPUT
I
CLOCK INPUT ¢:6 l : ] |
CIocK 11} TTUCMOS
CLOCK INPUT @ TLICHO:
b2 ———— o
Vee

Fig. 3 Functional diagram (SP8691)

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
ECLOPERATION
Supply voltage, Vec = OV, Vgg = —5:2V * 0-25V
Temperature, T,,,; = —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)

- Value )
Characteristic Symbol Units Conditions Notes
Min. | Max.

Maximum frequency (sinewave input) fwax 200 MHz | Input = 400-800mV p-p 5
Minimum frequency (sinewave input) fuin 40 MHz | Input = 400-800mV p-p 5
Power supply current lee 21 mA | Vgge= —-50V 5
ECL output high voltage Vo -085| -07 \ Vge = =52V (25°C)

ECL output low voltage VoL -18 | =15 v Vee = —5:2V (25°C)

PE input high voltage Ve | —0-93 V| Vee= =52V (25°C)

PE input low voltage Vine -162] V | Vge= =52V (25°C)

Clock to ECL output delay tp 9 ns 6
Set-up time ts 3 ns 3,6
Release time t, 8 ns 4,6

TTLOPERATION
Supply voltage, Vg = 5V * 0-25V, Vge = 0V
Temperature, T,,,, = —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)
Characteristic Symbol Value Units Conditions Notes
Min. | Max.

Maximum frequency (sinewave input) fuax 200 MHz | Input = 400-800mV p-p 5
Minimum frequency (sinewave input) fmin 40 MHz | Input = 400-800mV p-p 5
Power supply current lee 21 mA | Vg =50V 5
TTL output low voltage VoL 05 \ Vee =5V, R = 560Q 57
TTL output high voltage Vor 375 Vv R, = 560Q 57
Clock to TTL output high delay,+ve going | tp 32 ns | R_=560Q 6
Clock to TTL output low delay,—ve going tprL 18 ns | R_=560Q 6
Set-up time ts 3 ns 3,6
Release time t, 8 ns 4,6

NOTES

1. The temperature coefficients of Vo, = -+1-63mV/°C, Vo, = +0-94mV/°C and of Vy = +1-:22mV/°C.

2. The test configuration for dynamic testing is shown in Fig.8

3. The set-uptime tgis defined as the minimum time that can elapse between L—>H transition of control inputand the next L—sH clock pulse transition
to ensure that division by the lower modulus is obtained.

4. Therelease timet;is defined as the minimum time that can elapse between H—sL transition of control input and the next L—sH clock pulse transition
to ensure that division by the higher modulus is obtained.

5. SP8690/1B tested at 25°C only.

6. Guaranteed butnot tested.

7. The open collector output is not recommended for use at output frequencies above 15MHz. CiLoap S5pF.
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SP8690/SP8691

CLOCK INPUT |||||||||||H|||||[||||||||||||||||| TRUTH TABLE FOR

Lf CONTROL INPUTS
_-l t 4.{ te PE1 | PE2 |Division ratio
PEINPUTS | |
L L 11
‘ ” . H L 10
ECL AND TTL _r—-"—|_5___——"'——1_5 L H 10
OUTPUTS ‘ I H 10

Fig. 4 Timing diagram, SP8690

CLOCK INPUT |||||||||||||||||||H|||[|||||||”” TRUTH TABLE FOR

CONTROL INPUTS
_'( " A‘ N PET | PE2 |Division ratio
PEINPUTS | ]
L L 9
s . H L 8
ECL AND TTL 4 L H 8
OUTPUTS 4 H H 8
Fig. 5 Timing diagram, SP8691
1200
£ 1000
>
£ w0
w AN
s ] 7 GUARANTEED %/ * Tested as specified
o 60 ‘\*""5 € / ORERATING / in table of Electrical
2 00 P PPPY Characteristics
5 *55°C\\
2w O
0 50 100 150 200 250

INPUT FREQUENCY (MHz)

Fig. 6 Typical input characteristics, SP8690/1

i1

Fig. 7 Typical input impedance. Test conditions: Supply Voltage = 5.0V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 50Q.
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Vce
—
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1 we —ls 450 ¥
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Fig. 8 Test circuit for dynamic measurements
+ Vee
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TTL
CONTROL INPUT o 560
(SEE TRUTH TABLES, —> o/
FIGS. 4 AND 5) o O e O = o et e i o
10n r § 1 ™
cLOCK 1 OUTPUT
INPUT
I 10k !
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I |
| DIVIDE BY 1
1 10/11 (SP8690),

% 8/9 (SP8691) 9 91

il !

oz [Joon | ! St
| 3k | |3k |
BIAS .
| | 3k | |3
| l
I___.____..._.__...T_________I
VEE

Fig. 9 Typical application showing interfacing.

OPERATING NOTES

1. The clock inputs can be single or differentially driven. The
clock input is biased internally and is coupled to the signal
source with a suitable capacitor. The input signal path is
completed by an input reference decoupling capacitor which
is connected to ground.

2. In the absence of a signal the device will self-oscillate. If
this is undesirable, it may be prevented by connecting a
68kQ resistor from the input to Ve i.e., from pin 1 or pin 16
to pin 12. This reduces the input sensitiviy by approximately
100mV.

3. The circuit will operate down to DC but slew rate must be
betier than 100V/us.

4. The Q, and Q, outputs are compatlble with ECLII but can
be interfaced to ECL10K as shown in Fig. 9.
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5. The PE inputs are ECLIII/10K compatible and include
internal 10kQ pulldown resistors. Unused inputs can therefore
be left open circuit.

6. The input impedance of the SP8690/1 varies as a function
of frequency. See Fig. 7.

7. The TTLUCMOS output is a free collector and the high
state output voltage will depend on the supply that the
collector load is taken to. This should not exceed 12V.

8. The rise/fall time of the open collector output waveform is
directly proportional to load capacitance and load resistor
value. Therefore, load capacitance should be minimised
and the ioad resistor kept 0 a minimum consistent wiih
system power requirements. In the test configuration of Fig.
8 the output rise time is approximately 10ns and the fall time



GEC PLESSEY
N/ ADVANCE INFORMATION

SP8695 |

200MHz+10/11

The SP8695 is a low power ECL variable moduius divider, —
with ECL10K and TTL/CMOS compatible outputs. It divides by 7
10 when either of the ECL control inputs, PE1 or PE2, is in the cLOCK INPUT 1 []1 18] cLOCK INPUT 2
high state and by 11 when both are low (or open circuit). The —
inputs are ECLII compatible but can also be AC coupled. An CoNTROLINPUTS 4 o [ 1[I ne
open collector output is provided for interfacing to TTL or PE2 [|s 14 :| NC
CMOS.
Nc[‘ SP8695 ﬂJNc
8
F.EATURES . vee [Js 12[] vee
Low Frequency Operation ne[Je 11 [] oPEN coLLECTOR OP
M ECL and TTL/CMOS Compatible Outputs we [J7 wf]ne
M DC or AC-Coupled Input —
EcL ouTpuT |8 9[] ect GUTRUT
7 DG16
QUICK REFERENCE DATA

Fig. 1 Pin connections - top view
W Supply Voltage: —5-2V+0-25V (ECL), 5-0V+0-25V
(TTL)

M Power Consumption: 80mw
W Maximimum Input Frequency: 200MHz
B Temperature Range: —55°C to +125°C

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage, [Vec—Veel 8V SP8695 A DG
Output ECL current 10mA
Storage temperature range —-65°C to +150°C
Max. junction temperature +175°C
Max. input voltage 2:5V p-p
Max. open collector output voltage +12V
Max. open collector current 15mA
Vee
——————————— — —— —— e ——— i — ——
r 5 op
| 11* COLLECTOR
OUTPU
| I
| I
| I
' |
l D1 af b2 @2 03 Q3¢ ps aa+—28d outpur
PEi o2 '
PE2 ! R ) (e—
] CK CK CK CK Wdi T OUTPUT
CLOCK INPUT 1 Q1 T T T ]
cLock INPUT 2 918 » :
|
b e e S e ————
Vee

Fig. 2 Functional diagram
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SP8695

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
ECL OPERATION
Supply voltage, Ve = 0V, Vgg = =52V + 0-25V
Temperature, T,,,, = —55°C to +125°C

Value
Characteristic Symbol Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) fvax 200 MHz | Input = 400-800mV p-p
Minimum frequency (sinewave input) fuin 2 MHz | Input = 400-800mV p-p 5
Power supply current lee 21 mA | Vgg=—5:0V
ECL output high voltage Vor -085| —07 Vv Vge = —5-2V (25°C)
ECL output low voltage VoL -18 | —15 " Vge = —5-2V (25°C)
Clock and PE input high voltage VinH -0-93 " Vee = —5:2V (25°C)
Clock and PE input low voltage Vine -162| V | Vgg=-52V (25°C)
Clock to ECL output delay to 9 ns 5
Set-up time ts 3 ns 3,5
Release time t, 8 ns 4,5
TTL OPERATION
Supply voltage, Vge = 5:0V = 0:25V, Vge = 0V
Temperature, T, = —=55°C to +125°C
Characteristic Symbol Value Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) fuax 200 MHz | Input = 400-800mV p-p
Minimum frequency (sinewave input) fmin 2 MHz | Input = 400-800mV p-p 5
Power supply current lcc 21 mA | Vgc =50V
TTL output high voltage Von 375 \Y Vee =5V, R = 560Q 6
TTL output low voltage VoL 05 Vv R, = 560Q 6
Clock to TTL output high delay,+ve going tpLH 32 ns R. = 560Q 5
Clock to TTL output low delay,—ve going tPHL 18 ns R_ = 560Q 5
Set-up time ts 3 ns 3,5
Release time t, 8 ns 4,5

NOTES

1. The temperature coefficients of Vo = +1:63mV/°C, Vo = +0:94mV/°C and of Vi = +1:22mV/°C but these are not tested.

2. The test configuration for dynamic testing is shown in Fig.6.

3. The set-up time tg is defined as the minimum time that can elapse between L—H transition of control input and the next L—H clock pulse transition
to ensure that the +10 mode is obtained.

4. Therelease timet, is defined as the minimum time that can elapse between H—L transition of control input and the next L—H clock pulse transition
to ensure that the + 11 mode is obtained.

5. Guaranteed but not tested.
6. The open collector output is not recommended for use at output frequencies above 15MHz. Coap < 5pF.
1800
1600
’g_‘- 1400 Tamg = ~55°C TO +125°C:
T 1200
& 1000
=3
S 800
& GUARANTEED * / * Tested as specified
= pecifie
g o W RIS //// in table of Electrical
& 400 - < Characteristics
z \_
200
%% 50 100 150 200 250
INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic
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SP8695

TRUTH TABLE FOR

CLOCK INPUT CONTROL INPUTS
—-I tr —*‘ e—ts PE1 | PE2 |Division ratio

PEINPUT 7] | L L 1"

‘ H L 10

6 5 L H 10

OUTPUT 5 ‘ ] H H 10

Fig. 4 Timing diagram

Fig. 5 Typical input impedance. Test conditions: Supply Voltage = 5V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 502.

OPERATING NOTES

1. Theclockinputs canbedrivenfrom ECLII, llland 10K. Theinput
referencevoltage (—3-8V at 25°C) is compatiblewith ECLII, Illand
10K over the specified temperature range. The inputs can also be
capacitively coupled by addition of external bias as shown in Fig.
6. Each input has an internal pulldown resistor of 10kQ and can
therefore be left open circuit. They should be be bypassed to RF
where maximum noise immunity is required.

2. The PE control inputs are similarly ECLIII/10K compatible and
also have internal 10kQ pulldown resistors, allowing unused
inputs to be left open circuit if required.

3. The Q4 and Q4 ECL outputs have internal circuitry equivalent
to-a 14kQ pulldown resistor on each output and are ECLII
compatible; they can, however, be interfaced to ECLIII/ 10K as
shown in Fig. 8.

4. The circuit will operate down to DC but slew rate must be better
than 5V/ps.

4. The input impedance of the SP8695 varies as a function of
frequency. See Fig. 5.

5. The TTL/CMOS output is a free collector and the high state
output voltage will depend on the supply that the collector load is
taken to; this should not exceed 12V. The rise and fall time of the
open collector output waveform is directly proportional to load
resistance and load capacitance. The load capacitance should
therefore be kept to a minimum and the load resistance should be
kept to the minimum consistent with system power requirements.
Inthetest configurationof Fig. 6the outputrisetime is approximately
10ns and fall time is 7ns typically.
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560
TTL OUTPUT
11 ° 450 O.1p
INPUT FROM > _{:__I >
GENERATOR -—:'—* I_(:—- T0
LA
8
T0 =
scope €
-52V
Fig. 6 Test circuit
+5V
SP8695 91
1:5k OUTPUT ECL10K OUTPUT
_ Q4 0RQ4
TO PE INPUT aK
36k
TTL/CMOS DRIVE
Fig. 7 Interfacing TTL/CMOS to PE inputs Fig. 8 Interfacing SP8695 output to ECL10K
¢ ’ +5V
= 0
—— = ) e ————————
11 TTL
OUTPUT

SP8695

ECL10K
OUTPUT

i 10k 10k

|
2
l_...____._:_o._._
PET| L5y

15k

36k
TTLDRIVE —__}—
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Fig. 9 Typical application showing interfacing.




GEC PLESSEY
S viiconbucrons

ADVANCE INFORMATION

DS3650-1-2

SP8720

300MHz+3/4

The SP8720 is an ECL two-modulus divider, with ECL10K
compatible outputs. It divides by 3 when either of the ECL control
inputs, PE1 or PE2, isinthe high state and by 4 when both are low
(or open circuit). An AC coupled input of 600mVp-p is required.
FEATURES
H ECL Compatible Outputs
B AC-Coupled Input (Internal Bias)

I Control Inputs ECL 11//10K Compatible

QUICK REFERENCE DATA
I Supply Voltage: —5-2V
H Power Consumption: 240mW
H Temperature Range:
—55°C to +125°C (A Grade)

CLOCK INPUT ] INTERNAL BIAS DECOUPLING
conTroL | PEI ] ne
INPUTS | __
[ Ne
NC | |4 1

SP8720 v
Vee ] VEE

NC ] Do NoT connEeCT
NC j NC

OUTPUT ;I oUTPUT
DG16

Fig. 1 Pin connections - top view

—30°C to +70°C (B Grade)
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage -8V SP8720 A DG
Output current 20mA SP8720 B DG
Storage temperature range —65°C to +150°C 5962-90577 (SMD)
Max. junction temperature +175°C
Max. clock input voltage 2:5V p-p
Vee (0V)
F==—=="="7=7=77 B 1
! I
I I
' I
| 1 |
1, D1 Qi D2 Q2 84 outpur
PE1
PE2 3 _ I
| cK ck —9<:> OUTPUT
cLock INpUT & l J

| 16
INTERNAL BIAS
DECOUPLING

Fig. 2 Functional diagram
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SP8720
ELECTRICAL CHARACTERISTICS

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, Voo = 0V, Vge = —5-2V = 025V
Temperature, T,,; = —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)

Value
Characteristic Symbol Units Conditions Notes
Min. | Max.

Maximum frequency (sinewave input) fmax 300 MHz | Input = 400-800mV p-p 5
Minimum frequency (sinewave input) fain 40 MHz | Input = 400-800mV p-p 5
Power supply current lee 65 mA | Vgg=—-5-2V 5
Output high voltage Vou -0-85| —-07 \ Vee = —5:2V (25°C)

Output low voltage VoL -18 | -15 \" Ve = =52V (25°C)

PE input high voltage Vg | —0-93 V | Vge=—52V (25°C)

PE input low voltage Vine -162) V | Vge=—52V (25°C)

Clock to output delay ty 6 ns 6
Set-up time ts 25 ns 3,6
Release time t, 3 ns 4,6

NOTES

1. The temperature coefficients of Vo, = +1:63mV/°C, Vg = +0:94mV/°C and of Viy = +1-22mV/°C.
2. The test configuration for dynamic testing is shown in Fig.6.

3. The set-up time ts is defined as the minimum time that can elapse between L—H transition of control input and the next L—sH clock pulse transition
4

to ensure that the +3 mode is obtained.

. Therelease time t; is defined as the minimum time that can elapse between H—L transition of control input and the next L—H clock pulse transition

to ensure that the +4 mode is obtained.
. SP8720B tested at 25°C only.
. Guaranteed but not tested.

oo

INPUT FREQUENCY (MHz)

TRUTH TABLE FOR
cockmeur UL CONTROL INPUTS
—'| ""r —’1 PE1 | PE2 |[Division ratio
PE INPUT
L L 4
H L 3
2 1 L H 3
oureur [T 1 2 [T H H 3
Fig. 3 Timing diagram
2000
3 1600
E TAMB = —55°C TO +125°C:
w1200
=]
E
&
3 e GUARANTEED +/ : * Tosted ified
y ested as specifie
2 7 OWibon. 77 /ié in table of Electrical
T o400 LT - y Characteristics
\‘
NS
L) 100 200 300 400

Fig. 4 Typical input characteristic of SP8720A
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OPERATING NOTES

1. The clock input is biased internally and is coupled to the signal
sourcewith asuitable capacitor. Theinput signal path is completed
by an input reference decoupling capacitor which is connected
from pin 16 to ground.

2. If no signal is present the device will self-oscillate. If this is
undesirable, it may be prevented by connecting a 15kQ resistor
from the clock input (pin 1) to Vge. This will reduce the input
sensitivity by approximately 100mV.

3. The circuit will operate down to DC but slew rate must be better

SP8720

than 100V/us. _

4. The Q and Q outputs are compatible with ECLII but can be
interfaced to ECL10K as shown in Fig. 7. There is an internal
circuit equivalent to a load of 2kQ at each output.

5. The PE inputs are ECLII/10K compatible and include 4:3kQ
pulldown resistors. Unused inputs can therefore be left open.

6. The input impedance of the SP8720 varies as a function of
frequency, see Fig. 5.

7. All components should be suitable for the frequency in use.

Fig. 5 Typical input impedance. Test conditions: Supply Voltage = —5-2V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 50%2.

33 16
L.
20 577

in 4 5 8 450 100n
INPUT FROM ]
GENERATOR — ——> QUTPUTS TO
DuT 450 100 géggéme
9
TO SAMPLING 33 P HH—

12
VEg=-52V

/;;.;n

Fig. 6 Test circuit
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ECL CONTR%L INPUTS

0
1=3
PE1  PE2

. SRS el 7=
1
e —i——1. H . |
1 T 4:3k| | a3k H
: 400 rJ U |.J » 9{
I 3/4 |

_‘_—Fs é— BIAS 9 a7
in |
/7-;7-7 | I EcLiok
[]15k i 2| |2k I TPUT
| I 15k
| 1
e e T”________._l
VEE

—
in
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Fig. 7 Typical application circuit showing interfacing
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WGEC PLESSEY
L A Scviconpucrons

ADVANCE INFORMATION

600MHz--8 (BINARY OUTPUTS)

The SP8735 is a +8 ECL counter with binary outputs. In
addition, carry outputs are provided in TTL and ECL. The AC
coupled input requires a 600mV p-p signal and the outputs are
open collectors. A TTL compatible reset is provided, making
this device ideal for instrumentation applications.
FEATURES
B Binary Outputs to Open Collectors
M TTL Compatible Reset Input
B AC Coupled Input (Internal Bias)

B TTL and ECL Compatible Carry Outputs
H ECL Compatible Clock Inhibit Input

DS3673-1-1
N
INTERNAL BIAS DECOUPLING [{1 16[] CLOCK INPUT INHIBIT
*A OUTPUT [[2 5[] Ne
RESET [|s 14[] cLOCK INPUT
ne [[s 1[] ne
! SP8735 I
vee [[s 12[] Ve (V)
Ne [[e 11[] TTL CARRY OUTPUT
‘8’ ouTPUT |7 10[]ne
ne [Je 9]] ECL CARRY OUTPUT
DG16

QUICK REFERENCE DATA

M Supply Voltage: —5-2V

B Power Consumption: 400mW

M Temperature Range: 0°C to +70°C

ABSOLUTE MAXIMUM RATINGS

Fig. 1 Pin connections - top view

ORDERING INFORMATION

Supply voltage -8V SP8735 B DG
Binary output voltage Vee+11V
Storage temperature range —55°C to +150°C
Max. junction temperature +175°C
Max. clock input voltage 2:5V p-p
‘A’OUTPUT - ‘B"OUTPUT Ve (OV)

cn.ocKI IN_ll_’UT 16

INHIBY
|14
CLOCK INPUT Q— 2

b
+2 w2 o} ect canny
I | QUTPUT

|

|
INTERNAL BIAS é1 l
DECOUPLING i

RESET

I C RS C I

VEE

Fig. 2 Functional diagram
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SP8735

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range
Supply voltage, Vgg = OV, Vgg = —5:2V+0-25V
Temperature, T,,, = 0°C to +70°C

Value
Characteristic Symbol Units Conditions Notes
Min. |Max.

