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Section 3
Industry
Cross Reference

Industry Raytheon Direct Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
AD101 AH TMI0T AT AD584 L
AD301 AH M307 AH AD584 S
AD451 RC4151 "ADS84 T
ADAG2 RC4152 AD741 RC7Ai
AD453 RC4153 AD741C RC741
ADS04 J 0P05 AD741 RC741
ADS04 K 0P05C 005 AD741K RC741
ADS04 | 0P05 A P05 AD741 L RC741
AD504 M 0P05 AD7A1S RC741S
AD504 S 0P05 E AD14067 D DAC-08 CDC
AD510 J P07 AD14068 D DAC-08 EDC
AD510 JH OPO5E AD1508-9 D DAC-08 DM,
AD510K P07 DAC-08 ADM
i R AD6012 ADC DAC-6012 ADC
st G AD6012 ADM DAC-6012 ADM
Absio i A AD6012 DG DAC-6012 DC
s i AD6012 DM DAC-6012 DM
AD510 SH 0P05 C AD7520 DAC-10
ADS17 0p07 07 AD75%0 DAC-10
ADSTT K 0p07 T AD7533 DAC-10
AD517 LH P07 ET ADI6B5/ADIGE7 RC4805
AD517 SH OP.07 AT ADDAC-08 DAC-08 D
i e ADDAC .08 AD DAC08 AD
o) Rei ADDAC08 C DAC-08 €D
AD565 JD/BIN DAC-4565 DDC, ADDAC-08 E DAC-08 ED
DAC-4565 J0C ADDAC08 H DAC-08 HD
AD565 SD/BIN DAC4565 SOC "ADDAC-6012 DAC-6012
AD580 REF-03 TM, ADDAC-6012 A DAC-6012 A
REF03 TC, ADOPG7 AH 0P07 A, OP-07 AT
REF-03 CTC, :
REF-03 CNB ADOP07 CH 007 C, 0P07 CT
AD581 REF-01, REF01 A, ADOP7 CN 0P-07 CNB
ReF Ol g REEaD ADOP-07 DH 0P07'0, 0P07 DT
TN ADOP-07 DN 0P-07 DNB
Ak ADOP-07 EH 0P07 E, 0P07 ET
ADOP-07 EN 0P-07 ENB
Raylhosn 3-1



Industry Cross Reference Section 3
—

Industry Raytheon Direct | Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement

ADOP07 H P07, 0P T DAC-C3 BC DACL08 ADM,
VGRS s 1 | DAC-08 DM
e —r i v
AMGO12 ADC DAC-6012 ADC DAC-08 EDB
AMGO12 ADM paceoiz oM T | DAC-08 CDB
AMB0T2 DC DAC-6012 DC DAC-08 AQ DAC-08 ADM
AMO12 DM DAC-6012 DM DAC0B CN DAC-08 CDB
AMDAC-08 AQ DAC-08 ADM DAC-08 CP DAC-08 CDB
AMDAC-08 CN DAC-08 CDB DAC-08 Ca DAC-08 CDC
AMDAC-08 Ca DAC-08 CDC DAC-08 EN DAC-08 EDB
AMDAC 08 EN DAG-08 E0B DAC-08 EP DAC-08 EDB
AMDAC 08 EQ DAC-08 EDC DAC-GB EQ DAC-08 EDC
iG55 G SAca DAC.08 HN DAC-08 HDB
CATOTA 0T A DAC-08 HP DAC-08 HDB
AT T DAC.08 Ha DAC-08 HDG
CA124 LM124, (M124 DC DAC-08 0 DA o8 Dk
CA139 LM139 DC DAC-10B DAC-10 BDC
CA1 LM301 DAC-10 BX DAC-10 BOM
CAX1 A LM301 A DAC-10C DAC-10 COC
CcA3N LM311 DAC-10 CX DAC-10 COM
CA3A4 LM324 DAC-10F DAC-10 FOC
CA339 LM339 DAC-10 FX DAC-10 FOC
CA358 LM358 DAC10G DAC-10 6DC
CASES RCSSS DAC-10 GX DAC-10 GDC
CATZ3 RC723 DAC-312 BR DAC-6012 DR
CA741 Re741 DAC 312 EP DAC-6012 ADC
CA747 Re747 DAC312 ER DAC.6012 ADC
CA1458 RC1458 DAC312 FR DAC6012 DC
CA1558 RC1558 DAC-0800 L DAC-08 EDC
CA3302 RC3302 DAC-0800 LCN DAC-08 EDB
CA3401 RC3401 DAC 0800 L0 DAC.08 DC
CMP-05 RC4805 DAC-0801LCJ DAC-08 €0C
DAC-HF-10 BMC DACloFDC DAC.0801 LCN DAC.08 CDB
DACH-10 BMM DAC-10, BOM, DACOB02LC) | DAC08 HOC

; DAC-10 COM DAC-0802 LCN DAC-08 HOC
DAC-HF-12 BBM DAC-6012 ADM, DAC-1020 LCN DAC-10 FDC

DAC-6012 M DAC-1020 LD DAC-10 BDM

DAC-HF-12 BMC DA S012 faC. DAC-1021/22 LCN DAC-10 GDC
bR icgio e S DAC-1021/22 LD DAC-10 COM
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Section 3 Industry Cross Reference
. |
Industry Raytheon Direct Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
DAC-1208 AD-1 DAC-4565 DDC M301 LM301 AN,
DAC-1220 LON DAC-6012 ADC LM301 ADE,
LM301 AH
DAC-1220 LD DAC-6012 ADM i A
DAC-1221/22 LON DAC6012 D¢ i LG TR
DAC-1221/22 LD DAC-6012 DM LM311'DE,
DAC-1280 HDC-1 DAG4585 JC, LM311 H
DAC-4565 SDC (M324 M4
HA147412 HA147412 [M325/306 RGHSS NG,
HA147415 HA1 47415 skl
HA147418 HA147418 CiEE BT B
HAD 47415 HAS 47415 LM36A5.0 REFOZ E
LHoo4 0P-07C [M339 [M339, (N33 N
LH004 A 007 (M3 J [M3%J
LH004M AC 0P-07 A M348 M348 RC4156, RCA157
LFi0044 B 0P07D i T
LH0044 C P07 E [M35625 REF-03 CNB
LHOWT0Y REF-01 [M3588-25 REF03 CTC
LHO070-1 REF-01 A i i
LH00702 REF01C (i i
LH2101 A LH2101 A e i
LF2101 J LH2101 DC Ty PR
L2 LH2111 LM723 RC723, RC723 DE
21T J LH2111 d RCT23 N
LH2201 J L2201 0 M725 RC725
LH2211 J L2211 J (M741 RC741
LF2301 J LF2301 G (M747 RC747, RC747 S
LH2311 § LH2311 J LM2900 LM2900
LM101 A LM101 A, LM2901 LM2901
i e T[T
[M11i LM111DE, LM3301 RC3301
LMi11 H, LM111 LM3302 RC3302
Mi24 LM124 LM3401 RC3401
[Mi24 J LMi24 ] LM3900 LM3900
Mi3%65.0 REF02 MC1404 AUS REF02H
LMi3%A50 REF-02A MC1404 AUT0 REF01 H
M1 (Mi%0 NIC1404 U5 REF-02 CDE REF-02 C, REF-02 D
(Mi39J (Mi39] MC1404 U0 REF01 CDE, REF-01 C. REF-01 D
LMi48 LMi48 J, [Mi48 REF-01 DDE
i REE G MC1408 L6 DAC-08 COC
TS R NC1408 L8 DAC-08 ADM
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Industry Cross Reference Section 3
|
Industry Raytheon Direct Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
MC1408 P6 DAC-08 C0B MP-5501 REF01
MC1485 R385 MP-5501 A REF01 A
MC1456 RCA131 MP-5501 C REF01 C
MC1458 RC1458 "MP5501 D REF-01D
MC 1468 RC4195 NB, MP-5501 E REFOTE
gg]g E. “MP5501 REF01 H
MC14g4 RC4200/A _MP-5502 REF-02
MC1500 AG5 REF-02 AT _MP-5502 A REF-02 A
MC1500 AG-10 REF01 AT _MP-5502 C REF-02C
MC1500 AU2 REFO3 T MP-5502 D REF-02D
MC1500 U2 REF02 TC MP-5502 € REF2E
MC1504 AUS REFL02 MP-5502 H REFO2H
MC1504 AUTO REF-01 MP-5505 0°-05
ici e MP-5505 A 005 A
MC1568 RC4195 NB, MP-5505 C P45 C
RC4195 DE, MP-5505 £ 3
RCA195 T MP-5507 A 0P07 A
MC1723 C6 RCTAT T o
MC1723 CL RC723DC NP ¢ G
MCi741 RC741 P D
MCi741 Ca RC7A1 T P E
MC1741 CP1 RC741 DN Vb 5
MCi747 RC747 TR A
MC1747 C6 RC747 T T T
MC1747 CL RC74TD s s
MC3301 RC3301 MP-5527 E 0P27E
MC3302 RC3302 MP-5537 P27 F
MeH01 RCAU0 MP-5527 G 0P27 G
MC3403 RC3403 A MP-5537 A 0P37 A
MC3412 DAC-4565 MP-5537 0p37B
MGMZL DAC 4565 DOC. Mp-5537 € 0P37 ¢
MC3476 TN MP-5537 OPA7TE
R T SR MP.5537 F P37 F
iciis i MP.5537 G 0P376
L 00 s
MCA358 CP1 RCA4558 NB DAC-10 FOC,
MCA741 RC4156 RCa17 DAC-10 GDC
MC1-47412 HA147412 MP-7523 32233 S&’."
MC347415 HA3 47415 DAC-08 EDC,
DAC-08 CDC
34 Rayiheon




Section 3

Industry Cross Reference
. |}
Industry Raytheon Direct | Raytheon Similar Industry Raytheon Direct | Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
MP-7531/41 DAC-6012 ADM, RC4193 CP RC4193 NB
I
DAC-6012 DC RC4559 RC4559
NES55 RC555 REF-01 REF-01
NES56 RC556 REF-01 A REF01 A
NES532 RC5532 REF-01C REF01C
NE5532 A RC5532 A REF01D REF01D
NE5534 RC5534 REFO1E REF-01E
NE5534 A RC5534 A REF01H REFO1 H
0P-02 RC741 REF-02 REF-02
0p-04 RC747, RC747°S REF-02 A REF02 A
0pP-05 0P-05 REF-02 C REF-02 C
0P05 A 0P-05 A REF02D REF02 D
0P05C 0P05C REF-02 E REF-02 €
0P05E 0P-05 E REF-02 H REF02 H
0P-06 RC725 4A101 A LM101A
0opP07 0P07 wAT1Y LM111
0P07 A 0P07 A wA124 LM124
0P07 C 0P-07C wA139 LM139
0P-07 D 0P07 D “uA148 LM148 RC4156, RCA157
OPO7E OP07 E wA301A LM301A
0P-09 RC4136 LA31 LM311
0P-14 RC1458 wh324 LM324
0pP-27 opP-27 wh339 LM339
0P27 A 0P-27 A #A38 LM348
0P-278 0P27B 4AB55 RCS55
oP-27C oP-27¢C A58 RC556 )
0P-2TE OP-27E wAB65 JDC DAC-4565 JDC
0P-27 F 0P-27F wABB5 JJC DAC-4565 DDC
0P27G 0P-276 +A565 SDC DAC-4565 SDC
0P-37 A 0P37 A wAT14 EHC RC714 EH
0P-378 0P-37B #AT14 HC RC714 CH
0P-37C 0P-37C wAT14 HM RC714 H
OP37E OP-37E wA714 LHC RC714 LH
OP-37F OP-37F wh723 RC723 DE, RC723 N
0P-37G 0P37G wA725 RC725
PM139 LM139 wAT39 RC4739
"PM339 LM339 wh741 RC741
RC4136 RC4136 WATAT RC747, RC747°S
RC4193 CJG RC4193 DE wATB0 RC4805
Rayihosn 35



Industry Cross Reference Section 3
. ]

Industry Raytheon Direct Raytheon Similar

Part Number Replacement Replacement
uA0801 CDC DAC-08 CDC
#A0801 CPC DAC-08 CDB
1#A0801 DM DAC-08 DM
u1A0801 EDC DAC-08 EDC
1A0801 EPC DAC-08 £DB
uA1458 RC1458
1#A2900 LM2900
nA2901 LM2901
1uA2902 LM2902
uA3301 LM3301
uA3302 LM3302
uA3401 RC3401
uA3403 RC3403 A
1A3900 LM3900
uAd136 RCA4136
uA4558 RC4558 RC4559
w301 A LM301 A
wid? RC747 S
VFC-32 KF RC4151
VFC42 BP RC4152
VFC-52 BP RC4153
VFQ-1C RC4151
VFQ-2C RC4152
VFQ-3C RC4153
XR2207 XR2207
XR2211 XR2211
XR4151 RC4151 RC4152
XR4194 CN RC4194 DC
XR4195 CP RC4195 NB
4202 K RC4200/A
4205K
4780 RC4151
4781 RC4152
4782 RC4153
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Product Selection Guide Section 4
1
Standard Linear Products

Raytheon PMI FSC AMD Motorola National RCA Signetics Tl

HA1-47412 MC1-a741-2

HA3-47415 MC3-4741-5

LH2101A LH2101A LH2101A LH2101A

LH2111 LH211 LH2111

LM101A pA10TA T IM101A | IM101A[LM101A | CAlO1A [M101A

IM111 pAT M1 IMITA IM111 CA111 M111

LM124 w124 [ IM124 | IM124 M124 CA124 LM124 IM124

M139 PM139 | wA139 [ IM139  |LM139 LM139 CA139 LM139 LM139

M148 pA148 | LM148 LM148 LM148

LM301A #301A [ IM301A | IM301A” | LM301A | CA301A LM301A | LM301A

LM311 eA31T T IM311 | IM311 LM311 CA311 LM311

LM324 uh324 | IM324 | LM324 LM324 CA324 LM324 LM324

LM339 PM339 | uA339 | LM339  |LM339 LM339 CA339 LM339 LM339

LM348 uA348 | M348 LM348 LM348 M348

LM2900 #A2900 LM2900

LM2901 uA2901 LM2901 LM2901 LM2901 LM2901

LM2902 wA2902 IM2902 {LM2902 LM2902

LM3900 1A3300 LM3900 LM3900

RC1458 | OP-14 | uA1458 MC1458  [LM1458 | CA1458 MC1458 | MC1458

RC3301 1A3301 MC3301 LM3301

RC3302 uA3302 MC3302  [Im3302 | CA3302 MC3302

RC3401 #A3401 MC3401 LM3401 CA3401

RC3403A uA3403 MC3403 MC3403

rca1zr |’ MC1456*

RC4136 | 0P-09 | wh4i36 RC4136

RCA156 uh148* MC4741 LM348* LM348*

RC4157 »A148/ MCc4741*  [Lm348* LM348*
348‘

RC4558 uAd558 MC4558 RCA4558

RCA4559 uhA558* MC4558* RC4559

RC4739 wAT39%

RC5532 NE5532 NE5532

RC5532A NES532A | NES532A

RC5534 NE5534 NE5534

RC5534A NE5534A | NES534A

RC555 #A555 MC1555 | LM555 NB565 NES55

RC556 wh556 MC3556 | LM556 NE556 NES56

RC725 OP06 | nA725 LM725 ”

RC741 oP02 | uA741 MC1741 LM741 CA741 CA741 wA741 T

RC747 0P04 | uA747 MC1747 | LM747 CA747 CA747

RC747S 0P-04 | uA747 M747 u747

*Functional Equivalent

42



Section 4 Product Selection Guide
L |
Data Conversion Products

Raytheon PMI FSC AMD Motorola | NSC Analog Devices | Micro-Power |Datel
DAC-08ADM DAC-08AQ AMDAC-08AQ MC1408L8 | DAC-08AQ AD-1508-9D MP-7523* DAC-IC8BC*
DAC-08DM | DAC-08Q  [uAOS01DM | AMDAC-08Q DAC-08Q AD-15089D | MP-7523*  |DAC-ICBBC*
DAC-08EDC DAC-08EQ {uAOB01EDC | AMDAC-08EQ DAC-08EQ AD-1408-8D MP-7523* DAC-IC8UP*
DACO8CDC DAC-08CQ |uA0801CDC | AMDAC-08CQ MC1408L6 | DAC-08CQ AD-1408-7D MP-7523* DAC-IC8UP*
DAC-08EDB DAC-O8EP |uAO801EPC | AMDAC-O8EN DAC-O8EP DAC-IC8UP*
DAC08CDB | DAC-08CP |uAOB01CPC | AMDAC-08CN | MC1408P6 | DAC-08CP DAC-IC8UP*
DAC-10BDM | DAC-10BX DAC-1020  |AD7520/ MP-7520/  |DAC-
LD* 30/33* 30/33* HF10BMM*
DAC-10CX DAC-1021/  |AD7520/ MP-7520/  |DAC-
22L0* 30/33* 30/33* HF10BMM*
DAC-10FX DAC-1020  |AD7520/ MP-7520  |DAC-
LCN* 30/33* 30/33* HF10BMC*
DAC-10GDC DAC-10GX DAC-1021/ AD7520/ MP-7520/ DAC-
22LCN* 30/33* 30/33* HF10BMC*
DAC-6012ADM AM6012ADM DAC-1220LD* |AD6012ADM | MP-7531/  DAC-
41* HF 1 2BMM*
DAC-6012DM | DAC-312BR| AM6012DM DAC-1221/ AD6012DM MP-7531/ DAC-
2210* 41* HF128MM*
DAC-6012ADC AM6012ADC DAC-1220LCN*|AD6012ADC | MP-7531/  |DAC-
41* HF12BMC*
DAC-60120C |DAC-312FRY AM6012DC DAC-1221/  |AD6012DC MP-7531/  [DAC-
22LCN* 41* HF12BMC*
1AS65.C MC3412L | DAC1208AD-I* | ADS65JD/BIN
[uAS65.DC MC3412L | DAC1280 AD565JD/BIN
HCD-1*
DAC-45655DC l1AS655DC DAC1280 ADS56550/BIN
HCD-1*
*Functional Equivalent
Other LIC Devices
Raytheon Teledyne Analog Devices EXAR Motorola Datel Burr Brown
RC4151 4780* AD451* XR4151 VFQ-1C* VFC-32KF*
RC4152 4781* AD452* XR4151* VFQ-2C* VFC-42BP*
RC4153 4782* AD537* VFQ-3C* VFC-52BP*
RC4200/A AD539* MC1494* 4202K* &
4205K*
XR2207
XR2211
RC4444 MC3416

*Functional Equivalent

43



Product Selection Guide

High Performance Linear Products

Op Amps, Voltage Reference and Voltage Regulators

Section 4
L

Raytheon | PMI FSC Micro-Power | Analog Devices Motorola NSC
RC714H uAT14HM

RC714EH uA714EHC

RC714CH wA714HC

RC714LH " uA714LHC .

0P-05 0P-05 MP-5505 ADS510LH/ADS04M

OP-05A OP-05A MP-5505A AD510KH/ADS04L

0P-05C OP-05C MP-5505C AD510SH/AD504K

OP-O5E OP-0SE MP-5505E AD510JH/AD5045

oP-07 0P-07 MP-55078B ADOP-O7H - LHO044A*
OP-07A OP-07A MP-5507A ADOP-O7AH LHOO44AC*
0P-07C 0P-07C MP-5507C ADOP-O7CH LHO044*
0P-07D 0P-07D MP-5507D ADOP-O7DH LHO044B*
OP-O7E OP-O7E MP-5507E ADOP-O7EH LHOO44C*
oP-27 oP-27 MP-5527 oP-27

OP-27A oP-27A MP-5527A OP-27A

oP-278 oP-278 MP-55278 OP-27B

0P-27C 0P-27C MP-5527C oP-27C

OP-27E OP-27E MP-5527E OP-27E

OP-27F OP-27F MP-5527F OP-27F

0P-27G 0P-27G MP-5527G 0P-27G

OP-37A OP-37A MP-5537A OP-37A

OP-378 0P-37B MP-55378 OP:378

0P-37C OP-37C MP-5537C 0P37C

OP-37E OP-37E MP-5537E OP-37E

OP-37F OP-37F MP-5537F OP-37F

OP-37G OP-37G MP-5537G 0P-37G

RC4805 | CMP-05 uhA760* AD9685/ADOE8T* LM360*
REF-01 REF-01 MP-5501 AD581* MC1504AU10* | LH0070-0*
REF-01A | REF-O1A MP-5501A A0B81* LHOO70-1*
REFO1C | REF-01C MP-5501C AO581* MC1404U10* LHO070-2*
REF01D | REF-01D MP-5501D AO581* MC1404U10*

REFO1E | REF-OIE MP-S501E AD581*

REF-O1H | REF-O1H MP-5501H AD581* MC1404AU10*

REF-02 REF-02 MP-5502 MC1504AU5* LM136-5.0*
REF-02A | REF-02A MP-5502A LM136A5.0°
REF-02C | REF-02C MP-5502C MC1404U5* LM336-5.0*
REF-02D | REF-02D MP-5502D MC1404U5* LM336-5.0*
REF-02E | REF-O2E MP-5502E LM336A5.0°
REF-02H | REF-02H MP-5502H MC1404AUS*

*Functional Equivalent
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High Performance Linear Products
Op Amps, Voltage Reference and Voltage Regulators

Raytheon Exar FSC Tl Analog Devices Motorola NSC

REF-03T AD580° MC1500AU2* LM158-2.5"

REF-03T AD580* MC1500U2* LM258-2.5*

REF-03CT AD580* MC1400AU2* LM358B-25*

REF-03CNB AD580* MC1400U2* LM358-2.5*

RCA193NB RC4193CP .

RC4193DE RC4193CJG

RC4391NB

RC4391DE

RC4194DB

RC4194DC XR4194CN

RC4194TK

RC4195NB XRA4195CP MC1468/ LM325/326*
MC1568*

RC4195DE MC1468/ LM325/326%
MC1568*

RC4195T MC1468/ LM325/326*

: MC1568*
RC723DE wh723 M723
RC723N A7 iM723

*Functional Equivaient

Package Cross-Reference for High Performance

Package Raytheon PMI Analog Devices
To99 = T Ve
Plastic Mini DIP “NB" P "N
8-Pin Ceramic DIP “DE" A “D"
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High Performance Operational Amplifiers

Section 4

Device Description

Maximum Input

Typical Input Noise

Specifications Specifications
1kHz | Low | 1kHz | Low
Volit. [ Freq. | Cur. | Freq. | Typ.
Offset | Offset | Bias | Density|Corner{Density[Corner | Slew
Volt. | Cur. [ Cur. [& ey [_pA_] in Rate
(mV) | (nA) {inA) |L\ Hz ) (H2) |L\ Hzd] (HD) [(v/us)

Max|

Sply

Volt. Temp.
(- V)|Pins|R:

OP-05 Single Inst Op Amp

Single Ultra Low Noise

Single High Slew Rate Low Noise

Single High Slew Rate Low Noise

‘ Single High Slew Rat
Low Nonse High Siew Op Amp )

Slew Rate Low Noise

10

®imimim

. 0. '8
. . 8
] X . 8
RM5534 ngh Performance Low Noise| 2.0 200 {800} 4.0 | 100 | 06 200“ 13 10 | 22|8 |M.C
RMS55344)| Smgle High Performance Low Noise| 2.0 | 200 [800 351100 04 |200 | 13 10 | 22|18 |M.C
Notes: () Denotes guaranteed specifications
M= Military -55°C to 125°C
C=Commercial 0°C to 70°C
* = Preliminary specifications
4-6 Raytheoen
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Voltage References
Typical Typical Input

Nominal| Typical AVour Typical Typical Load Volitage

Voltage | Tempco Temp. | Over Temp. | Line Reg. | Load Reg. | Current Range
Device Out (ppm/°C) Range (%) (%/Volt) [ (%/mA) (mA) | (Voltage)
REF-01A| 10.00 30 Mil .06 .006 .005 21 12 to 40
REF-01 10.00 10.0 Mil .18 .006 .006 21 12 to 40
REF-01C | 10.00 20.0 Comm 14 .009 .006 21 12 to 40
REF-01D| 10.00 700 Comm 49 012 .008 21 12to0 40
REF-01E| 10.00 3.0 Comm 02 .006 .005 21 12 to 40
REF-01H| 10.00 100 Comm .07 .006 .006 21 12 to 40
REF-02A| 5.00 30 Mil .06 .006 .005 21 7 to 40
REF-02 5.00 10.0 Mil .18 .006 .006 21 7 to 40
REF-02C| 5.00 200 Comm 14 .009 .006 21 7 to 40
REF-02D{ 5.00 700 Comm .49 012 .009 21 7 to 40
REF-02E | 5.00 30 Comm .02 .006 .005 21 7 to 40
REF-02H| 5.00 10.0 Comm 07 .006 .006 21 7 to 40
REF-03 2.50 10.0 Mil 7 .001 .010 20 4.5to 30
REF-03C| 250 10.0 Comm 7 .001 .010 20 4.5 to 30
REF-03D| 2.50 200 Comm 7 .001 .020 20 4.5to 30
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High Performance Dual & Quad Operational Amplifiers

Section 4

Maximum input Typical Input Noise
Specifications Specifications
1kHz | Low | 1kHz | Low Typ.
Volt. | Freq. | Cur. | Freq. | Typ. Unity |Max.|
Offset | Offset | Bias y|Corner|Density|Corner| Slew Gain | Sply
Volt. | Cur. | Cur. nVv ey PAY| W Rate BW |Voit. Temp.
Device Description (mV) | (nA) | (nA) [77;] (Hz) [\/Fz] (Hz) |(V/uS)| (MHz) [(+V)|Pins|Range
Rg_2041 Dual High Performance Low Noise | 3.0 | 200 ({500| 50 | 20 | 0.4 ZOQ 3.0 __7_(4.0) 18| 8 C,
RC2043 Dual High Performance Low Noise | 3.0 | 200 {100} 50 | 20 | 0.4 | 200]| 6.0 14(8.0)| 18| 8 | C
RC4560 |Dual High Performance 6.0 | 200 [500| 10 | 20 9:5 200 [ 40 [10(7.0) 18{ 8 CA_
RC4562 Dual High Performance 6.0 | 200|500 60 | 20 | 0.2 |200| 7.0 15(8.0)) 18| 8| C
RC4558 |Dual High Gain 6.0 | 200|500 10 | 20 { 05 |200| 1.0 25 [18]|8 [M.C
_RC4559 Dual High Performance 6.0 ( 100 (250 10 | 20 | 0.18 | 200 {2(1.5) 4(3.0)| 18 8 {M.C
RC4739 |Dual Low Noise 6.0 1 200|500] 10 [ 20 | 05 (400| 1.0 40 [(18(14(M.C
RC5532 |Dual High Performance Low Noise | 4.0 | 150 {800 50 1100 | 0.7 | 200| 80 10 (22| 8 |M,C
RC§532A Dual High Performance Low Noise | 4.0 | 150 |800| 5.0 [100| 0.7 | 200| 80 10 |22]8 M.VC
RC4556 |Dual High Performance 6.0 | 200|500 10 | 20 { 05 [200{ 3.0 8(5.0)[18|8 | C
RC4136 Quad 741 General 6.0 1200(500( 10 { 20 | 0.2 | 100{ 1.5 10 | 18|14 M._C
RC4156 |Quad High Performance 5.0} 50 |300| 9.0 [100]| 0.1 | 200 Lg 35 (20(14(Mm.C
(1.3) | (25)
“Ifl‘(_l_f!157 Quad High Speed Decompensated 50| 50 [300f{ 90 | — | 0.1 | — |8(65) 19(15)] 20 [14|M. C
HAA4741-2|Quad General Purpose 30 ) 30 |200( 90 [ 80 | 0.1 {250] 1.6 35 |20|14|M.C
Notes: () Denotes guaranteed specifications
M= Military -55°C to 125°C
C=Commercial 0°C to 70°C
MIL-M-Qualified Devices
Ordering P/N Raytheon QPL Ordering P/N Raytheon QPL
M38510- Part Number Status M38510- Part Number Status
10101BCB MM741DCB | 10305BEA MMZ2111DMA |
10101BCC MM741DCC | 10305BEC MM2111DMC i
10101BGC MM741TEC [
11001BCB MMO0148DCB [
10101BPC MM741DEC 1 11001BCC MMO148DCC 1
101028AC MM747C)C I 11003BCA MM4156DCA !
10102BCB MM747DCB |
11003BCB MM4156DCB |
1010280C MM?747DCC ! 11003BCC MM4156DCC I
10102BIC MM747TFC 1
101038CB MM101ADCB I 110048CA MM4136DCA '
11004BCB MM4136DCB |
10103BCC MM101ADCC | 11004BCC MM4136DCC |
10103BGC MM101ATEC 1
10103BPC MM101ADEC I 11201BCB MMO0139DCB I
10105BEA MM2101ADMA i 11201BCC MMO13600C !
10105BEB MM2101ADMB | 11301BEB MMDAC-08DMB [
10105BEC MM2101DMC | 11301BEC MMDAC-08DMC 1
10304BCC MMO111DFC | 11302BEB . MMDAC-08ADMB 1
10304BEC MMO111TEC | 11302BEC MMDAC-08ADMC |
10304BPC MMO111DEC |
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B
Single Operational Amplifiers

Maximum Input Typ'
Specifications @ 25°C Unity Typ.
Offset | Offset | Bias | Gain | Slew
Voltage | Current| Current| BW | Rate [Temp?| Available Packages
Type | Description V) | na) | (ma) |(MHz) |(v/uS) | Range[oc DE H M NNB T
IM101A | General Purpose With Improved | 20 | 10 | 75 [ 10| 05 | M x| x
Input Characteristics
M301A | ‘General Purpose With Improved | 75 | 50 | 250 | 1.0 | 05 | ¢ x | x
Input Characteristics
OP05 | Single Inst. Op Amp 05 | 28 | #30 J 06 | 017 | M X Ix
OP-05A | Single Inst. Op Amp 015 | 20 | +20 [ 06 017 | M X X
OP-05C | Single Inst. Op Amp 13 | 60 | £70 |06 017 | ¢ x | x X
OP-OSE | Single Inst. Op Amp 05 | 38 | +40 |06 017 | C X | x X
OP-07 | Ultra Low Offset Voltage o075 | 28 | +30 | 06 | 017 | M.C X X
OP-O7A | Uttra Low Offset Voltage 025 |20 | 420 06 | 017 | M.C X X
OP-07C | Uttra Low Offset Voltage 150 | 60 | 70 | 06 | 017 X X
OP-07D | Ultra Low Offset Voltage 150 | 60 | x12 | 06 | 017 X X
"OP-O7E | Ultra Low Offset Voltage o075 | 38 | x40 | 06 | 017 X X
OP-27A | Ultra Low Noise 025 | 35 | x40 | 80 | 28 | M.C X X
OP-27B | Ultra Low Noise 060 | 50 | +55 | 80 | 28 | M.C X X
OP-27C | Ultra Low Noise 100 | 75 | 80 | 80 | 28 | M.C X X
OP-27E | Ultra Low Noise 025 | 35 | x40 |80 | 28 | M.C X X
OP-27F | Uttra Low Noise 060 | 50 | +55 | 80 | 28 | M.C X X
OP-27G | Ultra Low Noise 100 ] 75 | z80 | 8O | 28 | M.C X X
"0P-37A | Highi Slew Rate, Low Noise 025 | 35 | x40 |63 | 17 |mc| [x X
OP-378 | High Slew Rate, Low Noise 060 | 50 | 55 | 63 | 17 | M.C X X
OP-37C | High Slew Rate, Low Noise "0 | 75 |80 [e3 | 17 |mc X X
OP-37E | High Slew Rate, Low Noise 025 |35 [ xa0 |63 |17 |mc X | x x|
OP-37F | High Slew Rate. Low Noise 060 | 50 | +55 | 63 | 17 | M.cC X X
'0P-37G | High Slew Rate, Low Noise q00 775 [e0 |63 |17 {mc| |x X
0P-478¢ | Low Noise, High Slew Op Amp 06 | 50 | x55 | 70 | s0 X X
0P-47F* | Low Noise, High Slew Op Amp 06 | 50 | +s5 | 70 | s0 | ¢ X X
“0P-47G+ | Low Noise. High Siew Op Amp o1 | 75 | 280 | 70 | s0 x |x X
Notes: 1. Gain bandwidth product for 5534/A series and closed loop bandwidth for OP series.
2. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C.
3. RM/RCS5534A guarantees maximum input noise specification.
4. Preliminary specifications.
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Single Operational Amplifiers (Continued)

Section 4

“

Maximum Input Typ'
Specifications @ 25°C Unity Typ.
Offset | Offset | Bias Gain Slew
Voltage | Current | Current | BW Rate |Temp?| Available Packages
(mv) (nA) (nA) | (MHz) | (V/uS) {Range [DC DE H M N NB
0.075 28 +3.0 0.5 0.17 C XX
0.150 6.0 +7.0 05 0.17 C XX
0.075 38 +4.0 05 0.17 C X [ X
RC714L Precision 0.250 20 +30 0.5 0.17 C XX
RC741 General Purpose, Internal Comp 6.0 200 500 1.0 0.5 C X
Programmable Micropower 45 32 170 0.1 0.04 C X
Programmable Micropower 35 25 12 0.1 0.04 A X
e, Low Noise 40 300 1500 10 13 C XX
High Performance, Low Noise 20 200 800 10 13 M X
High Performance. Low Noise 4.0 300 1500 10 13 C X X
RM5534A3 High Performance, Low Noise 20 200 800 10 13 M X

Notes: 1. Gain bandwidth product for 5534/A series and closed loop bandwidth for OP series.
2. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C.
3. RM/RC5534A guarantees maximum input noise specification.
4. Preliminary specifications.

4-10




Section 4 Product Selection Guide
—
Dual Operational Amplifiers

Maximum Input Typ'
Specifications @ 25°C Unity Typ.
Offset | Offset | Bias | Gain | Slew
Voltage | Current [Current| BW | Rate |Temp? Available Packages
Type Description (mV) (nA) (nA) |(MHz) | (V/uS) | Range| DB DC DE J M NB TH
LH2101A | High Performance 2 10 75 — 10 X
"LH2301A | High Performance 75 | s0 | 280 | — | 10 T 1T
LM358 | Single Supply 7 100 |20 | 1 | =7 ¢ x| x
‘Dual 741 6 T200 [s00 |77 o5 | ¢ IxIx|" TT T
| Duat 741 s T200 [s00 171 [os | '™ | Ix| ||
| Duat 741 6 | 200 | 500 | 1 |05 ] ¢ x| [x
Dual 741 5 T 200 500 1 o5 | m Ix
High Performance, Low Noise 3 ----- 200 500 | 7(4) 3 [ X|X
[ Hiigh Performance, Low Noise| 3 | 200 | 1000 |14@)| 6 | € x| x
"High Performance 6 | 200 [ 500 |85) | 3 | ¢ IxIxU
‘Wideband 741 6 | 200 |so0 | 3 | 1 |c¢c x| IxIx] 1x
| Widebana 741 5 200 500 | 3] 1 | ™ X x|
High Performance 6 1100 | 250 | 4@ [205)] x| IxIx] Ix
High Performance 5 | 100 | 250 [ 4@) |2015)| M X x|
High Performance 6 17200 [s00 Tiony| 2 | ¢ | 1] ]
High Performance 6 T200 [s00 [1sy | 7 ¢ 1] 1Ix|x| |
Low Noise, Wideband 741 6 | =200 |s00 | 3 | 1 |c
"RC5532 | High Performance, Low Noise| 4 | 150 | 800 | 10 | 8 | ¢ X x| |x
"RMS532 | High Performance, Low Noise] 2 | 100 | 400 | 10 | 8 | M X Ixl
High Performance, Low Noise| 4 | 150 | 800 | 10 | 8 | ¢ x[ 1] x| %
RM5532A2 | High Performance, Low Noise | 2 100 | 400 16 >>>>>> 8 M X x|
Notes: 1. Gain bandwidth product for 5532A series.
2. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C.
3. RM/RC5532A guarantees maximum input noise specification.
() Denotes guaranteed specifications.
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Quad Operational Amplifiers
Maximum Input Typ'
Specifications @ 25°C Unity Typ.

Offset | Offset | Bias Gain Slew

Voltage | Current | Current BW Rate | Temp'| Available Packages?
Type Description (mvV) (nA) (nA) (MHz) (V/uS) | Range|DB DC J M N
HA4741-2 | 741 General Purpose 3 30 200 35 1.6 M X
HA4741-5 | 741 General Purpose 5 50 300 35 1.6 C | XX
LM124 Single Supply 5 +30 150 1 - M X
LM148 Low Power 741 5 +25 100 1 0.5 M X
LM324 Single Supply 7 +50 | 250 1 — C Xl X
LM348 Low Power 741 6 +50 [ 200 1 0.5 c X X
LM3900 Current Mode, Single Supply — — 200 25 +5/-20f C
RC3401 Current Mode, Single Supply — — 300 5 0.6 C
RC3403A | Ground Sensing 6 50 500 1 1.2 c X
RM3503A | Ground Sensing 4 50 400 1 12 M X
RC4136 741 General Purpose 6 200 | 500 3 1 C | X[X
RM4136 | 741 General Purpose 4 150 | 400 3 1.5 M X
RC4156 High Performance 5 50 300 35 1.6 C | X|X

(2.8) (1.3)
RM4156 | High Performance 3 30 200 35 1.6 M X
(2.8) (1.3)

RC4157 High Speed, Decompensated 5 50 300 19(15) 8(6.5) C [X
RM4157 | High Speed. Decompensated 3 30 200 19(15) 8(6.5)

Notes: 1. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C
() Denotes guaranteed specification.
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Comparators
Maximum Input
Specifications @ 25°C Output
Offset | Bias | Offset | Voltage Max. | Leakage
Voltage | Current | Current Gain Sat. Current Available Packages
Type Description V) | (a) | (na) |(v/mvTyp)|Vottage | (nATyp) [ DB DCDEH J M N T
LH2111 | Dual Precision Voltage | 30 | 10 | 100 | 200 | 15v | o2 X
" Dual Precision Voltage | 75 | 50 | 250 | 200 | 15v | 02 X
| Low Input Current 30 |70 |00 | 200 [1sv | 02 x x|
| Quad Single Supply 450 | 100 | +25 | =200 |400mv| 0.1 1 Ix
" Low Input Current 75 | s0 | 250 | 200 | 1sv | 02 X [x
" Quad Single Supply 450 | 250 | 50 | 200 |a00mv| 0.1 x [x]x
| Dual Low Power +50 | 250 | +50 | =200 [400mv| 0.1 X
| Quad Single Supply 270 1250 | 450 | 100 [acomv| o1 Tx
' Dual Low Power +10 | 500 | £100| 200 [400mv| 0.1 X|x
| Quad Single Supply +20 | 's00 |+100| 30 |soomv| o1 | x|[x T
Precision High Speed | 06 | 1800 | 20 15 |oa | — X Ix|x]
Precision HighSpeed | 06 | 1800 | 150 | 20 | o040 | — X X
" Precision High Speed | 0.25 | 1200 | 80 20 |o40 | — X X
[ Precision High Speed | 025 | 1200 | 80 20 |oa | — X x|
*at Ik = 15MA
Timers
Timing Error
Supply | Supply Initial |Drift with| Drift with Trigger | Trigger Available
Voltage | Current |Accuracy| Temp |Supply Volt. | Voltage | Current Packages
Type Description [(V max) |[(mAmax)| (%) |[(ppm/°C)| (%/Voit) (\")) (uATyp){DB DC DE M NB T
RCS55 | Single 6 | 60 | 10 | 50 01 |167tp| 05 X [ x[x]A
“RMSS5 | Single 18 | 50 | oso | 100 005 |19max| 05 X X
'RCSS56 | Dual 555 | 16 60 | 225 | 150 03 50° | 05 [x|x
‘AMS56 | Dual555 | 18 | 5.0 15 o0 | o1s | sor | o5

*Typical for 15V supply
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Quality and reliability of semiconductor com-
ponents are finite characteristics subject to the
same assessment and improvement as any other
factors of performance. Quality is the measure
of a device’s conformance to its specifications,
and reliability is the measure of the device’s
performance over time. The approach to main-
taining and improving them must be systematic,
because every phase of the manufacturing pro-
cess has an impact on the final product.

Reliability Concepts

Reliability is a measure or evaluation of the
life expectancy of a device, or to state it another
way, the length of trouble-free performance that
it can offer. There are various parameters of
reliability, and these can be summarized by the
well-known “bathtub curve” shown in Figure 1.

Wearout
Failure

Random
Failures

Infant
Mortality

Failure Rate

Tlme 65-02057A

Figure 1. Failure vs. Time
As a device is manufactured, there are numerous

random potential failure mechanisms built into
the device. These potential failure mechanisms

Raythoon

Section 5
Quality &
Reliability

usually exhibit themselves under a relatively
moderate stress level, and hence occur early in
the life span of the device. This period is termed
Infant Mortality. The period of early failures can
be reduced through good manufacturing control
and screening methods. The screening tech-
niques detailed are typical of the types of stress
tests to which a product lot is subjected in
order to detect the failure modes and to elimi-
nate the suspect devices from the production
lot. The follow-up tables (see Tables 1, 2, 3 and
4) for sample tests of the production lot measures
the effectiveness the production screening in
reducing infant mortality failures.

The period of Random Failure mechanisms repre-
sents the time when an occasional random failure
mechanism can cause a device to fail. This
period usually represents a long time with a
very low device failure rate and is the major
time frame of customer interest. The Wearout
Failure period is the final period where the device
literally wears out due to physical phenomenon
that existed at the time of manufacture.

The infant mortality and random failures periods
can be described through a series of mathe-
matical equations and probability calculations.
The probability of having a failure at a specific
point in time can be expressed by the equation:

Po=e™t
where:

X
t

the failure rate (failures per unit time)
time
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During the infant mortality period, “x” is changing
very rapidly and does not become relatively stable
under the random failure period. The failure rate
“X" is usually expressed in % failures per 1000
hours and is sometimes expressed as a mean time
between failures (MTBF) through the expression:

1

Fs—1"——
MTB Failure Rate

Since the data for the failure rate calculations
is derived from a sample of devices out of a
production lot, a confidence level number is
usually stated for the failure rate. A 90% con-
fidence level (CL) has become a common number.
The confidence level is demonstrated by the
distribution curve shown in Figure 2.

50% CL

|
g' I 1 190% CL
vy I | |

1 aml
65-02058A

x Failure Rate

Figure 2. Frequency vs. Failure Rate

w1

The failure rate “x” is calculated by using a
Chi square (x?) distribution through the equation:

_ XX, 2r+2)

2nt
where:
x = 100-%CL/100
r = number of rejects
n = total number of devices
t = time

The number of failures over a period of time
(x) is a very critical factor in determining an
accurate failure rate number. If only device failures
at room or operating temperatures were counted,
it would take a very large number of failures
over a long period of time to gather sufficient
data. Therefore, accelerated test methods using
elevated temperatures are used. Temperature will
accelerate the failures in a device and the in-
crease can be expressed in aform of the Arrhenius
equation which states the reaction rate increases
exponentially with temperature.

5-2

R=Rpe k—$
where:
R = reaction rate as a function of time and
temperature
Ro = constant related to temperature
T = Kelvin temperature
E = activation energy (electron voits)

When this equation is plotted, as shown in Fig-
ures 3 and 4, it can be used to determine the
tailure rate at temperatures other than the test
temperature of the device.

Quality iImprovement

The quality and reliability activity at Raytheon
is a thorough-going and continuous activity. It
starts with the initial design concepts on a new
device design and carries through to the finished
production product being shipped to the customer.

Reliability Engineering, working with the Design
or Product Engineer, monitors the new device
design or process through all stages of develop-
ment and remains the full and final authority
over the qualification status of all products. A
new device design, major process change or a
new manufacturing facility will never ship a
product to the customer until it has been fully
documented, released to manufacturing and for-
mally approved by the Reliability Department.

Raytheon has established several RA Qualifica-
tion plans which are used to approve a new
device, process or manufacturing facility. Two
of these plans are shown in Tables 5 and 6
for hermetic package devices and plastic package
devices.

The Reliability Department continually monitors
all product lines through product sampling, the
Generic Program and the QCI testing of JAN
and other Hi-Rel products to evaluate failure
modes and failure rates. The results from these
tests are reviewed with Product and Production
Engineering and any necessary corrective actions
are taken.

Raytheen
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Table 1. Group A Electrical Tests'

Class B
Subgroup? ? LTPD*
Subgroup 1 — Static tests at 25°C 2
Subgroup 2 — Static tests at maximum rated operating temperature 3
Subgroup 3 — Static tests at minimum rated operating temperature 5
Subgroup 4 — Dynamic tests at 25°C 2
Subgroup 5 — Dynamic tests at maximum rated operating temperature 3
Subgroup 6 — Dynamic tests at minimum rated operating temperature 5
Subgroup 7 — Functional tests at 25°C 2
Subgroup 8 — Functional tests at maximum and minimum operating 5

temperatures

Subgroup 9 — Switching tests at 25°C 2
Subgroup 10 — Switching tests at maximum rated operating temperature 3
Subgroup 11 — Switching tests at minimum rated operating temperature 5

Notes:

1. The specific parameters to be included for tests in each subgroup shall be as specified in the
applicable procurement document. Where no parameters have been identified in a particular
subgroup or test within a subgroup, no group A testing is required for that subgroup or test to satisfy
group A requirements.

2. Asingle sample may be used for all subgroup testing. Where the required size exceeds the lot size,
100% inspection shall be allowed (see 30.2.5 of Appendix B of MIL-M-38510).

3. Group A testing by subgroup or within subgroups may be performed in any sequence unless
otherwise specified.

4. Maximum accept number allowed is 2.

5-4 Raylheoen
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Table 2. Group B Tests for Class B'

(b) Electrostatic discharge
sensitivity classification
(c) Electrical parameters

MIL-STD-883 Quantity/
Test (Accept No.)
Method Condition or LTPD
Subgroup 1
(a) Physical dimensions? 2016 2 devices
(no failures)
Subgroup 2
(a) Resistance to solvents 2015 4 devices
(no failures)
Subgroup 3
(a) Solderabilitys 2022 | Soldering temperature of 245 £5°C 15
or 2003
Subgroup 4
(a) Internal visual and 2014 | Failure criteria from design and construc 1 device
mechanical’ tion requirements of applicable procure (no failures)
ment document
Subgroup 5
(a) Bond strength* 2011 15
(1) Thermocompression (1) Test condition C or D
(2) Ultrasonic or wedge (2) Test condition C or D
(3) Flip-chip (3) Test condition F
(4) Beam lead (4) Test condition H
Subgroup 6°
(a) Internal water-vapor content{ 1018 | 1,000 ppm maximum water content at 3 devices
100°C (O failure) or
5 devices
(1 failure)®
Subgroup 78
(a) Seal 1014 | As applicable 5
(1) Fine
(2) Gross
Subgroup 8°
(a) Electrical parameters 3015 | Group A, subgroup 1 15(0)

Group A, subgroup 1

Notes:

1. Electrical reject devices from the same inspection lot may be used for all subgroups when end-point
measurements are not required, except devices being submitted to subgroup 7.

2. Not required for qualification or quality conformance inspection where group D inspection is being
performed on samples from the same inspection lot.

3. Thistestis required only if the package contains a desiccant. Unless handling precautions for beryllia
packages are available and followed method 1018, procedure 3 shall be used. See footnote 6 of Table 4
and paragraph 4 of method 1018 regarding delay in implementation of this requirement.
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Notes (Continued)

4. Test samples for bond strength may, at the manufacturer’s option, unless otherwise specified, be
randomly selected prior to or following internal visual (PRESEAL) inspection specified in method
5004, prior to sealing provided all other specifications requirements are satisfied (e.g., bond strength
requirements shall apply to each inspection lot, bond strength samples shall be counted even if the
bond would have failed internal visual exam). Unless otherwise specified, the LTPD sample size for
condition C or D is the number of bond pulls selected from a minimum number of 4 devices, and for
condition F or H is the number of dice (not bonds) (see method 2011).

5. Alldevices submitted for solderability test shall be in the lead finish that will be on the shipped product

and which has been through the temperature/time exposure of burn-in except for devices which have

been hot solder dipped or undergone tin fusing after burn-in. The LTPD for solderability test appliesto
the number of leads inspected except in no case shall less than 3 devices be used to provide the
number of leads required.

Test three devices; if one fails, test two additional devices with no failures.

Test samples for internal visual and mechanical shall be selected at any point following the seal

operation and following marking see marking etc.

8. Thistestis not required if either the 100% screen or sample seal test is performed between 3.1.16 and
3.1.20 of method 5004.

9. Unless otherwise specified, test shall be performed for initial qualification and product redesign as a
minimum.

N

Table 3. Group C (Die-Related Tests) (For Class B Only)

MIL-STD-883 Quantity/
Test (Accept No.)
Method Condition or LTPD
Subgroup 1
(a) Steady state life test! 1005 | Test condition to be specified 5
(1,000 hours at 125°C)
(b) End-point electricai As specified in the applicable device
parameters specification
Subgroup 2
(a) Temperature cycling 1010 | Test condition C 15
(b) Constant acceleration 2001 | Test condition E min. (for large
packages, see 3)
(c) Seal 1014 | As applicable
(1) Fine
(2) Gross
(d) Visual examination (Note 2)
(e) End-point electrical As specified in the applicable device
parameters specification

1. See 404 of Appendix B of MIL-M-38510 and 3.1 of method 1005.
2. Visual examination shall be in accordance with method 1010 or 1011.
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Table 4 Group D (Package Related Tests) (For All Classes)

MIL-STD-883 Quantity/
Test (Accept No.)
Method Condition or LTPD
Subgroup 1'
(a) Physical dimensions 2016 15
Subgroup 2
(a) Lead integrity’ 2004 | Test condition Bo (lead fatigue) 15
(b) Seal
(1) Fine 1014 | As applicable
(2) Gross
Subgroup 3°
(a) Thermal shock 1011 Test condition B as a minimum, 15
15 cycles minimum
(b) Temperature cycling 1010 | Test condition C, 100 cycles minimum
(c) Moisture resistance® 1004
(d) Seal 1014 | As applicable
(1) Fine
(2) Gross
(e) Visual examination Per visual criteria of method 1004
and 1010
(f) End-point electrical As specified in the applicable device
parameters* specification
Subgroup 4°
(a) Mechanical shock 2002 | Test condition B minimum 15
(b) Vibration, variable 2007 | Test condition A minimum
frequency
(c) Constant acceleration 2001 Test condition E minimum (see 3),
Y4 orientation only
(d) Seal 1014 | As applicable
(1) Fine
(2) Gross
(e) Visual examination (Note 5)
(f) End-point electrical As specified in the applicable device
parameters specification
Subgroup 5!
(a) Salt atmosphere® 1009 | Test condition A minimum 15
(b) Seal 1014 | As applicable
Fine
Gross
(c) Visual examination Per visual criteria of method 1009
Bayltheon 5-7
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Table 4. Group D (Package Related Tests) (For All Classes) (Continued)

MIL-STD-883 Quantity/
Test (Accept No.)
Method Condition or LTPD
Subgroup 6
(a) Internal water-vapor 1018 | 5,000 ppm maximum water content 3 devices
content at 100°C (0 failures) or
5 devices
(1 failure)®
Subgroup 7'
(a) Adhesion of lead finish® ' 2025 15
Subgroup 8
(a) Lid torque' 2 2024 5(0)
Notes:

1. Electrical reject devices from that same inspection lot may be used for samples.

2. Lid torque test shall apply only to packages which use a glass-frit-seal to lead frame, lead or package
body (i.e., wherever frit seal establishes hermeticity or package integrity).

3. Devices used in subgroup 3, “Thermal and Moisture Resistance” may be used in subgroup 4,
“Mechanical.”

4. At the manufacturer’s option, end-point electrical parameters may be performed after moisture
resistance and prior to seal test.

5. Visual examination shall be in accordance with method 1010 or 1011.

6. Test three devices; if one fails, test two additional devices with no failures. At the manufacturer’s
option, if the initial test sample (i.e., 3 or 5 devices) fails a second complete sample may be tested atan
alternate laboratory that has been issued suitable by the qualifying activity. If this sample passes, the
lot shall be accepted provided the devices and data from both submissions is submitted to the
qualifying activity along with five additional devices from the same lot.

7. For leadless chip carrier packages only, use test condition D.
8. Lead bend stress initial conditioning is not required for leadless chip carrier packages.
9. The adhesion of lead finish test shall not apply for leadless chip carrier packages.

10. LTPD based on number of leads.
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Table 5. Qual Plan for Hermetic Packages Devices

Test

Conditions Per MIL-STD-883

Quantity

Accept #

GROUP B
Subgroup 3
Solderability
Subgroup 4
Internal Visual
Subgroup 5
Bond Strength
Subgroup 7
F & G Leak

24515°C

Condition C and record bond pull strength

15
1
15
77

o O o

GROUP C
Subgroup 1

Operational Life

(168, 250, 500", 1000* hr)

Electrical Test (25°C DC)
Subgroup 2

Temperature Cycle

Constant Acceleration

Moisture Resistance

F & G Leak

Visual

Electrical Test 25°C

168-hour point will be used to screen out
the infant mortality failure. The sample
size after the 168 hr. point will be 77.

Condition B, 15 cycles
Condition C, 100 cycles
10 Day

100 initial
168 hours
77 168~
1000 hours

25

GROUP D
Subgroup 2
Lead Integrity
F & G Leak
Lid Torque
Subgroup 4
Mechanical Shock
Vibration
Constant Acceleration
F & G Leak
Visual Examination
Electrical Test 25°C

Condition By

Condition B
Condition A
Condition B Min.

25

25

*Interim Approval
**Final Approval
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Table 6. Qualification Plan for Plastic Package Devices

Test Quantity Test Conditions Purpose of Test LTPD
Operating Life 100 Temperature 125°C Accelerated Life 7
Time 1000 Hours
Electrical Test at 168 hrs.,
500 hrs., 1000 hrs.
Bias — per spec requirements
NOTE: Samples from this test will continue for 2000 and 3000 hrs. evaluation.
Steam Pressure| 55 Pressure 15 Ibs. Package integrity and moisture 7
Temperature 120°C resistance
Time 96 hrs.
Electrical Test at 48 hrs., (No
Metal Deterioration) 96 hrs.,
144 hrs., 250 hrs., 500 hrs.,
1000 hrs.
85°C/85% RH 55 Temperature 85°C Accelerated life corrosion 7
Humidity 85% resistance
Time 250 hrs.
(No Metal Deterioration)
Electrical Test at 160 hrs.,
250 hrs., 500 hrs., 1000 hrs.
Storage Life 32 Temperature 150°C Determine the effect of high 7
Time 144 hrs. temperature storage
Bias — None
Electrical Test at 144 hrs.,
500 hrs.
Temperature 32 Temperature -55°C to 85°C Determine the resistance to 7
Cycle No. Cycles 100 high and low temperatures
Electrical Test 25°C, 70°C
Moisture 22 Temperature -10°C to 65°C Package integrity to moisture, 7
(10 Day) Humidity 90% RH lead corrosion, etc.
Time 240 hrs.
Electrical Test at 240 hrs.
Visual inspection of Leads
Solderability 10 Per 883, Method 2003 To determine the solderability 7
of the lead finish
Lead Fatigue 10 Per 883, Method 2004 To determine the physical 7
Condition B resistance to lead bending
fatigue
External Visual 5 10-30X Magnification To evaluate physical construc-
tion and processing results
to package and lead frame.

5-10
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Lab Facilities

Raytheon maintains a fully equipped laboratory
to conduct its reliability and environmental test-
ing. The typical types of tests that are performed
by this facility include:

e QCIGroups A, B, Cand D environment require-
ments

Destructive Physical Analysis (DPA)

SEM Analysis

X-ray Dispersion Analysis

Biased 85/85 and Steam Pressure Pot (PCT)
Reliability Analysis

Electrical DC and Functional Testing

Plastic Package Devices

In recent years the availability and use of plastic
encapsulated devices has become common for
use in the commercial marketplace. Raytheon

" is a major supplier of Linear part types and has
in the past and will continue to make significant
investments in both the technology and pro-
duction/manufacturing of plastic encapsulated
Linear devices.

The switch from a “hermetic” package to a
“plastic” package presents several potential relia-
bility concerns. In the plastic encapsulated device,
the entire die is encapsulated in the plastic mold-
ing compound. Since the plastic encapsulant is
not hermetic, moisture can penetrate into the
package over a period of time. This moisture
can react with impurities present in the plastic
or impurities brought into the package by the
moisture to cause an electrical degradation of
device parameters.