Maximum frequency (sinewave input) fuax 1 600 MHz | Input = 400-800mV p-p 4
Minimum toggle frequency (sinewave input) fuin 40 | MHz | Input = 400-800mV p-p 6
Power supply current lec 90 | mA | Vgg= =52V 5
Clock inhibit high voltage Vine  |—096 Vv Vege= =52V (25°C)

Clock inhibit low voltage Vine —-165| V Vee= —5-2V (25°C)

TTL output high voltage (pins 2, 7) Von | 24 \" 10kQ2 from TTL output to +5V 5
TTL output low voltage (pins 2, 7) Vo 04| V 10kQ2 from TTL output to +5V 5
TTL carry output high voltage (pin 11) Von | 24 \" 5kQ from TTL output to +5V 5
TTL carry output low voltage (pin 11) VoL 04 \" 5kQ from TTL output to +5V 5
ECL output high voltage (pin 9) Vo |—09]-07] V Vee= —5-2V (25°C)

ECL output low voltage (pin 9) Voo |—18|-15] V Vee = —5-2V (25°C)

Edge speed for correct operation at te 25 | ns | 10% to 90% 6
maximum frequency

Reset ON time for correct operation ton 100 ns 6
Reset input high voltage Vinw | 24 \" 5
Reset input low voltage Vine 05 \" 5

NOTES

1. The temperature coefficient of Voy (ECL) = +3mV/°C and Vo = +0-5mV/°C but these are not tested.

1. The temperature coefficient of inhibit threshold voltage = +0-24mV/°C but this is not tested.
3. The test configuration for dynamic testing is shown in Fig.5.
4. Tested at 0°C and +70°C only.
5. Tested at +25°C only.
6. Guaranteed but not tested.
1200
__ 1000 Tamg = 0°C TO +7o°c
>g: 800 l ' l
E v R
8 so0 |—] GUARANTEED * Tested as specified
E in table of Electrical
% 400 / // / / g Characteristics
2 200 ™S
a
F \
0 — R
0 100 200 300 400 500 600 700
INPUT FREQUENCY (MHz)

Fig. 3 Typical input characteristic
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SP8735

i1

jo.5

j2

Impedances norm

Fig. 4 Typical input impedance. Test conditions: supply voltage = —5-2V, ambient temperature = 25°C, frequencies in MHz,

alised to 50Q

ov
——
10n » 12
500 > |_ 10n
GENERATOR 430 LINE
33 ot P =—> ro'%core
8 = ‘
MONITOR _|__mn1s s
20 ;
-52V
/iwn
Fig. 5 SP8735 high frequency test circuit
OPERATING NOTES

1.The clock input (pin 14) should be capacitively coupled to the
signal source. The input signal path is completed by connecting
a capacitor from the internal bias decoupling (pin 1) to ground.
2. Inthe absence of a signal the device will self-oscillate. This can
be prevented by connecting a 68k<2 resistor between the clock
input (pin 14) and the negative supply (pin 5).

3. The device will operate down to DC but the input slew rate must
be better than 100V/us.

4.The ECL carry output (pin9)is ECLIl compatible but canbe interfaced
to ECLIII/ 0K by the addition of two resistors as shown in Fig. 7.

5. The clock inhibit is compatible with ECLIII/10K throughout the
temperature range.

6. The 'A’,‘B' and TTL carry outputs (pin 11) are current sources
and require the addition of 10kQresistors (pins 2 and 7) and a 5kQ
resistor (pin 11) to +5V as shown in Fig. 6. This gives a fan-out of
1, which can be increased by buffering with a PNP transistor as
shown in Fig. 6.

7. The circuits are clocked on the positive transitions of the clock
input, providedthatthe clock inhibitinput (pin 16)isinthe low state.
8. Input impedance varies as a function of frequency; see Fig. 4
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SP8735

+5V
30k 10k 10k 18k 1k
__I »‘A’' OUTPUT
RESET +~E§.}-E l »‘B' OUTPUT
» CARRY

_EOP ov

51 = $—> TTL OUTPUT
2 [1 |7 |12

3
cLOCK | | 16 11 (F
INHIBIT Ecuil | L >

SP8735

14 9 ECLII
620 [] Ecul [—> ECL CARRY
5

CLOCK —5 I

-52v

Fig. 6 Typical application configuration

ECLII
ECL CARRY OUTPUT COMPATIBLE

ECLU/10K
COMPATIBLE

VEE (-5:2V)

Fig. 7 ECLIII/10k interfacing

R |
1280y +5V

|

) 4 |

% OUTPUT

a a |

|

|

R |

|

52V |

|

R'=9400_FOR ‘A’ AND 'B' OUTRUTS, |

295Q FORTTL CARRY OUTPUT

Fig. 8 TTL output circuit
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‘—bl }h 100ns MIN
1

RESET INPUT
CLOCK INHIBIT l [
CLOCK 1] 12| I3] 14] Is| ls] |7 [e] [o
‘B'ouTRUT | | 1 1

ECL CARRY OUTPUT l | |
TTL CARRY OUTPUT I | |

Fig.9 Timing diagram

291



GEC PLESSEY
SR SEMICONDUCTORS ]

[N

ADVANCE INFORMATION

DS3651-2.0

SP8741

300MHz+6/7

The SP 8741 is an ECL +6/7 two-modulus divider, with
ECL10K compatible outputs. It divides by 6 when either of the
ECL control inputs, PE1 or PE2, is in the high state and by 7
when both are low (or open circuit). An AC coupled input of
600mVp-p is required.

FEATURES
B ECL Compatible Qutputs
l AC-Coupled Input (Internal Bias)

B ECL Compatible Control Inputs

QUICK REFERENCE DATA

M Supply Voltage: —5-2V

B Power Consumption: 240mWw

B Temperature Range: —55°C to +125°C

ABSOLUTE MAXIMUM RATINGS

clocknut[[t " 16[] INTERNAL BIAS DECOUPLING
CONTROL{ PEi |2 1] e
INPUTS | ___

PEz[]s 1[]ne
Ne e sperat e
vee[]s 12[] vee

ne[ls 1] bo NoT CONNECT
ne |7 10[] Ne

outpur e 9[] ouTPUT

DG16

Fig. 1 Pin connections - top view

ORDERING INFORMATION

Supply voltage -8V SP8741 A DG
Output current 20mA 5962-91590 (SMD)
Storage temperature range -65°C to +150°C
Max. junction temperature +175°C
Max. clock input voltage 25V p-p

Vee (0V)

I R

1
1
I
|
l

s &2 D1 Q1 D2 a24 b3 a3 Q OUTPUT
PE2 _ ol

I cK cK ck Q3 Q OUTPUT
cLocK INPUT QL — i J I |

16

INTERNAL BIAS
DECOUPLING

| I —

e ===

Vee

Fig. 2 Functional diagram
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ELECTRICAL CHARACTERISTICS

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, Ve = 0V, Vgg= =52V * 025V
Temperature, T,,, = —55°C to +125°C

SP8741

Value
Characteristic Symbol - Units Conditions Notes
Min. | Max.
Maximum frequency (sinewave input) Tmax 300 MHz | input = 400-800mV p-p
Minimum frequency (sinewave input) famin 40 MHz | Input = 400-800mV p-p
Power supply current lee 60 mA | Vgge=—-52V
Output high voltage Von |-085| 07 \' Vee = =52V (25°C)
Output low voltage Vo -18 | -156 \' Vee = —5:2V (25°C)
PE input high voltage Vi | —0-93 V | Vge=—52V (25°C)
PE input low voltage Vine -162| V | Vge=—52V(25°C)
Clock to output delay tp 6 ns 5
Set-up time ts 25 ns 3,5
Release time t, 3 ns 4,5
NOTES

1. The temperature coefficients of Vo = +1:63mV/°C, Vo = +0-94mV/°C and of Viy = +1-:22mV/°C.
2. The test configuration for dynamic testing is shown in Fig.6.
3. The set-up time tg is defined as the minimum time that can elapse between L—H transition of control input and the next L—H clock pulse transition

to ensure that +6 is obtained.

4. The release time t; is defined as the minimum time that can elapse between H-L transition of control input and the next L—H clock pulse transition

to ensure that +7 is obtained.
5. Guaranteed but not tested.

CLOCK INPUT

_,| 4
PEINPUTS ~ |
4

OUTPUT I I

3 |_| 3

TRUTH TABLE FOR

CONTROL INPUTS

0

E1

PE2

Division ratio

IrITr

IxTrr
» oo

Fig. 3 Timing diagram

* Tested as specified

in table of Electrical

Characteristics

INPUT FREQUENCY (MHz)

2000
E 1600 -
E TamB = —55°C TO +125°C:
T‘g 1200
=2
=
z 7777 GUARMTEED =7/ ]
g L wiweow” )

400 .\‘
N
0 0 100 200 300 400

Fig. 4 Typical input characteristic
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SP8741

Fig. 5 Typical input impedance. Test conditions: Supply Voltage = —5-2V,
Ambient Temperature = 25°C. Frequencies in MHz, impedances normalised to 50Q.

s

20
1n 2 |5 450  100n
s —s o T = | R
33 DUT 450 n
16 9 SCOPE
TO SAMPLING 33 F— |- ——
SCOPE s
n B
20 /;;7 Veg=-52V
i
Fig. 6 Test circuit
OPERATING NOTES

1. The clock input s biased internally and is coupled to the signal
sourcewith asuitable capacitor. Theinput signal pathis completed
by an input reference decoupling capacitor which is connected
from pin 16 to ground.

2. If no signal is present the device will self-oscillate. If this is
undesirable, it may be prevented by connecting a 15kQ resistor
from the clock input (pin 1) to Vge. This will reduce the input
sensitivity by approximately 100mV.

3. The circuit will operate down to DC but slew rate must be better

294

than 100V/us. _

4. The Q and Q outputs are compatible with ECLII but can be
interfaced to ECL10K as shown in Fig. 7. There is an internal
circuit equivalent to a load of 2kQ at each output.

5. The PE inputs are ECLIII/10K compatible and include 4:3kQ
pulldown resistors. Unused inputs can therefore be left open.

6. The input impedance of the SP8741 varies as a function of
frequency, see Fig. 5.

7. All components should be suitable for the frequency in use.



SP8741

ECL CONTROL INPUTS

] (SEETRUTHTABLE
—— - —— — ———...__.‘

1in s B 2 |
cLoCK 1 M I) j"l 1
INPUT I i | . i
| 11'( 4 SkD 4 sk[] 8l
400 lo.
| DIVIDE BY |
| 6/7 I
A BIAS 9 a7
in |
o | I ECL1oK
[ 15k | 2| {2k | ouTeUT
| | 1-5k
| |
L.____....._____Tm___..._........_.J
- o VEE

=

Fig. 7 Typical application circuit showing interfacing
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HGEC PLESSEY

./ ADVANCE INFORMATION
DS3674-1-2
1200MHz--64
The SP8755is a divide by 64 prescaler which operates from
a standard 5V TTL supply and will drive TTL directly. The
SP8755A operates over the full military temperature range \w
(—55°C to +125°C). vee [t [l ne
FEATURES el ref] ous
B TTL Compatible Output ne[ls 12[] INPUT REF
B AC Coupled Input (Internal Bias) output [J4 SP8755 1] Ne
Ne [[s 10[] cLocK INPUT
QUICK REFERENCE DATA ne [Js s[]nc
B Supply Voltage: 5V vee (V) |7 8[]nc
M Power Consumption: 270mwW DG14
H Temperature Rang¢3: —55°C to +125°C (A Grade) Fig. 1 Pin connections - top view
—30°C to +70°C (B Grade)
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage 8V SP8755 A DG
Output current +30mA SP8755 B BG
Storage temperature range —65°C to +150°C SP8755 NA 1C
Max. junction temperature +175°C 5962-88684 (SMD)
Max. clock input voltage 2:5V p-p
Vee
1 R 1
I |
I 1
|
l
(|:th¥ 10 DIVI%E BY DlVII.")‘,E BY DIVIDZE BY DlVIDzE BY DIVl[;E BY DIVI[;E BY Ai OUTPUT
INPUT L J l 1 l 1 [ I
F ? 1
I SR L e e ————— -
INTERNAL Ve (0V)
BIAS
DECOUPLING

Fig. 2 Functional diagram
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ELECTRICAL CHARACTERISTICS

SP8755

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, Vgc = 5:0V+0-25V, Vege = 0V

Temperature, T,,,, = —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)

. Value
Characteristic Symbol Units | Grade Conditions
Min. | Max.
Maximum frequency (sinewave input) fmax 12 GHz | SP8755A | Input = 600-1200mV p-p
fuax 1-2 GHz | SP8755B | Input = 400-1200mV p-p
Minimum frequency (sinewave input) famin 100 MHz Both Input = 600-1200mV p-p
Power supply current lec 75 mA Both
Output high voltage Vou 25 Vv Both
Output low voltage VoL 045 \' Both Sink current = 5SmA
NOTES

1. The test configuration for dynamic testing is shown in Fig.5.

2. Above characteristics are not tested at 25°C only (tested ar low and high temperatures only).

1.The clock input is biased internally and is connected to the

signal source via a capacitor. The input signal path is

completed by aninput reference decoupling capacitor which

is connected to ground.

2. If no signalis present the device will self-oscillate. If this

is undesirable it may be prevented by connecting an 18kQ

| l
1400 [EER5iE SPeT55A
oy SP87558

1200 [ 1 1 ]
7 1000 f—o|
:- X
€ — .
B a0 GUARANTEED * * Tested as specified
S lt_- WINDOW Taus = +125°C in table of Electrical
§ T / Characteristics
=
< 600
g ! \\ /
: NNy

400 ;

\ / Tamp = —55°C
b
200 /,/
\‘ l/
0
) 200 400 600 800 1000 1200 1400 1600
INPUT FREQUENCY (MHz)
Fig. 3 Typical input characteristic of SP8755A/B
OPERATING NOTES

resistor between the input and Vge (i.e. from pin 10 to pin 7).
This will reduce sensitivity by approximately 100mV.

3. The device will operate down to DC but input slew rate
must be better than 100V/ps.

4. The outputis a standard totem pole TTL and can therefore
be interfaced directly to TTL.
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SP8755

Fig. 4 Typical input impedance. Test conditions: supply voltage = 5-2V, ambient temperature = 25°C, frequencies in MHz,
Impedances normalised to 509

+5V
10n
10n 10 1
GENERATOR———> I—-— 4 e toon SAMPLING
" our P~ =—>scorE
5 12 INPUT
TO SAMPLING
SCOPE

L7

Fig. 5 Test circuit

+5V

TTL OUTPUT

Fig. 6. Typical application circuit showing interfacing
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i conoucTons ]

ADVANCE INFORMATION

SP8789

225MHz -+ 20/21 TWO MODULUS DIVIDER

DS 3203 - 2.0

The SP8789 is a low power programmable +20/21
counter.lt divides by 20, when the control input is in the high
state and by 21 when in the low state. An internal voltage
regulator allows operation from a wide range of supply
voltages.

CONTROL INPUT []

OUTPUT Vee 2 []
outpur ]

vee (ov) [

2

3

4

-

®

1 vee 1

~

SP8789

o

] npuT

[] REF DECOUPLING

6 ] INTERNAL BIAS DECOUPLING

DP8, MP8

FEATURES
Very Low Power Figure 1 Pin connections - top view
Control Input and Output CMOS/TTL Compatible
AC Coupled Input
Operation up to 9.5V using Internal Regulator
ABSOLUTE MAXIMUM RATINGS
QUICK REFERENCE DATA Supply voltage 6.0V pins 7 & 8 tied
m Supply Voltage 5.2V or 6.8V to 9.5V Supply voltage 13.5V pin 8, pin 7 decoupled
[ | Power consumption: 26mW Typical Storage temperature range -55°C to +125°C
B Temperature range: -40°C to +85°C Max. Junction temperature +175°C
Max. clock input voltage 2.5Vp-p
Vee2 Max. 10V
Veel
=1
Vee? 100n%
y T T TS TS ToTTeT oo ““"E"““""‘"‘I
! I
! |
! |
! I
cLock n ! s VOLTAGE |
o—}—o—— REGULATOR |
INPUT I DIVIDE BY |
6 20/21 |
INTERNAL
BIAS n |
DECOUPLING ,; | 16k :
S A P L
OUTPUT
VE’:(’JV) ook I DECOUPLING

Figure 2 : Functional diagram SP8789
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SP8789

ELECTRICAL CHARACTERISTICS
Test conditions (unless otherwise stated):]
Supply voltage : Vec 1 & 2 = 5.2+ 0.25V or 6.8V to 9.5V (see Operating Note 7):
Vee = 0V; Temperature Tamb = -40°C to +85°C

Value Units
Characteristics Symbol Min. Max. Notes Conditions
Maximumfrequency frmax 225 MHz Note 4 Input = 200-800mV p-p
(sinewave input))
Minimumfrequency fmin 20 MHz Note 4 Input = 400-800mV p-p
(sinewave input)
Power supply current lee 7 mA Note 4
Control input high voltage VINH 4 Vv Note 4
Control input low voltage VINL 2 Vv Note 4
Output high voltage VoH 24 Y, Note 4 Pins 2, 7 and 8 linked
Vece = 4.95V loH = 100pA
Output low voltage VoL 0.5 Vv Note 4 Pin 2 linkedto 8 and 7
loL = 1.6mA
Set up time ts 14 ns Note 3 25°C
Release time tr 20 ns Note 3 25°C
Clock to output propagation time to 45 ns Note 3 25°C

NOTES

1. Unless otherwise stated the electrical characteristics are guaranteed over full specified supply, frequency and temperature range.

The test configuration for dynamic testing is shown in Fig.6.

2.
3.  Guaranteed but not tested.
4. Tested onlt at 25°C

CONTROL INPUT — LI

cLock INPUT LA " Ny LT Uiy Unununuuruiuiununu
_.1 —tr

—5[ ]<— ts

ouTPUT ﬁ| _1_0___J—"_"u‘_l
TRUTH TABLE FOR CONTROL INPUTS

J
|

10 | 10

Control Division Ratio
input
0 21
1 20

NOTES

Figure 3 : Timing diagramSP8789

The set-up time ts is defined as the minimum time that can elapse between a L - H transition of the control input and the next L - H clock
pulse transition to ensure that the + 20 mode is selected.
The release time tr is defined as the minimum time that can elapse between a H - L transition of the control input and the next L - H clock
pulse transition to ensure that the + 21 mode is selected. '

1600
z 1200 |- Vee 4.95V to 5.45V PINS 7 AND 8 CONNECTED
2 TOGETHER. Tamb -40°C to +85°C . »
o Tested as specified
[=] N
2 in table of
3 8w . .
g Electrical Characteristics
< 600 GUARANTEED *
’é OPERATING
z 400 WINDOW
\ /
200
N T T 1 I
o S N A T
50 100 200 300
INPUT FREQUENCY (MHz)
300 Figure 4 * SP8789



OPERATING NOTES

1. The clock input (Pin 5) should be capacitively coupled to
the signal source. The input signal path is completed by
coupling a capacitorfromthe internalbias decoupling, Pin 6 to
ground.

2. The output stage which is normally open collector (Pin 2
open circuit) can be interfaced to CMOS. The open collector
canbereturnedtoa +10VlineviaaSkresistorbuttheoutput sink

current should not exceed 2mA, If interfacing to TTL is
required then Pins 2 and 7 should be connected together to
give a fan-out = 1. This will increase supply current by
approximately 2mA.

3. Thecircuitwill operate downto DC but a slew rate of better
than 20V/~s is required.

4. The mark space ratio of the output is approximately 1.2:1
at 200MHz.

SP8789

5. Input impedance is a function of frequency. See Fig.5.
6. Ifnosignalis presentthe device will self-oscillate. If this is
undesirable it may be prevented by connecting a 150k
between unused input and ground. This reduces the input
sensitivity by typically 50-100mV p-p.

7. The internal regulator has its input connected to Pin 8,
while the internal reference voltage appears at Pin 7 and

should be decounled. Foruse froma 5.2V sunply Ding 7 and

1CUIC De CeCOURICC. FOr USe ITCMm & o.2V SUppiy, rins / and

8 - should be connected together, and 5.2V applied to these
pins. For operation from supply voltagesinthe range +6.8V to
+9.5V, Pins 7 and'8 should be separately decoupled, and the
supply voltage applied to Pin 8.

Figure 5 : Typical impedance. Test conditions: supply voltage 5.2V, ambient temperature 25°C, frequencies in
MHz, impedance normalised to 50 ohms.

VCC OF MODULUS
CONTROL DEVICE

CONTROL
INPUT (), '

N\

ouTPuT O—rn{]3

SP8789

I—O Vee!
MDNITOR

SIGNAL

SOURCE

P[‘FE;

Figure 6 : Toggle frequency test circuit
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GEC PLESSEY
. J ADVANCE INFORMATION

SP8790 )

60MHz--4 (2-MODULUS EXTENDER)

The QDATON o o Alidda Lo fniin amiimdnn daaimmad fav 1o
HIg OF0/9V IS a UIvViue-LUy-1uul LOUTILET uesiglieu vl use

with 2-modulus dividers. It increases the minimum division
ratio of the 2-modulus divider while retaining the same difference CLOCK INPUT
in division ratio. The device is suitable for use in low power —_— |
frequency synthesis interfacing to CMOS or TTL. CLOCKINPUT\
FEATURES
M Very Low Power
M Control Input and Counter Output will Interface Directly vees
to TTL or CMOS =
M Interfaces to GPS SP8000 Series Programmable Ne cM8
2-Modulus Dividers

Fig. 1 Pin connections - bottom view

QUICK REFERENCE DATA

B Supply Voltage: 5-0V

B Power Consumption: 40mW

B Temperature Range: —55°C to +125°C (A Grade)
—-30°C to +70°C (B Grade)

ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage 8V SP8790 A CM

Open collector output voltage 12V SP8790 B CM

Storage temperature range —65°C to +150°C

Max. junction temperature +175°C

Max. clock input voltage 2:5V p-p

Output sink current 10mA

CONTROL
INPUT Vee
I (R |

|
CONTROL 2
ouTPUT

! 4
I D of-|+ D a
I e | L1
5 3 5 3 5 OPEN COLLECTOR
I sl 0 ? COUNTER OUTPUT
| L ] |
| |
L ) O B J
CLOCK INPUT  CLOCK INPUT Vee (OV)
NOTE:
NEGATIVE GOING OUTPUT

SHOULD CLOCK FOLLOWING STAGE

Fig. 2 Functional diagram
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ELECTRICAL CHARACTERISTICS

SP8790

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, Vge = 5V +0-25V, Vge = 0V

Temperature, T, =

= —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)

Value
Characteristic Symbol Units Conditions Notes
Min. |Max.

Maximum frequency (sinewave input) fvax 60 MHz | Tested as a controller, see Fig. 4 2
Power supply current leo 11 | mA 2
Control input high voltage Vinw | 35 | 10 Vv 2
Control input low voltage Vine 0 |15 Vv 2
Output high voltage (pin 3) Vou 9 Vv Pin 3 via 1:6kQ to+10V 2
Output low voltage (pins 3) VoL 04 Vv Pin 3 via 1-6kQ to+10V 2
Output high voltage (pin 2) Von | 427145 Vv Vee = 5:2V (25°C)

Output low voltage (pin 2) - Vor |328]37 Vv Vee = 5:2V (25°C)

Clock to counter output —ve going delay tomL 25 ns 3
Clock to counter output +ve going delay toLn 40 ns 3
Clock to control output —ve going delay torL 15 ns 10kQ pull-down on control output | 3, 4
Clock to control output +ve going delay toLH 26 ns 10kQ pull-down on control output | 3, 4
Control input to control output —ve going delay toHL 12 ns 10kQ2 pull-down on control output | 3, 4
Control input to control output +ve going delay toLw 16 ns 10kQ2 pull-down on control output | 3, 4

NOTES

1. The test configuration for dynamic testing is shown in Fig.4.
2. Tested at low and high temperatures only.

3. Guaranteed but not tested.
4

. The propagation delays stated are with the device controlling the SP8695, which has internal 10kQpull-down resistors on its PE inputs. These
propagation delays will be reduced when the device is used with the SP8643/47 and SP8740 series of 2-modulus dividers, which have internal

4-3kQ pull-downs. Refer to relevant data sheet/s.

CONTROL INPUT

CLOCKINPUTIllllllll!llllllll

COUNTER OUTPUT (PIN 3) I ( I ( |

CONTROL OUTPUT (PIN 2) I

L]

N.B: IF CONTROL INPUT = ‘1’ THEN CONTROL OUTPUT = ‘1’

Fig. 3 Timing diagram

OPERATING NOTES

1.The device will normally be driven by capacitively coupling
the inputs to the outputs of a 2-modulus divider, as shown in
Figs. 4 and 5. The maximum frequency of the device when
used as a controlleris limited by the internal delays to 60MHz.
However, when used as a +4 prescaler, it will operate at
frequencies in excess of 80MHz, the maximum frequency
being limited by saturation of the output stage.

2. The device is normally driven from very fast edges of a 2-
modulus divider, in which case there is no input slew rate
problem.

3. The control input is TTL/CMOS compatible.

4. The counter output (pin 3) interfaces to TTL/CMOS by the
addition of a pull-up resistor. For interfacing to CMOS, the
output can be connected with a pull-up resistor to a supply
which must not exceed 12V.

5. When used as a controller the device will self-oscillate in the
absence of aninput signal; this can be prevented by connecting
a 47kQ resistor from pin 7 to ground, as shown in Fig. 5.

6. The control output, which includes an internal 16kQ pull-
down resistor, is ECL compatible and will interface directly to
ECL 2-modulus dividers such as the GPS SP8600 and SP8700
series as shown in Figs. 4 and 5.
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fin SIGNAL SOURCE
400mV p-p 300MHz

100n

ST

Vee

5
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CONTROL OUTPUT 16k
2 2
100 100n
8 " g 3 450
SP8790
9 7
|- s
_L =3 100n 3 +
100n CONTROL
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HIGH = +20
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OUTPUT
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Fig. 4 Test circuit

CONTROL OUTPUT
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3 2
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n 100n <
a7k
CONTROL
INPUT
HIGH = +40
LOW = +41
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Fig. 5 Typical interfacing to suppress oscillation with no input signal




GEC PLESSEY

C 5

ADVANCE INFORMATION

DS3676-1-2

SP8794

60MHz+-8 (2-MODULUS EXTENDER)

The SP8794 is a divide-by-eight counter designed for use
with 2-modulus dividers. It increases the minimum division
ratio of the 2-modulus divider while retaining the same difference
in division ratio. The device is suitable for use in low power
frequency synthesis interfacing to CMOS or TTL.

FEATURES
M Very Low Power
M Control Input and Counter Output will Interface Directly

to TTL or CMOS
M Interfaces to GPS SP8000 Series Programmable

CLOCK INPUT

CM8
2-Modulus Dividers Fig. 1 Pin connections - bottom view
QUICK REFERENCE DATA
M Supply Voltage: 5:0V
M Power Consumption: 40mW
M Temperature Range: —55°C to +125°C (A Grade)
—30°C to +70°C (B Grade)
ABSOLUTE MAXIMUM RATINGS ORDERING INFORMATION
Supply voltage 8V SP8794 ACM
Open collector output voltage 12V SP8794 B CM
Storage temperature range —65°Cto +150°C SP8794 AC CM
Max. junction temperature +175°C
Max. clock input voltage 2:5V p-p
Output sink current 10mA
CONTROL
INPUT Vee
P S (|
|
CONTROL |
OUTPUT
| |
| I [ |
D -4 D a |
! werl |
, 5, 81| 8, 5 —sogrmicouiecron
I — ] :
|
L

CLOCK INPUT  CLOCK INPUT

L Y PP
Ve (OV)

NOTE:
NEGATIVE GOING OUTPUT
SHOULD CLOCK FOLLOWING STAGE

Fig. 2 Functional diagram
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SP8794

ELECTRICAL CHARACTERISTICS

Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, Veg = 5V £0-25V, Vge = OV

Temperature, T,,, = —55°C to +125°C (A Grade), —30°C to +70°C (B Grade)

Value
Characteristic Symbol Units Conditions Notes
Min. |Max.

Maximum frequency (sinewave input) fuax 60 MHz | Tested as a controller, see Fig. 4 2
Power supply current lec 11 | mA 2
Control input high voltage Vi | 35| 10 Vv 2
Control input low voltage Vine 0 |15 Vv 2
Qutput high voltage (pin 3) Vou 9 \Y Pin 3 via 1-6kQ to+10V 2
Output low voltage (pins 3) VoL 04 \ Pin 3 via 1-6kQ to+10V 2
Output high voltage (pin 2) Vou |427] 45 Vv Vee = 52V (25°C)

Output low voltage (pin 2) VoL |328]837 \ Ve = 5:2V (25°C)

Clock to counter output —ve going delay tonL 27 ns 3
Clock to counter output +ve going delay toLm 48 ns 3
Clock to control output —ve going delay toHL 15 ns 10kQ pull-down on control output | 3, 4
Clock to control output +ve going delay toLn 26 ns 10kQ pull-down on control output | 3, 4
Control input to control output —ve going delay toHL 12 ns 10kQ pull-down on control output | 3, 4
Control input to control output +ve going delay toLk 16 ns 10k<2 pull-down on control output | 3, 4

NOTES

1. The test configuration for dynamic testing is shown in Fig.4.
2. Tested at low and high temperatures only.

3. Guaranteed but not tested.
4

. The propagation delays stated are with the device controlling the SP8695, which has internal 10kQpull-down resistors on its PEinputs. These
propagation delays will be reduced when the device is used with the SP8643/47 and SP8740 series of 2-modulus dividers, which have internal

4-3kQ2 pull-downs. Refer to relevant data sheet/s.

CONTROL INPUT

CLOCK INPUT |‘]|II| Illllllllllllllllllllll

COUNTER OUTPUT (PIN 3) | ( ( |

CONTROL OUTPUT (PIN 2) J

L

N.B: IF CONTROL INPUT = ‘1’ THEN CONTROL OUTPUT = 1’

Fig. 3 Timing diagram

OPERATING NOTES

1.The device will normally be driven by capacitively coupling
the inputs to the outputs of a 2-modulus divider, as shown in
Figs. 4 and 5. The maximum frequency of the device when
used as a controlleris limited by the internal delays.to 60MHz.
However, when used as a +4 prescaler, it will operate at
frequencies in excess of 120MHz, the maximum frequency
being limited by saturation of the output stage.

2. The device is normally driven from very fast edges of a 2-
modulus divider, in which case there is no input slew rate
problem.

3. The control input is TTL/CMOS compatible.

306

4. The counter output (pin 3) interfaces to TTL/CMOS by the
addition of a pull-up resistor. For interfacing to CMOS, the
output can be connected with a pull-up resistor to a supply
which must not exceed 12V.

5.When used as a controller the device will self-oscillate in the
absence of aninput signal; this can be prevented by connecting
a 47kQ resistor from pin 7 to ground, as shown in Fig. 5.

6. The control output, which includes an internal 16kQ pull-
down resistor, is ECL compatible and will interface directly to
ECL 2-modulus dividers such asthe GPS SP8600 and SP8700
series as shown in Figs. 4 and 5.



SP8794

| <
18

Vee

CONTROL OUTPUT 1.6k

5 2 2
100n 450 100n
8 8 3 OUTPUT
I‘—> TO MONITOR
SCOPE

100n
fin SIGNAL SOURCE 16
abomy p-pacomrz —>—{|—"°{ SPer0 | I SP8794

J1_ 12 100n 3 }
100n CONTROL
INPUT
HIGH = +40

-

LOW = +41
Fig. 4 Test circuit
CONTROL OUTPUT
PE2
1 3 L
—»—]n 1 g 1" cLock g v
! R 3
it |=—> CMOS/TTL OUTPUT
1] 1011 o CLocK 7| SPe7%4
68k
in 100n -
CONTROL
INPUT
HIGH = +80
LOW = +81

Fig. 5 Typical interfacing to suppress oscillation with no input signal
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GEC PLESSEY
. ADVANCE BIFORMATION

SP8801

3.3GHz +-16 FIXED MODULUS DIVIDER

The SP8801 is one of a range of very high speed low power
prescalers for professional and military applications. The
device features a complementary output stage with on chip
current source for the emitter follower outputs.

FEATURES

Very High Speed Operation 3.3GHz

Silicon Technology for low Phase Noise
(Typically better than —150dBc/Hz)
Specified Over the Full Military Temperature
Range DG8
Low Power Dissipation 375mW (typ) - - - -

5V Single Supply Operation Fig. 1 Pin connections top view

High Input Sensitivity

Very Wide Operating Frequency Range

THERMAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS 6ja=150°C/W

Supply voltage Ve 6.5V

Clock Input voltage 2.5V p—p

Storage temperature Range —65°C to +150°C ORDERING INFORMATION

Junction temperature +175°C SP8801/A/DG Military temperature range

SUPPLY

{ :
VCC ~ :
ﬁ :
500 500 '
|
l~7 '

—‘; +Bouteur
+16 i

§:}ouwm
1
INPUT '
]
1
INPUT Q— 2.5mA E
: :
: 6.75mA 2ZmA '
: ]
] 1
1 ]
! I :
b e e e e J

GND

Fig.2 SP8831 Block diagram
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ELECTRICAL CHARACTERISTICS

SP8801

Guaranteed over the temperature range Ty -55°C to +125°C (see note) and supply voltage range 4.75V to 5.25V
Tested at Tymp =-55°C and +125°C, Vg =4.75V and 5.25V.

o X Value "
Characteristic Pin Units Conditions
Min Typ Max

Supply current 1 75 88 mA Vo =5V

Input sensitivity 2,3 RMS sinewave
0.65GHz to 2.8GHz 175 mV measured in 50Q
3.3GHz 400 mV system. see Figs. 3 & 4

Input impedance (series 2,3 50 Q

equivalent) 2 pF

Output Voltage withf;, =650MHz 6,7 .780 1.04 1.30 Vp-p | Vcc=5V

Output Voltage withfi, = 3GHz 6,7 0.95 Vp-p |Vgc=5V load as Fig. 4

NOTE.

Devices must be used with a suitable heatsink to maintain

chip temperature

below 175°C when operating at

Tamp>105°C
500
400 *  Tested as
specified in Table
VIN (mV RMS ‘ of electrical

INTO 50 OHMms) 00 \

200 \

WINDOW

~

characteristics

OPERA{/N/{//////
/

7 4

100
N —

SN———

~

2
FREQUENCY (GHz)

3

Fig.3 Typical input sensitivity
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Fig. 5 Typical input impedance
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GEC PLESSEY
. ADVANCE INFORMATION

SP8802

3.3GHz -2 FIXED MODULUS DIVIDER

The SP8802 is one of a range of very high speed low power
prescalers for professional and military applications. The
device features a complementary output stage with on chip
current source for the emitter follower outputs.

FEATURES
B Very High Speed Operation 3.3GHz
B Silicon Technology for low Phase Noise
(Typically better than —140dBc/Hz at 10kHz)
B Specified Over the Full Military Temperature
Range DG8
B Low Power Dissipation 420mW (typ) o1 P - -
B 5V Single Supply Operation ig. 1 Pin connections top view
B High Input Sensitivity
B Very Wide Operating Frequency Range THERMAL CHARACTERISTICS
6ja = 150°C/W
ABSOLUTE MAXIMUM RATINGS
Supply voltage Vee 6.5V
Clock Input voltage 2.5V p-p ORDERING INFORMATION
Storage temperature Range =65°C to +150°C SP8802/A/DG Military temperature range
Junction temperature +175°C 5962-90661(SMD)
SUPPLY
rersTTTm T e 1TTTEETEEEm T
I vce |
I Vrer(2V) SIZ [I] 1
I 500 500 \
! |
! I
I 71
I -QOUTPUT
68—
(‘OUTPUT
|
%I
|
10mA I

Fig.2 SP8802 Block diagram
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ELECTRICAL CHARACTERISTICS

Guaranteed over the temperature range T,mp -55°C to +125°C (see note) and supply voltage range 4.75V to 5.25V
Tested at Ty, =-55°C and +100°C, Vg =4.75V and 5.25V.

SP8802

Characteristic Pin Value Units Conditions
Min Typ Max

Supply current 1 84 100 mA | Vg = 5V
Input sensitivity 23 RMS sinewave.

0.65GHz to 2.8GHz 175 mV | measured in 50 ohm system.

3.3GHz _ 400 | mV |see Figs3&4
Input impedance (series equivalvent) 23 50 Q

2 pF

Output voltage with fin = 1000MHz 6,7 08 1 Vp-p | Vgc=5V
Output voltage with fin = 3GHz 6,7 0.35 Vp-p | Vgc=5V Load as Fig. 4

NOTE: Devices must be used with a suitable heatsink to maintain chip temperature below 175°C when operating at Ty, > 100°C

b
3
1

7

500 /
400
GUARANTEED * Tested as
specified in
VIN (mV RMS L OPERATING
INTO 50 Q) 300 74 Table of
'WINDOW Electrical
Characteristics
200 \ 74 /
1T = | —
1 2 3 4
FREQUENCY (GHz)
Fig. 3 typical input sensitivity
SIGNAL POWER 0.1p
GENERATOR 50Q | METER FROM
COAXIAL OUTPUT
q SWITCH
/\} 500 a70 ”J: 3p
+5v
v -
A\
I +— 8] OUTPUTLOAD FOR
1n AMPLITUDE MEASUREMENT
H 2 71— ramo
5P8g02 COUNTER
gt
e
0.1 4 5

Fig. 4 Test circuit
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GEC PLESSEY
./ ADVANCE INFORMATION

SP8803

3.3GHz --32 FIXED MODULUS DIVIDER

The SP8803 is one of a range of very high speed low power
prescalers for professional and military applications. The
device features a complementary output stage with on chip
current source for the emitter follower outputs.

FEATURES

M Very High Speed Operation 3.3GHz

W Silicon Technology for low Phase Noise
(Typically better than —150dBc/Hz at 10kHz)

M Specified Over the Full Military Temperature
Range DGS
M Low Power Dissipation 330mW (typ) . - . -
M 5V Single Supply Operation Fig. 1 Pin connections top view
M High Input Sensitivity
M Very Wide Operating Frequency Range
THERMAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS 6ja = 150°C/W

Supply voltage Ve 6.5V

Clock Input voltage 2.5V pp

Storage temperature Range ~ —65°C to +150°C ORDERING INFORMATION

Junction temperature +175°C SP8803/A/DG Military temperature range

SUPPLY

¥\

INPUT

INPUT

Fig.2 SP8803 Block diagram
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SP8803

ELECTRICAL CHARACTERISTICS

Guaranteed over the temperature range Tamp -55°C to +125°C (see note) and supply voltage range 4.75V to 5.25V
Tested at T, =-55°C and +125°C, Vg =4.75V and 5.25V.

Value 3 »
Characteristic Pin Units Conditions
Min Typ Max

Supply current 1 78 90 mA Veg =5V

Input sensitivity 2,3 RMS sinewave
0.65GHz to 2.8GHz 175 mV measured in 50Q
3.3GHz 400 mV system. see Figs. 3 & 4

Imput impedance (series 2,3 50 Q

equivalent) 2 pF

Output Voltage withf;,, = 650MHz 6,7 .815 1.09 1.36 Vp-p |Vec=5V

Output Voltage withf;, =3GHz 6,7 1.03 Vp-p |Vec=5V load as Fig. 4

NOTE.

Devices must be used with a suitable heatsink to maintain

chip temperature

below 175°C when operating at

Tamp>105°C

500

400

* Tested as
ified in Tabl

VIN (mV RMS 300 ‘ OPERATING (S)?Ztl:égrcilcgnl able
INTO 50 OHMS) \ WINDOW /! characteriatics

200 \ 7,

100 /]

1 2 3 4
FREQUENCY (GHz)
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Fig.3 Typical input sensitivity
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Fig. 5 Typical input impedance
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GEC PLESSEY
v conpucrons]

ADVANCE INFORMATION

D.S.21125.0

SP8804

3.3GHz -4 FIXED MODULUS DIVIDER

< TY TP N P Ans: 4004 Denfnon

imsmnd Dunalssmba 1 Lo Ao~

(oupclac'uva IVId..y 1931 I'IUIUbeUIIﬂI riouaucts 1.v. nanuuou 7

The SP8804 is one of a range of very high speed low power
prescalers for professional and military applications. The
device features a complementary output stage with on chip
current source for the emitter follower outputs.

FEATURES

Very High Speed Operation 3.3GHz

Silicon Technology for low Phase Noise
(Typically better than —140dBc/Hz at 10kHz)
Specified Over the Full Military Temperature
Range

Low Power Dissipation 370mW (typ)

5V Single Supply Operation

High Input Sensitivity

Very Wide Operating Frequency Range

ABSOLUTE MAXIMUM RATINGS

Supply voltage Ve . 6.5V
Clock Input voltage 2.5V p—p
Storage temperature Range —65°C to +150°C
Junction temperature +175°C

NC
OUTPUT

GND

DG8

Fig. 1 Pin connections top view

THERMAL CHARACTERISTICS
Bja = 150°C/W

ORDERING INFORMATION
SP8804/A/DG Military temperature range
SP8804/AC/DG Military (MIL STD 883C) class B
compliant. (Contact GPS for DATA Sheet)

OUTPUT

68—
OUTPUT

Fig.2 SP8804 Block diagram
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SP8804

ELECTRICAL CHARACTERISTICS

Guaranteed over the temperature range Tamp -55°C to +125°C (see note) and supply voltage range 4.75V to 5.25V
Tested at T,y =-55°C and +105°C, Vg =4.75V and 5.25V.