Recognizing the various potential failure modes
associated with plastic encapsulated devices,
Raytheon has adopted extensive manufacturing
processes and evaluation procedures to assure
the quality and reliability of its products.

Raytheon is continuously reviewing and evalua-
ting the latest state-of-the-art materials and
procedures to further improve the reliability of
the plastic encapsulated products. In addition,

Raytheoon

Linear plastic encapsulated products are moni-
tored by Quality Assurance (see Table 7) to
assure compliance to specification.

These monitor tests along with additional generic
evaluations show that Raytheon'’s plastic package
devices have accelerated failure rates of well
below the industry standard and meet an out-
going quality goal of 500 ppm.

Major Programs

Raytheon is involved with many major programs
that require and support a high level of quality and
reliability expertise in the design, manufacture
and control of its |.C. products. The most sig-
nificant of these programs is the JAN 38510 which
requires a Defense Logistics Supply Center
(DLSC) certification of its manufacturing lines,
procedures and documentation and qualification
approval (QPL) of the JAN devices manufactured
on the certified line. The JAN military specs form
the foundation of our QA system and all prod-
ucts — JAN and non-JAN — benefit accordingly.

In addition to JAN I.C. products, Raytheon offers
several standard screening process flows which
provide specific reliability levels and cost savings
to fit your application requirements. These are
identified in Figure 5 as A+1, A+2, A+3 and
883 and are in addition to custom design and
specification control drawing (SCD) products.

A+ Program

The A+ programs are used for packaged devices
and are designed to offer various levels of relia-
bility screening intended to improve your ex-
pected device reliability, and hence your system
reliability. The A+1 program is used for plastic
package devices and provides a temperature
test that will screen out the assembly and package
related failure modes. The A+2 adds a burn-in
stress test to screen out the chip-oriented infant
mortality electrical failure modes. The A+3 pro-
gram is used for hermetic package devices and
provides a burn-in stress test to screen out the
infant mortality electrical failures (Figures 5, 6,
and 7).

5-11
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Table 7. Typical Plastic Process Monitor Tests

Test Purpose of Test
Autoclave To evaluate the resistance of A+1 A+2 A+3
(steam moisture penetration of the pack- PLASTIC PLASTIC HERMETIC
pressure) age and the effects of moisture on
the chip under accelerated condi- |
tions of 15 pounds of steam pres-
o
sure at 120°C. FCT MONITOR
Biased 85°C/ | To evaluate the operate life and
85% RH and resistance to moisture pene- T
tration of the chip and the plastic
package under the accelerated
conditions of 85°C and 85% 25°C0C 25°CDC 25°CDC
relative humidity.
Operating To evaluate the operational field [
Life life of the device under acceler-
ated conditions of 125°C. MEBTlrJi%%'%ﬁ MEBTl}J-I?)’I‘;-I:\(‘ns
Temperature | To evaluate the mechanical
Cycle strength of the device after stress- ] |
ing from -55°C to +85°C 100
cycles. Electrical testing is per- 25°C DC 25°C DC
formed at 25°C and 100°C. 10% PDA 10% PDA
Resistance to | To determine that the brand mark- ]
Solvents ings will not become illegible on
the package parts when subjected 100°C 100°C
to the solvents and test per MIL- FUNCTIONAL FUNCTIONAL
STD-883C, Method 2015. T

Solderability | To assure the solderability of the

lead finish at a solder temperature
" GUARANTEED GUARANTEED ANT
of 245° C using an RMA flux per AQL AQL GUA')\QNL i

Method 2004 of MIL-STD-883.

External To determine the physical con- ] ] |

Visual struction and processing results 0A VISUAL QA VISUAL QA VISUAL
to the package and lead frame at +MECH +MECH +MECH
30X magnification. AQL AQL AL

Lead Fatigue | To determine the physical re- ]
. ‘sistance to lead bending fatigue

per Condition B, Method 2004, of

MIL-GTD-883. PACK PACK PACK

Thermal To determine that the device can i l l
Shock survive exposure to rapid changes
in temperature from -55°C to
+125° C per Condition B of
Method 1011 of MIL-STD-883.

SHIP SHIP SHIP

65-020618

Figure 5. A+ Program Standard Flows
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38510
JAN CLASS B
USA BUILT ASSEMBLY

883
CLASS B
ASSEMBLY

.

INTERNAL
VISUAL
M2010 COND B

STA BAKE
M1008 COND C
24 HRS + 150°C

TEMP CYCLE
M1010 COND C
10 CYCLES
-65°C T0 +150°C

CONSTANT
ACCELERATION
M2001 Y AXIS ONLY
PER PKG REG

EXTERNAL VISUAL

PRE BURN-IN
ELEC. PARAMETERS
PER DEVICE SPEE

1

BURN-IN
M1015

|

POST BURN-IN
ELEC. PARAMETERS
PER APP. DEVICE SPECS
+25°C, -55°C, +125°C

1

FINE LEAK
M1014 AOR B
GROSS LEAK

M1014 C

il

EXTERNAL VISUAL
M2009

T

acl
SAMPLE

65-020638

A+1PLASTIC A +2PLASTIC A + 3 HERMETIC
AQL AQL
HERMETICITY
A% AQL
25°C 0C .25% AGL 25°G 0C .25% AQL 25°C DC .25% AQL
25°C FUNCTIONAL 25°C FUNCTIONAL 25°C FUNCTIONAL
15% AQL 15% AQL 15% AQL
DC MAX TEMP DC MAX TEMP DC MAX TEMP
1.0% AQL 1.0% AQL 1.0% AQL
DC MIN TEMP DC MIN TEMP DC MIN TEMP
1.0% AQL 1.0% AQL 1.0% AQL
—
65-02062A

Figure 6. JAN8S3 Flow

Figure 7. A+ Program AQL
Quality & Reliability

883

The JAN 883 program (often referred to as “JAN
look-alikes™) offers hermetic products built and
tested to the MIL-M-38510 and MIL-STD-883
specification requirements. The parts may differ
from JAN 38510 QPL parts only in the assembly
location and in the electrical test specification.
These parts are as close as one can get to JAN
38510 reliability using a standard process flow
(Figure 6).

Generic Data Program

The Generic Data Program monitors on a con-
tinuing basis the reliability of all I.C. products
in hermetic packages. This program requires that
every 3 months several different part types from
each microcircuit technology group as detailed
in Appendix E of MIL-M-38510 be evaluated
to the MIL-STD-883 Test Method 5005 Groups A,
B and C test requirements. The data generated
from this program provide a basic library of
reliability information on many product types
and can be used to provide Quality Conformance

5-13
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Inspection (QCI) data to meet a customer’s
specific group test data requirements. It is also
used as an additional QA monitor check. The
specific tests performed for Groups A, B and C
are shown in Tables 2, 3, and 4.

JAN MIL-M-38510

A major program to which Raytheon is com-
mitted is the JAN MIL-M-38510 program for Linear
devices. The program is administered by the
Defense Electronics Supply Center (DESC) and
the Defense Logistics Agency (DLA) of the
Department of Defense. Raytheon maintains
DESC certified manufacturing lines that provide
an extensive number of qualified JAN QPL Linear
device types.

The JAN 38510 program is designed to provide
high reliability devices in hermetic packages

Table 8. MIL-M-38510 Part Marking

manufactured to a standard process flow and
quality/reliability program as detailed by the
MIL-M-38510, MIL-STD-883 and MIL-STD-976
specifications (refer to Tables 8 and 9). The
JAN 38510/883 program and specification is the
base line, accepted process to which most high
reliability non-JAN devices are referenced and
manufactured.

A JAN QPL device is identified and branded
by a unique part mark system. Tables 8 and 9
explain the part marking system and the package
codes.

All JAN parts will be branded with this military
designator part number in addition to the electro-
static discharge sensitivity identifier (A) date
codes, manufacturer's designated symbol (CRP)
and identification (RAY).

Table 9. JAN Package Codes

JM 38510 /X_Xl( XX Yyy
[ The Lead Finish
A = Solder Dipped
B = Tin Plate
C = Gold Plate
X = Any lead finish above
is acceptable

The Device Package
(see Table ?)

—— The Screening Level S, B

The Device Number on
the Slash Sheet

Hor/

/ indicates no radiation
hardness assurance.
Letters M, D, R, and H
designate levels of
hardness

The Slash Sheet Number
MIL-M-38510

The JAN prefix (which
may be applied only to a
fully conformant device
per paragraphs 3.6.2.1 and
3.6.7 of MIL-M-38510)

38510
Package Microcircuit Industry
Designation Description

A 14-pin 1/4" x 1/4" (metal) flat pack

14-pin 3/16" x 1/4" flat pack

14-pin 1/4" x 3/4" dual in-line

14-pin 1/4"” x 3/8" (ceramic) flat pack

16-pin 1/4" x 7/8" dual in-line

16-pin 1/4" x 3/8” (meta! or ceramic)
flat pack

8-pin TO-99 can or header

10-pin 1/4" x 1/4" (metal) flat pack

10-pin TO-100 can or header

24-pin 1/2" x 1/4” dual in-line

24-pin 3/8" x 5/8" flat pack

12-pin TO-101 can or header

8-pin 1/4” x 3/8" dual in-line

40-pin 8/16" x 2-1/16" dual in-line

26-pin 1/4” x 1-1/16" dual in-line -

20-pin 1/4" x 1/2" flat pack

18-pin 3/8” x 15/16" dual in-line

22-pin 3/8" x 1-1/8" dual in-line

Unassigned — Reserved for identify-

ing special packages whose dimen-

sions are carried in the detail

mTmMoOOw

N<XXE<VIODUVZIXe~IO

5-14

specifications




Raytheon has long been a manufacturer of mono-
lithic op amps, and is a supplier of high reliability
op amps to the defense industry. Raytheon
introduced the world’s first quad op amp, and
continues to make a complete line of general
purpose, audio, single supply, and precision op
amps. Raytheon’s manufacturing process was
created specifically for low noise type op amps.
Low noise is not a black art; quality starting
materials and chemicals, careful temperature
changes, and two extra processing steps to
ensure crystal lattice uniformity all contribute to
this low noise process.

Important to instrumentation applications is
Raytheon's “zener zap” method of trimming rather
than laser trimming. Zener zap trimming gives
better long term stability and drift, because small
segments of resistor are shorted with metal con-
nections, rather than being destructively burned
away with laser power. Permanent metal shorts
are not subject to contamination and “healing”
as laser trimmed resistors are.

Section 6
Operational
Amplifiers

Main groupings of products are as follows:

General Purpose — RC741 and LM101 type op
amps available in single, dual, and quad layouts,
packaged in metal cans and in plastic or ceramic
dual in-line packages (DIPs).

Audio — RC5534 types in single or dual con-
figuration, and dual and quad high performance
types such as the RC4156 quad op amp.

Single Supply — Singles, duals, and quads in-
cluding micropower, improved slew rate, and
current mode op amps designed to operate on
one supply voltage (ground sensing).

Precision — Singles and duals of the OP series,
including decompensated high speed OP-37s
and 47s, and low cost precision types such as the
RC714.

6-1
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Section 6

S S
DEFINITIONS

Average Input Bias Current Drift (TC)g)

The ratio of change in input bias current to a
change in ambient temperature, expressed in
nanoamps per degree C (nA/°C).

. B@Th-ls@ Ty
TCie Ty -Te

Where T(1) and T(o) are the upper and lower
limits of the specified temperature range.

Average Input Offset Current Drift (TCos)

The ratio of change in input offset current to a
change in ambient temperature, expressed in
nanoamps per degree C (nA/°C).

los@ T -los @ Ty
Ty-T

Where T(1) and T(2) are the upper and lower
limits of the specified temperature range.

TCios =

Average Input Offset Voltage Drift (TCyos)

The ratio of change in input offset voltage to
a change in ambient temperature, expressed in
microvolts per degree C (uVW/°C).

- Vos@Ty-Vos @ Ty
TGvos Toy-Te

Where T(y) and T() are the upper and lower
limits of the specified temperature range.

Channel Separation

The ratio of output voltage of an amplifier to
the output voltage of an adjacent amplifier whose
gain is 100, and whose inputs are grounded,
expressed in decibels (dB). Channel separation
is measured at the outputs of adjacent amplifiers:

Channel Separation = 20LOGqg (M)
Vo)
Where Vo(1y and Vg are the independent and
dependent amplifier output voltages.

Common Mode Rejection Ratio (CMRR)
The ratio of change of input common mode
voltage (both inputs swing together over a
specified voltage range) to a change in input
offset valtage, expressed in decibels (dB).

6-2

- Ving) - Vine) )
CMRR = 20LOG
10 (Vos @ ViNG) - Vos @ Vingz)
Where V(1) and Vn(2) are the upper and lower
limits of the input common mode voltage range.

Distortion (THD)

The large signal harmonic distortion between
input and output under closed loop conditions,
expressed in percent at a specified frequency.

Gain Bandwidth Product (GBW)
The frequency at which the open loop gain
equals unity, expressed in Hertz (Hz).

Input Bias Current (Ig)

The average of the two input currents with the
output voltage at the center of its swing with
no load, expressed in nanoamps (nA).

Input Noise Current

The peak-to-peak noise current within a specified
frequency band, expressed in nanoamps or pico-
amps (nA or pA).

Input Noise Current Density (ly)

The rms noise current in a 1 Hertz band centered
on a specified frequency, expressed in picoamps
per root Hertz (pA/v/Hz).

Input Noise Voltage

The peak-to-peak noise voltage within a specified
frequency band, expressed in nanovolts or micro-
volts (nV or uV).

Input Noise Voltage Density (ep,)

The rms noise voltage in a 1 Hertz band centered
on a specified frequency, expressed in nanovolts
per root Hertz (nV/\/Hz).

Input Offset Current (Igs)

The difference between the two input currents
with the output voltage at the center of its swing
with no load, expressed in nanoamps (nA).

Input Offset Voltage (Vos)

The voltage that must be applied between the
two inputs to obtain an output voltage in the

Raytheon
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Operational Amplifiers

DEFINITIONS (Continued)

center of the output swing range, expressed
in millivolts or microvoits (mV or uV).

Input Resistance (Common Mode)

The ratio of input voltage change to the resulting
change in input bias current, expressed in mega-
ohms or gigaohms (M(} or G(2).

V) -V
@V -8 @ Vi
Where V(1) and V(2) are the upper and lower
limits of the input voltage range.

Common mode Ry =

Input Resistance (Differential Mode)

The ratio of small signal change in input offset
voltage to a change in input current at either
input terminal with the other grounded, expressed
in megaohms (M(}).

Input Voltage Range

The range of voltages at the inputs over which
the amplifier operates within its common mode
rejection ratio specification, expressed in volts (V).

Large Signal Voltage Gain (Ay)

The ratio of a specified output voltage change
to the change in input offset voltage required
to effect the change under open loop conditions,
expressed in volts per millivolt (WmV).

- _Vom - Vo
Ay = —00) = YO@)

V™ Vos() - Vos(2)
Where V(1) and Vo) are the specified upper
and lower voltage limits for the change at the
output.

Long Term Input Offset Voltage Stability

The averaged trend line of Vpog vs. time over
extended periods after the first 30 days of oper-
ation, expressed in microvolts per month (uV/Mo).

Offset Adjustment Range

The change in Vos that can be produced using
the specified external offset adjustment circuit,
expressed in millivolts (mV).

Open Loop Output Resistance (Rp)

The resistance seen looking into the output with
the output at the center of its swing, under
small signal conditions, expressed in ohms ().

Output Sink Current

The current flowing into the output for a specified
set of input and output conditions, measured in
milliamps (mA).

Output Source Current

The current flowing out of the output for a
specified set of input and output conditions,
measured in milliamps (mA).

Output Voltage Swing
The peak output change, referred to ground,
that can be obtained for a specified load resistance,
expressed in volts (V).

Overshoot

The positive or negative going excursion that
exceeds the final settled condition at the output
of a closed loop unity gain amplifier, expressed
as a percentage of the output step.

Phase Margin

The difference between the amplifier phase shift
and 180° at the frequency where the open loop
gain equals unity, expressed in degrees.

Phase margin = 180° - ¢

Where ¢ equals the input-output phase shift
atAy=1.

Power Bandwidth

The maximum frequency at which a specified
peak voltage sine wave may be obtained, measured
in Hertz (Hz).

Power Consumption

The DC power required to operate the amplifier
with the output at the center of its swing and
zero load current, expressed in milliwatts (mW).
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Operational Amplifiers

Section 6

. ]
DEFINITIONS (Continued)

Power Supply Rejection Ratio (PSRR)
The ratio of change of supply voltage to a change
in input offset voltage, expressed in decibels (dB).

- Vs() - Vs(2) )
PSRR = 20LOG (
10 \Vos @ V(1) - Vos @ Vs

Where Vg(1) and Vg(2) are the upper and lower
limits of the specified change of supply voltage.

Rise Time

The time required for an output voltage step
to change from 10% to 90% of its final value,
expressed in nanoseconds (nS).

Short Circuit Current

The maximum output current available from the
amplifier with the output shorted to ground,
expressed in milliamps (mA).

Slew Rate

The average rate of change of output voltage
under large signai overdriven conditions, ex-
pressed in volts per microsecond (V/uS).

Supply Current (Ig)

The current required from the power supply to
operate the amplifier under quiescent no load
conditions, expressed in milliamps (mA).

Supply Voltage (Vs)
The range of power supply voltages over which
the amplifier will operate, expressed in volts (V).

Unity Gain Bandwidth

The frequency at which the small signal voltage
gain is 3dB below unity when operated as a
closed loop unity gain follower, expressed in
Hertz (Hz).



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Raytheon

General Purpose
Quad Operational Amplifier

HA-4741

Features

Applications

® Universal active filters

8 Audio amplifiers

Unity gain bandwidth — 3.5MHz (typ)
High slew rate — 1.6V/uS (typ)

Low noise voltage — 9nV/\/Hz (typ)
Input offset voltage — 0.5mV (typ)

Input bias current — 60nA (typ)
Indefinite short circuit protection

No crossover distortion

Internal compensation

Wide power supply range — +2V to =20V

u Battery powered equipment

8 D3 communications filters

Schematic Diagram (1/4 Shown)

Description

The HA-4741 is a monolithic integrated circuit,
consisting of four independent operational ampli-
fiers constructed with the planar epitaxial process.

These amplifiers feature AC and DC performance
which exceed that of the 741 type amplifiers. Its
superior bandwidth, slew rate and noise charac-
teristics make it an excellent choice for active filter
or audio amplifier applications.

A wide range of supply voltage (+2V to £20V) can
be used to power the HA-4741, making it com-
patible with almost any system including battery
powered equipment.

@
' ~O +Vs
A1
4300
' 3 [V 4
[l
= | N
26913) ] [ !
-ViN O— an 4
RO
» (17814)
+ViN [ 5 013 4 ars -0
(35.10.12) Output
o2 016 b
Next F
< RS $he
$ a0k i: 20 Amp
R8
02 150
f 3
ci T2 %
7 | 15PF 17
g »{: 10
08 09 ——KOTL—-————KOM
< R3 < R4 < R2 D1
S8k $ 2k $ 10k ]I: "
—O -Vs
65-007768
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HA-4741 General Purpose Quad Operational Amplifier

Connection Information

Mask Pattern

14-Lead 1 14
Dual In-Line Package
Top View
( p\, ) Pin Function 2 13
E 1 Output A
! vl 2 -ViN A
E / 1 A A E 3 +V|N A 3 12
4 +Vg 4 1
5 +Vin B
(] ] o Mg 5 10
4 1 7 Output B
E 5] 8 Output C
5 10 9 -VinC
|j 10 +Vin C 6 9
. E] 1 -Vg
12 +VIN D 7 8
E E 13 -VinD . .
14 o ';“ D Die Size: 80 x 84 mils
— utpu Min. Pad Dimension: 4 x 4 mils
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage ....................... +20V l4-Laad' I4-Lgad
Differential Input Voltage ................ 30V Plastic DIP | Ceramic DIP
I(r)'nput Voslt:ge‘c ........................ 15V Max. Junction Temp. 125°C 175°C
utput Short Circuit 5
Duration? ....................... Indefinite Max. Pp Tp <50°C 468mw 1042mwW
Storage Temperature Therm. Res. 6,¢ — 60°C/W
Range ................... -65°C to +150°C Therm. Res. 6, 160°C/W 120°C/W
Operating Temperature Range
HA-4741-20r-8 ........... -55°C to +125°C For Ta > 50°C Derate at 6.25mW | 833mW
HA-4741-5 .. ..., 0°C to +70°C per °C per °S
Lead Soldering Temperature
(60SeC) ...vviiiiiiiii e +300°C

Notes: 1. For supply voltages less than +15V, the absolute
maximum input voltage is equal to the supply
voltage.

2. Short circuit to ground on one amplifier only.

Ordering Information

Operating
Part Temperature
Number Package Range
HA1-4741-5 Plastic 0°C to +70°C
HA3-4741-5 Ceramic 0°C to +70°C
HA1-4741-2 Ceramic -55°C to +125°C
HA1-4741-8* Ceramic -55°C to +125°C

*MIL-STD-883, Level B Processing
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General Purpose Quad Operational Amplifier

HA-4741

Electrical Chara

teristics (Vg = +15V and Ta = +25°C unless otherwise specified)

HA-4741-2 HA-4741-5

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
Input Offset Voltage Rs < 10k 05 | 30 1.0 50| mVv
Input Offset Current 15 30 30 50 nA
input Bias Current 60 200 60 300( nA
Input Resistance 0.5 0.5 Ma
Volage Gan o 2100 % | 10 % | 5 vimy
Input Voltage Range +12 +12 v
Output Resistance 300 4]
Output Current Vout +10V 45 | =15 £5 | =15 mA
R L . :
(Sli’lf%gﬁ,ﬁgg; 45 | 50 50 | 70| mA
Transient Response

Rise Time 75 75 nS

Overshoot 25 25 %

Slew Rate 16 16 V/uS
Unity Gain Bandwidth 35 35 MHz
Power Bandwidth ‘FQ‘L’ S 2 2 2 KHz
Input Noise Voltage Density f = 1kHz 9.0 9.0 nv//Hz
Channel Separation 108 108 dB

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of anly subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to appligation or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors

Raytheen
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HA-4741 General Purpose Quad Operational Amplifier
“

Electrical Characteristics (Continued)
(Vs = +15V and -55°C < Tp < +125°C for HA-4741-2, 0°C < Tp < +70°C for HA-4741-5)

HA-4741-2 HA-4741-5
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 10k 40 | 50 50 | 65 | mV
Input Offset Current 75 100 | nA
Input Bias Current 325 400 | nA
Large Signal Ry = 2k0)
Voltage Gain Vour 10V & 5 VimV
Outout Voltage Swi R = 10k +2 | +137 2 | 137 v
u foltage Swin

put Yoltage Swing RL> 2k0 0 | +125 +10 | +125 v
Supply Current
(All Amplifiers) 0 10 mA
Average Input Offset o
Voltage Drift 20 50 uviee
Common Mode Rs < 10k
Rejection Ratio AV 150V “ “ d8
Power Supply Rs < 10kQ)
Rejection Ratio AV 50V % % a8




General Purpose Quad Operational Amplifier

HA-4741

—

Typical Performance Characteristics
(+Vg = +15V, -Vg = -15V, Ta = +25°C unless otherwise noted)

Open Loop Voitage Gain (dB)

Normalized Value Referred to +25°C

Open Loop Frequency Response Power Supply Rejection Ratio vs. Temperature
140 T
TN ™ +Supply
ped B T
a0 I LIRS — 100 1 |
70N il Gain] g -Supply
o0 - TEN TR TN = £ w0
ol LR [HI 1Th g =
g Al 0 S _ w & £ w
TR T TR ™ £
TG TR TTTRNI N 2 2 w
{1 TG 1T (T TIN g
o LR I LT TR (I INITY ) 2 5
ot L LT 0 (T 0
T 0 100 K 10K 100K 1M 10M 75 50 25 0 +25 +50 +75 +100 +125
Frequency (Hz) 50018 Temperature (°C}
Channel Separation vs. Frequency
-140 100K
-120 S
g 10 o
£ Vot
E -
§ i L C.S.=20log (L)
2 = 100K 100 Vor
£ 0 Hl
s K
-20 WA—— -
0 1K Vo2
10 100 1K 10K 100K AAA- +
Frequency {Hz) 3
B55-D0779A
Transient Response vs. Temperature Input Noise vs. Frequency
3 14
12 30 12 g
B B w F
L > a
10 e — S 2\ 08 E
>
09 £ 5 \\ 06 '2
08 § 10 Noise Voltage —] 0.4 2
< = ) 1 H
07 — 5 5 Noise Current — 0.2 —
—i 0 T T T 1o
75 -50 -25 0 +25 +50 +75 +100 +125 10 100 1K 10K 100K
Temperature (°C) Frequency (Hz) 5007828
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HA-4741 General Purpose Quad Operational Amplifier
—

Typical Performance Characteristics (Continued)

Normalized AC Parameters vs. Temperature Slew Rate vs. Supply Voltage
12
o 11
3“: Bandwidth
S 11 g v>° 10 andwi
B gD
E Se A
HIL S5 9 )4
-5 <
;’. o ™. b= Slew Rate
S E dth
L‘g 9 lew Rate g5 . / Bandwi
g d 3 2% H
£ 5 1 b
8 2 07 ]5
500 25 0 425 +50 475 +100 +125 0 20 50 10 15 20
Temperature {°C) Supply Voltage (- V)
Small Signal Bandwidth and Phase Margin Output Voltage Swing vs. Frequency
vs. Load Capacitance
70 ™
T fh—H oo =28V Vg xisy
60 Py Phase Margin Ry = 2K T 6™ = T T LTI i
g 50 M F s 10 Vop=18V  Vg=+10V
g £ =
e = £ Vp=80V Vg=+50V3=
S 4 m B E THAT T FAHI =
) Bandwidth 2 ) Vo-20V Vg +20v N
: w2 z L | 0
3 ! g S "OEVonage Followen =
€ ] F (Voltage Followe
g 2 N M3 § F R =0Open "
10 R ™ Ci = S0pF £
0 fi— =z::. ) o L_LHITI | H
10 100 1K 10K 100K 100 1K 10K 100K ™
Load Capacity {pF) . Frequency (Hz)
65-00766A
Input Currents vs. Temperature Common Mode Rejection Ratio vs. Temperature
120 120
100 g 100
% 80 Bias Current '§ 80
g
Ew £ w
4 £ 4
20 = Olfs?t Current g 20 |§
5 0 2
0550 25 0 5 5 75 70 75 75 50 25 0 +25 +50 +75 +100 +125
Temperalure (°C) Temperature (°C)
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General Purpose Quad Operational Amplifier HA-4741

*

Typical Performance Characteristics (Continued)

Maximum Output Voltage Swing vs. Load Resistance

30

=

g 25

2 /

§: 20

s

:E‘ 15 1

= l'

3 10 p

a

2 3 A <

% 2

& g
0 b

100 1K 10K 100K

Load Resistance ((2)
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

General Purpose
Operational Amplifier

Raytheon

LM101A/
201A/301A

Features

& Offset voltage 3.0mV maximum over
temperature

| Input current 100nA maximum over
temperature

m Offset current 20nA maximum over
temperature

®m Offsets guaranteed over entire common-
mode range and supply voltage range

8 Frequency compensated 30pF

B Supply voltage +5.0V to £20Vv

Description

The LM101A, 201A, and 301A are general purpose
high performance operational amplifiers fabri-
cated monolithically on a silicon chip by an

Schematic Diagram

advanced epitaxial process. The units may be fully
compensated with the addition of a 30pF capacitor
stabilizing the circuit for all feedback configura-
tions including capacitive loads.

The device may be operated as a comparator with
a differential input as high as £30V. Used as a
comparator the output can be clamped at any
desired level to make it compatible with logic
circuits.

The LM101A operates over the full military tem-
perature range from -55°C to +125°C. The
commercial version, LM301A operates over a
temperature range from 0°C to +70°C.

The LM201A is the same as the LM101A except
its performance is guaranteed from -25°C to
+85°C.