Value
Characteristic Pin 2 Units Conditions
Min Typ Max

Supply current 1 74 90 mA |Vge = 5V
Input sensitivity 23 RMS sinewave.

0-65(’_:‘('5_'“2 to 2.8GHz 175 mV | measured in 50 ohm system.

3.3GHz 400 mV | see Figs.384
Input impedance (series equivalvent) 2,3 50 Q

2 pF

Output voltage with fin =1000MHz 6,7 08 1 Vp-p | Vec=5V
Output voltage with fin =3GHz 6,7 0.25 Vp-p | Voc=5V Load as Fig. 4
NOTE

Devices must be used with a suitable heatsink to maintain chip temperature below 175°C when operating at Tayg >105°C

) s

‘ GUARANTEED * / * Tested as
300 OPERATING specified in
VIN ( mV RMS WINDOW Table of
INTO 50 Q) Electrical
Characteristics

T /

100 = \_/_\

1 2 3 a
FREQUENCY (GHz)

Fig. 3 typical input sensitivity

SIGNAL 50 POWER
METER
GENERATOR FROM

COAXIAL OUTPUT

SWITCH
(\} 500 410 3p
Ev

0.1p

e

Ny
I 1 1 8|l OUTPUT LOAD FOR
"m iB b RATIO AMPLITUDE MEASUREMENT
SP88oa COUNTER
3 i
e
== a 5

0.1p T“E
' 7377

Fig. 4 Test circuit
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GECPLESSEY
. ADVANCE INFORMATION

D.S.21135.0
3.3GHz + 8 FIXED MODULUS DIVIDER
(Supersedes May 1991 Professional Products I.C. Handbook)

The SP8808 is one of a range of very high speed low power
prescalers for professional and military applications. The
device features a complementary output stage with on chip
current source for the emitter follower outputs.

NC
FEATURES ouTPUT
B Very High Speed Operation 3.3GHz DUTPUT
H Silicon Technology for low Phase Noise GND
(Typically better than —140dBc/Hz at 10kHz)
B Specified Over the Full Military Temperature
Range DG8
B Low Power Dissipation 345mW (typ) 5 - - -
M 5V Single Supply Operation ig. 1 Pin connections top view
B High Input Sensitivity
H Very Wide Operating Frequency Range THERMAL CHARACTERISTICS
6ja = 150°C/W

ABSOLUTE MAXIMUM RATINGS

Supply voltage Vg 6.5V ORDERING INFORMATION

Clock Input voltage 2.5V p-p SP8808/A/DG Military temperature range

Storage temperature Range —65°C to +150°C SP8808/AC/DG Military (MIL STD 883C) class B

Junction temperature +175°C compliant. (Contact GPS for DATA Sheet)

SUPPLY

|
| S
—K L
.8 J -G OUTPUT
l/] sciourpm

6.75mA 2mA

Fig.2 SP8808 Block diagram
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ELECTRICAL CHARACTERISTICS

SP8808

Guaranteed over the temperature range T,mp -55°C to +125°C (see note) and supply voltage range 4.75V to 5.25V
Tested at Ty, = +110°C and +125°C, Vg =4.75V and 5.25V.

Val
Characteristic Pin e Units Conditions
Min Typ Max
Supply current 1 69 85 mA | Vge = 5V
Input sensitivity 2,3 RMS sinewave.
g-ggﬁ“z to 2.8GHz 175 mV | measured in 50 ohm system.
-Gz 400 mV | see Figs.384

Input impedance (series equivalvent) 23 50 Q

2 pF
Output voltage with fin = 1000MHz 6,7 0.8 1 Vp-p | Vec=5V
Output voltage with fin = 3GHz 6,7 04 Vp-p | Vcc=5V Load as Fig 4

NOTE

Devices must be used with a suitable heatsink to maintain chip temperature below 175°C when operating at Tayg >110°C

500 /
400 * Tested as
( \ GUARANTEED * ‘sr';:f:i;d in
VIN (mV RMS
OPERATING )
INTO 50 OHms) 390 ADOW Electrical
Characteristics
200 \ /
100 /
1 2 a
Fig. 3 typical input sensitivity
POWER
SIGNAL 50 METER 0.1p
GENERATOR FROM
7" coaxiaL ouThOT
SWITCH
/\/ 500 470 3p
— v
N\
771,,' +— 8]l OUTPUTLOADFOR
1 AMPLITUDE MEASUREME
“ — 1 ramo
5p8gos COUNTER
!
ol ‘,'1 (s 5

Fig. 4 Test circuit
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ADVANCE INFORMATION

SP8830

1:5GHz+10 PRESCALER

The SP8830is one of a range of very high speed low power
prescalers for professional and military applications. The device
features a complementary output stage with on chip current
sources for the emitter follower outputs.

FEATURES
M Very High Speed Operation 1-5GHz

M Silicon Technology for Low Phase Noise (Typically
Better Than —140dBc / Hz at 10kHz)

M Very Low Power Dissipation: 150mW (Typ.)

M Single 5V Supply Operation

I High Input Sensitivity

M Very Wide Operating Frequency Range

B Temperature Range: —55°C to +125°C (A Grade)
—40°C to +85°C (B Grade)

ABSOLUTE MAXIMUM RATINGS

DS3690-1-2
N4
vee [t s|] ne
INPUT [J2 o pocay 7]] oUTPUT
INPUT [|s s[] ouPuT
ne [Js s1] anp
DG8

Fig. 1 Pin connections - top view

ORDERING INFORMATION

Supply voltage, Ve 65V SP8830 A DG
Clock input voltage 2:5V p-p SP8830 B DG
Storage temperature range —65°C to +150°C SP8830 AC DG
Junction temperature +175°C
15 Vee
1k = 2k
+—0 ouTPUT
86 GUTRUT
NS | 88
> +2 +5
> -
INPUT 02 k\_’_uj_’
iNPUT 0

0-8mA

(DA

5
O GND

Fig. 2 SP8830 block diagram
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SP8830

ELECTRICAL CHARACTERISTICS
Unless otherwise stated, the Electrical Characteristics are guaranteed over specified supply, frequency and temperature range

Supply voltage, Vgc = 4:75V to 5:25V )
Temperature, T,,,, = —55°C to +125°C (A Grade), —40°C to +85°C (B Grade)

Value
Characteristic Pin Units Conditions
Min. | Typ. | Max.
Supply current, log 1 40 50 mA
Input sensitivity, 100MHz to 1500MHz | 2,3 100 mvV RMS sinewave, measured in 50Q
system. See Figs 3 and 4.
Input impedance (series equivalent) 2,3 50 Q See Fig. 5
2 pF
Output voltage with fiy = 100MHz 67| o7 1 Vp-p
Output voltage with fy = 1500MHz 6,7 04 Vp-p

| l |

NN

\. ! *Tostedas specified

in table of Electrical
Characteristics

UARANTEED *

G OPERATING
2 150 WINDOW
(2]
=
-4
>
E 100 T
= [}
> 1
| /
' /
50 l‘
X /
|
B e, S R,
|
100 500 1000 1500 2000

FREQUENCY (MHz)

Fig. 3 Typical input sensitivity
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SP8830

R O R R ]
POWER ' FROM ]
, METER 1 outeur T3¢ 1
! 11] ]
SIGNAL GENERATOR ' ® _]_3 !
P ]
7 ']:COAXIAL
SWITCH E] soQ : l !
50Q ' |
/\/ L +5V 17777 ! Output load for ]
s - : amplitude measurements :
—} of] o CTTTTTETEEETETET
in
—"—-—i 2 1 RATIO
SP8830 COUNTER
L
01y == _l_1n O 5

i

Fig. 4 Test circuit

Fig. 5 Typical input impedance, normalised to 50Q
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GEC PLESSEY
. : ADVANCE INFORMATION

'SP8831

3.5GHz +-16 FIXED MODULUS DIVIDER

The SP8831 is one of a range of very high speed low power
prescalers for professional and military applications. The
device features a complementary output stage with on chip
current source for the emitter follower outputs.

FEATURES

M Very High Speed Operation 3.5GHz

B Silicon Technology for low Phase Noise
(Typically better than —150dBc/Hz at 10kHz)

B Specified Over the Full Military Temperature
Range DGS

B Low Power Dissipation 375mW (typ) - . - .

B 5V Single Supply Operation Fig. 1 Pin connections top view

B High Input Sensitivity

M Very Wide Operating Frequency Range

THERMAL CHARACTERISTICS

ABSOLUTE MAXIMUM RATINGS 6ja=150°C/W

Supply voltage Vgc 6.5V

Clock Input voltage 2.5V p-p

Storage temperature Range ~ —65°C to +150°C ORDERING INFORMATION

Junction temperature +175°C SP8831/B/DG Military temperature range

______________________________________ Y e e

i 1 B
i vee :
i Vier(2V) S Z ]
! 500 500 !
: | I
| I Lol
1
! L 4 outeut
:
!
)
1

INPUT

INPUT

___....-___-______--if‘_-
o)
C
=
b
C
=

R aiaatate ~

Fig.2 SP8831 Block diagram
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SP8831

ELECTRICAL CHARACTERISTICS

Guaranteed over the temperature range Ty, -40°C to +85°C and supply voltage range VCC =4.75V to 5.25V
Tested at T,y =-40°C and +85°C, Vg =4.75V and 5.25V.

Val
Characteristic Pin aue Units Conditions
Min . Typ Max
Supply current 1 75 88 mA Voo=58V
Input sensitivity 2,3 RMS sinewave
0.65GHz to 3.0GHz 175 mV measured in 50Q
3.5GHz 500 mV system. see Figs. 3 & 4
Input impedance (series 2,3 50 Q
equivalent) 2 pF.
Output Voltage withf;, = 650MHz 6,7 .780 1.04 1.30 Vp-p |Vec=5V
Output Voltage withf;, = 3GHz 6,7 0.95 . Vp-p i Ve =5V load as Fig. 4
500
400
W " Tested as
specified in Table
VIN (mV RMS OPERATING ical
300 of electrica
INTO 50 OHMS) \ WINDOW characteristics
200 4
100 \ / /

1 2 3 4
FREQUENCY (GHz)

Fig.3 Typical input sensitivity
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SP8831
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Fig. 5 Typical input impedance
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GEC PLESSEY
. ADVANCE INFORMATION

SP8833

3.5GHz +-16 FIXED MODULUS DIVIDER

The SP8831 is one of a range of very high speed low power
prescalers for professional and military applications. The
device features a complementary output stage with on chip
current source for the emitter follower outputs.

FEATURES

Very High Speed Operation 3.5GHz

Silicon Technology for low Phase Noise
(Typically better than —150dBc/Hz at 10kHz)
Specified Over the Full Military Temperature
Range DGS
Low Power Dissipation 375mW (typ) - - - -

5V Single Supply Operation Fig. 1 Pin connections top view

High Input Sensitivity

Very Wide Operating Frequency Range

THERMAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS 6ja =150°C/W

Supply voltage Voo 6.5V
Clock Input voltage 2.5V

pP-p .
Storage temperature Range ~ —65°C to +150°C ORDERING INFORMATION
Junction temperature +175°C SP8833/B/DG Military temperature range

SUPPLY

1

vce H

1

Vaer(2V) SIZ 500 500 i
:

]

]

)

INPUT

INPUT

pmm—m—————— ==
w
\
-
—
—
N
w
3

Fig.2 SP8833 Block diagram
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ELECTRICAL CHARACTERISTICS

SP8833

Guaranteed over the temperature range Tomp -40°C to +85°C and supply voltage range VCC =4.75V to 5.25V
Tested at T,,, =-40°C and +85°C, V=475V and-5.25V.

o . Value . -
Characteristic Pin - Units Conditions
Min Typ Max
Supply current 1 78 90 mA Veo=5V
Input sensitivity 2,3 RMS sinewave
0.65GHz to 3.0GHz 175 mV measured in 50Q
3.5GHz 500 mV system. see Figs. 3 & 4
Input impedance (series 2,3 50 Q
equivalent) 2 pF
Output Voltage withf;, = 650MHz 6,7 .780 1.04 1.30 Vp-p |Vec=5V
Output Voltage withf;, =3GHz 6,7 0.95 Vp-p | Voc=5V load as Fig. 4
500
400
/ * Tested as
specified in Table
VIN (mV RMS OPERATING of electrical
INTO 50 OHMs) 300 \ WINDOW characteristics
200
100 \ /
1 2 3 4

FREQUENCY (GHz)

Fig.3 Typical input sensitivity

333



SP8833

POWER
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GENERATOR
7" coaxiaL OFS%%
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- I
l 4 1 N4 8
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3 1]
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Fig.4 Test circuit

Fig. 5 Typical input impedance
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The care and feeding of High Speed Dividers

AN178

Circuit design and layout for high speed dividers operating at frequencies up to 5GHz owe much more to analog RF design
techniques than normal digital ones and the limitations on flexibility and component choice inherent in UHF RF design

are of paramount importance in successful designs.

PRACTICAL DESIGN CONSIDERATIONS

High speed divider applications require the printed circuit
boards to be mechanically designed with two considerations in
mind:

(1) Electrical performance
(2) Mechanical and thermal performance.

These two considerations are inter-related; for example,
the use of 1/16 inch thick fibreglass PC board may be desirable
mechanically, but a 50Q stripline on this thickness of board is
about 5/32 inch wide, and is thus too wide to pass between the
pins of an IC.

Most of the heat conducted from a dual-in-line IC package
is removed from the bottom of the package. Less than 10 % is
conducted out by the leads, and because of the cavity between
the chip and lid, relatively little through the top of the package.

For this reason, the use of a double-layer-PC board layout
is recommended, with aground plane top surface. Where 1/32
inch thick material is used, a top surface ground plane will add
substantially to the heat dissipation capabilities of the board

For use at very high frequencies, consideration must be
given to the type of component used. Carbon composition
resistors are more resistive at high frequencies than either
carbon or metal film types, and are available in very small
sizes. Bypass capacitors need to be chosen carefully if they
areto act as low impedances, as series inductance leads to an
increasingimpedance with frequency above the series resonant
frequency of the device. As a guide, a 1000pF disc ceramic
capacitor with 1/4 inch leads will be self resonant at about
75MHz, and will appear as an inductive impedance of about
22Q at 800MHz. The use of chip capacitors is recommended
above 500MHz, although leaded monolithicceramic capacitors
with suitably short leads are often acceptable.

The use of a ground plane for RF decoupling purposes is
often recommended, and can be helpful. However, the danger
is that the ground current paths in the plane are not defined
very well, and because of this lack of definition, the ground
plane can cause unsatisfactory operation. Probably the best
method is to return all the bypass capacitors to a single point
(as in Fig 1) and return this point to the ground plane.

Also note that in Fig.1 the output load resistors have their

BIAS DECOUPLING PIN
INPUT
PLATED THROUGH
-~ HOLE TO
GROUND PLANE

VeE

v
cc AL

ECL OUTPUT
RL = LOAD RESISTOR, LCC = LEADLESS CHIP CAPACITOR

Fig.1 single point grounding

grounded ends connected together and acommon return used
Because the currents in the resistors are in antiphase,
cancellation of the inductive effects taken place, and the path

followed by the relatively large output currents is controlled.

Defining the ground current path is more important in
applications like frequency synthesis, where a relatively large
part of the system may be on one PCB.

Itis wellknown that the effect of mismatching atransmission
line isto cause variations inthe voltage along the line. Standard
practice at GEC Plessey Semiconductors has been to use a
5:1 attenuator manufactured from ‘microdot’ resistors as an
attenuator feeding a 50Q sampling oscilloscope or a power
meter. Although a high VSWR will exist on the line from the
generator to the test fixture, the theory is that the line from the
power meter to the attenuator will be a matched line, and so the
power measured is 14dB lower than the power at the device
input pin. This method has been proved very successful, even
if simple, and offers some advantages over the use of hybrids
or directional couplers.

The use of a matched 50Q system can help, and using
microstrip techniques, a track with a defined impedance is
reasonably practical. The impedance of a microstrip line is
given by:

Zo =377 (L/w) (1/er)
Where L = dielectric thickness, w = width of track and eris the
relative permeability of the board material.
Some correction factors have to be applied, and typically, on
1/16 inch glass fibre epoxy board, the following sizes provide
a guide to track width

100Q- 1Tmm

76Q - 2mm

80Q2 - 4mm

These impedances rely onthe ground plane onthe obverse
of the board being complete, and where boards are wave
soldered, it may be necessary to make arrangements to
prevent blistering.

1000
800
= /
Z 600 }— GUARANTEED OPERATING
g WINDOW
/ /
2 400 \\ - /
A i

200 400 600 800 1000
FREQUENCY (MHz)

Fig.2 Example of input sensitivity curves

The input level of a divider should be maintained within the
guaranteed operating window shown on its data sheet (Fig.2).
Excessive inputcanvary inits effects, from causing permanent
damage to miscounting, especially when cold. Running the
device at too low a level can cause problems, even though the
level is within the ‘typical’ performance line of the device An
ECL output signal on pin 6 of the device in Fig.3 can couple
60mV of signal to the input shown on Fig.2 at 500MHz. Such
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a level of coupling can lead to divider jitter if the input signal is -

low, and it becomes very necessary to keep the inputs and
outputs well separated at the higher frequencies. This includes
ECL lines to modulus control pins on two modulus dividers.

SP8000 SERIES
HIGH SPEED DIVIDER

Fig.3 Coupling between parallel tracks

Most dividers are edge triggered, and although they are
specified over afrequency range with sine wave input, they will
operate to lower frequencies provided a suitably high slew rate
is provided on the input signal. This is generally of the order of
100 to 200 volts/microsecond. This should be achieved by
shaping of the input signal, for example by limiting rather than
by overdriving the device.

The outputs of devices may be of the following forms:

(1) ECL

(2) Open collector TTL

(3)TTL

(4) CMOS

Of these, the ECL output is well defined; some devices require
external load resistors and the data sheet should be consulted.
Where these external resistors are required, suitable
interconnection techniques should be used between them and
the device; the resistors should be carefully chosen for their
non-inductive properties when output frequencies are very
high. Where an ECL output divider drives another divider it is
bestto ACcouple, since few dividers are strictly ECL compatible
on their inputs.

Open collector TTL outputs are relatively slow. Although
the negative edge is limited in speed by the turn-on time of the
output transistor, the rising edge is limited by the external load
resistor and capacitance to ground. In practice this means that
short narrow tracks are required to the following device, and a
minimum fan-in’ load provided. in addition, open collector TTL
should not be used above about 10MHz output frequency.

True TTL outputs are not so limited, because of the active
pull-up. Nevertheless, the use of such outputs at frequencies
above about 25-30MHz is not recommended, especially into
capactive loads. Loads of more than 30pF should notbe driven
faster than about 15MHz. Note that the current drawn by true
TTL outputs increases with increasing load capacitance.

CMOS outputs are, on the face of it, TTL-compatible.
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However, investigation will show that the outputs are not
guaranteed to meet TTL levels at TTL currents and it is not
recommended that CMOS output devices be used to directly
drive TTL. Where an interface of this sort is required, an active
transistor interface should be used.

Fig.4 shows a circuit for an ECL-TTL interface, using a line
receiver. Simple circuits using one or two transistors cannot be
guaranteed to work over all the tolerances of ECL output
voltages and temperature ranges.

Interfacing to dividers is not difficult if afew simple rules are
obeyed. These are:

(1) Observetheinputrequirements - guaranteed input operating
area, and slew rate.

(2) Do not use open collector outputs above 10MHz.

(3) Do not use CMOS outputs to drive TTL.

(4) Use a sensible layout with good components, and sensible
values - 0.1 microfarad ceramic capacitors are NOT
bypasses at 1.5GHz.

Treating dividers as RF linear devices is probably the best
way to ensure successful applications at high frequencies.
There is no magic in HF design, only intelligent Iayout and
sensible component choice.

Impedance Matching

o) R
VIDE LAT10C COMPARATOR OR

HATS5107TA LINE RECEIVER

-5.0

Fig.4 ECUTTL interface

The use of microstrip techniques has been mentioned
already. However, in itself this will not produce a matched
network and various possibilities exist to improve the matching
atthe input of a device. These include Tchebycheff impedance
transforming networks, narrow band ‘L’ matching networks,
and at high enough frequencies, the use of transmission lines.
Wideband matching is often difficult, and attempts should be
made to use networks that have the lowest possible working Q.
This is for two reasons: firstly a high Q network will not only be
narrow band, but will have the capability of increasing the
losses, and secondly, a low Q network is generally more
tolerant of component variations.

The greater losses in high Q circuits occur because of the
greater circulating current: the loss power is IR, so that if the
Qis doubled with all else constant, the power loss is increased
by 4 times.

The easiest method of d

is by means of the Smith Chart

etermining matching components
elermining mattning componenis

THE SMITH CHART

The inputimpedance of SP8000-series high speed dividers
varies as a function of frequency and is therefore specified on
the datasheets by means of Smith Charts. The following
information is included in this handbook as a guide to their
interpretation and use.



Construction of the chart

The chart is constructed with two sets of circles, one set
comprising circles of CONSTANT RESISTANCE (Fig. 5) and
the other circles of CONSTANT REACTANCE (Fig. 6). The
values on these circles are normalised to the characteristic
impedances of the system by dividing the actual value of
resistance or reactance by the characteristicimpedance e.g. in
a50Q system, a resistance of 100Q is normalised to a value of
2.0.

By combining Figs. 5 and 6 to form Fig. 7, a chart is
produced in which any normalised impedance has a unique
position on the chart, and the variation of this impedance with
frequency or other parameters may be plotted.

Fig.5 Constant resistance circles

AN178

Afurther series of circles may be plotted on the chart: these
are circles of constant VSWR, and represent the degree of
mismatch in a system. The VSWR is the ratio of the device
impedance to the characteristic impedance, and is always
expressed as aratio greater than 1:thus a25Q device ina50Q
system gives rise to a 2:1-'VSWR. These circles of constant
VSWR have been added in Fig. 7.

Any point can be represented on the Smith Chart: for
example an impedance of 150-75Q can be represented by a
normalised impedance (in a 50Q system) of 3-j1.5 and this
point is plotted in Fig. 7 as point A.

.o

ToE SUSCEPTANCE
g
(i

Fig.6 Constant reactance cirles

Fig.7 The complete chart
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Network calculations

The main application for Smith Charts with integrated
circuits is in the design of matching networks. Although these
can be calculated by use of the series to parallel (and vice-
versa) transforms, followed by the application of Kirchoff's
Laws, the method can be laborious. Although the Smith Chart
as a graphical method cannot necessarily compete in terms of
overall accuracy, it is nevertheless more than adequate for the

PP S 1 P [T oomm dle s svpmsa (b avaad
uy

majority O plubienls, espuuiauy when the sivors inherent in
practical components are taken into account.

Any impedance can be represented at afixed frequency by
a shunt conductance and susceptance (impedances as series
reactance and resistance in this context). By transferring a
point on the Smith Chart to a point at the same diameter but
180° away, this transformation is automatically made (see Fig.
8) where A and B are the series and parallel equivalents.

It is often easier to change a series RC network to its
equivalent parallel network for calculation purposes. This is
because as a parallel network of admittances, a shunt
admittance can be directly added, rather than the tortuous
calculations necessary if the series form is used. Similar
arguments apply to parallel networks, so in general it is best to
deal with admittances for shunt components and reactances
for series components.

Admittances and impedances can be easily added on the
Smith Chart (see Fig. 9) Where a series inductance is to be
added to an admittance (i.e parallel R and C), the admittance
should be turned into a series impedance by the method
outlined above and in Fig 8. The series inductance can thenbe
added as in Fig. 9 (see also Fig. 10).

Point A is the starting admittance consisting of a shunt
capacitance and resistance The equivalent capacitive
impedance is shown at point B. The addition of a series
inductor moves the impedance to point C. The value of this
inductor is defined by the length of the arc BC, and in Fig. 10
is -j0.5 to f0.43 i.e. a total of f0.93. This reactance must of
course be denormalised before evaluation. Point C represents
an inductive impedance which is equivalent to the admittance
shown at Point D. The addition of shunt reactance moves the
input admittance to the centre of the chart, and has a value of
j2.0 Point D should be chosen such that it lies on unity
impedance/conductance circle: thus a locus of points for point
C exists.

This procedure allows for design of the matching atany one
frequency. Wide band matching is more difficult and other
techniques are needed. Of these, one of the most powerful is
to absorb the reactance into a low pass filter form of ladder
network: if the values are suitably chosen, the resulting input
impedance is dependent upon the reflection coefficient of the
filter.

At frequencies above about 400MHz, it becomes practical
to use sections of transmission line to provide the necessary
reactances, and reference to one of the standard works on the
subject is recommended.
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PHASE NOISE AND DIVIDERS

Phase noise is becoming increasingly importantin systems
and it is necessary to minimise its effects. First, however,
phase noise must be defined.

A spectrally pure signal of a given frequencywould appear
on a perfect spectrum analyser display as a single straight line
asinFig 11. Ifthe signal is frequency modulated with adiscrete

modulation frequency, the result will be a comb of frequencies
as in Fig.12, while modulation with noise will produce an output
spectrum as in Fig.13. Note that the noise density decreases
as the offset from the carrier increases. This effect is the result
of the effectively lower modulation index m. In the case of a
Voltage Controlled Oscillator modulated by white noise, a
similar effect will be seen, because for a given deviation f, the
modulationindex m, (= 1/mod)isgreaterforlower frequencies
than for higher frequencies. Thus the number of sidebands is
greater for lower frequencies, and the noise spectral density
increases as the carrier is approached.

The causes of phase noise in dividers are not well
understood, but the effects of internal noise on the switching
point of the various flip-flops cannot be ignored The 1/f noise

AMPLITUDE

Fig.11 Spectrally pure signal

AMPLITUDE

will obviously inter-relate to the phase noise if this is so, and it
is interesting to note that various measurements of Gallium
Arsenide dividers suggest performances 20 to 30dB worse
than for ECL dividers. Rohde (ref.4) suggests that TTL and
CMOS are much betterthan ECL, although little work has been
published in this field, possibly because of the measurement
difficulties.

irating nature of ECL thefactthatthe alata

IH(:‘HUH bdlUIdllllglldlUleUl clL, ineiactine itheiransisiors
are designed and processed for high speed rather than low
noise, and the smaller signal swings than TTL or CMOS, lead
intuitively to the conclusion that ECL should be worse than
either of these other two logic families. This appears to be the
case, while the high 1/f noise knee of Gallium Arsenide devices
leads to the high relatively close in phase noise.

Devices with slow output edges, such as open collector
TTL output stages may also be expected to be worse, which is
again born out in practice.

Minimisation of phase noise requires the use of well filtered
supplies, correct input levels and minimisation of noise in level
changing circuitry.

AMPLITUDE

t'll‘ §

Fig.12 Spectrally pure signal, frequency modulated
with single tone

Fig. 13 Spectrally pure signal, frequency modulated by noise
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Intermodulation, Phase Noise and Dynamic Range mm2t2t2

The radio receiver operates in a non-benign environment. It needs to pick out a very weak wanted signal from a
background of noise at the same time as it rejects a large number to much stronger unwanted signals. These may be
present either fortuitously as in the case of the overcrowded radio spectrum, or because of deliberate action, as inthe case
of Electronic Warfare. In either case, the use of suitable devices may considerably influence the job of the equipment
designer.

Dynamic range is a ‘catch all' term, applied to limitations of intermodulation or phase noise: it has many definitions
depending upon the application. Firstly, however, it is advisable to define those terms which limit the dynamic range of

areceiver.

INTERMODULATION

This is described as the ‘result of a non linear transfer
characteristic’. The mathematics have been exhaustively
treated and Ref.1 is recommended to those interested.

The effects of intermodulation are similarto those produced
by mixing and harmonic production, in so far as the application
of two signals of frequencies f1 and f2 produce outputs of 2f2 -
f12f1 - f2, 2f1, 2f2etc. The levels of these signals are dependent

Amplitude

upon the actual transfer function of the device and thus vary
with device type. For example a truly square law device such
as aperfect FET, produces no third order products (2f2 - f1, 21
- f2). Intermodulation products are additional to the harmonics
2f1, 2fz, 3f1, 3f2 etc. Fig.1 shows intermodulation products
diagrammatically.

2f1-12 f———
2f2-11 [———

411-312 [—

3f1-2f2 [r——
312-21 —
412-311 [r— :

The effects of intermodulation are to produce unwanted
signals and these degrade the effective signal to noise ratio of
the wanted signal. Consider firstly the discrete case of a weak
wanted signal on 7.010MHz and two large unwanted signals
on 7.020 and 7.030MHz. Athird order product (2x 7.02 - 7.03)
falls on the wanted signal, and may completely drown it out.
Fig.2 shows the total HF spectrum from 1.5 to 41.5MHz and
Fig.3 shows the integrated power at the front end of a receiver
tuned to 7MHz. It may be seen that just as white light is made

REF -20dBm
10dB/0DIV t l
: [
g e
1.5MHz 41.0MHz
Fig. 2

Frequency 2f 2f2

fr+f2

Fig. 1 Intermodulation Products

up from all the colours of the spectrum, so the total power
produced by so many signals approximates to a large wide
band noise signal. Now, it has already been shown that two
signals, f1 and f2, produce third order intermodulation products
of 2f1 - f2 and 2f2 - f1. The signals will produce third order
products somewhat greater in number,viz: 2f1 - f2, 2f1 - f3, 2f2 -
f1,2f2- f3, 2f1 - f3, and 2fs- f. Anincrease inthe number of input
signals will multiply greatly the effects of intermodulation, and
will manifest as a rise in the noise floor of the receiver.

REF.20dBm

' N

10dB/DWV

6.5MHz 7.5MHz

Fig. 3
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The amplitude relationships ofthe third orderintermodulation
products and the fundamental tones may be derived from
Ref.1, where it is shown that the intermodulation product
amplitude is proportional to the cube of the input signal level.
Thus an increase of 3dB in input level will produce an increase

Output Power dBm

of 9dB in the levels of the intermodulation products. Fig.4
shows this in graphic form, and the point where the graphs of
fundamental power and intermodulation power cross is the
Third Order Intercept Point.

THIRD ORDER

1l
INTERCEPT POINT/

PRACTICAL CASE
WITH GAIN COMPRESSION

PRACTICAL
CASE

WITH GAIN

COMPRESSION

Input Power dBm

Fig. 4 3rd order intercept

The third order intercept point is, however, a purely
theoretical concept. This is because the worst possible
intermodulation ratio is 13dB (Ref.2), so that in fact the two
graphs nevercross. In addition, the finite output power capability
of the device leads to Gain Compression.

Thus, it is apparent that the intermodulation produced
noise floor in a receiver is related to the intercept point. Figs.5,
6 and 7 show the noise floor produced by various intercept
points, in a receiver fed from an antenna - a realistic test! Fig.5
shows that a large number of signals are below the noise floor
and are thus lost; this represents a 0dBm intercept point. Fig.7
shows a +20dBm intercept noise floor, and it is obvious that
many more signals may be received.
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Fig. 5
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Because of the rate at which intermodulation products
increase with input level (3dB on the intermodulation products
for 1dB on the fundamental), the addition of an attenuator atthe
front end can improve the signal to noise ratio, as an increase
in attenuation of 3dB will reduce the wanted signal by 3dB, but
the intermodulation will decrease by 9dB. However, it is a fair
commentthat aerial attenuators are an admission of defeat, as
suitable design does not require them!

The concept of dynamic range is often used whendiscussing
intermodulation. Fig.8 shows total receiver dynamic range,

which ig dofinad as the snuricus Free Dvnamic Ranae
WNRICH IS gelined as ine spuricus rree vynamic mange.

Obviously an intermodulation product lying below the receiver
noise floor may be ignored. Thus the usable dynamic range is
that input range between the noise floor and the input level at
which the intermodulation product reaches the noise floor. In
fact

DR = —;(Ia-NF) . (1)
Where DR is the dynamic range in dB

la is the intermodulation input intercept point in dBm
NF is the noise floor in dBm.

Note thatin any particular receiver, the noise floor is related
to the bandwidth; dynamic range is similarly so related.

INTERMODULATION LIMITED
DYNAMIC RANGE

PHASE NOISE LIMITED
~—— DYNAMIC RANGE ——=

Rx NOISE FLOOR

/ 1

Fig. 8

HF receivers will often require input intercept points of
+20dBm or more. The usable noise factor of HF receivers is

narmally 104240 avaantinnally 7 ar QdR mav ha raauirad
nofmany 1v-i12Go! eXCepilidtnainy 7/ OF oGO May S 7equiicd

when small whip antennas are used. An SSB bandwidth would
have adynamic range from (1) of 1 05.3dB. The same receiver
with a 100Hz CW bandwidth would have a dynamic range of
114.6dB and thus dynamic range is quite often a confusing and
imprecise term.

Appendix A defines a quantitive method of Intermodulation
Noise Floor assessment, developed later than the data in
Figs.5t0 7.

VHF receivers require noise figures of 1 or 2dB for most
critical applications, and where co-sited transmitters are
concerned, signals at 0dBm or more are not uncommon.
However, such signals are usually separated by at least5 % in
frequency and filters can be provided. Close-in signals at
levels of -20dBm-are not uncommon, and dynamic ranges in
SSB bandwidths of about 98dB are required.

The achievement of high input intercept points and low
noise factors is not necessarily easy. The usual superhet
architecture follows the mixer with some sort of filter, frequently
a crystal filter, and the performance of this filter may well limit
the performance. Crystal filters are not the linear reciprocal
two-port networks that theory suggests, being neither linear
nor reciprocal It has been suggested that the IMD is produced
by ferrite cored transformers, but experiments have shownthat
ladder filters with no transformers suffer similarly. Thus,
although ferrite cored transformers can contribute, other
mechanisms dominate in these components. The most
probable is the failure of the piezo-electric material to follow
Hooke's Law athighinputlevels, and possibly the use of crystal
cuts otherthan AT could help insofar as the relative mechanical
crystaldistortion is reduced. The use of SAWfilters is attractive,
since they are not bulk wave devices and do not suffer to such
an extent from IMD; however, it is necessary to use a resonant
SAW filter to achieve the necessary bandwidths and low
insertion losses.

The design of active components such as amplifiers is
relatively straightforward. Amplifiers of low noise and high
dynamic range are fairly easy to produce, especially with
transformer feedback, although where high reverse isolation is
required, care must be taken. Mixers are, however, another
matter.

Probably the most popular mixer is the diode ring (Fig.9).
Although popular, this mixer does have some drawbacks,
which have been well documented. These are:

Insertion loss (normally about 7dB)

High LO drive power (up to +27dBm)
Termination sensitive (needs a wideband 50Q)
Poor interport isolation (40dB)

L

e

A

LOCAL
OSCILLATOR

Fig. 9 Diode ring

The insertion loss is a parameter which may be classed
merely as annoying, although it does limit the overall noise
figure of the receiving system. The high LO drive power means
a large amount of DC is required, affecting power budgets in a
disastrous way, while termination sensitivity may mean the full
potential of the mixer cannot be realised.

Forthedioderingto perform adequately, agood termination
‘from DC to daylight' is required - definitely at the image
frequency (LO £ sig. freq.) - and preferably atthe harmonics as
well. Finally, interport isolation of 40dB with a +27dBm LO still
leaves -13dBm of LO radiation to be filtered or otherwise
suppressed before reaching the antenna.

347



A further problem with the simple diode ring of this form is
that the ‘OFF’ diodes are only oH by the forward voltage drop
of the ON diodes. Thus the application of an input which
exceeds this OFF voltage leads to the diodes trying to turn ON,
giving gain compression and reduced IMD performance.

of intermodulation, but by using suitably large transistors and
emitter degeneration, very high performances ( +32dBm input
intercept) can be achieved.

;—O
— .

B
=

LOCAL OSCILLATOR

Fig. 10 Resistive loaded high intercept point mixer
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Fig. 11 Quad MOSFET commutative mixer

Fig.10 shows a variation of this in which series resistors are
added. The current flow through these resistors increases the
reverse bias on the OFF diodes which gives a higher gain
compression point: such a mixer can give +36dBm intercept
points with a +30dBm of LO drive. Nevertheless, as is common
to all commutative mixers, the intermodulation performance is
related to the termination, and the LO radiation from the input
port is relatively high.

Variations of this form of mixer include the Rafuse Quad
MOSFET mixer of Fig.11, which suffers with many of the same
problems. Fig.12 shows a dual VMOS mixer capable of good
performance, but requiring a large amount of DC power and
with limited isolation of the LO injection.

Many advantages accrue tothe choice of the transistor tree
type of approach (Fig.13). Here the input signal produces a
currentinthe collectors of the lower transistors and this current
is commutated by the upper set of switching transistors.
Becausethe currentisto afirstorder approximation independent
of collector voltage, the transistor tree does not exhibit the
sensitivity to load impedance that the diode ring does, and
indeed, by the use of suitable load impedances, gain may be
achieved. The non- linearity of the voltage to current conversion
in the base emitter junctions of the bottom transistors is the
major cause
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Fig. 12 VMOS mixer
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PHASE NOISE

The mixing process for the superhet receiver is shown in
Fig.14, where an incoming signal mixes with the local oscillator
to produce the intermediate frequency. Fig. 15 shows the effect
of noise modulation on the LO, where the noise sidebands of
the LO mix with a strong, off channel signal to produce the IF.
This means thatthe phase noise performance of the LO affects
the capability of the receiver to reject off channel signals, and
thus the receiver selectivity is not necessarily defined by the
signal path filters. This phenomenais referred to as Reciprocal
Mixing, and has tended to become more prominent with the
increased use of frequency synthesisers in equipments.
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The performance level requirements of receivers is
dependent upon the application. Some European mobile radio
specifications call for 70dB of adjacent channel rejection,
equating to some -122dBc/Hz, while an HF receiver requiring
60dB rejection in the adjacent sideband needs -94dBc/Hz at a
500Hz offset. The use of extremely high performance filters in
the receiver can be completely negated if the phase noise is
poor. For example, a receiver using a KVG XF9B filter with a
rejection in the unwanted sideband of 80dB at 1.2kHz, would
require a local oscillator with -114dBc/Hz phase noise at
1.2kHz if the filter performance was not to be degraded.

To put these levels in perspective, relatively few signals
generators are adequate to the task of being the LO in such a
system. For example, ‘Industry Standards’ like the HP8640B
are not specified to be good enough: neither are the HP8642,
Marconi 2017/2018, or Racal 9082, all of which are modern,
high performance signal generators.

All this suggests that it is very easy to over-specify a

receiver interms of selectivity, and simple synthesisers are not
necessarily ideal in all situations.
The ability of the receiver to receive weak wanted signalsin the
presence of strong unwanted signals is therefore determined
not only by the intermodulation capabilities of the receiver, but
by phase noise and filter selectivity.

The usual approach to high performance synthesis has
used multiple loops for good close-in performance. Notable
exceptions are those equipments using fractional Ntechniques
with asingle loop. Nevertheless, such equipments notgenerally
specified as highly as multi-loop synthesisers. A vital partof the
synthesiser is still the low noise VCO, for which many
approaches are possible. This VCO performance should not
be degraded by the addition of the synthesiser: careful choice
of technologies is therefore essential. For example, Gallium
Arsenide dividers are much worse in phase noise production
than silicon, and amongst the silicon technologies, TTL is
better than ECL.

From equation (1)

DR = %(/‘73' NF)dB

where b3 = input intercept point dBm
NF = noise floor dBm

The phase noise governed dynamic range is given by
Dr® = Pn + 10 log, B Db (2)

Where Pnis the phase noise spectral density in dBc/Hz at any
offset and B is the IF bandwidth in Hz.
(N.B. This is not quite correct if B is large enough such that
noise floor is not effectively flat inside the IF bandwidth).
Ideally the ratio.

DR
DR®

should be 1 in awell designed receiver - i.e. the dynamic range
limited by phase noise is equal to the dynamic range limited by
intermodulation.

Certain aspects of low noise synthesiser design have been
touched upon and Ref.6 provides further information.