M ®

Comp/-Vgs Trim Q Q Compensation +Vs
Inverting o
Input ~°
@
-0-
3)
+ O
Non-Inverting
Input Output
{6)

xgt
8
e

o]
5)
Vos Trim

65-005928
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LM101A/201A/301A

General Purpose
Operational Amplifier

Connection Information

8-Lead 8-Lead
Metal Can TO-99 Dual In-Line Package
(Top View) (Top View)
Pin Function
1 E] 1 Comp/Vos Trim
2 -Input
2 7 3 +input
(2] 7] A
5 Vps Trim
3 :] | >—6 0s
E :] 6 Output
7 +Vs
E r-?—] 8 Comp
oo 65-001034
Absolute Maximum Ratings Ordering Information
Supply Voltage Operating
LM101A/LM201A ... +22V Part Temperature
LM30TA ottt +18V Number Package Range
Differential Input Voltage .............. 30V LM101ADE Ceramic | -55°C to +125°C
input Voltage' .................ee +15vV LM101ADE/883B* Ceramic -55°C to +125°C
Qutput Short-Circuit Duration? ...... Indefinite LM101AH T0-99 -56°C to +125°C
Storage Temperature LM101AH/883B* T099 -55°C to +125°C
Range ................... -65°C to +150°C LM201ADE Ceramic _25°C to +85°C
Operating Temperature Range LM201AH T0-99 _25°C to +85°C
LM101A ... -55°C to +125°C - " "
LM20TA oovneeneannnnns -25°C to +85°C LM301ADE Ceramic | 0°Cto +70°C
o o LM301AH T0-99 0°C to +70°C
LM301A ... 0°C to +70°C LM301AN Plasti 0°0 to +70°C
Lead Soldering Temperature stic 0
(60SEC) ..ovvvviiiiiii +300°C *MIL-STD-883, Level B Processing
Notes: 1. For supply voltages less than *15V, the absolute
maximum input voltage is equal to the supply
voltage.
2. Continuous short-circuit is allowed for case v
temperatures to +125°C and ambient tem- Mask Pattern
peratures to +75° C for LM107; case temperatures
to +70° C and ambient temperatures to +55°C for 2
LM307.
Thermal Characteristics 3 1
8-Lead 8-Lead 8-Lead
Plastic | Ceramic T0-99 4 8
oip Dip Metal Can
Max. Junc. Temp. 125°C | 175°C | 175°C 7
Max. Py Ta<50°C | 468mW | 833mW | 656mW 5
65-01260A
Therm. Res. 8¢ — 45°C/W | 50°C/W 6
Therm. Res. 65 160°C/W | 150°C/W | 190°C/W
For Tp > 50°C 6.25mW | 8.33mW | 5.26mW Dip Size: 55 x 55 mils
Derate at per°C | per°C | per°C Min. Pad Dimension: 4 x 4 mils
Raythoen 6-13



General Purpose
Operational Amplifier

LM101A/201A/301A

L

Electrical Characteristics

(C = 30pF; LM101A, LM201A: +5.0V < Vg < +20V; LM301A; +5.0V < Vg < £15V; see Note 1)

LM101A/LM201A LM301A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Ta = +25°C, Rg < 50k 07 | 20 20 7% mv
Input Offset Current Ta =+25°C 15 10 3.0 50 nA
Input Bias Current Ta = +25°C 30 75 70 250 | nA
Input Resistance Ta = +25°C 15 40 0.5 20 M
Supply Current Ta = +25°C (Note 2) 18 30 18 | 30| mA
Vaage Gon Voo - o0 R =y | B | 0 %5 | 10 vimy
Input Offset Voltage Rs < 50k} 30 10 my
C;’ﬁ;%%en':‘i?t“‘ Offset 30| 15 60 | 30 | uvrec
Input Offset Current 20 70 nA
+25°C < Tp < +125°C 001 [ 01
Average Input Offset +25°C < Tp <+70°C 0.01 0.3
Current Drift -55°C < Ta < +25°C ' 002 | 02 nA/°C
0°C<Tp<+25°C 002 [ 06
Input Bias Current 100 300 nA
Supply Current Ta = +125°C, Vg = 220V 12 25 mA
\Llslrtgzs i xgu}?gov, R=2ka | 2 3 VimV
. Vs = +15V, R, = 10k2 2 | +4 +12 | +14
Output Voltage Swing v
Rt = 2k +10 | £13 +10 | +13
Input Voltage Range (Note 2) +15 +12 v
ggj’:c'““‘(’)g hode Rs < 50kq 80 | 9% 70| % dB
Eg]‘zgt’l Supply R < 5002 80 | % 70 | % dB

Notes: 1. These specifications apply for -55°C < T, < +125°C LM101A, -25°C to +85°C LM201A, and 0°C < Ta <+70°C LM301A, unless

otherwise specified.

2. Vg =220V for LM101A and LM201A, Vg = +15V for LM301A.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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General Purpose
LM101A/201A/301A Operational Amplifier

|

Typical Performance Characteristics

Supply Current Voltage Gain
25 T T 120
20 Ta = -55°C
= R [ z 0 Ta=-55°C ——f
£ — [ Tp=+25°C 2
g 15— £ Ta=+25°C
é /‘ ‘: 100 p— T} - 1250‘c
z 10 et Ta= +125°C — | £ AZY
05 < s
H 2
0 K 80 3
5 10 15 20 5 10 15 20
Supply Voltage (+V) Supply Voltage {+V)
Input Bias Current Current Limiting
400 15 :
| I Vg = £15V
T T —
= 30 Ta = -55°C \
- —_—
% [, i 10
s — =3
£ £
3 200 H
k] Ta = +25°C S Ta= +125°C Ta = +25°C
E i 1 3 5
£ 100
z 5
Tp = +125°C ——{2 2
0 [ | 8 0 8
5 10 15 20 0 5 10 15 20 25 30
Supply Voltage (+V) Output Current (mA)
Input Current Maximum Power Dissipation
400 600
Vg = +15V 500
. 300 3 ~,
z N, £ 400 nt \\ Metal Can
g \ £ ~ <~
£ 200 P - 2 300 ted Flat Package=S
= N Bias K (Note 1) N s
2 \\ e ~ N
£ s 200 ~
100 F—~ ™ H N
et — 5 100 i
H :
L 18 0 |3
75 50 25 0 +25 +50 +75 +100 +125 +25 +45 +65 485 +105 125
Temperature (°C) Temperature {°C)
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General Purpose

Operational Amplifier LM101A/201A/301A
L .

Typical Performance Characteristics (Continued)

Open Loop Frequency Response Large Signal Frequency Response
120 —T % TTTITT
- Vg = +15V | Vg = +15v |/
N Ta - +25°C Ta= +25°C
) \\ - R
[} >
2 )
§9 NN C1=30pF g
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20 \ 2 N N §
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LM101A/201A/301A

General Purpose
Operational Amplifier

Typical Applications

Inverting Amplifier With Balancing Circuit

tMay be zero or equal to parallel combination of R1and R2

for minimum offset.
65-00602A

Low Drift Sample and Hold

Q1
* 2N3456
Output O ? ’ .LL__O +Vg

*Polycarbonate dielectric capacitor - 65-006044

Voltage Comparator for Driving DTL or
TTL Integrated Circuits

- 65-00603A

Voltage Comparator for Driving RTL Logic
or High Current Driver

Output

)]
2N2222

— 65-00605A




PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Single-Supply
Quad Operational Amplifiers

Raytheon

LM124/224/324
2902

Features

B Large DC voltage gain — 100dB

® Compatible with all forms of logic

B Temperature compensated

® Wide bandwidth at unity gain frequency — 1MHz

® Large output voltage swing — OV to +Vg -1.5V

® Input common mode voltage range includes
ground

Description

Each of the devices in this series consists of four
independent high-gain operational amplifiers that

Schematic Diagram (% Shown)

are designed for single-supply operation. Opera-
tion from split power supplies is also possible and
the low power supply drain is independent of the
magnitude of the power supply voltage.

Used with a dual supply, the circuit will operate
over a wide range of supply voltages. However, a
large amount of crossover distortion may occur
with loads to ground. An external current-sinking
resistor to -Vg will reduce crossover distortion.
There is no crossover distortion problem in single-
supply operation if the load is direct-coupled to
ground.

——o (4)
+Vg
Q23
8pF == 24
26.9.13) 12
Inputs Q17 Output
o— l) (1.7.8,14)
(35.10.12) 0t Vo
._ﬁng
Q14 Q15 <
3 100K
GND
—0 (11)
65-00417A
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Single-Supply

LM124/224/324/2902 Quad Operational Amplifiers
Connection Information Mask Pattern
14-Lead
Dual In-Line Package
(Top View)
- Pin Function
. 1 Output 1
E E 2 -input 1
3 +Input 1
s o
E _'—EI 5 +Input 2
6 -lnput 2
E I 7 Output 2
[5] 10 8 Output 3
E r 9 -Input 3
10 +input 3
E 8 11 Ground
12 +input 4
65-00418A 13 -input 4
4 Outputd Die Size: 74 x 75 mils
Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage, +Vg 14lead | 14-Lead | 14-Lead
LM124/224/324 ........ccuu.. +32V or +16V Micro-pak | Plastic | Ceramic
LM2902 ... +26V or 13V Plastic DIP |  DIP op
Differential Input Voltage Max. Junction Temp.| 125°C 125°C 175°C
LM124/224/324 ...........coiiiiiiinnn 32V
P o w
LM2902 ~. oo ooy | Max PoTa<S0°C | SIOmW | 468m 104°2mW
Input Voltage .................. -0.3V to +32V Therm. Res. 6,c - - 60°C/W
Output Short Circuit to GND Therm. Res. 6,4 200°C/W | 160°C/W | 120°C/W
(One Amplifier) +Vg < 15V and ) For Ty > 50°C 50mW | 6.25mW | 8.38mW
TaA=+25°C' Lo Continuous Derate at per°C | per°C | per°C
input Current (Vin<-0.3V)2 ............ 50mA
Operating Temperature Range - .
LM124 ... .. -55°C to +125°C orde"ng Information -
LM224 ... -25°C to +85°C Operating
LM324 ..o ieiiiianns 0°C to +70°C Part Number Package Temperature Range
LM2902 ...l -40°C to +85°C LM3244 Ceramic 0°C to +70°C
LM324M Micro Plastic 0°C to +70°C
LM324N Plastic 0°C to +70°C
LM224J Ceramic -25°C to +85°C
LM224N Plastic -25°C to +85°C
LM2902N Plastic -40°C to +85°C
LM124J Ceramic -55°C to +125°C
LM124J/883B* Ceramic -55°C to +125°C
*MIL-STD-883, Level B Processing
6-19



Single-Supply
Quad Operational Amplifiers LM124/224/324/2902
L

Electrical Characteristics (+vg = +5.0v3)

LM124/224 LM324 LM2902

Parameters Test Conditions Min| Typ | Max |Min | Typ | Max | Min | Typ | Max | Units

Input Offset Voltage* Ta = +25°C +2.0{ +5.0 +2.0| 70 +20| +70 | mv

input Bias Current® Ta = +25°C 45 | 150 45 | 250 45 | 250 | nA

Input Offset Current Ta = +25°C +3.0] £30 +5.0| +50 +50| 50 | nA

Input Voltage Ranges Vg = +30V, Tp = +25°C| 0 o o P
RL ==, +Vg =30V,

Supply Current (LM2902 +Vg = 26V) 151 30 151 30 15 30| mA
RL = = On All Op Amps 071 12 07 | 12 07112 [ mA
+Vg = 15V

Large Signal Voltage Gain | (For Large Vo Swing) 50 | 100 25 | 100 100 VimV
RL = 2.0k}, Ta = +25°C

. RL = 2.0k(2, Ty = +25°C +Vg +Vs +Vs

Output Voltage Swing (LM2902 R > 10k | © -15] 0 -15] 0 asf Y

Common Mode = 4980

Rejection Ratio Ta = +25°C 70| 8 65| 70 50 | 70 dB

Power Supply = 100

Rejection Ratio Ta = +25°C 65| 100 65 | 100 50 | 100 dB
f = 1.0kHz to 20kHz

Channel Separation’ Ta=+25°C -120 -120 -120 dB
(Input Referred)

Output Current

Source Vin+ = 1.0V, Vi = 0V,
Vg = 15V, Ty = +25°C 20| 40 20 | 40 20 | 40 mA
Sink Vin- = 1.0V, Vin+ = OV
Vg = 15V, Ty = +25°C 10| 20 10| 20 10 2 mA
ViN- = 1.0V, Viys = 0V
Ta = +25°C, Vo =200mv | 2| %0 2% wA

Notes: 1. Short circuits from the output to +Vg can cause excessive heating and eventual destruction. The maximum output current is
approximately 40mA independent of the magnitude of +Vg. At values of supply voltage in excess of +Vg, continuous short circuits
can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous
shorts on all amplifiers.

2. Thisinput current will only exist when the voltage at any of the input leads is driven negative. itis due to the collector-base junction
of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action,
there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the op
amps to goto the +Vg voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This is
not destructive and normal output states will re-establish when the input voltage again returns to a value greater than -0.3V.

3. These specifications apply for +Vg = +5.0V and -55°C < T, < +125°C, unless otherwise stated. With the LM224, all temperature
specifications are limited to -25° C < T, < +85°C; the LM324 temperature specifications are limited to 0°C < T, <+70°C; and the
LM2902 specifications are limited to -40°C < T, < +85°C.

. Vo = 1.4V, Rg = 00) with +Vg from 5.0V to 30V; and over the full common mode range (OV to +Vg -1.5V).

. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent

of the state of the output so no loading change exists on the input lines.

6. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V.
The upper end of the common mode voltage range is +Vg -1.5V, but either or both inputs can go to +32V without damage (+26V for
LM2902).

7. Due to proximity of external components, ensure that coupling is not originating via stray capacitance between these external
parts. This typically can be detected as this type of capacitive increases at higher frequencies.

o b
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Single-Supply
LM124/224/324/2902 Quad Operational Amplifiers
—
Electrical Characteristics (+vs = +5.0\9)

LM124/224 LM324 LM2902
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max |Min | Typ | Max | Units
Short Circuit Current’ Ta = +25°C 40 | 60 40 | 60 40 | 60 § mA
Input Offset Voltage* +70 9.0 +10) mV
Input Offset Voltage Drift Rs = 02 70 70 70 uVieC
Input Offset Current +100 +150 45 | £200{ nA
Input Offset Current Drift 10 10 10 pA/°C
Input Bias Current 40 | 300 40 | 500 40 | 500 | nA
Input Voltage Range® +Vg = +30V 0 3/ ol 0 fzv HIE fzv HIR
. +Vg =+

bg{g‘;g"ggﬂ &%}Z%égvo Swing) | 25 15 15 Vimv
Output Voltage Swing

Vou +Vg = +30V, R_ = 2.0k(2 | 26 26 22 v

Vou RL = 10kQ 27 | 28 27 | 28| 23| 24

VoL +Vg=+50V,R =10k | |50 20 50| 20 50| 100 mv
Qutput Current

Source Vine = +1.0V, V- =0V, | 10 | 20 0|2 0] 2 mA

+Vg = +15V
Sink ViN- = +1.0V, Vin. =0V, | 5.0 | 80 50| 80 50| 80 mA
+Vg = +15V

Differential Input® Voltage +Vs +Vg +Vg| V

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions ofsale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Single-Supply
Quad Operational Amplifiers LM124/224/324/2902

Typical Performance Characteristics (Continued)

Input Voltage Range Input Current
15 % T
80—+ Vem = 0V ——‘
= ) — 70
= Negative = +Vg = 430V
g 0 § A —— =
= s [t _—
= Positive 3 50 T
.g 3 @ +Vg = +15V
n £ — +Vg = +5V —
LS v [
I / B B .
g 10 g
8 8
0 8 0 &
0 5 10 15 55 -35 15 +5 +25 +45 +65 +85 -105 -125
+Vg or -Vs — Power Supply Voltage (V] Ta — Temperature (°C)
Supply Current Voltage Gain
4 160
| +Vs l
z o -
< 3 Ammeter g 120 Ry = 20k}
4 = |
- . . -
g 3 Ry = 20
5 - g 8
> L < ]
g [ [ L
‘? 1 Ta = 0°C to +125°C . £ w
= 2 é
o Ta=-55°C H 0 g
10 20 30 10 20 30 40
+Vg — Supply Voltage (V) +Vs — Supply Voltage (V)
Open Loop Frequency Response Voltage Follower Pulse Response
140 o 4 | |
RLz20K _ ]
120 e BT PP +Vg - +15V
g o g
s " R = <7 15 / \
§ 80 YN vg2L — =1 74
£ \ =1 T 0
E 60 +Vg=+3vand - g
I -55°C < Ta= ~125°C 1= 3
B O vg- +10v 10 +15V and f ES 2
a0l 55°C=Tas+125°C _ | z ;% . 3
| | | : = 3
0 £ - 2
1 10 100 1K 10K 100K 1M 1oM 0 10 20 30 40
 — Frequency (Hz) t — Time (u$)
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LM124/224/324/2902

Single-Supply
Quad Operational Amplifiers

Typical Performance Characteristics

Voltage Follower Pulse Response (Small Signal)

Large Signal Frequency Response

500 20 H T —r T
100K
Vo
- 450 To 2 -5V
E S0pF = ®
‘s iv I N g v
g 0 - = H y g
£ 3 \ M v
S i / Z 10 n E
s Input 2
E 30 = e g AN §
‘=|’ Output J | \\ = = =
o N £ 5 N
30 Vil eRr=rat N |z
Vs - 30V |- ] [ [ g
250 i 3
0 1 2 3 4 5 708 1K 10K 100K ™
t — Time (uS) f — Frequency [Hz}
Output Characteristics Current Sourcing Output Characteristics Current Sinking
8 —rrrrrr—rrr— 10 T 3
+Vs +Vs = +5v EHH i
= o HH _ s yg sy T T
= i
&= i s 1 | [1*Vs = +30V
gs g +Vsi2
g% 1 3 s o
I g | 0 =
28 - = = H f s [EmAfterr '
= Independent of +Vs HHH—7# Vo
b Tas25C H = <+ Lz
| Ll ol LA e |3
0.001 001 0.1 1.0 10 100 0.001 001 0.1 10 10 100
1g- — Output Source Current (mA] lg — Output Sink Current (mA)
Current Limiting
90 T T T T
80 lo+
z 0 o—dNT -
§ & o—1+ ]
= P—
3 %
Ea) —
z —
30
| [ —
Y .
10 H
0 2
55 -35 -15 45 +25 +45 +65 +85 +105 +125
Ta — Temperature [°C)
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Single-Supply
LM124/224/324/2902 Quad Operational Amplifiers
L

Comparison of Standard
vs Micro-Package

‘Standard @
14-Lead
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Low Power Quad 741
Operational Amplifier

Raytheon

LM148/248/348

Features
B 741 op amp operating characteristics
B Low supply current drain — 0.6mA/amplifier

® Class AB output stage — no crossover distortion

Description

The LM148 series is a true quad 741. It consists of
four independent high-gain, internally compen-
sated, low-power operational amplifiers which
have been designed to provide functional charac-

teristics identical to those of the familiar 741
operational amplifier. In addition, the total supply
current for all four amplifiers is comparable to the
supply current of a single 741 type op amp. Other
features include input offset currents and input
bias currents which are much less than those of a
standard 741. Also, excellent isolation between

B Pin compatible with the LM124

Low input offset voltage — 1.0mV

]

| Low input offset current — 4.0nA
B Low input bias current — 30nA
u

Gain bandwidth product — LM 148 (unity gain)

1.0MHz amplifiers has been achieved by independently
. . . " biasing each ampilifier and using layout tech-
m High degree of isolation between amplifiers — niques which minimize thermal coupling.
1200B

The LM148 can be used anywhere multiple 741 or
1558 type amplifiers are being used and in
applications where amplifier matching or high
packing density is required.

8 Overload protection for inputs and outputs

Schematic Diagram (1/4 Shown)

@
O +Vs
a7 ]
a3
LA
(26813) ]
R Q15
Q12 2 R8
Inputs . 22 —«t an :: 25
@351012) R7 S
KD o Output
1 (1.78.14)
< R9
$2
+Vs Ce
5.0pF
I) o7 — 16
1
‘) s A o
08 010 N
05 [
09
R4
3 < 1ok
KS
RS
300
0 -Vs
85-011368 “"
Raythesn 65-1161A 6-25



LM148/248/348

Low Power Quad 741
Operational Amplifier

Mask Pattern

Connection Information

Die Size: 64 x 80 mils
Min. Pad Dimension: 4 x 4 mils

Absolute Maximum Ratings

Supply Voltage

LM148 ... +22V

LM248/348 ..................... ... +18v
Differential Input Voitage

LM148 ... 44V

LM248/348 ............ ... ... .. 36V
Input Voitage

LM148 ... +22V

LM248/348 ......................... +18V
Output Short Circuit Duration' ...... Indefinite
Storage Temperature

Range ................... -65°C to +150°C
Operating Temperature Range

LM148 .............. -55°C < Ta<+125°C

LM248 ............... -25°C < Tpo<+85°C

LM348 ................. 0°C < TA<+70°C
Lead Soldering Temperature

(60Sec) ...t +300°C

Notes: 1. For supply voltages less than *15V, the absolute
maximum input voltage is equal to the supply voltage.
2. Short circuit to ground on one amplifier only.

Thermal Characteristics

14-Lead
Dual In-Line Package
(Top View)
B Pin Function
E E 1 Output A
2 -ViN A
4 1 1 A 3 +ViNA
E E 4 +Vg
E E] 6 -VinB
7 Output B
E E 8 Output C
9 -VinC
[5] [0] 10 +vneC
" -Vg
F \: YA DR +Vin D
13 -VinD
E E 14 Output D
Ordering Information
Operating
Part Temperature
Number Package Range
LM348J Ceramic 0°C to +70°C
LM348N Plastic 0°C to +70°C
LMm248) Ceramic -25°C to +85°C
LM248N Plastic -25°C to +85°C
LM1484 Ceramic | -55°C to +125°C
LM148J/883B* Ceramic | -55°C to +125°C

14-Lead 14-Lead
Plastic DIP | Ceramic DIP

Max. Junction Temp. 125°C 175°C
Max. Pp Tp <50°C 468mW 1042mW
Therm. Res. 8¢ — 60°C/W
Therm. Res. 6y 160°C/W 120°C/W
For Tp > 50°C Derate at 6.25mW 8.33mW

per°C per °C

6-26
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Low Power Quad 741
Operational Amplifier

[ e e e e . e
Electrical Characteristics (Vs =115V and over the absolute maximum operating temperature range

(TL < Ta < Tn) unless otherwise specified)

LM148/248/348

LM148 Lm248 LM348
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max| Units
Ta = +25°C,
Input Offset Voltage Rs < 10kQ) 10 | 50 1.0 | 6.0 10] 60 mv
Input Offset Current Tp = +25°C 40 | 25 40| 50 40| 50| nA
Input Bias Current Ta=+25°C 30 | 100 30 | 200 30 | 200§ nA
Input Resistance _ 19Re
(Differential Mode) Ta=+425°C 08| 25 08 | 25 08 | 25 M
Supply Current Ta = +25°C,
All Amplifiers Vg = +15V 24 | 36 24 | 45 241 45 mA
Ta = +25°C,
Large Signal Vg = 15V
Voltage Gain Vour = +10V 50 | 160 25 | 160 25 | 160 V/imV
R = 2k}
: Tp = +25°C,
Channel Separation £= 1Hz to 20kHz 120 120 120 dB
Unity Gain Bandwidth Ta = +25°C 1.0 1.0 1.0 MHz
Phase Margin Ta=425°C 60 60 60 Degrees
Slew Rate Ta=+25°C 0.5 0.5 05 V/uS
Short Circuit Current Ta =+25°C 25 25 25 mA
Input Offset Voltage Rs < 10k2 6.0 75 75 mv
Input Offset Current 75 125 100{ nA
Input Bias Current 325 500 400( nA
. Vs = £15V,
Large Signal Vonrr = +
‘ out = £10V, 25 15 15 V/mV
Voltage Gain RL > 2k0)
Vg = £15V,
Output Voltage Swing Rp = 10k +12 | +13 +12 | £13 +12 | +13
R = 2kQ +10 | +12 +10 | £12 +10 | +12
Input Voltage Range Vg = 15V +12 +12 +12
Common Mode
Rejection Ratio Rg < 10k 70 | 90 70 | 90 70 | 90 dB
Power Supply
Rejection Ratio Rs < 10k2 7| % 7| 9% 77 | 9% dB
Raytheen 6-27



Low Power Quad 741

LM148/248/348 Operational Amplifier
Typical Performance Characteristics
Supply Current vs. Supply Voltage Input Bias Current vs. Temperature
6 90
80
_ ° —|55°c\ z 70 <200
g s s S w £16Vs
: i N s N B
3 - S +5.0Vs
3 2 /)Q/ s w =
5 T B oo S
1{ H 10 §
0 i 0 3
0 10 15 2 55 -35 -15 +5 +25 +45 +65 +85 +105 +125
Supply Voltage (+V) Temperature {°C)
Voltage Swing vs. Supply Voltage Positive Current Limit
X | 5 .
s Ta=+25°C § Vg =15V
_g £
S 2 0 N\
H \
§ ? L ssoc ] \
I
5 o 3 5 o) |\ s
: +125°C _\ :
0 H 0 | 3
0 5 10 15 20 % 0 5 10 15 20 FE
Supply Voltage (+V) Qutput Source Currant {mA}
Negative Current Limit Output Impedance vs. Frequency
-15 T Trr
s Vg = +15V
: -10 N %
g \ \ i
F +125°C +25°C || -55°C £
g s g
0 z
0 5 10 15 20 %
Output Sink Current (mA) Freguency (Hz)
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Low Power Quad 741
Operational Amplifier LM148/248/348

Typical Performance Characteristics (Continued)

Common Mode Rejection Ratio

vs. Frequency Open Loop Frequency Response
120 I 110 T
— Vs = £15V ]
g Vg = 215V ~ ippop
2 10 Tl iaee 90 Ta = +25°C
S @ 70
2 = L M148
£ & LM148 E 50
< ‘s
2 8
£ 30
£ 2 10 3
57 : 0 :
3 10 2

0
10 100 1K 10K 100K ™

10M 10100 1K 10K 100K 1M
Frequency (Hz) Frequency (MHz)
Phase Margin vs. Frequency Test Circuit
20 100
T TTT
15 HH Vs = x15V [TH 90
10 Ta = +25°CH{ 80 10K
5 Phase 70
N —
= 0 daln 60 § 100
8 5 : 50 8
s | ™. s vo
5 -0 } \C 0 3
-15 \C o 2
-20 N 20 2K
-25 10
-30 0 = = =
-35 Al -1
0.1 1.0 10
Frequency (MHz) 65011494
Small Signal Pulse Response Large Signal Pulse Response
[ [ Vo
100 Vg = £15V 10
Pl Vo Ta= 425°C _| q
0 / Ay =1 0 N
=
E =
2 100 =2 10
~— — S -
2 ~ = FE 7 Vg =215V —
= 100 10 N Ta=+25°C_|
ViN Ay=1
0 H RL=22K s
P —
8 8
0 1 2 3 4 5 0 40 80 120 160 200
Time (xS) Time (8]
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Low Power Quad 741
LM148/248/348 Operational Amplifier

Typical Performance Characteristics (Continued)

Undistorted Output Voltage Swing
vs. Frequency Gain Bandwidth vs. Temperature
s 2 [ T T T
= 28 [| Vs = 15V 40
2 1 Ty = +25°C
S szz‘K g
- \ -
E o <1% Dist. — £ 30
= s
=z 16 =
S \ 2 20
g n ]
B ]
E 8 <10
=3 < =
2 4 3 2
> 5 s
0 3 8
100 1K 10K 100K 55 -35 -15 45 125 45 +65 +85 +105 +125
Frequency (Hz) Temperature [°C)
Negative Common Mode
Slew Rate vs. Temperature Input Voltage Limit
20
40 /
E 7/
E:
— s_ +125°C A/
2 30 =5 } 7’
3 FE g 7
: 5 B D
E 20 Es -
5 :f Y
2 2210 LA
10 . E /
i = i
H s
0 k3 -5 2
55 -35 -15 +5 +25 +45 +65 +85 +105 +125 -5 -10 -15 -20
Temperature (°C) Negative Supply Voitage (V)
Inverting Large Signal Pulse Response Input Noise Voltage and Noise Current
T T 160 —I—I—l T 16
10 Vg = £15V — — M0}——Vs =15V 14 -
Yo o5 = Tp = +25°C =
Ta=+25°C _|
. / \ Ay =-1 2 120 12 2
R- 2 2 o]\ 1w &
= ) T
: = -10 / N\ 2 8 08 E
; s - - b Mean Noise Voltage <
: g % T £
i 13 g © Mean Noise Current __’*_ 04 ;
a v g = =
-10 L £ 20 02
2 0 0
0 20 40 60 80 100 120 140 160 180 200 10 100 1K 10K
Time (uS) Frequency (Hz) §5-01157A
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Low Power Quad 741
Operational Amplifier LM148/248/348

Typical Performance Characteristics (Continued)

Positive Common Mode Input Voltage Limit

I
l——-55°C < TaA < +125°C /JV

o

=

Positive Common Mode Input
VoHage Limit (V)

5
65-01158A

5 10 15 20
Positive Supply Voits (V)
Typical Simulation
+Vsg
+Vg
RIS | SR 1803 =
53k O $53
5.46pF Va o . 0
i v, BoF s
+ O ® 4==; ANA—9 OVO
- D1 02{ D4
>
Ve va 3R Vo SR
)Gm Gy < 100K ( Go izz‘g% = o803V
2712K 59 11 [150.8u0) pa75me RC CeVo
21.3u0 T 46961
. -Vs
65-01164 A
Bo1 =112
Boz = 144
20.226.A Is = 8 x 10-16
= =

Figure 1. LM148 Macromodel for Computer Simulation

The information contained in this datasheet has been carefuily compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shail be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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LM148/248/348

Low Power Quad 741
Operational Amplifier

Typical Applications

The 148 series are low power quad operational
amplifiers that exhibit performance comparable
to the popular 741. Substitution can therefore be
made with no change in circuit behavior.