The performance of a receiver in terms of its capabilities to
handle input signals widely ranging in input level is dependent
upon the receiver capability in terms of intermodulation and
phase noise. Neglect of either of these parameters leads to
performance degradation, and it has been shown that
specifications are notonly often difficult to meet, but sometimes
contradictory in their requirements.
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APPENDIX A

Intermodulation is caused by odd order curvature in the transfer characteristic of a device. If two signals f1 and f2 are applied
to a device with third order term in its transfer characteristic, the products are given by:

(Cosf1 + Cosf2)® = Cos®f1 + 3Cos?1 Cosfz + 3Cosf?f2Cosf1 + Cos’f

from the trig identities Cos®A, Cos?A and CosACosB, this is

'/,Cos’1 + ¥, Costi + %/,Cos?1Cosfz + ¥,CosfiCos?fz + ¥/,Cosfz + /,Cos®2 + 3/,Cosfz

(where f1 = A and f2 = B). Neglecting coefficients, the terms Cos? Cosf2 and Cosf1 Cos?fz are equal to
Cos(2f1 + f2) + Cos(2f1 - f2) and

Cos(2f2 + f1) + Cos(2f- f1)

By inspection, it may be seen that frequencies off f1,f2,3f1,3f2, (2f1+ f2)and (2f2+ f1) are present in the output. Of these, only 2f2-
f1, and 2f1 - f2 are close to wanted frequencies f1 and f2. The application of three signals f1, f2 and f3, produces a similar answer,
in that the resulting products are:

3f1, 3f2, 3fs, f1+ f2 + f3, f1 + fo-fa, f1 - f2 + f3, f1 - f2-f3, fo- f1 + f3, f2- f1 - f3, f1 - f2-f3, f1-fo+ f3
in addition to the products

2f1 £ {2, 2f2 + f1, 2f2+ f3, 2fa + f2, 2f1 + 3, 2fa+ 1

if a greater number of signals are applied such that the input may be represented by:

Cosfi + Cosfz + Cosfs + Cosfs . . . Cosfn

The result from third order curvature can be calculated from:

(Cosf1 + Cosfz + Cosfs + Cosfs ... Cosfn)?
This expansion produces terms of

Cos(f1+ f2+ f3), Cos(f1+ f2+ f4),Cos(f1 + f2+ fn), etc from which it can be seen that the total number of products is:

n! At a ;
3i(n - 3)! =4x'/n(n-1)(n-2)
(The factor of 4 appears because each term has four possible sign configurations i.e. Cos(f1 + f2 + f3),
Cos(f1 + f2 - f3) etc). This agrees with Ref A1.

By a similar reasoning, n signals produce:

2n(n - 1) products of the form (2f1 + f2) (2f2+ f1) etc and n 3rd harmonics.
Thus the total number of intermodulation products produced by third order distortion is:
n+2n(n-)+2%;n(n-1)(n-2) (1)

Reduction of the input bandwidth of the receiver modifies this. Consider, for example, a receiver with sub-octave filters, rather than
the ‘wide-open’ situation analysed above. In this case, the third harmonics produced by any input signals will not fall within the tune
band, as will some of the products such as t1 + f2 + f3, f1 - f2- f3, etc. In this case, the total number of intermoduation products is
reduced. There are only three possible sets of products of the form f1 f1£ fa+ 3, i.e. f1 + f2- f3, f1 - f2 + faand fa- f1 - fawhich can give
products within the band. Note that for products to be considered, they must have an effective input frequency at the receiver mixer
equivalent to an on-tune desired signal. In addition, products of the form 2f1 + f2, 2f2 + f1 etc are again out of band. Thus half of
the 2n (n - 1) products of this class are not able to cause problems and the total number of products to be considered is now:

n(n-1)+",n(n-1)(n-2) i (2)

This result does not agree with Barrs (Ref A2) who uses the results in (1). The results in (2) are an absolute worst case, insofar
as a number of the intermodulation products are out of band.

(For the purposes of this analysis, IMD in a mixer is assumed to produce an ‘on tune’ signal. Thus not all the possible
intermoduiation frequencies appearing in a haif octave bandwidth wiii be abie to interfere).

The same arguments apply to narrower front end bandwidths. However, the narrower the front end bandwidth, the higher is
the probability that the distribution of signals will produce IMD products outside the band. For example, a receiver with +2.5% front
end bandwidth tuned to 10MHz will accept signals in a band from 9.75 to 10.25MHz. Signals capable of producing a product of
the form 2f1 - f2 must have one of the signals (f1or f2) in the band 9.875 - 10.25 for a product to appear on tune. Thus the two signal
apparent bandwidth is less than would be expected. Similar constraints apply to the f1 + f2- f3 product.

Similar arguments apply to other orders of curvature. Second order curvature, for example, will not produce any products in
band for input bandwidths of less than 2:1 in frequency ratio.
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The actual levels of intermodulation produced can be predicted from reference A1. In practice, the situation is that the input
signals to a receiver are rarely all of equal unvarying amplitude and assumptions are made from the input intercept points and the
input signal density.

If a series of amplitude cells are established for given frequency ranges, such as that in Table 1, then a prediction of the number
of intermodulation products for any given number of input signals and amplitudes may be obtained, either from equation (1) or (2)
(as applicable) or from Ref A1 (for higher orders). Where the input bandwidth of the receiver is deliberately minimised, the maximum
cell size in the frequency domain should be equal to the input bandwidth .

The total input power in each cell is

nPav

mmml ol

where n is the number of signals and Pav is the average power of each signal.

A worst case situation is to assume that all signals in the cell are equal to the cell upper power limit boundary, e.g. if the cell
amplitude range is from -40 to -30dBm, then an assumption that all signals in this cell are at -30dBm is a worst case.

If, however, it is assumed that signals will have a Gaussian distribution of input levels within a cell, then the total input power

becomes:
Pt = 0.55nP

where Pt is the total power
n is the number of signals
P is the power level at the upper boundary of the cell
Because the total IMD power is the sum of all the IMD powers, the average input power is

0.565nP
n

Pav =

The IMD power produced by third order curvature is:

10 log,, ['/,n(2n? + 1)] Antilog '/, [Pav- 3(ls- Pav)]dBm

where P is the total power of the intermodulation products
I3 is the third order input intercept point

Because the coefficients of the amplitudes of the intermodulation products are (depending on product)
a3, a%b, ab?, abc, b?
where a, b and ¢ are approximately equal, the use of a® as the general coefficient is justified.

From equations (1) or (2) and (3), the total IMD power and number of products may be calculated. As ‘n’ increase in number,
the number of products will mean that the resultant IMD tends more to a noise floor increase in the receiver, thus reducing the
effective sensitivity.

The amount of this degradation is such that the noise floor is:

%, (0.55nP)? Ia

Ia (fmax - fmin) X af

where (fmax - fmin) is the bandwidth prior to the first intermodulating stage. Af is signal bandwidth in a linear system.
The Gaussian Factor of 0.55 is somewhat arbitrary, since errors in this assumption are cubed.
The intermodulation Limited Dynamic Range is

%, (ls+ 174 - 10 log,, Af - NF)

where NF is the Noise Figure in dB.

The effects of Reciprocal Mixing are similar, except that signals may be taken one at a time. The performance is affected by
the frequency separation between an ‘off-tune’ interfering signal and an ‘on-tune’ wanted signal unless the separation is such that
the oscillator noise floor has been reached. Here again, reduction of front end bandwidth reduces the number of signals.

Generally speaking, the effects of reciprocal mixing are limited to close in effects - say within £50kHz, unless very poor
synthesisers are used.

The response at some separation fo from the tune frequency is: (L - 10 log,, 10Af)dB where L is phase noise spectral density
in dBc/Hz and Af is the IF bandwidth.

This assumes that the spectral density does not change within the receiver bandwidth: Ref A1 shows this to be generally
applicable for narrow bandwidths.

The intermodulation free dynamic range is defined as:

%F[ls - noise floor] = #,[l3 + 174 -10 log,, Af - NF]dB
where la is the input 3rd order intercept point in dBm
NF is the noise figure in dB
Afis the IF bandwidth in Hz
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It has been claimed that there is 6dB rejection of phase noise in diode commutative mixers. Thus the relationship between IMD
and phase noise can be expressed as:

IMD dynamic range = phase noise dynamic range +6dB = (L - 10 log,  Af) + 6dB

Thus at any offset, it is important to ensure that the two dynamic ranges are approximately equal if performance is not be be
compromised.

A receiver for example with an input intercept point of +20dBm and input signals of -30dBm will produce an IMD product at
-130dBm which, for an HFreceiver with a noise factor of 8dB, will be just above the noise floor, in an SSB bandwidth. The noise
floor of the LO will need to be such that the noise is at -133dBm if degradation is not to occur, and this will be produced by a noise
floor of -137dBc/Hz in the synthesiser at the frequency separation of the signals in question. Thus the high intermodulation
performance may well be compromised by poor phase noise.

REFERENCES
A1 A Table of Intermodulation Products, JIEE (London) Part lil, 31-39 (Jan 1948) C.A.A. Wass.
A2 A Re-appraisal of H.F. Receiver Selectivity, R.A. Barrs. Clerk Maxwell Commemorative Conference’in Radio Receivers and

Associated Systems, Leeds 1981. pp.213-226, Published by IERE, 99 Gover Street, London WC1E 6AZ.
Conference Publication No. 50 ISBN 0 903 748 45 2.
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Wideband VHF Antenna Booster using the SL560 28122

The following is a brief description of a 40-260MHz antenna amplifier module suitable for any 50Q VHF system. The
module is constructed on a single sided PCB and layout is not critical as long as the usual precautions for VHF construction
are observed

An unusualfeature of this module is the use of atransmission The componentcountis minimal, i.e. 4 resistors, 7 capacitors,
line transformer to provide 'noiseless' emitter feedback to the 2inductors, 1transformer, 1 SL560 IC and 2 diodes. The circuit
SL560. for this application is shown in Fig.1.

L2
w OUTPUT
INPUT ﬁs _" Y & 10V OC
D1 ZE SZ D2 L1 10k 330
Fig.1
CONSTRUCTION 3
D1 and D2 are any general purpose silicon diodes. %
L1 is 8 turns of 26 gauge, 1/g inch internal diameter. 25
L2 is 20 turns of 26 gauge, 3/1s inch internal diameter. \wﬂ)
T1 consists of two lengths of 34 gauge wire approximately 6 20 P/ P -
inches in length, twisted together (8 twists/inch) and wound on \ ™~ JND ORDER
a 6-hole ferrite bead (Mullard FX1898). 15 N ] INTERCEPT (dBm)
L1 provides a degree of high pass filtering, some measure of N
protection against lighting by virtue of the DC path to earth, and 1o N ‘L {
it improves input SWR. 5 I~ h‘-'TsE’;!%E;"IP(EFBm)
Resistor and capacitor values are not critical. It
The module is powered through the coaxial cable and requires 0 e SWR (1)
10V at 30mA.
-5
PERFORMANCE SPECIFICATION -10
20 40 60 80 100 120 140 160 180 200 220 240 260
The gain, 2nd and 3rd order intermodulation intercepts and FREQUENCY (MHz)
SWR against frequency is shown in Fig.2. The gain flatness is )
within 5dB and the noise figure is better than 8dB. Fig.2
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Tuned Ampilifier Application for the SL6140

AN45

The SL6140 wideband AGC amplifier, when used in a 50Q system, has a gain of 15dB. By tuning, or matching, the inputs
and outputs of the device the gain can be increased. This produces a higher gain amplifier that will work over a limited bandwidth.
The bandwidth of the amplifier depends upon the Q factor of the tuned/matching circuits used.

Fig. 1 shows a single ended amplifier with tuned input and’
output networks.

The input circuit consists of a parallel LC network connected
across the differential inputs. The input signal is applied to one
input, via a coupling capacitor (C1), the other input being
decoupled. The coupling capacitor also forms part of the
impedance matching network, matching a 50Q source with the
highimpedance ofthe device (see Smithchart, Fig. 3). Thetuned
frequency is given by the following equation:

1
VLX Cx Ct
J(C+ C1)

Theoutput circuit consists of a parallel LC network connected
from one of the open collector ouputs of the device to V¢c. The
coupling capacitor (C2) and LC network transforms the 50Qload
to a high impedance load for the open collector outputs of the
device, hence improving the gain.

By adjusting C1 and C2 the gain can be optimised, but if too
high an impedance is seen by the input or output of the device

f=

the circuit may oscillate. L1 and L2 are adjusted to set the tuned
frequency.

The high gain is achieved at the expense of tandwidth, so
for maximum gain the matching network should be designedto
provide the minimum bandwidth necessary for the particular
application.

An alternative method of tuning the output of the device is to
transformer-couple to the 50Q2 load as shown in Fig. 2. The
primary winding is connected across the outputs (a centre tap
providing Vcc) and resonated at the required frequency with a
capacitor. This circuit has a 6dB:improvement of gain over the
previous circuit as both outputs are used.

PCB LAYOUT
For best performance a ground plane should be used with
50Q source and load. Also the matching network and decoupling
capacitors should be placed as close to the device as possible.
If a very high gain, low bandwidth amplifier is required the
addition of some shielding between input and output may be
necessary to prevent oscillation.

AGC INPUT

50Q INPUT E :

~Vee
o= —-
7 1 c2
2-20p
| -
_L + @i :SOQOUTPUT
130n 5:6p

*Vee

zSOSZ OUTPUT

L]
: sl: /;7
SL6140 6: %
!

i SERIES

j0.2

Fig. 2 Differential tuned output

Fig. 3 Input impedance of SL6140 (5082 normalised)
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APPLICATION NOTE

[ SR SEMICONDUCTORS

AN128 1.1

USING THE SP2002

DIRECT DIGITAL FREQUENCY SYNTHESISER

INTRODUCTION
Direct digital synthesiser products have been available

in the form of single chip MOS low frequency designs or as
modules for high frequency applications for some years. The
SP2002 breaks new ground in providing a single chip design
in a 68 lead pin grid array package capable of operating at
output frequencies up to 400MHz with a 1600 MHz clock.
Included on the chip are dual 8 bit D-A converters and sine
and cosine ROM look up tables to provide gadrature output
signals. The circuit consumes only 5W from a single 4.5V
power supply.

SPURS

The greatest problem experienced when applying a DDS
is the presence of unwanted spurious frequencies or spurs in
the output spectrum. These spurious frequencies are
produced by non linearity in the DAC and by quantisation
errors produced by the design of the DDS system. At some
frequencies these spurs can appear close to the required
carrier and are therefore very difficult to filter out.

Referring to the block diagram in Fig. 1 it will be seen that
only the 8 most significant .bits of the accumulator are
processed so that regardless of the DAC the output voltage
generated for any sampled point can only be approximate.
This truncation error and any additional inaccuracy introduced
by the DAC lead to the generation of spurs in the output
spectrum of the DDS. The spur amplitude can be reduced by
increasing the number of accumulator bits used to determine
the output and by improving the DAC accuracy.

The spur amplitudes produced by the SP2002 tend to be
affected by the output rather than the clock frequency. Figs.2a
and 2b show the worst case spur levels at an output frequency
of 100MHz with a clock frequency of 400MHz and 1600MHz
and as can be seen in both cases the worst spur level is very
close to the theoretical limit of —48dBc. The worst case spur
level remains close to —48dBc at all output frequencies up to
about 125MHz but degrades above this frequency to about
—45dBc at 200MHz, —40dBc at 300MHz and -31dBc at the
maximum output of 400MHz. Worst case spur levels at these
frequencies are shown in Figs. 3a, 3b and 3c. The actual input
codes and clock frequency used to produce the plots are
shown in each case and a calculation will show that the
combination of clock input codes does not give the exact
100MHz or 200MHz output. The codes were chosen to give
easily observable spurs closely spaced about the carrier.

Adifficulty in determining the worst case spur for any output
frequency is that there is often a “close in series” and another
further out which must both be examined separately to find the
spur with the greatest magnitude. This effect can be seen by
examining Figs. 3b and 4 which show the “close in” and “far
out” spurs at 312MHz output for identical clock and input
conditions. In this case the “far out” spur has the greater
amplitude.

The frequency of the spurs can be predicted and in
systems with reasonably widely spaced channelsiitis possible
by careful choice of clock frequency to ensure a minimum
frequency separation of the closest spur at all the required
tuning points. Assume a system is required to tune over the
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frequency range of 100 to 120MHz in 50KHz steps. Using a
clock frequency of 1638.4MHz will give a minimum frequency
increment using the LSB input of the tuning bus of
0.762939453Hz. Bit 16 of the tuning bus will produce a tuning
increment of exactly 50kHz and in order to tune any of the
required frequencies between 100 and 120MHz it will not be
necessary to use any less significant input bits than bit 16.
Since no spurs will be produced closer to carrier than the
incremental frequency of the least significant input bit used,
this scheme will guarantee no spurs occur less than 50KHz
from carrier. By using the DDS in conjunction with a phased
locked loop synthesiser as shown in Fig. 5 it is possible to
design the PLL so that the loop bandwidth is less than 50kHz
thus removing any spurs from the final output. The PLL can
also be used to increase the output frequency of the system
to any desired value.

When the system requires very close channel spacing the
hybrid PLL/DDS approach may not be applicable since very
narrow loop bandwidths may be required to suppress the
close in spurs generated by use of the low significant bits of the
input bus, thus slowing up the loop response time. In these
circumstances the use of frequency division using widely
available prescalers can provide a better solution. The
frequency divider effectively reduces the spur level but has the
possible disadvantage of also reducing the output frequency
and channel step size at the same time. By combining the
frequency division with mixing, the output frequency can be
shifted to any desired point in the spectrum but the reduction
in step size will remain.

The combination of mixing and dividing is very flexible and
an almost infinite range of possibilities exist, but the method
may require considerable additional hardware in the shapes
of amplifiers and filters to produce a workable system. An
experimental circuit designed to explain the technique is
shown in Fig. 6. A number of amplifiers not shown in the circuit
diagram were required to maintain signal levels at an
acceptable amplitude.

The input clock at 1638.4MHz is used to drive the SP2002
and is divided by four to provide the LO signal to the
subsequent mixer stages. The chosen operating frequency
range for the output is 135—-137MHz and to keep the operating
frequency of the filters and mixers at practical values the
division and mixing is broken down into two parts. Since the
total division ratio in the system amounts to 16, the 2MHz atthe
SP2002 output, requiring the SP2002 to tune between 112
and 144MHz. A low pass filter with cut off frequency just above
144MHz follows the SP2002 to remove any out of band
spurious signals and the filtered output is then mixed with the
divided clock to produce an IF in the range 521.6 — 553.6MHz.
Aband passfilter after the mixer removes the image frequency
and the output is then divided by four to produce a new IF from
130.4 — 138.4MHz. A second bandpass filter removes the
harmonics from the divided output before the mix up and
divide sequence is repeated with essential filtering to produce
the final output signal.

The spectrum analyser plots shown in Figs.7a and 7b show
the unprocessed output from the SP2002 and the final output
from the mix and divide system at a suitable spur producing
frequency. Greater spur reduction could be obtained by



cascading more mix and divide stages at the expense of
frequency coverage.

For any output frequency it is possible to calculate the
position of the spurs since they are harmonically related to the
output frequency but are imaged back into the DDS bandwidth
by the Nyquist limit. Using a clock frequency of 1638.4MHz
and with an output frequency of 409.5MHz (close to % of the
clock) a series of spurs equally spaced on both sides of the
carrier willbe observed. (See Fig. 8). The third harmonic of the
output frequency (at 1228.5MHz) will produce a spur at
409.9MHz, 400kHz above carrier when folded back from the
Nyquist limit at half the clock frequency. The fifth harmonic will
produce a spur at 409.1MHz, 400kHz below carrier and the
seventh a spur at 410.3MHz, 800kHz above -carrier.
Continuing this process for the odd order harmonics will
produce the characteristic comb of spurs of gradually
diminishing amplitude spaced at 400kHz intervals shown in
Fig. 8.

As more bits are programmed and the tuned frequency
becomes closer to % of the clock, the separation of the spurs
becomes less until eventually they become merged with the
carrier due to the limited resolution of the spectrum analyser.
The crowding of the spurs close to the carrier. at output
frequencies close to integer divisions of the clock frequency
(114, 113 etc) makes these the best points to measure the spur
amplitude.

FREQUENCY SWEEP OR “CHIRP” GENERATION
One of the most important applications for direct digital
synthesis is the generation of frequency sweep or “chirp”
waveforms where the input programming data is incremented
between two values by repeatedly adding a fixed number. The

SP2002

design requirements for an accumulator for DDS applications
are different from those encountered in computing since in a
DDS, the accumulated result must always be available at a
fixed time interval. In computing the correct value can be made
available at a varying time interval without affecting the
accuracy of the final result.

A full parallel adder working at 1600MHz would be very
difficult to design because in the worst case the carry would
need to propagate through the logic of 31 accumulator stages
in one clock cycle. To overcome this probiem a pipelined
accumulator is used in the SP2002, a partial block diagram
being shownin Fig. 9. Inthis design, the carry from each stage
is clocked into a d type flip flop and added to the sum from the
next most significant stage one clock pulse later. A pipelined
accumulator of this type introduces a progressive delay in
processing input data of one clock cycle per bit, starting from
the most significant input. A change to the least significant bit
requires 30 clock cycles to propagate through the accumulator
and produce a correct result whereas the most significant bit
requires only one. Whilst the input data remains static, the
accumulator produces a correct result at each clock pulse, but
when the input data changes, the accumulator can give an
incorrect result for a number of clock cycles up to 30
depending on the numbers involved in the change of input
data. The result of this pipelining is that any frequency change
requiring more than one input bit to change will not resultin a
perfectly phase coherent transition unless the input data is
applied with a delay opposite to that introduced by the
accumulator. For many applications the resulting glitch will be

insignificant but for applications such as fast chirp generators

where a smooth sweep is required, some additional hardware
to produce the required input delay will be necessary.
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Fig.1 Simplified Block Diagram of SP2002
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Section 5
MIL-STD-883 Class B

GEC Plessey Semiconductors is in conformance with the requirements of
MIL-STD-883 Notice 11 paragraph 1.2.1 and can supply product requiring
the use of this standard.

Approval has been issued by DGNQA against DEF-STD 05-21 (equivalent
to AQAP1) and by NSI to BS9000. A number of detailed device approvals
to BS9300 and BS9400 have been granted.

The following pages detail the manufacturing procedures required to
conform to MIL-STD-883 Class B.
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Screening procedures

MIL-STD-883 Class B

Wafer processing

GPS process

Circuit probe test

To GPS probe test spec.

Chip separation

GPS process

Chip inspection and selection

Method 2010 condition B

Chip bond and inspect

GPS process

Wire bond and inspect

GPS process

Internal visual

Method 2010 condition B

Customer source inspection

Optional extra

Encapsulation

GPS process

Temperature cycling

Method 1010 condition C

Constant acceleration

Method 2001 condition E, Y1 only

Seal test

Method 1014

Visual inspection

For catastrophics, as Method 5004

Interim electrical test

To device spec. with read and record, as Method A

Burn-in test

Method 1015, 168 hours at 125°C

Post burn-in electrical

As interim electrical, as Method 5004

PDA calculations

Subgroup 1 min. 5% max.

Final electrical test

100% subgroups 1, 2, 3, 4,5, 6,7, 8,9,10 and 11,
as device spec. and Method 5004

Code

As device spec

Seal test

Method 1014 (as necessary)

External visual

Method 2009

Form inspection lot

As MIL-M-38510

Select samples for conformance test

As Method 5005

Group A tests

Subgroups 1,2, 3,4,5,6,7,8,9,10 and 11,
as device spec. and Method 5005

Group B tests

Subgroups 2, 3 and 5 (devices classified as*
static sensitive) as device spec. and Method 5005

Group C tests

Subgroup 1 as per device spec. and Method 5005
(generic data may be used if available)

Group D tests
as device spec. and Method 5005

Subgroups 1,2, 3,4,5,6,7,and 8
(generic data may be used if available)

Prepare data package

Inspect devices, pack and ship
with data and C of C

As required
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Conformance testing

MIL-STD-883 Class B Method 5005.11
Group A Electrical Tests

1 Static tests at +25°C 2 116
2 Static tests at maximum rated operating temperature 2 116
3 Static tests at minimum rated operating temperature 2 116
4 Dynamic tests at +25°C 2 116
5 Dynamic tests at maximum rated operating temperature 2 116
6 Dynamic tests at minimum rated operating temperature 2 116
7 Functional tests at +25°C 2 116
8 Functional tests at max. and min. operating temperatures 2 116
9 Switching tests at +25°C 2 116
10 Switching tests at maximum rated operating temperature 2 116
11 Switching tests at minimum rated operating temperature 2 116

All non-destructive. Performed on each inspection lot as per MIL-M-38510 3.1.3.8

MIL-STD-883 Class B Group B Electrical Tests

2 (a) Resistance to solvents 2015 4
3 (b) Solderability 2022 or 2003 3
5 (a) Bond strength 2011 4

Performed on each inspection lot as per MIL-M-38510 3.1.3.8

MIL-STD-883 Class B Group C Electrical Tests

1 (a) Steady state life test 1005 45 ND
(b) End point electrical parameters

Generic test data may be used for Group C tests

MIL-STD 883 Notice 4 Page 3 Clause 17
.. Group C and D shall have been completed on date codes within 52 weeks prior to the date code of product being
submmedforacceptance Group C data shall be onadie inthe same microcircuitgroup...with the same material, design
and process and from the same plant as the die represented.’
MIL-STD-38510F Page 5 Clause 3.1.3.13
‘Microcircuit group. Microcircuits which are designed to perform the same type of basic circuit function...within a given
circuittechnology (e.g....ECL...Linear, Hybrid, MOS) which are designed for the same supply, bias and signal voltages
~ and for input/output compatibility and which are fabricated by use of the same basic die construction and metallization;
the same die attach method; and by use of bonding interconnects of the same size, material and attachment method.'
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Conformance testing (continued)

MIL-STD-883 Class B Group D Electrical Tests

1 (a) Physical dimensions 2016 15 ND
2 (a) Lead integrity 2010 15 D
(b) Seal 1014 15 D
(1) Fine
(2) Gross
3 (a) Thermal shock 1011 15 D
(b) Temperature cycling 1010
(c) Moisture resistance 1004
(d) Seal 1014
(1) Fine
(2) Gross
(e) Visual examination
(f) End point electrical parameters
4 (a) Mechanical shock 2002 15 D
(b) Vibration, variable frequency 2007
(c) Constant acceleration 2001
(d) Seal 1014
(1) Fine
(2) Gross
(e) Visual examination
(f) End point electrical parameters
5 (a) Salt atmosphere 1009 15 D
(b) Seal 1014
(1) Fine
(2) Gross
(c) Visual examination
6 (a) Internal water vapour content 1018 5
7 (a) Adhesion of lead finish 2025 15
8 (a) Lid torque 2024 5

Generic test data may be used for Group D tests

MIL-STD-883 Notice 4 Page 3 Clause 17

... Group C and D shall have been completed on date codes within 52 weeks prior to the date code of product being
submitted for acceptance. Group D data shall be on the same package type...and from the same plant as the die
represented.’

MIL-STD-38510F Page 5 Clause 3.1.3.12

‘Package type. A package type is a package which has the same case outline, configuration...(the physical shape of
the case outline not including dimensions)..., materials (including bonding wire and die attach), piece parts (excluding
preforms which differ only in size), and assembly processes.’

375



Packaging and coding
Lead finish

Devices will be supplied with the following lead finishes as standard:

Metal Can (CM)

Sidebrazed Ceramic DIL (DC) Gold plate over Nickel plate
Leadless Chip Carrier (LC)
Ceramic DIL (DG) Hot slder dip over Tin plate

ESD protection

GEC Plessey Semiconductors considers all devices to be sensitive to electrostatic discharge to varying
degrees (but at least to category A). All units are therefore marked with the equilateral triangle ESD
sensitivity indicator.

In addition, all devices are packaged and shipped in conductive material or packaged in anti-static
material with an external field shielding barrier in accordance to MIL-M-38510.
Device marking
All devices are marked with the following coding:
GPS logo or ‘GPS’ (manufacturer's identity).
ESD sensitivity indicator (equilateral triangle).
Date code (per MIL-M-38510).
Assembley lot identifier. Suffix letter added to date code indicating lot identity within production week.

Device type number - ‘AC’ indicating a MIL-STD-883 Class B compliant device.

R O S A

Process/Assembly site identifier (two-letter code). Initial letter 'S’ indicates GPS Swindon UK Wafer
Process site. Second letter 'J’ indicates GPS Swindon assembly site.

7. Pin 1 identifier. This may be either a package notch or dot for dual-in-line packages, gold corner for
leadless chip carriers or tab for metal can packages.
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Section 6
Package Outlines

Dimensions are shown thus: mm (in).
For further package information, please contact your local Customer Service Centre.

WGEC PLESSE
Y SEMICONDUCTORS ]

- wy
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Package Codes

Package codes for the integrated circuits detailed in this handbook are given below. Dimensioned outline drawings

are given in Section 6.

AC PGA Pin Grid Array, multi-layer ceramic, metal sealed lid, through board.
CM TO-n Cylindrical muiti-lead metai can.
DC DILMON Dual-in-line, multi-layer ceramic, sidebrazed leads, metal sealed lid, through board.
DG CERDIP Dual-in-line, ceramic body, Alloy 42 leadframe, glass sealed, through board.
DP PLASDIP Dual-in-line, Copper or Alloy 42 leadframe, plastic moulded, through board.
HG Quad Cerpack | Glass sealed ceramic chip carrier, J-formed leads on four sides, surface mount.
HP PLCC Plastic moulded chip carrier, J-formed leads on four sides, surface mount.
LC Leadless Chip | Four sided, leadless, multi-layer ceramic, metal sealed lid, surface mount.
Carrier
MC Small Dual-in-line, multi-layer ceramic, brazed 'Guliwing' formed leads, metal sealed lid,
Outline surface mount.
MP Small Dual-in-line, plastic moulded, ‘Gullwing' formed leads, metal sealed lid,
Outline surface mount.
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Headquarters Operations

UNITED KINGDOM

NORTH AMERICA

Cheney Manor, Swindon, Wiltshire, United Kingdom, SN2 2QW.

Tel: (0793) 518000 Fax: 0793 518411

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017, USA.
Tel:(408) 438 2900 Fax: (408) 438 5576

Customer Service Centres

FRANCE & BENELUX

GERMANY, AUSTRIA and

SWITZERLAND -

ITALY

JAPAN

NORTH AMERICA
SOUTH EAST ASIA

SWEDEN
TAIWAN, ROC

UK, EIRE, DENMARK,
FINLAND and NORWAY

Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat. 2-BP 142, 91944,

Les Ulis Cedex A. France.Tel: (1) 64 46 23 45. Fax: (1) 64 46 06 07

UngererstraBe 129, 80805 Munchen 40, Germany.

Tel: 089/36 0906-0. Fax: 089/36 0906-55

Via Raffaello Sanzio, 4, 20092 Cinisello Balsamo (MILAN).

Tel: (02) 66040867. Fax: (02) 66040993.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.

Tel: (03) 5276-5501. Fax: (03) 5276-5510.

P O Box 660017, 1500 Green Hills Road, Scotts Valley; California 95067-0017, USA.
Tel: (408) 438 2900. Fax: (408) 438 7023

No. 3 Tai Seng Drive, GEC Building, Singapore 1953.

Tel: (65) 3827708. Fax: (65) 3828872

Katarina Bangata 79, 116 42 Stockholm. Tel: 46 8 7029770. Fax: 46 8 6404736
Room 503, 5F, 131 Min-Sheng E Road, Sec 3, Taipei.

Tel: 886 2 5461260. Fax: 886 2 7190260

Unit 1,Crompton Road,Groundwell Industrial Estate, Swindon, Wilts, U.K., SN2 5AF.
Tel: (0793) 518510. Fax: (0793) 518582.

Power Division

- Carholme Road, Lincoln, U.K., LN1 1SG. Tel: (0522) 510500. Fax: (0522) 510550

North American Sales Offices

NATIONAL SALES

EASTERN

WESTERN

ARIZONA/NEW MEXICO

SOUTH CENTRAL

NORTHWEST

DIXIE and FLORIDA

SOUTHWEST

DISTRIBUTION SALES

CANADA.

P O Box 660017, Scotts Valley, CA 95067-0017. Tel: (408) 438-2900.
ITT Telex: 4940840. Fax: (408) 438-5576.

Two Dedham Place, Suite 1, Allied Drive, Boston, MA 02026.

Tel: (617) 320-9790. Fax: (617) 320-9383.

1735 Technology Drive, Suite 100, San Jose, California 95110.

 Tel: (408) 451-4700. Fax: (408) 451-4710.

4635 South Lakeshore Drive, Tempe, AZ 85282.

Tel: (602) 491-0910. Fax: (602) 491-1219.

9330 LBJ Freeway, Ste. 665, Dallas, TX 75243.

Tel: (214) 690-4930. Fax: (214) 680-9753.

7935 Datura Circle West, Littleton, CO 80120.

Tel: (303) 798-0250. Fax: (303) 730-2460.

668 N. Orlando Ave., Suite 1015 B, Maitland, FL 32751.
Tel: (407) 539-1700. Fax: (407) 539-0055.

385 Commerce Way, Longwood, FL 32750. Tel: (407) 339-6660. Fax: (407) 339-9355.
2600 Michelson Drive, Suite 830, Irvine, CA 92715, Tel: (714) 852-3900.
Fax: (714) 852-3910.

1500 Green Hills Road, Scotts Valley, CA 95066.

Tel: (408) 438-2900. ITT Telex: 4940840. Fax: (408) 438-7023.

3608 Boul. St. Charles, Suite 9, Kirkland, Quebec, H9H 3C3.

Tel: (514) 697-0095. Fax: (514) 694-7008.
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Semi-Custom Design Centres

AUSTRALIA

FRANCE & BENELUX
ITALY

GERMANY

JAPAN

N AMERICA: Canada

USA

Colorado, USA
llinois, USA

UNITED KINGDOM

Unit 1, 38 South Street, Rydalmere, NSW 2116, Australia.

Tel: 612 638 1888. Fax: 612 638 1798.

Z.A. Courtaboeuf, Miniparc-6, Avenue des Andes, Bat.2-B.P. No.142 91944
Les Ulis Cedex A, France.Tel: (1) 64 46 23 45. Fax: (1) 64 46 06 07.

Via Raffaello Sanzio, 4, 20092 Cinisello Balsamo (MILAN).

AR AARAAART IADN ARNANGO

Tel: (02) 66040867. Fax: (02) 66040933.

UngererstraBe 129, D 80805 Munchen 40. Tel: (089) 3609 06 0.

Fax: (089) 3609 06 55.

CTS Kojimachi Building (4th Floor), 2-12, Kojimachi, Chiyoda-ku, Tokyo 102.
Tel: (03) 5276-5501. Fax: (03) 5276-5510.

Alberta Microelectronics Center, 3553 31st St., N.W., Calgary, Alberta T2L2K?7.
Tel: (403) 289-2043.

Microstar Technologies, 7050 Bramelea Rd., #27A Mississaugo, Ontario L5SITI
Canada. Tel: (416) 671-8111

P O Box 660017, 1500 Green Hills Road, Scotts Valley, California 95067-0017.
Tel: (408) 438-2900. Fax: (408) 438-5576.

Two Dedham Place, Suite 1, Allied Drive, Boston, Massachusetts 02026.

Tel: (617) 320-9369. Fax: (617) 320-9383.

2600 Michelson Drive, Suite 830, Irvine, CA 92715.

Tel: (714) 852-3900. Fax: (714) 852-3910.

Analog Solutions, 5484 White Place, Boulder, CO 80303. Tel: (303) 442-5083.
Frederikssen & Shu Laboratories, Inc., 531 West Golf Rd., Arlington Heights,
IL 60005. Tel: (312) 956-0710.

Cheney Manor, Swindon, Wiltshire SN2 2QW.

Tel: (0793) 518000. Fax: (0793) 518411.

Tweedale Way, Hollinwood, Oldham, Lancashire OL9 7LA.

Tel: 061 682 6844. Fax: 061 688 7898.

Doddington Road, Lincoln LN6 3LF. Tel: 0522 500500. Fax : 0522 500550.

North American Representatives

ALABAMA
ARIZONA

CALIFORNIA

CONNECTICUT

FLORIDA

GEORGIA

ILLINOIS
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Electramark, Inc., 500 Wynn Drive, Suite 521, Huntsville, AL 35816.

Tel: (205) 830-4400 Fax: (205) 830-4406.

Fred Board Associates, 7353 E, 6th Avenue, Scottsdale, AZ 85251.

Tel: (602) 994-9388. Fax: (602) 994-9477.

Gary Chilcote & Associates, P.O. Box 1795, 1902 Quite Ranch Road, Fallbrook,
CA 92028. Tel: (619) 728 7678.Fax: (619) 728 3738.

Jones & McGeoy, 5100 Campus Drive, Suite 300, Newport Beach, CA 92660.
Tel: (714) 724 8080. Fax: (714) 724 8090.

Stone Components, 123 Commerce St., Clinton, CT 06413.

Tel: (203) 669-4344. Fax: (203)669-9958.

American Micro Sales, 1325 N. Congress Ave., Ste 204, West Palm Beach,
FL 33401. Tel: (407) 689 3860.Fax: (407) 689 3168.

American Micro Sales, 274 Wilshire Blvd., Ste 241, Casselberry, FL 32707.
Tel: (407) 831 2505. Fax: (407) 831 1842.

American Micro Sales, P.O. Box 399, 1033 Rosetree Lane, Tarpon Springs,
FL 34688/9. Tel: (813) 938 3073. Fax: (407) 831 1842.

Electramark, Inc., 6030-H Unity Drive, Norcross, GA 30071.

Tel: (404) 446-7915. Fax: (404) 263 6389

Micro Sales, Inc., 901 West Hawthorn Drive, Itasca, IL 60043.

Tel: (708) 285-1000. Fax: (708) 285-1008.



INDIANA

IOWA

KANSAS

MARYLAND

MASSACHUSETTS

MICHIGAN

MINNESOTA

MISSOURI

NEBRASKA

NEW HAMPSHIRE

NEW YORK

OHIO

PENNSYLVANIA/

NEW JERSEY
TEXAS

WISCONSIN

CANADA

Leslie M. DeVoe, 4371 E. 82nd St., Suite D, Indianapolis, IN 46250.

Tel: (317) 842-3245. Fax: (317) 845-8440.

Lorenz Sales, 5270 N. Park Place N.E., Cedar Rapids, |A 52402.

Tel: (319) 377-4666. Fax: (319) 377-2273.

Lorenz Sales, Inc., 8645 College Blvd., Suite 220, Overland Park, KS 66210.
Tel: (913) 469-1312. Fax: (913) 469-1238.

Lorenz Sales, Inc., 1530 Maybelle, Wichita, KS 67212.

Tel: (316) 721-0500. Fax: (316) 721-0566.

Walker Associates, 1757 Gablehammer Road, Westminster, MD 21157.

Tei: (410) 876-9399. Fax: (410) 876-9285.

Walker Associates, 169 Queen Anne Bridge Road, Mitchellville, MD 20716.

Tel: (410) 249-7145.

Stone Components, 2 Pierce Street. Framingham, MA 01701.

Tel: (508) 875-3266. Fax: (508) 875-0537.

Stone Components, 10 Atwood Road, Newburyport, MA 01950. Tel: (508) 462-1079.
Greiner Associates Inc., 15224 E. Jetferson Avenue, Grosse Point Park, Ml 48230.
Tel: (313) 499-1088. Fax: (313) 499-0665.

High Technology Sales, 4801 West 81st Street, Suite 115, Bloomington, MN 55437.
Tel: (612) 844-9933. Fax: (612) 844-9930.

Lorenz Sales, Inc., 10176 Corporate Square Dr., Suite120, St. Louis, MS 63121.
Tel: (314) 997-4558. Fax: (314) 997-5829.

Lorenz Sales, 2801 Garfield Street, Lincoln, NE 68502.

Tel: (402) 475-4660. Fax: (402) 474-7094.

HLM Assoc., 333 Littleton Raod, Parsippany, NJ 07054.

Tel: (201) 263-1535. Fax: (201) 263-0914.

Stone Components, 436 S. Baboosic Lake Rd., Merrimack, NH 03054.

Tel: (603) 429-3462. Fax: (603) 429-3462.

HLM Assoc., 64 Mariners Lane, Box 328, Northport, NY 11768.

Tel: (516) 757-1606. Fax: (516) 757-1636.

Regan Compar, 3301 Country Club Road, Endwell, NY 13760.

Tel: (607) 754-2171 Fax: (607) 754-4270.

Regan Compar, 214 Dorchester Avenue, Syracuse, NY 13202,

Tel: (315) 432-8232. Fax: (315) 432-8238.

Regan Compar, 37A Brookhill Lane, Rochester, NY 14625.

Tel: (716) 271-2230. Fax: (716) 381-2840.

Scott Electronics, Inc., 3131 S. Dixie Dr., Suite 200, Dayton, OH 45434,

Tel: (513) 294-0539. Fax: (513) 294-4769.

Scott Electronics, Inc., 30 Alpha Park Drive, Cleveland, OH 44143.

Tel: (216) 473-5050. Fax: (216) 473-5055.

Scott Electronics, Inc., 916 Eastwind Dr., Westerville, OH 43081.

Tel: (614) 882-6100. Fax: (614) 882-0900.

Scott Electronics, Inc., 10901 Reed Hartman Hwy., Suite 301, Cincinnati, OH 45242.
Tel: (513) 791-2513. Fax: (513) 791-8059.

Metz-Jade Associates, Inc., 7 Wynnewood Rd, Suite 203, P.O.Box 276, Wynnewood,
PA 19096. )

Tel: (215) 896-7300. Fax: (215) 642-6293.

Oeler & Menelaides, Inc., 8430 Meadow Rd., Suite 224, Dallas, TX 75231.

Tel: (214) 361-8876. Fax: (214) 692-0235.

Oeler & Menelaides, Inc., 8705 Shoal Creek Rd., #103, Austin, TX 78758.

Tel: (512) 453-0275. Fax: (512) 453-0088.