The input characteristics of these devices allow
differential voltages which exceed the supplies.
Output phase will be correct as long as one of the
inputs are within the operating common mode
range. If both exceed the negative limit, the output
will latch positive. Current limiting resistors
should be used on the inputs in case voltages
become excessive.

When capacitive loading becomes much greater
than 100pF, a resistor should be placed between

Typical Applications

the output and feedback connection in order to
reduce phase shift.

The 148 series is short circuit protected to either
ground or the supplies continuously when only
one of the four ampilifiers are shorted. If multiple
shorts occur simultaneously, the unit can be
destroyed due to excessive power dissipation.

To assure stability and to minimize pickup, feed-
back resistors should be placed close to the input
to maximize the feedback pole frequency (a
function of input to ground capacitance). A good
rule of thumb is that the feedback pole frequency
should be 6 times the operating -3.0dB frequency.
If less, a lead capacitor should be placed between
the output and input.

]
w

<
<
<

R4 R5

RARS /1 1
VKK=

—_ | —r—
R3 rops R4

1
f=_
2-RIC1

fmax = 5.0kHz. THD < 0.03%

- ——
1Y)
Ve

R1 = 100K pot.. C1 = 0.0047uF. C2 = 0.01uF. C3 = 0.1xF. R2 = R6 = R7 = 1IM. R3 = 5.1K. R4 = 12(2.

R5 = 2400, Q1 = NS5102. 01 = 1N914. D2 = 3.6V avalanche diode (ex. LM103). Vg = =15V

A simpler version with some distortion degradation at high frequencies can be made by using A1
as a simpie inverting amplifier, and by putting back to back zeners in the feedback loop of A3.

65-01139A

1/2

Figure 2. One Decade Low Distortion Sinewave Generator
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Low Power Quad 741
Operational Amplifier LM148/248/348

Typical Applications (Continued)

-Vin
h

1/4 LM)
- R

R
#'A'A' R/2
vy Vour
1/4 LM148,

RI2

AA
VWV

R2

— 65-011408

2R
Vour =2 (W+ 1). -Vg-3V<ViNeM < +Vs- 3V,

Vg = +15V
R = R2, trim R2 to boost CMRR

Figure 3. Low Cost Instrumentation Amplitier

VPEAK
1/4 LM1 —o0

|+

Adjust R for minimum drift
D3 low leakage diode

01 added to improve speed
Vg = 15V

§5-01159A

Figure 4. Low Voltage Peak Detector With Bias Current Compensation
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LM148/248/348

Low Power Quad 741
Operational Amplifier

6-34

Typical Applications (Continued)
R5
100K
‘VAVAV
AAA C‘
MAAS 0.001.F
R6 C2
10K | om— 0.0014F
R1 [—-{ H
_AAA h
VN R3 Vel MASR ,\VBP R2
+ 1/4 LM148 A
+ 1/4LM1 Vip
Tune Q through RO, Vip O——
Far predictable resuits: fo Q< 4 x 104 Ao e — +
Use Band Pass output to tune for Q Rd -
Vs Nes) Sup - A . AL
L - Dy = 824 0 4 wg? ——AAA——
Vins)  Bi) AA-
5. Hosp R
Nip(s) = 52 Honp. Nap(s) =—— Nep = wo? HoLp B !
VWA Ve
L] [re [ 1 C RGO (1+Ham3+k4mo)<ae t\12 VALl
R T T R 1+R6IRS R5 12 >
- 65-01160A
y 1 Ry \172 " 1+ R61R5 1+ R4|R3 + R4|RO
NOTCH= o \Rutte) O T T+ RIIRO+ RAIRA ST 14 R3JRO0 + R3IR4
H 1+ R5|R6
0P R3IRO + R3IR4
Figure 5. Universal State-Space Filter
100K
AV‘VAV
10K
| 0.001.F
0.001F
—
vy 150K 17aLmiag 50.3K
O——AAA + —VYW—4 v
ouT!
1/4 LM148
4.556K +
100K -
—AAA =
- 100K
—AAA
0K 100K
vy 0.001:F
0.001F
- 50.3K —9
1/4 LM1: - 50.3K
+ 1/4 LML A v
out?
e + 1/41LM148 —0O
39.4K i: L N
100K
-l— ~“AWN— = 65-01161A
Use general equations, and tune each section separately
Q1st Section = 0.541, O2nd Section = 1.306
The response shoutd have 0dB peaking
Figure 6. 1kHz 4 Pole Butterworth Filter
Raythosn




Low Power Quad 741
Operational Amplifier

LM148/248/348

Typical Applications (Continued)

= AAA-
AA- R7 M
‘__ AAA—
- R2 c2 _| }__.
174 LM148 A \\ B3 o1
P4 + 174 LM N AAS
>
R6 < = Vourisy b3 + 3 174 LI
R4 N
Vines) — < 65-01162A
R8 R1C1 1 R8 1 1 R6
= for— [ — X NoTeH T
R7  /R3C2R2C1 2ny R7 VR2R3C1C2 2r« R3RSR7C1C2
Necessary condition for notch: _‘_ = R_1
R6 R4R7
Ex: fyoTcH = 3kHz, @ = 5, R1 = 270K, R2 = R3 =20K. R4 = 27K, R5 = 20K, R6 = R8 = 10K, R7 = 100K.
C1=C2=0.001xF
Better noise performance than the state-space approach
Figure 7. 3 Ampilifier Bi-Quad Notch Filter
"F;EA' Lowpass Response
YW 100K T 1%
RB p MR
. — ST
ct — | ,u‘?m‘ o
Vi 1/4 LM148 AAA- - c2 | Fr
+ R 174 > Te 4 A M I
B Y + R2 174 LM) pymmil 1 i
RO RN:: L + g 0 X )
R4 = -
= A R =
AAA—
RS M R1C1 = R2C2 = t
A R1C = R2C2=t
AAA~ AAA-
R'6 } R'y
. c1 R'f
B \ ‘c"z — 100K
Iy LA WV \
. + 2 1/4 LM1 S Vo
0 L + L 174 LM} Lo
R4 = .
= A = 65011638
fc = tkHz. fs = 2kHz, 1p = 0.543, 17 = 2.14, @ = 0.841, {'p = 0.987, f'7 =4.92, =
Q' = 4.403. normalized to ripple BW
1 (A6 1 1 W 1 1+R4R3+R4R0  RE 6 1+R4|R0
tpe— f—x—f2=— [Tx-0s ————— x [— O f— —————
2nV RSt 2 ¥ R 1+ R6IRS RS R5 1+R6)R'S+R6|Rp
Ru RL
" RH+RL
Use the BP outputs to tune Q. Q". tune the 2 sections separately
R1 = R2 = 92.6K, R3 = R4 = R5 = 100K, R6 = 10K, R0 = 107.8K_ RL = 100K, Ry =155.1K,
R'1=R2=50.9K, R'4 = R'5 = 100K, R'6 = 10K, R'0 = 5.78K, R’ = 100K, R'y = 248.12K, R’y = 100K.
All capacitors are 0.001uF
Figure 8. 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros)
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Low Power

Raytheon

Dual Operational Amplifier

LM358

Features

8 Internally frequency compensated for unity
gain

B Large DC voltage gain — 100dB

" m Wide bandwidth (unity gain, temperature com-
pensated) — 1MHz

B Wide power supply range
Single supply — +3V to +30V
or dual supplies — +1.5V to +15V

B8 Very low supply current drain — 500uA
Essentially independent of supply voltage —
1mW/Op Amp at +5V

B Low input biasing current (temperature com-
pensated) — 45nA

® Low input offset voltage — 2mV

& Low offset current — 5nA

® Input common mode voltage range includes
ground

® Differential input voltage range equal to the
power supply voltage

@ Large output voltage swing — 0V to +Vg -1.5V

Schematic Diagram (1/2 Shown)

Description

The LMB358 consists of two independent, high
gain, internally frequency compensated opera-
tional amplifiers which were designed specifically
to operate from a single power supply over a
wide range of voltages. Operation from split
power supplies is also possible and the low
power supply current drain is independent of
the magnitude of the power supply voltage.

Application areas include transducer amplifiers,
DC gain blocks, and all the conventional op
amp circuits which now can be more easily
implemented in single power supply systems.
For example, the LM358 can be directly oper-
ated off of the standard +5V power supply
voltage which is used in digital systems and
will easily provide the required interface elec-
tronics without requiring the additional *+15V
power supplies.

+Vg
®

26) 2

Inputs

Q6

(1]
att Output

013
i) t—-o @
D GND

65-00396A
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LM358

Low Power
Dual Operational Amplifier

|

Absolute Maximum Ratings

Supply Voltage ................ +32V or +16V
Differential Input Voltage ................ 32V
Input Voltage .................. -0.3V to +32V

Output Short Circuit to Ground
(One Amplifier)!

Vg<+15Vand Ta = +25°C ... Continuous
Input Current (Vin<-0.3Vo)? .......... 50mA
Operating Temperature

Range ...........ccoovinn -20°C to +75°C
Lead Soldering Temperature (10 Sec)

LM358NB .........cciiiiiiiiiiin +300°C

LM358M ...t +260°C

Thermal Characteristics

8-Lead
Micro-Pak 8-Lead
Plastic DIP | Plastic DIP
Max. Junction Temp 125°C 125°C
Max. Pp Ta < 50°C 300mW 468mW
Therm. Res. ;¢ — —
Therm. Res. 64 240°C/W 160°C/W
For Tp > 50°C Derate at 4.17mW 6.25mW
per °C per °C
Ordering Information
Operating
Part Number Package Temperature Range
LM358M Micro-Plastic | ~20°C to +75°C
LM358N8B Plastic -20°C to +75°C

Connection Diagram

Dual In-Line Package

(Top View)
A
Output A Iz‘ B +Vg
Inverting
input A 2 Output B

Non-Inverting 3
Input A
GND E

Non-Inverting
Input B

7]

6 Inverting
Input B

B

65-00395A

Mask Pattern

Die Size: 52 x 61 mils
Min. Pad Dimensions: 4 x 4 mils

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheen
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Low Power
Dual Operational Amplifier LM358
_

Electrical Characteristics (+vg = +5.0V, T4 = +25°C)

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage (Note 3) +2.0 +7.0 mV
Input Bias Current (Note 4) - 45 250 nA
Input Offset Current +50 +50 nA
Input Voltage Range +Vg = +30V (Note 5) 0 Vg -1.5 v
RL =, +Vg = +30V 1.0 20
Supply Current mA
RL =<« On All Op Amps 0.7 12
Large Signal Voltage Gain gx? n;)+F1L5\Q2Fl? (rlLarge Vo 25 100 v/mv
Output Voltage Swing Rl = 2k 0 Vs -15 v
Common Mode Rejection Ratio 65 70 dB
Power Supply Rejection Ratio 65 100 dB
Channel Separation ;;;:(rzé)l?'\l%gz%z) (Input -120 dB
Output Source Current X”O‘; - 1\1/5‘\11 n-=0V. 20 40 mA
Output Sink Current X‘\'/: - 1\4‘5&"‘* =0V 10 0 mA
Output Sink Current \\;:)N': ZJOV&\W‘* =0, 12 50 uA
Short Circuit Current (Note 1) 40 60 mA
The following specitications apply for +Vg = +5.0V, 0°C to +70°C
Input Offset Voltage {Note 3) +9.0 mV
Average Input Offset Voltage Drift Rs = 00} 7.0 wV/°C
Input Offset Current +150 nA
Average Input Offset Current Drift 10 pA/°C
Input Bias Current 40 500 nA
Input Voltage Range +Vs = +30V (Note 5) 0 +Vs -2.0 v
Notes: 1. Short circuits from the output to +Vg can cause excessive heating and eventual destruction. The maximum output current

W

6-38

is approximately 40mA independent of the magnitude of +Vg. At values of supply voltage in excess of +15V, continuous short
circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can result from
simultaneous shorts on all amplifiers.

. This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base

junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this
diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output
voitages of the op amps to go to the +Vg voltage level (or to ground for a large overdrive) for the time duration that an input is
driven negative. This is not destructive and normal output states will re-establish when the input voitage, which was negative,
again returns to a value greater than -0.3V

. Vo = 1.4V, Rg = 002 with +Vg from +5V to +30V; and over the full input common mode range (OV to +Vg -1.5V).
. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent

of the state of the output so no loading change exists on the input lines.

. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than +0.3V.

The upper end of the common mode voltage range is +Vg -1.5V, but either or both inputs can go to +32V without damage.

. Due to proximity of external components, insure that coupling is not originating via stray capacitance between these external

parts. This typically can be detected as this type of capacitive coupling increases at higher frequencies.

Raytheen



Low Power
LM358 Dual Operational Amplifier

Typical Performance Characteristics

Input Voltage Range vs. Supply Voltage Input Current vs. Temperature
15 % |
80 Vem =0V
= ) _ 70
% 0 Negallvel = ” +Vg = +30V
= vd H —
.3; Positive é 50 T »J|
E 5 ® +Vg = +15V
= £ 4 +Vg = +5V
|= 5 / |
T o < i .
g 10 g
0 ] 0 3
0 5 10 1 =55 =35 -15 +5 +25 +45 +65 +85 +105 +125
+Vg or -V — Power Supply Voltage (V) Ta — Temperature (°C)
Supply Current vs. Supply Voltage Voltage Gain vs. Supply Voltage
. . 160
4 o
T | Jo
< 3b— Ammeter g 120 / R = 2|0kn
§ o
s |- ] AL = 2k
5 P
£ o} — g 8
S 1 =
E — 7 |
a Ta=0°Clo -125°C E w
| | I H <
) 1 1 & 8
o Ta - -55°C H 0 g
10 20 30 10 20 30 40
+Vs — Supply Voltage (V} +Vg — Supply Voltage (V)
Open Loop Frequency Response Voltage Follower Pulse Response
0 S . L= 20K
L =2 —]
= Y ] is : g = 415V
g 0.14F T 2
= 400 Vo]
5 80 \ §V|N = — >‘I" £ l/ \
& “V5/2" = S
) = 0
2 60 \ S ~tVs=+3Vand —- -
I -55°C < Ta< +125°C s 3
£ O +vs = +10V 10 +15V and I 2=,
-55°C < Ta< +125°C < ] «
Tl 1] ¢ S
0 b ]
1 10 100 1K 10K 100K 1M 10M 0 10 20 30 0
f — Freguency (Hz) t — Time (u8S)
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Low Power

Dual Operational Amplifier

Typical Performance Characteristics (Continued)

LM358

Voltage Follower Pulse Response

(Small Signal) Large Signal Frequency Response
500 — 20 —
450 DEST‘LO = 15 +1sv
£ S0pF £ W
§o en_ I _f,_ g \ Yo
I 2 w0 o TV
H 350 i Input 2 K
- 3 \
| Output | 5 \N= = =
{ S N
; >
%0 Vi Ta=+25°C | 3 §
+Vg = +30V [ N g
250 L 2 8
0 2 4 5 6 7 1K 10K 100K ™
t — Time [u$)  — Frequency (Hz)
. Output Characteristics Current Sinkin
Output Characteristics Current Sourcing P 9
8 10 T %
LLRARLLS T oo 1
s | Vs VR
7 ? _ Vs = +15V
- VSTV
s 6 0 z il ] /1 +Vs = +30V
Bz +s/2 u 5 'BEemmer =2 =
27 5 0 3 3 - H— S
s — 5 g/2 \
5§ 4 o+ || § N o |
' E 3 A= >
18 = < M ° — Vo
== Independent of +Vs - = i 4 1«
2 Ta = +25°C lifi = T = §
j—==--. 2 0.01 [l Tazx2C I3
0001 001 0.1 10 10 100 0.001 001 1 1.0 10 100
I+ — Output Source Current (mA) 1 — Output Sink Current mA)
Current Limiting vs. Temperature
%0
. 1]
+
E 70 T,
60
40
g ~
i
s 2 <
10 g
0 8
55 -35 -15 +5 +25 +45 +65 +85 +105 +125
Ta — Temperature [°C)
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Current Mode Single—Suppva
Quad Operational Amplifier

Raytheon

LM2900/3900

Features

®m Wide single supply voltage range — 4.0V to 36V

® Supply current drain independent of supply
voltage

=B Low input biasing current — 30nA

m High open-loop gain — 70dB

8 Wide bandwidth — 2.5MHz (unity gain)

® Larger gain-bandwidth productin non-inverting
mode (Ay = 100 at f = 1.0MHz)

B Large output voltage swing (Vg ~1.0)Vpp

m Internally frequency compensated for unity
gain

® Qutput short-circuit protection

Description

The LM2900 and LM3900 consist of four inde-
pendent, dual input, internally compensated
-amplifiers which were designed specifically to
operate off a single power supply voltage and
to provide a large output voltage swing. These
amplifiers make use of a current mirror to achieve
the non-inverting input function. Application

Schematic Diagram (1/4 Shown)

areas include: AC amplifiers, RC active filters,
low frequency triangle, squarewave and puise
waveform generation circuits, tachometers and
low speed, high voltage digital logic gates.

Mask Pattern

1109 8

Die Size: 56 x 70 mils
Min. Pad Dimension: 4 x 4 mils

+Vg o

(14)

(121312)

Current
Mirror

Q12

Output
=2 (54910)

65-00807A
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LM2900/3900

Current Mode Single-Supply
Quad Operational Amplifier

Connection Information

14-Lead
Dual Iin-Line Package
(Top View)
\J Pin Function
1 +lnput 1
1 14
E j 2 +lnput 2
3 -Input 2
2 E 4 Output 2
5 Output 1
E 32] 6 ~lnput 1
- 7 Ground
4 z = '__1] 8 -lnput 3
4 9 Output 3
5 E 10 Output 4
1 ~Input 4
5 9 12 +input 4
E © j 13 +lnput 3
E E 14 +Vg
65-01260A

Absolute Maximum Ratings

Thermal Characteristics

Supply Voltage 14-Lead
LM2900 ...t +36V Plastic DIP
S LM|3930| ............................ f?gx Max. Junc. Temp. 125°C
upply Voltage ....................... + "
Input Currents, N+ OF IN- < e vvevnnn.n. 20mA Max. Pp Ta < 50°C 468mw
Output Short Circuit Duration .... Continuous Therm. Res. 8¢ —
One Amplifier, Tp = +25°C Therm. Res. 6,4 160°C/W
Storage Temperature
RANGE ..., -65°C to +150°C For Ta > 50°C Derate at 6.25mW per °C
Operating Temperature Range
LM2900 .................. -40°Cto +85°C  Ordering Information
LM3900 ..................... 0°C to +70°C -
Lead Soldering Temperature Part Tgrs:rsi::{:ﬂe
(10Sec) ...ovvneiviiiiii i +300°C Number Package Range
LM3900N Plastic 0°C to +70°C
LM2900N" Plastic -40°C to +85°C

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's iiability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Current Mode Single-Supply
Quad Operational Amplifier LM2900/3900

P —

Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted)

| M2900/3300
Parameter Test Conditions Min Typ Max Units
Large Signal Voltage Gain f = 100Hz 1200 2800 VIV
Input Resistance :
(Differential Mode) Inverting Input 1.0 MQ
Output Resistance 8.0 k()
Unity Gain Bandwidth? Inverting Input 25 MHz
Input Bias Current Inverting Input 30 200 nA
Positive Output Swing 0.5
Slew Rate - - VIiuS
Negative Output Swing 20
Supply Current Ry = = On All Amplitiers 6.2 10 mA
Output Voltage Swing R = 2k
Vourt High In-=0Ine =0 13.5 142
Vouyt Low Iin- = 10uA, Iine = 0 0.09 0.2
Source 6.0 18
Output Current - mA
Sink?2 0.5 13
Power Supply Rejection Ratio f = 100Hz 70 dB
Mirror Gain3 Iin+ = 200uA 0.90 1.0 11 uAluA
Mirror Current4 10 500 uA
Negative Input Currentd 1.0 mA
Notes: 1. When used as a “non-inverting amplifier”, the gain-bandwidth product is not limited to 2.5MHz. The isolation provided by the

]

FS

“current mirror” allows a constant unity voltage gain feedback for the main inverting amplifier. This means that large values of gain
can be achieved at high frequencies and the dominant limitis due to the slew rate of the amplifier. For example: a voltage gain of
100 is easily obtained at 1MHz and an output voltage swing of 160mV,,_, can be achieved prior to slew rate limiting. This
operational mode is useful for signal frequencies in the 50kHz to 1MHz range as would be encountered in IF or carrier frequency
applications.

The output current sink capability can be increased for large signal conditions by overdriving the inverting input.

. This spec indicates the current gain of the current mirror which is used as the non-inverting input.
. Input Vgg match between the non-inverting and the inverting inputs occurs for a mirror-current (non-inverting input current) of

approximately 10uA. This is therefore a typical design center for many of the application circuits.

. Clamp transistors are included on the IC to prevent the input voltages from swinging below ground more than approximately

-0.3V. The negative input currents which may result from large signal overdrive with capacitance input coupling need to be
externally limited to values of approximately 1.0mA. Negative input currents in excess of 4.0mA will cause the output voitage to
drop to a low voltage. This maximum current applies to any one of the input terminals. If more than one of theinputterminals are
simultaneously driven, negative smaller maximum currents are allowed. Common mode current biasing can be used to prevent
negative input voltages; for example, see the “Differentiator Circuit” in the applications section.

Raytheon 6-43



Current Mode Single-Supply

LM2900/3900 Quad Operational Amplifier
L
Typical Performance Characteristics

Open Loop Gain Voltage Gain vs. Supply Voltage
100 T 100
No Load
80 R = 5.
_ Ry | 5.1K 80
e RL = 2.0K =
e 60 ~ 2 g "]
5 =
H A 5
£ @ 2 4
2 \\ ]
20 \ % 20 <
‘ g
0 N 3 0 2
102 103 104 105 106 107 0 5 10 15 20 2 30
Frequency (Hz) Supply Voltage (V)
Voltage Gain vs. Temperature Input Current vs. Temperature
100 T 100
Ri==
80 80
3 AN
g w 3 © -
E v E' \\
20 < 20 s
g , 3
0 8
-5 =25 +5 +35 +65 485 +125 -55  -25 +5 +35 +65 +95  +125
Temperature (°C) Temperature {°C)
Supply Current Large Signal Frequency Response
10 T 16
RL =
80 1
= = WK<R <=
g LA A 2
£ AN £
S \ AV X 3,
E 40 AV AVAY \‘TA = _55°C] H 80
3 Ta = +85°C \TA|=0°C 3 \
20 — T s 40 3
Ta=+125°C N71pt +25°C H 3
0 : 0 :
0 5 10 15 20 25 30 100 1K 10K 100K ™ 10M
Supply Veltage (V) Frequency (Hz)
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Current Mode Single-Supply
Quad Operational Amplifier

L

Typical Performance Characteristics (Continued)

LM2900/3900

Output Sink Current vs. Supply Voltage Output Class A Bias Current
% T ( 50 T e
/ Ta = -55°C
= _ 40 —
E /4=100yA E /ZTA|=+25 C
=
E N~/ W Th - +85°C
3 3 / |
£ » g 20 Ta=+125°C______|
2 8
] Iin- = 10uA E -
S 10— = 10uA s 10 3
g
0 g 0 2
0 5 10 15 20 25 30 0 5 10 15 20 % 30
Supply Volage (V) Supply Voltage [V)
Output Source Current Mirror Gain vs. Temperature
25 T 1.16
Ta=-55°C . |l
Tp=0° IN-
2 1 2 g 12 Az —
z Ta=+25°C &
E 1 B
E B £ 108
- B ° =
£ V’N\ Ta=+85°C 2
g0 Ta = +125°C G 104
3 £ — Iy = 104A
5 < = 100 3
§ g
0 3 0.9 2
10 15 20 25 30 -85 25 45 +35 465 495 +15
Supply Voltage (V) Temperature (°C)
Supply Rejection vs. Frequency Test Circuit for Supply Rejection
100 +Vs
80
g — +ViN
E &
B
3
s 4
§ \ —o Vo
20 P
g = Vs
102 103 104 105 106 107
Frequency (Hz)
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Current Mode Single-Supply
LM2900/3900 Quad Operational Amplifier
“

Typical Performance Characteristics (Continued)

Maximum Mirror Current

20
16
E 12
k3
g \ For A; = 0.90
o
S 80
£
40 <
\Jg
0 3

-55 -25 +5 +35 +65 +95 +125
Temperature (°C)

3900 Typical Applications (vs = +15V)

Voltage-Controlled Current Source

(Transconductance Amplifier)  +Vs Triangle/Square Generator
0K K
M 1
‘VAvAv
+ViN ©
2N2907

1
lg = 1.0mA/Volt Viy

— 65-00821A

65-00822A

—
AV‘VAV
R2
R1
- Vo
1/4
+ , 3800
Vo VIN R3 il
—o0
65-00824A
+Vs = = =
2 Vge = 0.5V
R Vo - Ve (1 + E)
R3
65-00823A Ay = R

A1
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Current Mode Single-Supply
Quad Operational Amplifier LM2900/3900

3900 Typical Applications (Continued)

Free-Running Staircase Generator/Pulse Counter
30K INg14
0.1,‘F11
) [ W . l =
, 3500 Vo o
—O
I~ Difference
N9I4 Integrator
1.3K |
1.5M $m
100pF 1M <
+Vs M 3‘9/040 —I_L
o—g—AM——1+ Reset
Pulse
510K
12M
One Shot with —WA—o0 +Vs 65-00825A
Input Comparator
Supplying Iy With Auxiliary Amplifier
(to Allow High Z Feedback Networks) Bandpass Active Filter
0.1uF
[
r
3%
>
Vi 3% 0.14F Jt
O—AAA— - 39K < 120K
:‘lg/& AAA _ <
Vv 1/4 v
+ 0
62K [ , 3900
N $ 75K q
1M fo=1khz | = T 36X
0:2 62K 1
I TZIm WA~
3900 65-00627A
+
Aux o]
65-00826A +Vs
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Current Mode Single-Supply
LM2900/3900 Quad Operational Amplifier

3900 Typical Applications (Continued)

Ground Referencing a Differential Input Signal Non-Inverting Amplifier

o
+Vs/2

65-00829A

Split Supply (+Vs = +15V and -Vg = -15V)

T +15.00v*
o
m3
-VIN 200K
O—MWWV Vo ™
Ay=10
0.014F
Vo
500K *Complementary
Vos Tracking
Adj
Non-inverting DC Gain AC Amplifier ferone0n
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Instrumentation Grade
Operational Ampilifier

Raytheon

OP-05 Series

Features

® Low noise 0.1Hz to 10Hz — 0.35uVp
| Low Vpg — 0.15mV

m Ultra-low Vog drift — 0.2uV/°C

® Fits 725, 108A, 741, and AD510 sockets
& Long term stability — 0.2uV/Month

®m Low input bias current — £1nA

m High CMRR — 126dB

® Wide input voltage range — £14V
Description

The OP-05 series of instrumentation grade oper- -

ational amplifiers is designed for low level signal
conditioning where ultra low Vog and TCVgg are
required along with very low bias currents. Internal
compensation eliminates the need for external
components. Novel circuit design and tight pro-
cess controls are used to obtain very low values of
Vos. Low frequency noise is minimized. Internal
biasing techniques reduce external bias and offset
currents to values in the order of £1nA over the

Schematic Diagram

military temperature range. Raytheon's OP-05s
are direct replacements for the 108A, 714,725 and
5507. They can replace chopper stabilized ampli-
fiers in many applications.

Mask Pattern

65-00361A

Die Size: 65 x 101 mils
Min. Pad Dimensions: 4 x 4 mils

"
Vs O .
S <
¥ 4
() §)] @ 9 o1 ()
0—
RIA & VoS JYos & pyp P
ax g Tm Mg ax
T Q10
LA
07 D8 a1 Q12
Non- B 06 Qutput
Inverting 05 04 15 O
input 1
L C2 D17 @
® R B5pF
500 o 027 Q16
A5
021 023 026 *
®Inverting D22 D24 D25 a5
Input
0 »Kom
@ pa
500 R6
e ¢ D13 &K
@
-Vs O——
65-005808
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Instrumentation Grade

OP-05 Series Operational Amplifier

Connection Information

TO-99 8-Lead |
Metal Can Dual In-Line Package
(Top View) (Top View)
e Y Pin Function
E 3 1 Vos Trim
2 ~Input
3 +lnput
E ZI 4 -Vg (Case)
6 Output
E E 7 +Vg
" 3 8 Vos Trim
Absolute Maximum Ratings Ordering Information
Supply Voltage ....................... +22v Operating
Input Voltage' ..................... ... +22V Part Number Package Temperature Range
Differential Input Voltage .............. 30V OP-05CT T0-99 0°C to +70°C
Internal Power Dissipation® .......... 500mw OP-05ET T0-99 0°C to +70°C
Output Short Circuit Duration ....... Indefinite 0P-05CDE Ceramic 0°C to +70°C
Storage Temperature OP-05EDE Ceramic 0°C to +70°C
Range ................... -65°C to +150°C OP-05CNB Plastic 0°C to +70°C
Operating Temperature Range OP-05ENB Plastic 0°C to +70°C
OP-05A .................. -55°C to +125°C 0P-05T T0-99 -55°C to +125°C
OP-05E/C/D ................ 0°C to +70°C 0P-05T/8838* T0-99 -55°C to +125°C
Lead Soldering Temperature OP-05AT T0-99 -55°C to +125°C
(60Sec) ..., +300°C OP-05AT/883B* T0-99 -55°C to +125°C
Notes: 1. Forsupply voltages less than 22V, the absolute 0P-05DE Ceramic -55°C to +125°C
maximum input voltage is equal to the supply OP-05DE/883B* Ceramic -55°C to +125°C
voltage. o ) OP-05ADE Ceramic -55°C to +125°C
2. Maximum power dissipation vs. ambient 0P-05ADE/883B* Ceramic -55°C to +125°C
temperature.

Thermal Characteristics

8-Lead

8-Lead T0-99
Ceramic DIP | Metal Can

Max. Junction Temp. 175°C 175°C
Max. Pp Tp < 50°C 833mwW 658mW
Therm. Res. 6,¢ 45°C/W 50°C/W
Therm. Res. 6,5 150°C/W 190°C/W
For T4 > 50°C Derate at 8.33mW 5.26mW

per °C per°C

“MIL-STD-883, Level B Processing

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Instrumentation Grade

Operational Ampilifier

OP-05 Series

e

Electrical Characteristics (Vs = +15V and T = +25°C unless otherwise noted)

0P-054 0P-05

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units

Input Offset Voltage* 70 150 200 | 500 | wV

\L/gﬂg;:rsr?a'b"iﬂ;’;gffse‘ 02 | 10 02 | 10 | wviMo

Input Offset Current 03 | 20 04 | 28 nA

Input Bias Current +07 | *2 +1 +3 nA

Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 035 | 06 | uVpp
fo = 10Hz 103 | 18 103 | 18| nv_

Input Noise Voltage Density? fo = 100Hz 10 | 13 10 | 3] VHzZ
fg = 1000Hz 96 " 9.6 11

Input Noise Current? 0.1Hz to 10Hz 14 30 14 30 | pApp
fo = 10Hz 032 | 080 032 [ 0801 pA

Input Noise Current Density? fo = 100Hz 0.14 | 023 0.14 | 0.23 ﬁ
fp = 1000Hz 112 | 017 012 | 0.17

Input Resistance (Diff. Mode)® 30 80 20 60 Mo

Input Resistance (Com. Mode) 200 200 GO

Input Voltage Range +135| *14 +135 | +14 v

Common Mode Rejection Ratio Vewm = £13.5V 14 | 126 14 | 126 dB

Power Supply Rejection Ratio Vg = +3V to 18V 100 | 110 100 | 110 dB

Large Signal Voltage Gain R = 2k, Vg = £10V 300 | 500 200 | 500

Large Signal Voltage Gain® C(L) f 15-(())0;\?% oy 150 | 500 150 | 500 v/my
R = 10k +125| +13 +125] #13

Output Voltage Swing Ry = 2k +12 | +128 +12 | +128 v
R, = 1k} +105 | %12 +105 | £12

Slew Rate? R = 2kn 01 | 017 01 | 017 V/uS

Unity Gain Bandwidth? 0.5 0.5 MHz

Open Loop Output Resistance Vo=01p=0 60 60 Q

. Vg = +15V 7% | 120 75 120

Power Consumption mwW
Vg = +3V 4 6 4 6

Offset Adjustment Range Rp = 20k +4 +4 mv

Notes: 1.

Long Term Input Offset Voltage Stability refers to the average trend line of Vg vs. Time over extended periods after the first 30

days of operation. Excluding the initial hour of operation, changes in Vg during the first 30 operating days are typically 2.5uV.

. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

2
3. Guaranteed by design.
4

. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.

Raytheon
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Instrumentation Grade
OP-05 Series Operational Amplifier
L.

Electrical Characteristics (vs = +15V and T, = +25°C unless otherwise noted)

0P-05E 0P-05C

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units

Input Offset Voltage* 200 | 500 300 | 1300 | wV

5333;;531{,";3;3"“' 03 | 15 04 | 20 |wV/Mo

Input Offset Current 05 | 38 08 | 60 | nA

Input Bias Current +12 | +40 +18 | £70| nA

Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 038 | 065 | uVpyp
fo = 10Hz 103 | 18 105 ] 20 | v

Input Noise Voltage Density? fo = 100Hz 10 13 102 | 135 | VvHz
fo = 1000Hz 96 " 98 | 115

Input Noise Current? 0.1Hz to 10Hz 14 1 30 15 | 35 | pApp
fo = 10Hz 032 | 08 035 | 09 | pA

Input Noise Current Density? fo = 100Hz 014 | 0.23 015 | 0.27 \7_I-Iz—
fo = 1000Hz 112 | 017 013 | 0.18

Input Resistance (Diff. Mode)? 15 50 8.0 33 MQ

Input Resistance (Com. Mode) 160 120 GQ

Input Voltage Range +135| =14 +13 | +14 v

Common Mode Rejection Ratio Vom = +13.5V 110 | 123 100 | 120 dB

Power Supply Rejection Ratio Vg = £3V to +18V 94 105 90 104 dB

Large Signal Voltage Gain Ry = 2k, Vg = £10V 200 | 500 120 | 400

Large Signal Voltage Gain® C(L) f i%og\yVS -y 150 | 500 100 | 400 vimv
RL = 10k +125| 13 +12 | 13

Output Voltage Swing RL =2k +12 [ +128 +11.5| £12.8 v
R = 1k +105 | +12 +10.5| +12

Slew Rate? RL = 2k 01 | 017 01| 017 V/uS

Unity Gain Bandwidth? 05 0.5 MHz

Open Loop Output Resistance Vo=01p=0 60 60 o)

Power Consumption Vs =1V » 120 80 1% mwW
Vg = +3V 40 | 60 40 | 80

Offset Adjustment Range Rp = 20k +40 +4.0 mv

Notes: 1.

Long Term Input Offset Voltage Stability refers to the averaged trend line of Vg vs. Time over extended periods after the first 30

days of operation. Excluding the initial hour of operation, changes in Vg during the first 30 operating days are typically 2.5uV.
. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

2
3. Guaranteed by design.
4

. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.
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Instrumentation Grade

Operational Amplifier

OP-05 Series

—
Electrical Characteristics (Vs = +15V and -55°C < Ta < +125°C unless otherwise noted)

0P-05A 0P-05

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage® 100 | 240 300 | 700 | wuV
Average Input Offset Voltage Drift

Without External Trim? 03 | 09 07 | 20 | pV/°C

With External Trim? Rp = 20k} 0.2 0.5 0.3 1.0
Input Offset Current 0.8 4 1.2 56 nA
Average Input Offset Current Drift! 5 25 8 50 | pA/°C
Input Bias Current +1 +4 +2 +6 nA
Average Input Bias Current Drift' 8 25 13 50 | pA/°C
Input Voltage Range +13 | £135 +13 | +135 v
Common Mode Rejection Ratio Vom = £13V 110 | 123 110 | 123 dB
Power Supply Rejection Ratio Vg =3V to =18V 94 106 94 106 aB
Large Signal Voltage Gain Ry = 2k, Vg = =10V 200 | 400 150 | 400 Vimy
Output Voltage Swing RL =2k +12 [ £126 +12 | +126 v

Electrical Characterisstics (Vs = =15V and 0°C < Ta < +70° C unless otherwise noted)
0P-05E 0P-05C

Parameters Test Conditions Min { Typ | Max | Min | Typ | Max | Units
Input Offset Voltage? 250 | 600 350 [ 1600 wV
Average Input Offset Voltage Drift

Without External Trim? 0.7 20 13 | 45 | pV/°C

With External Trim? Rp = 20k 0.2 06 0.4 1.5
Input Offset Current 09 53 16 8.0 nA
Average Input Offset Current Drift’ 8.0 35 12 50 | pA/°C
Input Bias Current +15 | #55 +22 | £90| nA
Average Input Bias Current Drift' 13 35 18 50 | pA/°C
Input Voltage Range +13 | +135 +13 | £135 v
Common Mode Rejection Ratio Vem = £13V 107 | 123 97 120 dB
Power Supply Rejection Ratio Vg = +3V to +18V 90 104 86 100 ds
Large Signal Voltage Gain Ry = 2k, Vg = £10V 180 | 450 100 | 400 V/imV
Output Voltage Swing R =2k +12 | +126 +11 | £126 v

Notes: 1. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

2. Guaranteed by design.

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.

Raytheon
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Instrumentation Grade
OP-05 Series Operational Amplifier
_

Typical Performance Characteristics

Trimmed Offset Voltage vs. Temperature Input Bias Current vs. Differential Input Voltage
30 — I r———————— E
= Vos trimmed to < 54V at +25°C — | At [VpiFr| = 1.0V1Ig| < 2nA(OP-05A) 0
2 | Nulting Pot = 20k1) = 20 < 3nA(0P-05) 7 -0
'Y 1. OP-05A =1 < 7nA(OP-05C) =
£ 2. OP-05E 17 3 g - y E
= 2 T—T—3. 0P05 7/ s g 1 -0 §
B 4 0P05C £ A 3
£ AN / 1/ = 0 8
s N \4 [ 7 B P =
3 = H
L) RSN ANEA 42 £ 0 W 0 B
; N ) N[/ 5 g
3 < =3
2 H = -2 Vs=115V {20 §
g ) - g J? £ r Ta = +25°C Z
0 [ | ]2 -3 L1 1 ]a
-50 0 +50 +100 0 20 -0 0 410 A 4+
Temperature (°C) Differential Input Voltage (Voits)
65-00582A
Input Bias Current vs. Temperature Input Offset Current vs. Temperature
T 25 .
— Vg = +15V Vs = 215V
_ 20
g 3 £
E E 15
3 3 OP-05C = \)P-osc
w T~ = N
£ 0P-05 2 NG 0P-05
s ~~ 0P-05E I N \\ N
a s
g ~—] L. B o OP-G5E .
——oP.
0P-0aA— L : 0OP-05A ~ = i
0 | 8 0 s
-50 0 +50 +100 -50 0 +50 +100
Temperature (°C} Temperature (°C)
CMRR vs. Frequency PSRR vs. Frequency
130 TTTIIT 120 TTTT ™
o NL0P-05 I 0 bl 0P8 Ty -25:C[]
Soec T I I
" N 100 [ op-0sC m
2 10 g w0 N
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6-54 Raythoen



Instrumentation Grade
Operational Amplifier OP-05 Series

Typical Performance Characteristics (Continued)

Open Loop Gain vs. Supply Voltage Open Loop Frequency Response
1000 T T 120 T
- Ta = +25°C Vs = +15V
o Ta=+25°C
= i = 80
E N s
s
= 600 £
=3 — I ]
- L e
a g
& ) g
s &
& . I 0 <
18 8
0 i 8 -40 8
0 +5 +10 +15 +20 01 1 10 100 1K 10K 100K 1M 10M
Power Supply Voltage (Volts) Frequency (Hz)
Closed Loop Response for
Various Gain Configurations Maximum Undistorted Output vs. Frequency
100 vs—'+15v z B v‘ T 1'5\} T
=% 3 g =+
Ta = +25°C | = A Ta=+25°C 7]
= & 2
= 2
= hot
3 s
a 40 =
k] g
s N
g 2 z \
o g.
0 2 g B
g S| g
-20 2 0 ol P
10 100 K 10K 100K M 1M 1 10 100 1K
Frequency (H2) Frequency (kHz)
Output Voitage vs. Load Resistance Power Consumption vs. Supply Voltage
2 T 1000
| Vg = +15V F—Ta=+25°C
Ta= +25°C
| Vin = 210mV i i =
z 15 IN Positive Swing % . -
2 — T ! + s =_——=
= T L Negative Swing 2
z 10 2 7
i 8
E )
g 5 z 7
N - ' M
g g
0 8 1 8
01 10 10 0 2 40 60
Load Resistor to Ground (ko)) Total Supply Voltage. +Vs to -Vs (Valts)
Raytheen
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Instrumentation Grade
OP-05 Series Operational Amplifier
L
Typical Performance Characteristics (Continued)

Output Short Circuit Current vs. Time
% T T 1
= 1. Vin Pin 3) = -10mV, Vg = +15V
E 2. Vi (Pin 3) = +10mV, Vg = -15V
T
g 1
.‘s"
g »f—2 'k‘ ;
H ~—
5 2 1 .
g Vg = 215V )
S Ta = +25°C ]8
15 I s
0 1 2 3 4
Time from Output Being Shorted (Minutes)
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Instrumentation Grade
Operational Ampilifier OP-05 Series

Typical Applications

High Speed, Low Vog Composite Amplifier* Adjustment-Free Precision Summing Amplifier*

RF R4
 AAA
aum vy A1 ko
ode +15V 10k M
Yw_R1 | Bias  R3 V1 O———AM———4
1&211 +15V
Vo Q
o 173
High Slew Rat g o
igh Slew Rate 10k
4 Amplifier V3 Yo
R2
1000
-15v
2.5k}
= = 65-00587A
- 65-00588A
High Stability Thermocouple Amplifier* Precision Absolute Value Circuit*
R3 R4 RS
10k 10k 10k
Sensing
Junction 4 Vin 13(1‘) D1
+10V Vo
Reference 0to +10V
Junction
D2 -15Y
65-00590A
- 65-00589A
Offset Nulling Circuit

O +15V

Output
O

65-00591A

*Pin Outs Shown for Metal Can Packages

Raythoon 6-57



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Instrumentation Grade
Operational Amplifier

Raytheon

OP-07 Series

Features

® Low noise 0.1Hz to 10Hz — 0.35uV
& Ultra-low Vog — 10uV

|® Ultra-low Vg Drift — 0.2uV/°C

B Fits 725, 108A, 741, and AD510 sockets
® Long term stability — 0.2uV/Month

B [ ow input bias current — *1nA

® High CMRR — 126d8

B Wide input voltage range — 14V

Description

The OP-07 amplifier series is designed for pre-
cision low level signal conditioning where ultra
low Vpg and T¢Vos are required along with
very low bias currents. Internal compensation
eliminates the need for external components.
Novel circuit design and tight process controls
are used to obtain very low values of Vps. Vos
is further reduced by a computer controlled
digital nulling technique at test. Low frequency
noise is minimized. Internal biasing techniques
reduce external bias and offset currents to values

Schematic Diagram

in the order of £1nA over the military temperature
range. OP-07s are direct repiacements for the
108A, 714,725 and 5507. They can replace chopper
stabilized amplifiers in many applications.

Mask Pattern

Die Size: 65 x 101 mils 65-00361A

Min. Pad Dimensions: 4 x 4 mils

6-58

Ul
o .
V.
s RA' 3 $ ros
LA () ® ¢ o1 S R
() : O—1 75pF o 18K
RIA S 108 Yos & i
4K :’ nm nm :’ K
. Q19
Kos ouu_l
Q11 QR R9
Non- 08 5%
Inverting 5 B 6 04 e ulgul
Input 1 O
o—wv—+ L c3 c2 017 R10 ®
® R o 027 30pF B5pF 016 %
S0 R5
021 D23 026 3K 020
Inverting 022 D24 D25 a5
Input @ Q14 Q18
@ % R6 R8
500
5 D13 () 4K 1K
@
(oo . .
_VS
*R2A and R2B are electronically adjusted during factory test for minimum Vos. 65-003628
65-10158 Raythoen



Instrumentation Grade

OP-07 Series Operational Amplifier
Connection Information
TO-99 8-Lead
Metal Can Dual In-Line Package
(Top View) (Top View)
S Pin Function
0 hd - 1 Vog Trim
2 -input
3 +Input
E 3 4 -Vg (Case)
6 Qutput
E E 7 +Vg
8 Vos Trim
o B °
Absolute Maximum Ratings Ordering Information
Supply Voltage ...............ooill +22V Operating
Input Voltage' ...........cooiiiiann +22V Part Number ° Package Temperature Range
Differential Input Voltage .............. 30V 0oP-07CT T0-99 0°C to +70°C
Internal Power Dissipation .......... 500mwW
Output Short Circuit Duration ....... Indefinite
Storage Temperature
Range ................... -65°C to +150°C
Operating Temperature Range
OP-07A .........ccoounin. -55°C to +125°C Ceramic |  0°Cto+70°C
OP-07E/C/D ... 0°C to +70°C Ceramic 0°C to +70°C
Lead Soldering Temperature [ W
(60 SEC) « e +300°C rClo+7°C |
Notes: 1. For supply voltages less than +22V, the absolute 0°C to +70°C
; ) | ) | o th PV Sttt SRR S eSO SER e
%&;;:;n:m input voltage is equal to the supply OP-O7ENB Plastic 0°C to +70°C
2. tl\g:‘);.)lé?;trﬂ’e.power dissipation vs. ambient 0P07DE ‘‘‘‘‘‘‘ Ceramic “r55°C to +125°C
Thermal Characteristics _OP-O7DE/8835" | .‘._.E?T?"T.‘.f? .....
Bag | | OPUADE Coramic
8-Lead T0-99 0P-07ADE/883B* Ceramic
Ceramic DIP | MetalCan | [ 5or 77
Max. Junction Temp. 175°C 175°C
Max. Pp Ta < 50°C B3mW | 658mwW OP-O7AT J55°C 10 +125°C
Therm. Res. 8¢ 45°C/W 50°C/W OP-07AT/883B* _55°C to +125°C
Therm. Res. 6 150°C/W 190°C/W “MIL-STD-883, Level B Processing
For Tp > 50°C Derate at 8.33mwW 5.26mW
per °C per °C
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Instrumentation Grade

Operational Amplifier OP-07 Series
L. ]

Electrical Characteristics (vs = £15V and Ta = +25°C unless otherwise noted)

0P-07A or-07
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage* 10 25 30 75 uV
5333&8;’;{;{}53"86‘ 02 | 10 02 | 10 | wvimo
Input Offset Current 0.3 2.0 04 28 nA
Input Bias Current +0.7 | £20 +1.0 | £30( nA
Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 035 | 06 | uVpp
fo = 10Hz 103 | 18 103 | 18 v
Input Noise Voltage Density? fo = 100Hz 10 13 10 13 N3
fo = 1000Hz 96 1" 9.6 i}
Input Noise Current? 0.1Hz to 10Hz 14 30 14 30 | pApp
fo = 10Hz 0.32 | 0.80 032 | 080 oA
Input Noise Current Density? fo = 100Hz 014 | 0.23 0.14 | 0.23 ﬁ
fo = 1000Hz 012 | 017 012 | 0.17
Input Resistance (Diff. Mode)? 30 80 20 60 MQ
Input Resistance (Com. Mode) 200 200 GO
Input Voltage Range +13 | =14 +13 | £14 v
Common Mode Rejection Ratio Vem = £13V 110 | 126 110 | 126 dB
Power Supply Rejection Ratio Vs = +3V to =18V 100 | 110 100 | 110 dB
Large Signal Voltage Gain R =2k, Vg =10V 300 | 500 200 | 500 vimy
Large Signal Voltage Gain? Sﬁigog\?vs —4ay | 190 | 500 150 | 500
RL = 10k +125| +13 +125 | +13
Output Voltage Swing R =2k} +12 | +128 +12 | +128 v
R = 1k +105 | £12 +105 | +12
Slew Rate? Ry = 2k} 01 | 017 0.1 | 017 V/uS
Unity Gain Bandwidth? AycL = +1.0 0.5 0.5 MHz
Open Loop Output Resistance Vo=0,lpg=0 60 60 Q
Power Consumption Vs = 15V 75 120 75 120 mwW
Vg = +3V 40 | 6.0 40 | 60
Offset Adjustment Range Rp = 20k +40 +4.0 mvV

Notes: 1. Long Term Input Offset Voltage Stability refers to the average trend line of Vo5 vs. Time over extended periods after the first 30 days
of operation. Excluding the initial hour of operation, changes in Vgg during the first 30 operating days are typically 2.5uV.
2. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

3. Guaranteed by design.

4. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.
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OP-07 Series

Instrumentation Grade
Operational Ampilifier

X

Electrical Characteristics (Continued) (Vg = 15V and Ta = +25°C unless otherwise noted)

OP-07E 0P-07C 0P-070
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage* 30| 7 60 | 150 60 | 150 wV
ong gT :’STaL"'ﬂ‘t’; Oftsat 03| 15 04 | 20 05 | 30 |uV/Mo
Input Offset Current 051 38 08 | 6.0 08 |60 nA
Input Bias Current +1.2 | +4.0 +1.8 | 7.0| +20([+12{ nA
Input Noise Voltage? 0.1Hz to 10Hz 035] 06 0.38 | 0.65 0.38 [ 0.65| uVpp
fo = 10Hz 103 | 18 105] 20 105 20 "
Input Noise Voltage Density? | fg = 100Hz 10 | 13 10.2 { 135 102 (135 —
N3
fo = 1000Hz 96 | 11 98 [ 115 98 (115
Input Noise Current2 0.1Hz to 10Hz 141 30 1513 15 | 35 | pApp
fo = 10Hz 0.32| 08 03509 03509 oA
input Noise Current Density? | fg = 100Hz 0.14 | 0.23 0.1510.27 0.15] 027 ﬁ
fo = 1000Hz 012 0.17 0.13 | 0.18 0.13]0.18
:'[‘]‘I’f‘f" mﬂ:}f”“ 15 | 50 80 | 3 70 | 31 Mo
I(re%%.ﬂﬁsoigsnce 160 120 120 G
Input Voltage Range +13 | 14 +13 | +14 +13 | 14 v
o Bt Vow = +13V 106 | 123 100 | 120 o | 110 dB
Eg;’ggt’l Supply Vs=£30Vto+18V | 94 | 107 % | 104 % | 104 d8
Large Signal Voltage Gain | Ry =2k, Vo =10V | 200 | 500 120 | 400 120 | 400
L . 3 | RL = 50002, V/mv
arge Signal Voltage Gain Vg = 05V, Vs = +3.0V 150 | 500 100 | 400
RL = 10k +12.5( +13 +12 | £13 +12 1 +13
Output Voltage Swing R, = 2k +12 |+12.8 11.5(+£12.8 +11.5|+12.8 v
R = 1kQ +10.5{ +12 +12
Slew Rate? RL =2k 011017 0.1 1047 0.1 {017 V/uS
Unity Gain Bandwidth? AycL = +10 0.5 0.5 0.5 MHz
8ﬁtegu%%%2istzmce Vo=0.lp=0 60 60 6 @
Power Consurnption Vs = £1V | 80 | 150 8 | 0 mwW
Vs = +30v 40 | 60 40 | 80 40 | 80
Offset Adjustment Range Rp =20k +4.0 +4.0 +4.0 mV
(See footnotes on page 6-60)
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Instrumentation Grade
Operational Amplifier OP-07 Series ‘
L. | |

Electrical Characteristics (Continued)
(Vs =+15V and -55°C < Tp < +125°C unless otherwise noted)

0P07A 0P-07 |

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage® 25 60 60 200 uV
Average Input Offset Voltage Drift

Without External Trim? 0.2 0.6 0.3 1.3 .

With External Trim? Rp = 20k 02 | 06 03 | 13 wire
Input Offset Current 0.8 40 1.2 56 nA
Average Input Offset Current Drift’ 5.0 25 8.0 50 | pA/°C
Input Bias Current +1.0 | +4.0 20 [ 60| nA
Average Input Bias Current Drift' 8.0 25 13 50 | pA/°C
Input Voltage Range +13 | 135 +13 | £135 v
Common Mode Rejection Ratio Vom = £13V 106 | 123 106 | 123 dB
Power Supply Rejection Ratio Vg = £3.0V to +18V 94 106 94 106 dB
Large Signal Voltage Gain Ry = 2k(}, Vg = +10V 200 | 400 150 | 400 VimV
Output Voltage Swing R, =2k +12 | +126 +12 | £126 v

Notes: 1. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

2. Guaranteed by design.
3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended orimplied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Instrumentation Grade
OP-07 Series Operational Amplifier
. _________________________________________________________________________________________]

Electrical Characteristics (Continued)
(Vg =215V and 0°C < T < +70°C unless otherwise noted)

0P-O7E 0P07C 0P070

Parameters Test Conditions Min| Typ [Max |Min| Typ |Max | Min| Typ | Max | Units
Input Offset Voltage® 45 | 130 85 | 250 85 (250 | wuVv
Average Input Offset
Voltage Drift

Without External Trim? 03 |13 05 [ 18 07 |25 VIoC

With External Trim? Rp = 20k} 03 |13 04 |16 07 |25 |*
Input Offset Current 09 |53 16 | 80 16 | 80| nA
Average Input Offset o
Current Drift’ 80 |35 12 | 50 12 | 50 [pA/°C
Input Bias Current +15 |55 +22 (9.0 +30 x4 nA
Average Input Bias o
Current Drift! 13|38 18 |50 18 | 50 |pA/°C
Input Voltage Range +13[ 135 +13|+135 +13[+135 Y
Common Mode _ ’
Rejection Ratio Vom = 213V 103 123 97 | 120 94 | 106 dB
Power Supply _
Rejection Ratio Vg = +3.0V to +18V 90 | 104 86 | 100 86 | 100 dB
Large Signal Voltage Gain | R_ =2k, Vg = +10V | 180 ( 450 100 | 400 100 | 400 V/imv
Output Voltage Swind R = 2k +12|£12.6 +111£126 11 +126 v

Notes: 1. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
2. Guaranteed by design.