Micro Sales, Inc., 210 Regency Ct., Suite L101, Waukesha, Wl 53186-0545.

Tel: (414) 786-1403. Fax: (414) 786-1813.

GM Assoc. Inc., 7050 Bramalea Road, Mississauga, Ontario L5S 1T1 (Toronto).
Tel: (416)671-8111. Fax: (416) 671-2422.

GM Assoc. Inc., 3860 Cote-Vertu, St. Laurent, Quebec H4R 1N4.

Tel: (514) 335-9572. Fax: (514) 335-9573.
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Distributors

396

AUSTRALIA and
NEW ZEALAND
AUSTRIA

BULGARIA
CANADA

CHINA

CZECH REPUBLIC

DENMARK

EASTERN EUROPE

FRANCE

GM Assoc. Inc., 301 Moodie Dr., Nepean, Ontario K2H 9CR (Ottawa).
Tel: (613) 820-3822. Fax: (613) 820-7633.

GM Assoc. Inc., 300-3665 Kingsway, Vancouvr, BC V5R 5W2.

Tel: (604) 439-3383. Fax: (604) 439-8479.

GEC Electronics Division, Unit 1, 38 South Street, Rydalmere, NSW 2116, Australia.
Tel: 612 638 1888. Fax: 612 638 1798.
Eurodis Electronics GmbH, Lamezanstrasse 10, A-1232 Wien.
Tel: 1610620. Fax: 1 61062151.
Macro Sofia, 116 Geo Miller Str, BI 57 AP70, 1574 Sofia. Tel/Fax: 359 2 708140.
Semad, 1825 Woodward Dr., Ottawa, Ontario K2C OR3.
Tel: (613) 727-8325. Fax: (613) 727-9489.
Semad (Corp.), 85 Spy Court, Markham, Ontario L3R 4Z4.
Tel: (416) 475-8500. Fax: (416) 475-4158.
Semad, 243 Place Frontenac, Pointe Claire, Que HOR 4Z7.
Tel: (514) 694-0860. Fax: (514) 694-0965.
Semad, 6815 8th St. N.E., Ste. 175, Calgary, Alberta T2E 7H7.
Tel: (403) 252-5664 Fax: (604) 420-0124.
Semad, 8563 Government St, Burnaby, BC V3N 4S9.
Tel: (604) 420-9889. Fax: (604) 420-0124.
Gain Tune Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284971.
World Peace Industrial Co Ltd, Room 709, Oriental Building, 39 Jianshe Road,
Shenzen, China.Tel: 755-2284970. Fax: 755-2284972.
Macro Weil SRO, Bechynova 3, 160 00 Prague 6.
Tel: 42 2 3112182. Fax: 42 2 24310335.
Scansupply A/S, Gladsaxevej 356, DK-2860 Soeborg.
Tel: 45 39 66 50 90. Fax: 45 39 66 50 40.
Scansupply A/S, Marselisborg Havnevej 36, 8000 Arhus C.
Tel: 4586 12 77 88. Fax: 4586 12 77 18.
FA Bernhart GmbH, Melkstattweg 27, PO Box 1628, D 8170 Bad Toelz., Germany.
Tel: 80 41 41676 Fax: 8041 71504 Tx: 526246 FABD.
3D:
6-8 rue Ambroise Croisat, Z.l. des Glaises, 91120 Palaiseau. Tel: 1 64 47 29 29.
Fax: 164 47 00 84.
3 rue Berthelot, 69627 Villeurbanne CEDEX. Tel: 72 35 22 00. Fax: 72 34 67 72.
Z.1. du terroir, rue de l'industrie, 31140 Saint Alban.
Tel: 61 3744 00. Fax: 61 37 44 29.
Parc Club du golf, Batiment 1, 13856 Aix-en-Provence CEDEX 3. Tel: 91 61 80 20.
Omnitech Sertronique:
C.A. de Montheard, 11 rue Edgar. Brant, 72016 Le Mans CEDEX.
Tel: 4386 74 74. Fax: 43 86 74 86.
165 boulevard de Valmy, Batiment Evolic 1, 92706 Colombes.
Tel: 146 1307 80. Fax: 146 13 07 90.
ZAC des Petites Landes, 44470 Thouare-sur-Loire. Tel: 40 68 06 07.
Fax: 4068 06 72.
99 boulevard de I'Artillerie, 69007 Lyon. Tel: 72 73 11 87. Fax: 72 73 18 00.
37 rue Saint-Eloi, 76000 Rouen. Tel: 35 88 00 38. Fax: 35 1506 22.
18/20 rue Cabanis, 59007 Lille. Tel: 20 33 21 97. Fax: 20 56 00 49.
Parc Cadera, Batiment F, 33700 Bordeaux. Tel: 56 34 46 00. Fax: 56 34 47 13.



GERMANY

GREECE

HONG KONG

HUNGARY

INDIA

ITALY

JAPAN

KOREA

MALAYSIA

NETHERLANDS

NORWAY

POLAND

PORTUGAL
RUSSIA

SLOVAK REPUBLIC

SOUTH AFRICA

SPAIN

SWEDEN

SWITZERLAND

TAIWAN

AS Electronic Vertriebs GmbH, In den Garten 2, D-61352 Bad Homburg.

Tel: 06172 458931. Fax: 06172 42000.

Astronic GmbH, Gruenwalder Weg 30, D-82041 Deisenhofen. Tel: 089 6130303.
Fax; 089 6131668.

Micronetics GmbH, Dieselstrasse 12, D-71272 Renningen. Tel: 07159-925830.
Fax: 07159-9258355.

Weisbauer Elektronik GmbH, Heiliger Weg 1, D-44135 Dortmund. Tel: 0231 579547.
Fax: 0231 577514. ‘

Impel Ltd., 30 Rodon Str, Korydallos, Piraeus, Greece. Tel: 010 30 1 49 67815.

TIx: 213835. Fax: 01 49 54041.

Gain Tune Ltd, Room 809, 8th Floor, Hunghom Commercial Centre, Tower B,
37-39 Ma Tau Wai Road,Hunghom, Kowloon, Hong Kong. Tel: 852-3654860.

Fax: 852-7641129.

Macro Group, Etele ut 68,Budapest 1115. Tel: 36 1 2698110/1853111.

Fax: 36 1 1850061.

Mekaster Telecom PVT Ltd., 908 Ansal Bhawan, 16 Katuba Ghandi Marg,

New Delhi, 100 001 India Tel: 11 3312110 Fax: 11 3712155.

Adelsy - Divisione della Generalmusic SpA, Via Novara 570, 20153 Milano.

Tel: 02 3810310. Fax: 02 38002988.

Eurelettronica SpA, Via E. Fermi 8, 20090 Assago (Ml). Tel: 02 457841.

Fax: 02 4880275.

Fanton Srl, Milano - Torino - Bologna - Firenze - Roma - Padova.

Tel: 02 48912963. Fax: 02 4890902.

Cornes & Company Ltd., 2-5-12 Higashi-Kanda, Chiyoda-ku. Tokyo 101.

Tel: 3-5821-1651. Fax: 3-5821-1904.

Cornes & Company Ltd., Cornes House, 13-40 Nishi-honmachi 1-chome,

Nishi-Ku, Osaka 550. Tel: 6 532 1012.Tx: 525-4496. Fax: 6 541-8850.

KML Corporation, 6th Floor, Dukmyung Building, (A-Dong) 113-3, Banpo-Dong,
Shucho-Gu, CPO Box 7981, Seoul. Tel: 2595 9101-6.. Fax: 2 595 9107.

Adequip Enterprise Sdn Bhd, #6-01 6th Floor, Wisjma Stephens,

88 Jalan Raya Chulan, 50200 Kualar Lumpur, Malaysia. Tel: 2423522. Fax: 2423264.
Tekelek-Airtronic B.V., PO Box 63, NL-2700 AB Zoetermeer. Tel: 079 310100.

Fax: 079 417504

Skandinavisk Elektronikk A/S, Ostre Aker Vei 99, Postboks 99 Veitvet, Oslo 5.

Tel: 2264 11 50. Tx: 71963 Fax: 22 64 34 43.

Macropol Co. Ltd, Ui Bitwy Warszawskiej 11, 02 366 Warsaw. Tel: 48 22 224337.
Fax: 48 22 229136.

Anatronic SL, Urbanisazao Do, Infantado, Lote 18, 2° ESQ, Loures. Tel: 1 79 33 2 99.
Anastasia Neklusova, St Petersburg, Ul Zamshina 15. Tel: 7 812 545 0723.

Fax: 7 812 254 51256.

Macro Zilinia, Vysokoskolakov 6, 010-01 Zilinia.- Tel: 42 89 634181/45041.

Fax: 42 89 634109.

T.E.C. Tellumat Electronic Components, 1 Jansen Road, Jet Park, Boksburg 1459,
P.O. Box 8174, Elandsfontein 1406. Tel: 2711 823 2950. Fax: 2711 823 2668.
Anatronic SA, Avda de Valladolid 27, 28008 Madrid. Tel: 91 542 4455/6.

Fax: 91 2486975.

Anatronic SA, Bailen, 176, Estresuelo 1°, 08037 Barcelona. Tel: 93 258 1906/7.
Fax: 93 258 7128.

Pronesto AB (Microwave Products Only), Finlandsgatan 18, 16475 Kista.

Tel: (08) 752 9080. Fax: (08) 751 4111.

Basix fiir Electronik AG, Hardturmstr 181, CH-8010 Zuerich. Tel: 1 2761111,

Fax: 12764199.

Prospect Technology Corporation, 5, Lane 55, Long-Chiang Road, Taipei, Taiwan.
Tel: (886-2) 721-9533. Fax: (886-2) 773-3756.

World Peace Industrial Co Ltd, 8th Floor, 76 Cheng Kung Road, Sec. |.,

Nankang District, Taipei, Taiwan ROC. Tel: (886-2) 788-5200. Fax: (886-2) 788-3255.
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THAILAND

TURKEY

UNITED KINGDOM

USA: Alabama

Arizona

California

North Carolina

South Carolina

Colorado

Connecticut

Florida

Westech Electronics Co. Ltd, 77/113 Moo Ban Kitikorn, Ladprao Soi 3,

Ladprao Road, Ladyao, Jatujak, Bangkok 10900. Thailand. Tel: 2 5125531.

Fax: 2 2365949.

EMPA, 34630, Besyol Londra Asfalti Florya Is Merkezi Sefakoy, Istanbul.

Tel: (1) 599 30 50 Tx: 21137 Etna tr Fax: (1) 598 53 53.

Celdis Ltd., 300 Kings Road, Reading, Berks RG1 4GA. Tel: 0734 666676.

Tx: 818142. Fax: 0734 263100. ‘

ESD Distribution Ltd, Edinburgh Way, Harlow, Essex CM20 2DF.

Tel: 0279 626777. TIx: 818801. Fax: 0279 441687

Farneii Eiectronic Components Lid., Canai Road, Leeds LS12 2TU.

Tel: 0532 636311. Tx: 55147. Fax: 0532 633404.

Gothic Crellon Ltd., 3 The Business Centre, Molly Millars Lane, Wokingham,
Berkshire RG11 2EY. Tel: 0734 788878, 787848. Tx: 847571. Fax: 0734 776095.
Gothic Crellon Ltd., P.O.Box 301, Elizabeth House, 22 Suffolk Street, Queensway,
Birmingham B1 1LZ. Tel: 021 643 6365. Tx: 338731, Fax: 021 633 3207.

Macro Group, Burnham Lane, Slough SL1 6LN. Tel: 0628 604383.

Fax: 0628 666873/668071.

Semiconductor Specialists (UK) Ltd., Carroll House, 159 High Street Yiewsley,
West Drayton, Middlesex UB7 7XB Tel: (0895) 445522 Tx: 21958.

Fax: (0895) 422044.

Unitel Ltd., Unitel House. Fishers Green Road, Stevenage, Herts.

Tel: (0438) 312393. Tx: 825637. Fax: (0438) 318711.

Pioneer Technologies, 4835 University Square #5, Huntsville, AL 35816.

Tel: (205) 837-9300. Fax: (205) 837-9358.

Hammond, 4411-B Evangel Circle NW, Huntsville, AL 35816. Tel: (205) 830-4764.
Fax: (205) 830-4287.

Insight Electronics, 1515 W. University Dr., Suite 103. Tempe, AZ 85281.

Tel: (602) 829-1800. Fax: (602) 967-2658.

Insight Electronics (Corp.), 6885 Flanders Dr., Unit C, San Diego, CA 92121,
Tel: (619) 587-0471. Fax: (619) 587-0903.

Insight Electronics, 2 Venture Plaza, Ste. 340, Irvine, CA 92718. Tel: (714) 727-3291.
Fax: (714) 727-1804.

Insight Electronics, 4333 Park Terrace Dr., Ste. 101, Westlake Village, CA 91361.
Tel: (818) 707-2101. Fax: (818) 707-0321.

Insight Electronics, 1295 Oakmead Parkway, Sunnyvale, CA 94086.

Tel: (408) 720-9222. Fax: (408) 720-8390.

Pioneer Standard, 217 Technology Dr., Ste. 110, Irvine, CA 92718.

Tel: (714) 753-5500. Fax: (714) 753-5074.

Pioneer Standard, 5850 Canogo Ave., Ste. 400, Woodland Hills, CA 91367.

Tel: (818) 883-4640. Fax: (818) 883-9721.

Pioneer Technologies, 134 Rio Robles, San Jose, CA 95134.

Tel: (408) 954-9100. Fax: (408) 954-9113.

Hammond, 2923 Pacific Ave., Greensboro, NC 27406. Tel: (919) 275-6391.

Fax: (919) 272-6036.

Pioneer Technologies, 2200 Gateway Centre Blvd., Ste. 215, Morrisville, NC 27560.
Tel: (919) 460-1530. Fax: (919) 460-1540.

Hammond, 1035 Lowndes Hill Rd., Greenville, SC 29607. Tel: (803) 232-0872.
Fax: (803) 232-0320.

Insight, 384 Inverness Dr. S., Ste. 105, Engelwood, CO 80112,

Tel: (303) 649-1800. Fax: (303) 690-4754.

Pioneer Standard, 2 Trapp Falls Rd., #100, Sheton, CT 06484. Tel: (203) 929-5600.
Fax: (203) 929-9791.

Hammond Ft. Lauterdale, 6600 N.W. 21st Ave., Ft. Lauderdale, FL 33309.

Tel: (305) 973-7103. Fax: (305) 973-7601.

Hammond Orlando (Corp.), 1230 West Central Blvd., Orlando, FL 32805,

Tel: (407) 849-6060. Fax:(407) 648-8584.



Georgia

lllinois

Indiana
Maryland
Massachusetts

Michigan

Minneapolis

Missouri
New Jersey
New Mexico

New York

Ohio

Oregon
Pennsylvania

Texas

Pioneer Technologies, 674 South Military Trail, Deerfield Beach, FL 33442.
Tel: (305) 428-8877. Fax: (305) 481-2950.

Pioneer Technologies, 337 South Northlake Blvd., #1000, Altamonte Springs.
FL 32701 Tel: (407) 834-9090. Fax: (407) 834-0865.

Hammond, 5680 Oakbrook Pkwy., Suite 160, Norcross, GA 30093. ]

Tel: (404) 449-1996. Fax: (404) 242-9834.

Pioneer Technologies, 4250C Rivergreen Pkwy., Duluth, GA 30136.

Tel: (404) 623-1003. Fax: (404) 623-0665

Pioneer Standard, 2171 Executive Drive #104, Addison, IL 60101.

Tel: (708) 495-9680. Fax: (708) 495-9831

Pioneer Standard, 9350 N. Priority Way W. Drive, Indianapolis, IN 46240.

Tel: (317) 573-0880. Fax: (317) 5673-0979

Pioneer/Tech. Group. Inc., 9100 Gaither Rd., Gaithersburg, MD 20877.

Tel: (301) 921-0660. Fax: (301) 921-4255

Pioneer Standard, 44 Hartwell Avenue, Lexington, MA 02173. Tel: (617) 861-9200.
Fax: (617) 863-1547

Pioneer Standard, 13485 Stamford, Livonia, Ml 48150. Tel: (313) 525-1800.
Fax: (313) 427-3720.

Pioneer Standard, 4595 Broadmoor Ave. S.E., Ste. 235, Grand Rapids, Ml 49512.
Tel: (616) 698-1800. Fax: (616) 698-1831.

Pioneer Standard, 7625 Golden Triangle Dr., Eden Prairie, MN 55344.

Tel: (612) 944-3355. Fax: (612) 944-3794.

Pioneer Standard, 2029 Woodland Pkwy. #101, St. Louis, MO 63146.

Tel: (314) 432-4350. Fax: (314) 432-4854,

Pioneer Standard, 14-A Madison Rd.. Fairfield, NJ 07006. Tel: (201) 575-3510.
Fax: (201) 575-3454.

Alliance Electronics, 10510 Research Rd. SE, Albuquerque, NM 87123.

Tel: (505) 292-3360 Fax: (505) 275-6392

Mast, 710-2 Union Pkwy., Ronkonkoma, NY 11779. Tel: (516) 471-4422.

Fax: (516) 471-2040.

Pioneer Standard, 68 Corporate Drive, Binghamton, NY 13904,

Tel: (607) 722-9300. Fax: (607) 722-9562.

Pioneer Standard (Corp.), 60 Crossways Park West, Woodbury, NY 11797.
Tel: (516) 921-8700 Fax: (516) 921-2143.

Pioneer Standard, 840 Fairport Park, Fairport, NY 14450. Tel: (716) 381-7070.
Fax: (716) 381-5955.

Pioneer Standard, 4800 East 131st St., Cleveland, OH 44105.

Tel: (216) 587-3600. Fax: (216) 587-3906.

Pioneer, 4433 Interpoint Blvd., Dayton, OH 45424, Tel: (513) 236-9900. .

Fax: (513) 236-8133.

Insight, 8705 SW Nimbus Ave., #200, Beaverton, OR 97005. Tel: (503) 644-3300
Pioneer Technologies, Keith Valley Business Center, Horsham, PA 19044.
Tel: (215) 674-4000. Fax: (215) 674-3107.

Pioneer Standard, 259 Kappa Drive, Pittsburgh, PA 15238. Tel: (412) 782-2300.
Fax: (412) 963-8255.

Insight, 12701 Research BI.Ste 301, Austin, TX 78759.

Insight, 1778 Plano Rd., Suite 320, Richardson, TX 75081. Tel: (214) 783-0800.
Fax: (214) 680-2402.

Insight,15437 McKaskle, Sugarland, TX 77478.

Pioneer Standard, 1826-D Kramer Ln., Austin. TX 78758. Tel: (512) 835-4000.
Fax: (512) 835-9829.

Pioneer Standard, 13765 Beta Road, Dallas, TX 75244.

Tel: (214) 386-7300. Fax: (214) 490-6419.

Pioneer Standard, 10530 Rockley Rd. #100, Houston, TX 77099.

Tel: (713) 495-4700. Fax: (713) 495-5642.
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Washington

Wisconsin

UK Export

(To countries other than
those listed)
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Insight, 12002 115th Ave. N.E., Kirkland, WA 98034. Tel: (206) 820-8100.
Fax: (206) 821-2976.

Pioneer Standard, 120 Bishop's Way #163, Brookfield, WI 53005.

Tel: (414) 784-3480. Fax: (414) 784-8207.

GEC Plessey Semiconductors , Unit 1, Crompton Road,

Groundwell Industrial Estate, Swindon,

Wilts, UK SN2 5AF. Tel: (0793) 518510. Fax: (0793) 518582.
Whiteaway Laidlaw (Overseas) Ltd., PO Box 93, Ambassador House,

Devonshire Street North, Manchester M60 6BU Tel: 061 273 3228 Fax: 061 274 3757



© GEC Plessey Semiconductors 1994
Publication No. HB2480-2.0 June 1994
Supersedes PS2480-1.0 May 1991 Edition

TECHNICAL DOCUMENTATION - NOT FOR RESALE
PRINTED IN USA

Thispublication s issued to provide information only which (unless agreed by the Company inwriting) may not be used, applied
or reproduced for any purpose nor form part of any order or contract nor to be regarded as a representation relating to the
products or services concerned. No warranty or guarantee express er implied is made regarding the capability, performance
or suitability of any product or service. The Company reserves the right to alter without prior knowledge the specification,
design or price of any product or service. Information concerning possible methods of use is provided as a guide only and
does not constitute any guarantee that such methods of use will be satisfactory in a specific piece of equipment. Itis the user's
responsibility to fully determine the performance and suitability of any equipment using such information and to ensure that
any publication or data used is up to date and has notbeen superseded. These products are not suitable for use in any medical
products whose failure to perform may result in significantinjury or death to the user. All products and materials are sold and
services provided subject to the Company's conditions of sale, which are available on request.
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