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after épplication
of power.
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Instrumentation Grade
Operational Amplifier

OP-07 Series

Digital Nulling Technique

The digital nulling technique involves the zener
diode nulling network of Figure 1. The zener
diodes have relatively high breakdown voltages
and never operate in the zener mode. The purpose
of the zeners is to short out resistors R1, 2R1, 4R1,
or 8R1 by forcing a high reverse current through
the diode to metalize the junction. The input offset
voltage can be adjusted by varying the collector
resistor ratio. If the difference in the two collector
resistors (Rg) is a small increment ARc Vos can
be written as:

Rc + AR¢ ARc
Rc Rc

for ARe/Rc < 1.0 In(1+R¢/Re) = AR¢/Rg, thus:

Vog=Vtin =Vrin 1+

~v-2Rc

Vos VTW

For Figure 1 R2 + R3 > 8R1, thus
R4

Vos=-Vr BR1ITR2+R3 (7-B3B2Bq) (Bo=1)
or:
R1
Vos~VTa5Ra (1+B3B2By)  (Bo=10)

where B3BsB1 is a binary number which cor-
responds to the state of zener diodes Z1, Z2 and
Z3 as per Figure 1.

f +Vg
(B1)
®) (Bo) $ a1
?
AVps(25°C) = W—%mv (1_ B3+B BIR1 gy - 1.0)
(B3
Bq = 1.0 for Z, unshorted.
Bn = 0 for Z, sharted.
>
5: R1 B1B283 = Binary number with values from 0 to 7.
) § Aosso0y - MY ++853233)m ©0-0)
< R2 R <
< <
—0 o—i
> >
2m B3
+
o—K a1 )
Inputs
o
? 65-00365A
Figure 1. Digital Nulling Network
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Instrumentation Grade
OP-07 Series Operational Ampilifier

[
Typical Performance Characteristics

Untrimmed Offset Voltage vs. Temperature Trimmed Offset Voltage vs. Temperature
s TR A = P Tvos vimmedto < 500V at +25°C
3 T51R- 1000 L 3 Nulling Pot = 20K _
[ — Tl P 1. OP-07A
| OP-07C g 2. OP-O7E Iy 4
= = 20 3 3. OP-07 /
¥ 5 i I | 4 op-07C
g £ y ARV VL
OP-07E 7 H N —
= B N 22 0p-07 B A \4 y S,
3 . 2 w0 AN VAW
> 25 > ]\\ 2 \ /
F — . i
Z OP-07A 1§ 2 2
0 I 12 = 0 | | 2
-50 0 +50 +100 -50 0 +50 +100
Temperature (°C) Temperature [°C)
Input Bias Current vs. Ditferential Input Voltage Input Bias Current vs. Temperature
% (AT Voree < 10VItg =200A0P07A) X ¢ 1
= < 3.0nA(OP-07) o = L vs = +1
% 2 < 7.0nA(0P-07C) 2 F ve = =15y
F 3
g 0 D -10 § bt
3 H g
0 0 = 3 0P-07C
E P 3 = P07 |
0 r w = a S OP-07E
i A R ST
-2 Vs=2i5V— 20 £ 0P L é
3 Ta=+25°C :
-3 L1 30 0 3
0 20 -0 0 +10 +20 +3 -50 0 +50 +100
Differential Input Voitage (Volts) Temperature (°C)
65-00368A
Input Offset Current vs. Temperature CMRR vs. Frequency
25 130 TTI TTTIT il
T -
Vs = +15V 120 pHik nrid
-— 20 .07 N
£ o L1 N
z N
g 15 g 1w A
0P-07C =
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Instrumentation Grade
Operational Amplifier OP-07 Series

. ]
Typical Performance Characteristics (Continued)

PSRR vs. Frequency Open Loop Gain vs. Supply Voltage
120 TTIT TTTT T 7T 1000 T T T
0P-07 Ta - +25°C IR A L .
110 < i ! ‘
Al el _ 80 e S S E
100 (— 0P-07C B P T B a——
g N S W ———
= NY 3 A~ ; ;
= 80 N - |
Ed g 400 -
- 1
70 N g i ' ‘
AN, 2 S 200 , R S —
@ : | -
50 8 0 | | 2
0.1 10 10 100 1K 10K 0 +5 +10 +15 =20
Frequency (Hz) Power Supply Voitage (Volts)
Closed Loop Response for
Open Loop Frequency Response Various Gain Configurations
120 T T 100 T
Vg = +15V | Vg = 15V
Ta = +25°C — 80 - Ta :‘ +25°C ]
g " g
s = %
& 8
40 a 40
g g
S =
2 s 2
S o
0 5 0 3
g g
-40 2 20 2
01 1 10 100 1K 10K 100K 1M 10M 10 100 1K 10K 100K M 10M
Frequency (Hz) Frequency (Hz)
Maximum Undistorted Output vs. Frequency Output Voltage vs. Load Resistance
: Rasy T
s St | vg-=
S u \ Ta- s2sec Ta - +25°C
E 2 s B - ViN = £10mV Positive Swing—
-l S e
= = = ’
E 16 = PP Negative Swing
Yy 5 0
g \ @
= \ g
s 8 g
§ g <
4 g g
0 T 2 0 2
1 10 100 1K 0.1 10 10
Frequency (kHz) Load Resistor to Ground (k)
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Instrumentation Grade
OP-07 Series Operational Amplifier

P —

Typical Performance Characteristics (Continued)

Power Consumption vs. Supply Voltage Output Short Circuit Current vs. Time
1000 % T T T ]
E—iTa-+25°C = 1. Vi (Pin 3) = -10mV. Vg = - 15V
£ 2. Vi (Pin 3) = -10mV. Vg = -15V
3 - EONPGS
E 100 i £
I3 o+ et ~N
2 =
E g »—2 \\‘
] e 2
S 0 5
£ = =7 £ i
* r o = Vs = 15V g
/ g 3 Ta = +25°C g
1 @ 15 | 3
0 20 40 60 0 1 2 3 4
Total Supply Voitage. +Vg to -Vs [Volts) Time from Output Being Sherted (Minutes)
Typical Applications
High Speed, Low Vos Composite Amplifier*  Adjustment-Free Precision Summing Amplifier*
RF R4
:um M 5 R1 JOK
ode +15V 10K VWA
Y A1 | Bias 3 Vs O A4
R2
Y 10K +IV
2 —0O Vo O———AAA~——t
High Slew Rat h
igh Slew Rate 10K
3 Amplifier V3 O———AAA———I —0 Vo
RF
I Vo= -Vin gy +aias RF_| 25K
- - 65-00380A
- 65-00381A
High Stability Thermocouple Amplifier* Precision Absolute Value Circuit*
R3 R4 RS
10K 10K 10K
Sensing AAA A AAA-
Junction
R1 +15V
Vi 10K D
OVo v
Reference
Junction
D2
65-00383A
65-00382A
*Pin Outs Shown for Metal Can Packages
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Very Low Noise
Operational Amplifier

Raytheon

OP-27

Features

B Very low noise
Spectral noise density — 3.0nV/\/Hz
1/f Noise corner frequency — 2.7Hz
8 Very low Vg Drift
0.2uV/Mo
0.2uV/°C
& High gain — 1.8 x 10W/V
8 High output drive capability — +12V into 600()
load
m High slew rate — 2.8V/uS
® Wide gain bandwidth product — 8MHz
B Good common mode rejection ratio — 126dB
@ Low input offset voltage — 10uV
® Minimum low frequency noise — 0.08uVp.p
0.1Hz to 10Hz
B Low input bias and offset currents — 10nA

Description

The OP-27 is designed for instrumentation grade
signal conditioning where low noise (both spectral
density and burst), wide bandwidth, and high slew
rate are required along with low input offset
voltage, low input offset temperature coefficient,
and low input bias currents. These features are all
available in a device which is internally com-
pensated for excellent phase margin (70°) in a
unity gain configuration. Digital nulling tech-
niques performed at wafer sort make it feasible to
guarantee temperature stable input offset voltages
as low as 25uV. Input bias current cancellation
techniques are used to obtain 10nA input bias
currents.

The OP-27 is especially useful for instrumenta-
tion and professional quality audio systems.
Applying the slew rate vs. power bandwidth
equation (fp = SR/27Vp), the OP-27 will have an
undistorted output up to its power bandwidth
frequency of 34kHz, and an undistorted output
of 8.0V, at 100kHz. This device provides per-
formance adequate for the most demanding high
fidelity applications.

In addition to providing superior performance for
the professional audio market the OP-27 design
uniquely addresses the needs of the instrumenta-

tion designer. Power supply rejection and common
mode rejection are both in excess of 120dB. A
phase margin of 70° at unity gain guards against
peaking (and ringing) in low gain feedback cir-
cuits. Stable operation can be obtained with
capacitive loads up to 2000pF . Input offset voltage
can be externally trimmed without affecting input
offset voltage drift with temperature or time. The
drift performance is, in fact, so good that the
system designer must be cautioned that stray
thermoelectric voltages generated by dissimilar
metals at the contacts to the input terminals are
enough to degrade its performance. For this
reason it is also important to keep both input
terminals at the same relative temperature. The
well behaved temperature performance oi the
OP-27 has made it unnecessary to specify a
commercial grade (0°C to +70°C). All grades of
the OP-27 are specified to, at least, the industrial
grade (-25°C to +85°C) temperature range.

Note: 1. By decoupling the load capacitance with a series

resistor of 5002 or more load capacitances larger than
2000pF can be accommodated.

Mask Pattern

65-01540A

Die Size: 85 x 98 mils
Min. Pad Dimensions: 4 x 4 mils

6-68 65-1067A



Very Low Noise
OP-27

Operational Amplifier

A Schematic Diagram
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Very Low Noise
Operational Amplifier

oP-27

Connection Information

TO-99 8-Lead
Metal Can Dual In-Line Package
(Top View) (Top View) Pin
1
] O
3
2 7 4
B 0
6
3 6
E1‘I>—j ;
4 5] 8

Function

Vos Trim
Inverting Input
Non-Inverting Input

+Vg

Vos Trim

Absolute Maximum Ratings

Supply Voltage ....................... +22V
Input Voltage' ........................ +22V
Differential Input Voitage ............... 0.7V
Internal Power Dissipation ........... 658mwW
Output Short Circuit Duration ....... Indefinite
Storage Temperature

Range ................... -65°C to +150°C
Operating Temperature Range

OP-27A/B/C ............. -55°C to +125°C

OP-27E/F/G ............... -25°C to +85°C
Lead Soldering Temperature

(60Sec) ...t +300°C

Note: 1. For supply voitages less than +22V, the absolute
maximum input voltage is equal to the supply
voltage.

Thermal Characteristics

Ordering Information

Operating
Part Number Package Temperature Range
0P-27EDE Ceramic -25°C to +85°C
0P-27FDE Ceramic -25°C to +85°C
0P-27GDE Ceramic -25°C to +85°C
OP-27ET T0-99 -25°C to +85°C
0P-27FT T0-99 -25°C to +85°C
0P-27GT T0-99 -25°C to +85°C
0P-27ENB Plastic -25°C to +85°C
0P-27FNB Plastic -25°C to +85°C
0P-27GNB Plastic -25°C to +85°C
0P-27ADE Ceramic -55°C to +125°C
0P-27ADE/883B* Ceramic -55°C to +125°C
0P-27BDE Ceramic -55°C to +125°C
0P-27BDE/883B* Ceramic -55°C to +125°C
0P-27CDE Ceramic -55°C to +125°C
0P-27CDE/883B* Ceramic -55°C to +125°C
0P-27AT T0-99 -55°C to +125°C
OP-27AT/883B* T0-99 -55°C to +125°C
0P-27BT T0-99 -55°C to +125°C
0P-2787/883B* T0-99 -55°C to +125°C
0pP-27CT T0-99 -55°C to +125°C
0P-27CT/883B* T0-99 -55°C to +125°C

T0-99

-8-Lead 8-Lead
Ceramic DIP | Metal Can

Max. Junction Temp. 175°C 175°C
Max. Pp Ty <50°C 833mwW 658mwW
Therm. Res. 6,¢ 45°C/W 50°C/W
Therm. Res. 6y 150°C/W 190°C/W
For Ta > 50°C Derate at 8.33mW 5.26mW

per °C per°C

6-70
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Very Low Noise

OP-27 Operational Amplifier
—
Electrical Characteristics (Vs = 15V and Ta = +25°C unless otherwise noted)

0P-27A/E 0P-27B/F 0P-27C/G
Parameters Test Conditions Min Typ Max{Min Typ Max| Min Typ Max| Units
Input Offset Voltage® 10 25 20 60 30 100 wv
Long gT :’STHEE;J;‘OZ”SE‘ 02 10 03 15 04 20 |uViMo
Input Offset Current 70 3% 90 90 12 75| nA
Input Bias Current +10 =40 +12  +55 +15 +80| nA
Input Noise Voltage? 0.1Hz to 10Hz 0.08 0.18 0.08 0.18 0.09 0.25| uVyp
fo = 10Hz 35 55 35 55 38 80
Input Noise Voltage Density?| fy = 30Hz 31 45 31 45 33 56| nv
fo = 1000Hz 30 38 30 38 32 451 VHz
fo = 10Hz 1.7 40 17 40 17
Input Noise Current Density?| f = 30Hz 10 23 10 23 1.0 pA
fo = 1000Hz 04 06 04 06 04 06 Wz—
'(’l‘)‘l’f‘;‘ i 15 60 12 50 08 40 Ma
'(g‘;‘:r‘].ﬂ,;f]‘j;‘;"ce 30 25 20 GO
Input Voltage Range? +11 £123 +11 +12.3 +11 +123 v
gglm‘(’,z Wode Vou = +11V 14 12 106 123 100 120 dB
E‘;}’gg{fﬁ%‘g{ S V= +40Vto 18V | 100 120 100 120 o 118 dB
R = 2.0k(}, Vg = =10V {1000 1800 1000 1800 700 1500
Large Signal Voltage Gain | R, = 1.0k}, Vo = £10V | 800 1500 800 1500 1500 V/imV
Vg =+1.0V, Vg = +4.0V*| 250 700 250 700 200 500
) RL = 2.0k +12 +138 +12 +138 +11.5 £135
OQutput Voltage Swing v
Ry = 6000 11 +12 11 £12 +H1 £12
Slew Rate* RL = 2.0k 17 28 1.7 28 1.7 28 V/uS
Gain Bandwidth Product? 50 80 50 80 50 80 MHz
Open Loop Output Vo=0,1p=0 70 70 70 0
Power Consumption 90 140 90 140 100 170 | mW
Offset Adjustment Range Rp = 10k(} +4.0 +4.0 +4.0 mvV
Notes: 1. Long Term Input Offset Voltage Stability refers to the average trend line of Vog vs. Time over extended periods after the first 30

2.
3

4,
5.

days of operation. Excluding the initial hour of operation, changes in Vog during the first 30 operating days are typically 2.5uV.
This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

. Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input

protection diodes do not allow the device to be removed or inserted into the circuit without first removing power.

. Parameter is guaranteed by design.

Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power.
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Very Low Noise
Operational Amplifier OP-27

Electrical Characteristics (vs = +15v, -55°C < T < +125°C unless otherwise noted)

0P-27A 0P-278 0P-27C
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' 30 | 60 5 |20 70 1300] wpv
Average Input Offset o
Voltage Drift2 02 | 06 03 |13 04 | 1.8 |uV/°C
Input Offset Current 15 | 50 22 | 8 30 [135]| nA
Input Bias Current +20 | +60 +28 | 95 +35 [+150( nA
Input Voltage Range +10.3|+11.5 +10.3(+11.5 +10.2|+11.5 v
Common Mode _
Rejection Ratio Vom = £10V 108 | 122 100 | 119 94 | 116 dB
Power Supply -
Rejection Ratio Vs = +4.5V to +18V 96 | 116 94 | 114 86 | 110 daB
Large Signal Voltage Gain | R_ = 2.0kQ, Vg =+10V| 600 | 1200 500 | 1000 300 | 800 V/imv
Output.Voltage Swing RL = 2.0k +11.5|£135 +11|£132 +10.5] +13 v

Electrical Characteristics (vs = +15V, -25°C < T < +85°C unless otherwise noted)

0P-27E 0P-27F 0P-276
Parameters Test Conditions Min | Typ |Max| Min | Typ {Max| Min | Typ | Max | Units
Input Offset Voltage' 20 | 50 40 | 140 55 1220 | wV
Average Input Offset °
Voltage Drift 02 (06 03 |13 04 | 1.8 {uV/°C
Input Offset Current 10 | 50 14 | 85 20 1135 | nA
Input Bias Current +14 | +60 +18 | +95 +25 |+150| nA
Input Voltage Range +10.5(+11.8 +10.5(+11.8 +10.5{+11.8 v
Common Mode _
Rejection Ratio Vom = 210V 110 | 124 102 | 121 9% | 118 dB
Power Supply _
Rejection Ratio Vg =+4.5Vto +18 97 | 118 96 | 116 90 | 114 dB
Large Signal Voltage Gain | R_ =2.0k(, Vg =10V | 750 | 1500 700 | 1300 450 | 1000 V/imV
Output Voltage Swing R = 2.0k *+11.7{+13.6 +11.4]+13.5 +11 |£13.3 \
Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power.

2. TcVos performance is guaranteed unnulled or when nulled with Rp = 8.0k() to 20k(}

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Very Low Noise
OoP-27 Operational Amplifier

Typical Performance Characteristics

0.1Hz to 10Hz Noise Test Circuit
0.1uF
——

100K

AAA
VWi

oP-27
buT
+

Voltage Gain
= 50.000

1l
I

0.1Hz to 10Hz Peak-to-Peak Noise

Tester Frequency Response Open Loop Gain vs. Frequency
100 130
% y = 110
\
80 4 v s ®
=2
g N = 70
z | 2
8 o — g %
Test Time of 10 Sec Further 3
50 —(L;in}its Low Frequency (< 0.1H2) 1111 > %
ain < <
4 " H—tt 2 10 i
0 : o :
0.01 0.1 10 10 100 110 10 1K 10K 100K 1M 10M 100M
Frequency [Hz) Fraquency (Hz)
Slew Rate, Gain Bandwidth Product,
Gain, Phase Shift vs. Frequency Phase Margin vs. Temperature
2 r 80 2 T ; 10
) o TTT11 " g M o — _
Vs = 15V 1 5 T =
\G;in T To- 2576 £8 Vs = +15V . z
15 20 g 27 [ —oaw E
5 - ®
= N Phase 2 =~
g0 A Margin “w s %0 =
£ N | - 70° = 8 £
S 5 160 & = 4 — 3z
2 3 :
¢ N\ ol 2 Foiw " 3
5 \ 200 = — <
N =
-10 220 w 2 I 6
1 10 100 75 50 25 0 25 5 75 100 125
Frequency {MHz) 65-0o00e Temperature (°C) 65-00007A
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Very Low Noise
Operational Ampilifier OP-27
*

Typical Performance Characteristics (Continued)

Supply Current vs. Supply Voltage Maximum Output Swing vs. Resistive Load
°0 . 1]
L e :j Positive
Swing
40 B _ »
= Th=125°C - £ 12 g
% = =] //, t
§ 30 | Ta:+25°C ,‘/4/// g 8 /// Negative ||
S P 5 < 6 /—ZI S
g LT — g 4 ,4
a 20 J", i ’ Vs = +15V
- 550 H Ta=+25°C T3
Ta = -55°C £ o S e
10 I 2 2 ! 5
5 15 25 35 45 01 10 10
Total Supply Voltage (Volts) Load Resistance (k(1)
Short Circuit Current vs. Time Open Loop Voltage Gain vs. Supply Voltage
® Vs = 15V 25 | !
s=x15V - io5e -
Ta = +25°C 2 Ta=+25°C ,Rf— i
I = = 1k 7
= M 2 L~
TN [ soo s 7
E 4 15 L
o =3
= S /
= s e
E 30 Isc(+) g0 A
T s
L) 3 S o5 4 B
d g
10 J$ 0 4

0 1 2 3 4

o
=3

10 20 30 40 50
Time From Output Shorted to Ground (Minutes) Total Supply Voitage (Voits)

Maximum Undistorted Output vs. Frequency Common Mode Input Range vs. Supply Voltage

16

3. il

£ Ry - "” Taoe

= 5= +15V = : e

g Ta=+25°C s 8 Ta = +125°C

S 4 Il g ¢

g s 0 Ta = -55°C

S 12 2

3 pl 7 Ta=+25°C

s 8 §

] -8

¥ 4 N s H Ta=+125°C 5

& NH H -12 F
0 = 2 _16 &
® 10K 100K M 10M 0 +5 +10 +15 +20

Frequency {Hz) Supply Voltage (Volts)
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Very Low Noise
Operational Amplifier

f

Typical Performance Characteristics (Continued)

OP-27 Voltage Noise vs. Frequency
10 T TT
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Voltage Noise vs. Temperature

A Comparison of Op Amp
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Very Low Noise
Operational Amplifier OP-27
“

Typical Performance Characteristics (Continued)

Warm-Up Drrift Input Bias Current vs. Temperature
I 50 T TT
= Vg = 215V
2 Vs = 15V
8 Vr—r i g ¥
s 0P-27C/G b= \\ 0p27C
B + g
£ 0P-278/F 5 '\‘
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g 3 H
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Time After Power on (Minutes) Temperature (°C)
Input Offset Current vs. Temperature Open Loop Voltage Gain vs. Load Resistance
% ] 24—
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z 40 § 123 A= >
H 30 5 16
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S g 14
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g S 06
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PSRR vs. Frequency CMRR vs. Frequency
160 r r 140 LALLL S |
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OoP-27

Very Low Noise
Operational Amplifier
’
Typical Performance Characteristics (Continued)

Small Signal Overshoot vs. Capacitive Load

OP-27 0.1Hz to 10Hz Peak-to-Peak Noise
Vertical Scale 50nV/Division
Recorder Speed 16 Divisions/Min

Ry

AAA

65-00027A

WhV—

100
oP-27 50nV/Div
0.1Hz to 10Hz 16 Divisions/Minute
80 A= Noise
= e L
2 A Oscillation—
2
£ & —
3
g AL MrANM i
< L Vg= 15V +—
20 A Vin = 100mV |
Ay = +10 é
0 [ | H
1] 500 1000 1500 2000 2500
Capacitive Load (pP) l
Oftset Nulling Circuit Burn-In Circuit
+20V
O +Vs
27K
O Output
S WA
65-00029A

65-00028A

Large Signal Transient Response

28V/iuS

When Ry < 100(1 and the input is driven with
atast, large signal pulse (= 1.0V), the output
waveform will look as shown

65-00030A
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Very Low Noise
Operational Amplifier

oP-27

s

Typical Applications
RIAA Phono Preampilifier (Figure 1)

The new moving coil magnetic phono cartridges
have sensitivities that are an order of magnitude
lower than the sensitivity of a typical moving
magnet cartridge (0.1mV per CM/S versus 1.0mV
per CM/S). This places a greater burden on the
preamplifier to achieve more gain and less noise.
The OP-27 is ideally suited for this task. The
object in designing an RIAA phono preamp is
to achieve the RIAA gain-frequency response
curve while contributing as little noise as pos-
sible to avoid masking the very small signal
generated by the cartridge. The circuit shown
is adjusted to match a 40dB RIAA curve as
shown in Figure 2. Note that by convention
the RIAA gain is specified at 1kHz. With the
“break points” of the curves specified at 50,500
and 2.1kHz respectively the entire curve is fixed
by the specified gain at 1kHz.

The circuit is designed to operate with a 3/4000(}
step-up transformer to present the optimum
source impedance to the amplifier for best noise
figure. The optimum source impedance is ob-
tained as the ratio of the spectral noise voltage

dimensions of nV/\/Hz and i, has dimensions of
pA/\/Hz and the ratio has dimensions of k(2). The
circuit is designed to be tested and adjusted
independent of the transformer, for this purpose
introduce a very low level signal =~ 1mV at test
point TP-1. The first stage is a wideband stage
which provides a small amount of gain (1+ R4/R5)
approximately equal to 10dB. Low value feedback
resistors must be used to prevent additional
noise due to the spectral current noise or exces-
sive Johnson noise. The gain of the first stage
reduces the noise contribution of the second
stage. The RIAA transfer curve poles and zeros
are due entirely to the feedback network of the
second stage.

The poles and zeros of the RIAA feedback net-

work are sufficiently separated in frequency

that they may be estimated with the following
equations:

1

1(50K) = 2eR7ca

1

f2(500Hz) = 57R8C3

1

. : £3(2100H2) =~ ——~
en to the spectral noise current i, (when e has al ) 2mR8C2
can
330
Y
Cdg 2700
.—“»——4
C3a | Ry 33k
680 ABvAvAv
e
dl R,
€35 8200 138K
I AAA
— } W
TP-1 332k
Jensen Ferrite Beads
JE 34K-Dy T o
Transformer C5
L > 0 G0t o | o T
A1 g2 R3-010 10K ] s — out
13K 47K NP
c1 R10
120 100K
3.0¢2 400012 B —
3.012 Moving = =

Col Cartridge

To test. disconnect transformer and inject signal at TP-1

650003115

Figure 1. RIAA Phono Preamplifier
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Figure 2. RIAA Phono Playback
Equalization Curve

These equations are only approximations. Final

tuning is performed with the adjustable capac-

itors and potentiometers. The following sequence

can be used to adjust for the RIAA response

after injecting a low level signal into TP-1 (trans-

former disconnected).

1. At 100Hz adjust C3A for an output level 6dB
lower than the low frequency output.

2. At 1000Hz adjust R8A for an output level 20dB
lower than the fow frequency output.

3. At 21kHz adjust C4A for an output 40dB less
than the low frequency output.

Low Impedance Microphone Preamp (Figure 3)

In this preamp the transformer converts the low
microphone impedance up to a value thatis close
to the optimum source impedance required by the
OP-27 for best noise performance. The optimum
source impedance can be calculated as the ratio
of en/in which for the OP-27 is approximately
7000(). Fortunately the noise performance does

not degrade appreciably until the source im-
pedance is four or five times this optimum value
and the source impedance at the output of this
transformer, approximately 15k(}, still provides
near optimum noise performance. (A high quality
audio transformer with a step-up ratio of 6.7 to one
is not available.) The voltage gain of the amplifier,
not including the transformer step-up, is unity up
to about 1.5Hz. It may be desirable to reduce the
size of this capacitor to minimize burst noise even
though the OP-27 has a 1/f noise corner below
3Hz. C2 rolls off the high frequency response at
90kHz giving a noise power bandwidth of 140kHz.

Instrumentation

The OP-27 is particularly adaptable to instru-
mentation applications. When wired into a single
op amp difference amplifier configuration, the
OP-27 exhibits outstanding common mode rejec-
tion ratio. The spot voltage noise is so low that it is
dominated aimost entirely by the resistor Johnson
noise.

The three op amp instrumentation amplifier of

Figure 8 avoids the low input impedance charac-
teristics of difference amplifiers at the expense of

two more operational amplifiers and a slight

degradation in noise performance. The noise

increases because two amplifiers are contributing

to the input voltage spectral noise instead of one.

Thus the noise contribution, exclusive of resistor

Johnson noise, increases by slightly more than

the \/2. The spectral noise voltage increases from

approximately 3nV/ /Hzto approximately 4.9nV/ VHz,

with the third amplifier contributing about 10% of
the noise. The gain of the input amplifier is set at
25 and the second stage at 40 for an overall gain of
1000. R7 is trimmed to optimize the common

mode rejection (CMRR) with frequency. With

balanced source resistors a CMRR of 100dB is
achieved. With a 1k() source impedance imbalance
CMRR is degraded to 80dB at 5kHz due to the
finite (3G(}) input impedance.
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Figure 3. Low Impedance Microphone Preamplifier
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Noise performance shown is for Vg = £15V, T, = +25°C,
and Rg = R1+ R2
Figure 4. A Single Op Amp IC Difference Figure 5. Total Noise vs. Source Resistance

Amplifier Using an OP-27. The Difference
Ampiifier is Connected for a Gain of 1000.
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Very Low Noise
Operational Amplifier

Raytheon

OP-37

Features

B Very low noise
Spectral noise density — 3nV/v/Hz
1/f noise corner frequency — 2.7Hz
B Very low Vpg Drift
0.2uV/Mo
0.2uV/°C
B High gain — 1.8 x 108V/V
| High output drive capability — +12V into 6001}
load
m High slew rate — 17V/uS
B Wide gain bandwidth product — 63MHz
® Good common mode rejectioni ratio — 126dB
B Low input offset voltage — 10uV
® Minimum low frequency noise — 0.8uVp
0.1Hz to 10Hz
® Low input bias and offset currents — 10nA

Description

The OP-37 is designed for instrumentation grade
signal conditioning where low noise (both spectral
density and burst), wide bandwidth, and high slew
rate are required along with low input offset
voltage, fow input offset temperature coefficient,
and low input bias currents in gains greater than
or equal to ten. Digital nulling techniques per-
formed at wafer sort make it feasible to guarantee
temperature stable input offset voltages as low as
25uV. Input bias current cancellation techniques
are used to obtain 10nA input bias currents.

The OP-37 is especially useful for instrumenta-
tion and professional quality audio applications
in gains greater than or equal to ten. Applying
the slew rate vs. power bandwidth equation (fp =
SR/27Vp), the OP-37 will have an undistorted
output up to its power bandwidth frequency of
208kHz, with an undistorted output of 8Vp.p at
338kHz. This device provides performance ade-
quate for the most demanding high fidelity
applications.

In addition to providing superior performance for
the professional audio market, the OP-37 design
uniquely addresses the needs of the instrumenta-
tion designer. Power supply rejection and com-
mon mode rejection are both typically 120dB.
Input offset voltage can be externally trimmed
without affecting input offset voltage drift with
temperature or time. The drift performance is, in
fact, so good that the system designer must be
cautioned that stray thermoelectric voltages gen-
erated by dissimilar metals at the contacts to the
input terminals are enough to degrade its perfor-
mance. For this reason it is also important to keep
both input terminals at the same relative temper-
ature. The well behaved temperature performance
of the OP-37 has made it unnecessary to specify a
commercial grade (0°C to +70°C). All grades of
the OP-37 are specified to, at least, the industrial
grade (-25°C to +85°C) temperature range.

Mask Pattern

Die Size: 85 x 98 mils
Min. Pad Dimensions: 4 x 4 mils
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Schematic Diagram
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OP-37

Connection Information

TO-99
Metal Can
(Top View)

Ceramic Dual In-Line

8-Lead

(Top View)

8

Function
Vog Trim
Inverting Input

S

SN

B

65-00103A

Q\IO)AO)N—‘!

Non-Inverting Input

_vs

Output

+Vg

Vos Trim

Absolute Maximum Ratings

Supply Voltage +22V
Input Voltage' ........................ +22V

Differential Input Voltage ............... 0.7v
Internal Power Dissipation ........... 658mW
Output Short Circuit Duration ....... Indefinite
Storage Temperature

Range ................... -65°C to +150°C
Operating Temperature Range

OP-27A/B/C ............. -55°C to +125°C

OP-27TE/F/G ............... -25°C to +85°C
Lead Soldering Temperature

(60Sec) ....evviiiiiiiiii +300°C

Note: 1. For supply voltages less than +22V, the absolute
maximum input volitage is equal to the supply
voltage.

Thermal Characteristics

Ordering Information

Operating
Part Number Package Temperature Range
OP-37EDE Ceramic -25°C to +85°C
0P-37ENB Plastic -25°C to +85°C
OP-37ET T0-99 -25°C to +85°C
0P-37FDE Ceramic -25°C to +85°C
OP-37FNB Plastic -25°C to +85°C
OP-37FT T0-99 -25°C to +85°C
0P-37GDE Ceramic -26°C to +85°C
0P-37GNB Plastic -25°C to +85°C
0P-37GT T0-99 -25°C to +85°C
0P-37ADE Ceramic -55°C to +125°C
0P-37ADE/883B* Ceramic -55°C to +125°C
0P-37AT T0-99 -55°C to +125°C
0P-37AT/883B* T0-99 -55°C to +125°C
OP-378BDE Ceramic -55°C to +125°C
0P-37BDE/883B* Ceramic -55°C to +125°C
0P-378T T0-99 -55°C to +125°C
0P-37BT/883B* T0-99 -55°C to +125°C
OP-37CDE Ceramic -565°C to +125°C
0P-37CDE/883B* Ceramic -55°C to +125°C
0P-37CT T0-99 -55°C to +125°C
0P-37CT/883B* T0-99 -55°C to +125°C

T099
8-Lead 8-Lead
Ceramic DIP | Metal Can
Max. Junction Temp. 175°C 175°C
Max. Pp Ta <50°C 833mW 658mW
Therm. Res. 8¢ 45°C/W 50°C/W
Therm. Res. 65 150°C/W | 190°C/W
For Tp > 50°C Derate at 8.33mwW 5.26mW
per °C per °C
6-84
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OP-37

Electrical Characteristics (Vs = £15V and Ta = +25°C unless otherwise noted)

Very Low Noise
Operational Ampilifier

5

OP-37A/E 0P-37B/F 0P-37C/6
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage® 10 | 25 20 | 60 30 [ 100} wV
Long Term Input Offset
Voltage Stability' 2 02 |10 03| 15 04 | 20 [uV/Mo
Input Offset Current 701 3 90 | 50 12 175] nA
Input Bias Current +10 | +40 +12 | 55 +15 | +80| nA
Input Noise Voltage? 0.1Hz to 10Hz 0.08 | 0.18 0.08 | 0.18 0.09 (025 uVpp
fo = 10Hz 35| 55 35155 38 | 80
Input Noise Voltage Density?| fp = 30Hz 31| 45 311 45 33|56 nv
fg = 1000Hz 30 {38 30 | 38 32 | 45| VHz
fo = 10Hz 17 140 1.7 | 40 17
Input Noise Current Density?| f = 30Hz 10 | 23 10 | 23 1.0 pA
fo = 1000Hz 04106 04 | 06 04106 VHz
Input Resistance
(DEI)“. Mode)* 151 6.0 12 | 50 08 | 40 MQ
Input Resistance
(Com. Mode) 30 25 20 GO
Input Voltage Range® 112123 +11 |1+12.3 +11 |+12.3 v
Common Mode _
Rejection Ratio Veom = 11V 14| 126 106 | 123 100 | 120 dB
Power Suppt -
Rejection Ratio Vs = 4V to +18V 100 | 120 100 | 120 9 | 118 dB
RL =2k, Vo =10V | 1000 | 1800 1000 | 1800 700 | 1500
Large Signal Voltage Gain | R, > 1k}, Vo = =10V | 800 | 1500 800 | 1500 1500 V/imV
Vo=+1V,Vg=+4V* | 250 | 700 250 | 700 200 | 500
) R, =2k +12 [+138 +12 {138 +11.5|+135
t Vol
Output Voltage Swing RL > 60001 1| 212 1| =12 | =12 v
Slew Rate* R =2k 1" | 17 1|17 117 V/uS
. fo = 10kHz 45 | 63 45 | 63 45 | 63
i dth P 4
Gain Bandwidth Product o= IMHz 2 2 2 MHz
Open Loop Output _ _
Rhen -oop Sutp Vo=0.1p=0 70 70 70 0
Power Consumption 90 | 140 90 | 140 100 | 170 | mW
Offset Adjustment Range Rp = 10k} +40 +4.0 +4.0 mv

Notes: 1. Long Term Input Offset Voitage Stability refers to the average trend line of Vg vs. Time over extended periods after the first 30
days of operation. Excluding the initial hour of operation, changes in Vg during the first 30 operating days are typically 2.5uV.

2. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
3. Caution: The Common Mode Input Range is a function of supply voltage (see Typical Performance Curves). Also, the input
protection diodes do not allow the device to be removed or inserted into the circuit without first removing power.

4.
5
power.

Parameter is guaranteed by design.
. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
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Electrical Characteristics (Vs = +15V, -55°C < T4 < +125°C unless otherwise noted)

OP-37

0P-37A 0P-378 0P-37C
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' 30 | 60 50 | 200 70 [ 300 | wV
Average Input Offset Drift? 02 |06 03 | 13 04 | 1.8 |uV/°C
Input Offset Current 15 | 50 22 18 30 | 135 nA
Input Bias Current +20 | +60 +28 | £95 +35 [£150| nA
Input Voltage Range +10.3[ £11.5 +10.3|£11.5 +10.2|+11.5 v
ggjmg?u ode Vo = £10V 108 | 122 100 | 119 % | 116 a8
E‘;}'gg{f"]‘ﬂg}: ; Vs=+45Vto+18Y | 9% | 116 o | 114 8 | 110 68
Large Signal Voltage Gain | R =2k, Vg=+10V | 600 | 1200 500 |1000 300 | 800 V/mV
Output Voltage Swing Ry = 2k +11.5/+13.5 +11 |£13.2 +10.5| 13 v

Electrical Characteristics (vs = 15V, -25°C < T < +85°C unless otherwise noted)

0P-37E OP-37F 0P-37G
Parameters Test Conditions Min | Typ |Max| Min | Typ | Max|{ Min | Typ | Max | Units
Input Offset Voltage' 20 | 50 40 | 140 55 (220 | wV
Average Input Offset Drift 02 |06 03 {13 04 | 1.8 |uV/°C
Input Offset Current 10 |50 14 | 85 20 [ 135 | nA
Input Bias Current +14 | +60 +18 | 95 +25 |+150| nA
Input Voltage Range +10.5/£11.8 +10.5+11.8 +10.5|+11.8 v
o e Vw = +10V 110 | 124 102 | 121 % | 118 dB
Eg;'e’g{l Supply Vs=+45Vto+18V | 97 | 118 % | 116 9% | 114 dB
Large Signal Voltage Gain | R_ > 2ki), Vg =+10V | 750 | 1500 700 1300 450 | 1000 V/imv
Output Voltage Swing RL = 2k} +11.7[+13.6 +11.4|+13.5 +11 |£13.3 v

Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of

power.

2. T¢Vps performance is guaranteed unnulled or when nulled with Rp = 8.0k(} to 20k{)

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become partofthe
terms and concitions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Typical Performance Characteristics

0.1Hz to 10Hz Noise Test Circuit

Scope
x1
Rin= 1M
Voltage Gain
= 50000 110K
Note: All Capacitor values are for non polarized capacitors only 65-003364
0.1Hz to 10Hz Peak-to-Peak Noise
Tester Frequency Response Open Loop Gain vs. Frequency
100 140 !
%0 3 s 120 |
Pa \ = Ta=+25°C
80 u £ 100 Vg = +15V
_ 3 \ RL=2k0
g & w0 N
: =
) 2 60 N
Test Time of 10 Sec Further \ 8 \\
50 —(liimits Low Frequency (< 0.1Hz) = 40 \
PN s ST H s 5 N, 5
L T 1 : :
30 @ 0 2
001 01 10 10 100 T 1 10 100 100 105 10 100
; ) Frequency (Hz)
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Gain, Phase Shift vs. Frequency Supply Current vs. Supply Voltage
60 “I 40 50
50 60
40 8 g 0
Y ‘\ 0 g T Ta-+25C_|_—~
g 0 A 2 = = - e
= 10 \\ ™ 140 S E W Ta=+25°C—~ | —— _—
£ \ 2 5
S b | | TN - 60 £ s //\( [
G 3
-10 180 g L
-2 hase N 200 3 20— e
2 20 Taz € j§
\
- 240 10 I 2
0.1 10 10 100 5 15 25 35 45
Frequency {MHz) 55.00338A
Total Supply Voltage (Volts)
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Typical Performance Characteristics (Continued)

Maximum Output Swing
vs. Resistive Load Short Circuit Current vs. Time
h [ 1] “ .
Ta=+25°C |
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14 Swing T === =z 50
g 12 = e £
= 10 A E & N L)
g 5 A A Neg S i ——
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01 10 10 0 1 2 3 4 5
Load Resistance (k2 Time From Output Shorted to Ground (Minutes)
Open Loop Voltage Gain Maximum Undistorted Output
vs. Supply Voltage vs. Frequency
25 T — 28 l ' l
Ta=+25°C R = 2K T oy e
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= 45 3
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S s 3 ° N
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Common Mode Input Range
vs. Supply Voltage OP-37 Voltage Noise vs. Frequency
16 10
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Typical Performance Characteristics (Continued)

A Comparison of Op Amp
Voltage Noise Spectrums Current Noise vs. Frequency
100 10.0
Qi ek i
_ — 1/F Corner 100 m g
= — ~ At = } 0 eof
3 NI Low Noise =1 500K
= 10 ! Audio 3 10 = = i
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Typical Performance Characteristics (Continued)

Input Bias Current vs. Temperature
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Typical Performance Characteristics (Continued)

Slew Rate vs. Supply Voltage Slew Rate vs. Load
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When Rt < 10002 and the input is driven with a fast, farge
signal pulse (= 1V), the output waveform will look as shown
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OP-37

Typicat Applications
Low Impedance Microphone Preamp (Figure 1)

In this preamp the transformer converts the low
microphone impedance up to a value that is
close to the optimum source impedance required
by the OP-37 for best noise performance. The
optimum source impedance can be calculated
as the ratio of ep/iy, which for the OP-37 is
approximately 7000(). Fortunately the noise per-
formance does not degrade appreciably until the
source impedance is four or five times this opti-
mum value. The source impedance at the output
of this transformer of 15k} still provides near
optimum noise performance. (A high quality audio
transformer with a step-up ratio of 6.7 to one
is not available.) C1 rolis off the high frequency
response at 90kHz giving a noise power band-
width of 140kHz.

Instrumentation

The OP-37 is particularly adaptable to instru-
mentation applications. When wired into a single
op amp difference amplifier configuration, the
OP-37 exhibits outstanding common mode rejec-
tion ratio. The spot voltage noise is so low
that it is dominated almost entirely by the re-
sistor Johnson noise.

The three op amp instrumentation amplifier of
Figure 4 avoids the low input impedance char-
acteristics of difference amplifiers at the expense

of two more operational amplifiers and a slight
degradation in noise performance. The noise
increases because two amplifiers are contributing
to the input voltage spectral noise instead of
one. Thus, the noise contribution, exclusive of
resistor Johnson noise, increases by slightly more
than the \/2. The spectral noise voltage increases
from approximately 3nV/\/Hz to approximately
4.9nV/\/Hz, with the third amplifier contributing
about 10% of the noise. The gain of the input
amplifier is set at 25 and the second stage at
40 for an overall gain of 1000. R7 is trimmed
to optimize the common mode rejection (CMRR)
with frequency. With balanced source resistors
a CMRR of 100dB is achieved. With a 1k{) source
impedance imbalance CMRR is degraded to 80dB
at 5kHz due to the finite (3G(}) input impedance.

D.A.C. Current to Voitage Converter

Many high speed voltage output D/A conversion
applications require a high speed op amp to
convert a standard current output DAC (such
as a DAC-08 or DAC-10) to be voltage output.
The OP-37 is ideal for this because it has the
speed and settling time for fast data conversion,
but still has excellent DC specifications to ensure
high accuracy.

The current output of the DAC-10 feeds the
summing junction of the OP-37. The amplifier
feedback holds the summing junction at zero
volts, so the current output can only flow through

R1 <
Hé 150K 3
Low Z i

Microphone - 110-
(15002)

JE-115K-E

Jensen Transformer =

R3 VRer +10V
100 (REF -01)

65-00321A

Figure 1. Low Impedance Microphone Preamplifier
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OP-37

Very Low Noise
Operational Amplifier

[

the 2.5k feedback resistor. The full scale current
output of 2mA times 2.5k equals a full scale
output voltage of 10V. The 360Q resistor is required
to increase the effective gain of the OP-37 to
meet the minimum gain requirement for stability.
The high speed of the OP-37 allows a conversion

time of 1uS to 1/2 LSB in this circuit. In addition,
the low Vog and Vpg drift of the OP-37 comple-
ments the high accuracy of the DAC-10, and
the high output drive capability allows connection
to demanding loads.

100K
WAAs

Ria

100

O—A -
avin R 0P o
+ Vout = 1000 (AVIN)
= AV (R2/R1)

10K

65-00353A

Figure 2. A Single Op Amp IC Difference Amplifier Using an OP-37.
The Difference Amplifier is Connected for a Gain of 1000.

65003544

Figure 3. Common Mode Rejection Ratio Test Circuit
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OP-37

AVIN

Input

=(+)

Trim R2 for AycL = 1000
Trim R10 for DC CMRR
Trim R? for Minimum Voyr at Vom = 20Vp-p, 10kHz

Rs Rs
500 (0.1%) 20K (0.1%)
AVAVA' ‘A/\'_-
R1
5K (0.1%)
s Rr
ol _L_" p 100K
00 Ra 1000pF
5K (0.1%) g_.:
Re Ro
500 (0.1%) 19.8K

—O Vour

/ Rio

500

65-00355A

Figure 4. Three Op Amp IC Instrumentation Amplifier

5K

VREF +10V
(REF-01)

L

v L -15v
0.1uF 0.1uF 360 S0pF
0uF | 10.F cc - 25K
+ I_‘ AAA
l + l
16 15 1 3 18 N2
DAC-10 0P-37 >0 vour
7 6
lo +
10 11 12 13 14 _f7

TTIT
\

§8884
/

Digital Input

65-00356A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Very Low Noise
Operational Amplifier

Raytheon

OP-47

Features

m Very low noise
Spectral noise density — 3nV/v/Hz
1/f noise corner frequency — 2.7Hz
| Very low Vgg drift
0.2uV/Mo
0.2uV/°C
® High gain — 1.8 x 108V/V
® High output drive capability — £12V into 600(}
load
m High slew rate — 50V/uS (AycL > 400)
B Wide gain bandwidth product — 70MHz
® Good common mode rejection ratio — 126dB
B Low input offset voltage — 20uV
B Minimum low frequency noise — 0.08uVpp
0.1Hz to 10Hz
® Low input bias and offset currents — 10nA

Description

The OP-47 is designed for instrumentation grade
signal conditioning where low noise (both spectral
density and burst), wide bandwidth, and high
slew rate are required along with low input offset
voltage, low input offset temperature coefficient,
and low input bias currents in gains greater than
or equal to 400. Digital nulling techniques per-
formed at wafer sort make it feasible to guarantee
temperature stable input offset voltages as low
as 60uV. Input bias current cancellation tech-
niques are used to obtain 10nA input bias currents.

The OP-47 is especially useful for instrumentation
and professional quality audio applications in
gains greater than or equal to 400. Applying the
slew rate vs. power bandwidth equation (fp =
SR/2mVp) the OP-47 will have an undistorted
output at 8V, of 900kHz. This device provides
performance adequate for the most demanding
high fidelity applications.

In addition to providing superior performance
for the professional audio market the OP-47
design uniquely addresses the needs of the instru-
mentation designer. Power supply rejection and
common mode rejection are both typically 120dB.
Input offset voltage can be externally trimmed
without affecting input offset voltage drift with
temperature or time. The drift performance is,
in fact, so good that the system designer must
be cautioned that stray thermoelectric voltages
generated by dissimilar metals at the contacts
to the input terminals are enough to degrade its
performance. For this reason it is also important
to keep both input terminals at the same relative
temperature.

Mask Pattern

65-01681A

Die Size: 85 x 98 mils
Min. Pad Dimensions: 4 x 4 mils

65-1360 6-95
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Schematic Diagram
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Very Low Noise
Operational Amplifier

oP-47

Connection Information

8-Lead 8-Lead
TO-99 Metal Can Plastic Dual In-Line
Pin Function
! _—3_] 1 Vos Trim
2 Inverting Input
E 3] 3 Non-Inverting Input
! [ 4 -V
3 6 6 Output
C] ] 7 +Vg
E 5 8 Vos Trim
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage ............ooeiiiennn +22V T0-99 8-Lead
Input Voltage ........c..ccevreinneenn. +22v 8-Lead Plastic
Differential Input Voltage ............... 0.7V Matal Can Dip
internal Power Dissipation ........... 500mwW Max. Junction Temp. 175°C 125°C
Output Short Circuit Duration ....... Indefinite "
Storage Temperature Max. Po Ta <50°C 658mw 468mwW
Range ..............outn -65°C to +150°C Therm. Res. 6,c 50°C/W
Operating Temperature Range Therm. Res. 6 N o
OP-4TB o.veveeeenenannn -55°C to +125°C A 190°C/W_ | 160°C/W
OP-47F/G ...vvivviiiiiinnnn 0°C to +70°C For Tp > 50°C Derate at 5.26mW 6.25mW
Lead Soldering Temperature per °C per °C
(B0SEC) «.vvvriiiiiiiiiiaaaaas +300°C

Note: 1. For supply voltages less than +22V, the absolute
maximum input voltage is equal to the supply
voltage.

Ordering Information

Operating
Part Number Package Temperature Range
0P-47GT T0-99 0°Cto +70°C
OP-47FT T0-99 0°C to +70°C
0P-47GNB Plastic 0°C to +70°C
0P-47BT T0-99 -55°C to +125°C
0P-47BT/883B* 10-99 -55°C to +125°C

*MIL-STD-883, Level B Processing
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Very Low Noise

OoP-47 Operational Amplifier
.

Electrical Characteristics (Vs = +15V and T = +25°C unless otherwise noted)

0P-47B/F 0P-47G
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage® 20 60 30 100 | uV
bgﬂg;:g’{‘amﬁg}ﬁ"se‘ 03 | 15 04 | 20 [wv/Mo
Input Offset Current 9.0 50 12 75 nA |
Input Bias Current +12 | +55 +15 | 80 | nA
I Input Noise Voltage? 0.1Hz to 10Hz 0.08 | 0.18 009 [ 025 | uVpy
fo = 10Hz 35 55 38 8.0 nv_
Input Noise Voltage Density? fo = 30Hz 31 45 33 56 | VHz
fo = 1000Hz 30 | 38 32 | 45
fo = 10Hz 17 | 40 17 pA
Input Noise Current Density? fo = 30Hz 10 | 23 1.0 VHzZ
fo = 1000Hz 04 0.6 04 | 06
Input Resistance (Differential Mode)* 1.2 50 0.8 40 MO
Input Resistance (Common Mode) 25 20 GO
Input Voltage Range® +11 [ £12.3 +11 | £123 v
Common Mode Rejection Ratio Vem = 211V 106 | 123 100 | 120 dB
Power Supply Rejection Ratio Vs = +4V to +18V 100 | 120 94 118 dB
Ry = 2k, Vg = +10V 1000 | 1800 700 | 1500
Large Signal Voltage Gain R = 1k, Vg = +10V 800 | 1500 1500 V/imV
Vo = £1V, Vg = +4V¢ 250 | 700 200 | 500
. Rl = 2k +12 1 £138 +11.5] £135
Output Voltage Swing® v
R = 60002 =1 | £12 +11 | £12
Slew Rate* R = 2k 25 50 25 50 V/uS
. . fo = 10kHz 45 70 45 70
Gain Bandwidth Product* MHz
fo = IMHz 45 45
Open Loop Output Resistance Vp=01p=0 70 70 4]
Power Consumption 90 140 100 | 170 { mW
Offset Adjustment Range Rp = 10k() +4.0 +4.0 mV

Notes: 1.

Long term input offset voltage stability refers to the averaged trend line of Vg vs. Time over extended periods after the first 30

days of operation. Excluding the initial hour of operation, changes in Vg during the first 30 operating days are typicatly 2.5uV

2. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
3

. Caution the common mode input range is a function of supply voltage, see typical performance curves. Also, the input
protection diodes do not ailow the device to be removed or inserted into the circuit without first removing power.

4. Parameter is guaranteed by design and is not tested.
5. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.

6. CAUTION: positive output voltage swing should never exceed the minimum specified limits or large oscillation voltages will

occur.

6-98

Raythoen



Very Low Noise
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Electrical Characteristics (Vs = +15V, -55°C < Ta <+125°C unless otherwise noted)

0P-478
Parameters Test Conditions Min Typ Max Units
Input Offset Voltage' 50 200 uV
Average Input Offset Voltage Drift? 0.3 13 uVI°C
Input Offset Current 22 85 nA
Input Bias Current +28 +95 nA
Input Voltage Range +10.3 +115 v
Common Mode Rejection Ratio Vem = +10V 100 119 dB
Power Supply Rejection Ratio Vg = #4.5V to =18V 94 114 dB
Large Signal Voltage Gain Rl = 2k, Vg = £10V 500 1000 V/imV
Output Voltage Swing R = 2kQ +11 +132 v

Electrical Characteristics (Vs = 15V, 0°C < Ta < +70° C unless otherwise noted)

O0P-47F 0P-47G
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' 40 140 55 220 | uwVv
Average Input Offset Voltage Drift 03 1.3 04 1.8 | uV/°C
Input Offset Current 14 85 20 135 | nA
Input Bias Current +18 | £95 +25 [ +150| nA
Input Voltage Range +10.5| £11.8 +10.5 | +11.8 v
Common Mode Rejection Ratio Vem = =10V 102 | 121 96 118 dB
Power Supply Rejection Ratio Vg = +4.5V to +18V 96 116 90 114 dB
Large Signal Voltage Gain RL = 2k(}, Vo = £10V 700 | 1300 450 | 1000 Vimv
Output Voltage Swing RL = 2kQ +114| £135 +11.0 | +133 Y
Notes: 1. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.
2. T¢Vos performance is guaranteed unnulled or when nulled with Rp = 8k(} to 20k().

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become
part of the terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and
conditions of sale. No representation as to application or use or that the circuits are either licensed or free from patent infringement is
intended or implied. Raytheon reserves the right to change the circuitry and other data at any time without notice and assumes no
liability for inadvertent errors.
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Very Low Noise
OP-47 Operational Amplifier

Typical Performance Characteristics

0.1Hz to 10Hz Noise Test Circuit

0.1uF
100K
10
. 2uF
oP-47 '
oy 43K
p Scope
x1
Rin = 1M
2]
Voltage Gain ) 22F
= 50.000 10K
= = =
= = 65-01683A
Note: At Capacitor values are for non polarized capacitors only
0.1Hz to 10Hz Peak-to-Peak Noise
Tester Frequency Response Open Loop Gain vs. Frequency
100 "™
90 — HI
) 120
\ AN
80 100
g n ) AN
H g N
8 & g ® Ta=+20°C
Test Time of 10 Sec Further 3 G =10000 \
50 | Limits Low Frequency (< 0.1Hz) 40 RL = 2K N
Gain < \ <
40 PR ERIT] FE RS EETIT] — g 20 %
o LU T T : . NIE
0.01 01 10 10 100 110 102 100 0t 105 105 107 10
Fraquency (Hz) Open Loop Voltage Gain (dB)
Gain and Phase Shift vs. Frequency Supply Current vs. Supply Voltage
50
+80 Pl‘" l l l [ 80
60 Ta=2C 1100 40
+ _ tH
I Nl G = 10,000} = Ta = +125°C [
+40 Phase. RL = 2k} 122 = E )
g \ N & g Ta=+25°C Lt
e Y W = £ 30 /x,/,
£ = 3
3 et w0 £ = ot ]
Phase g2 1
i t 180 A 20—
-100mV Output C Vs +15V. H | |Ta=-55°C g
NI | |1 H 10 I H
01 1.0 10 100 5 15 25 35 45
100mV Output Constant Total Supply Voltage (Voits)
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Typical Performance Characteristics (Continued)

Maximum Output Swing vs. Resistive Load Short Circuit Current vs. Time
18 I l I 60 T T
Vg = £15V
:2 Positive Ta= +25°C |
Swin . = %
& 1 S £ N
3 10 P ! § 40 S Isc(-)
g ////l‘degqtlve 3
?’; . 4 Swing 3 » —
2 S Isc(+)
3 4 €
Vg = +15V 5
2 Ta=+25C Tz a2 2 <
0 L1l § §
2 IBERENIE 10 5
01 10 10 0 1 2 3 4 5
Load Resistance (k()) Time From Output Shorted to Ground (Minutes}
Open Loop Voltage Gain vs. Supply Voltage Maximum Undistorted Output vs. Frequency
25 T T 28
Ta = +25°C }; 20K 2
20 B
= Rs = 1.0K:
s / - () 2
5 7 )
s " P < %
H / 5 Ta= +25°C
A=
ERL) 4 E" Vs =15V \
g v , \
S 05 4 < N <
= 4 ]
H S
0 i 0 [1y2
0 +5V +10 +15 +20 +25 1o 10 100 1o
Supply Voltage (Volts] Peak-o-Peak Output Voitage {Volts)
Common Mode Input Range vs. Supply Voltage OP-47 Voltage Noise vs. Frequency
16
Ta=-55°C " i
1 ' Ta = +25°C T
= Ta=+25°C = 4250
§ 8 Ta = +125°C— E 5 Vs = +15V T
5 4 z
Z ; \ T
g ]
: -4 Ta= +25°C g
E 3 =
§ Ta = +125°C < 1/f Corner = 2.7Hz é
: | LA -
-16 & 1 3
0 5 +10 +15 +20 1 10 100 1000
Supply Voltage (Voits) Frequency (Hz)
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Very Low Noise
OoP-47 Operational Amplifier

Typical Performance Characteristics (Continued)

A Comparison of Op Amp
Voltage Noise Spectrums Current Noise vs. Frequency
100 = 10.0 =
741 EEsE R e ]
e 1/F Corner manin
= ~ RN ) 100 [soux i
> ~ NIT 8 oo j
2 N Low Noise =3 L L il
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Warm-Up Drift Input Bias Current vs. Temperature
50
= Ta = 4259C Vs = 15V
O TN _
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Typical Performance Characteristics (Continued)

Input Offset Current vs. Temperature Open Loop Voltage Gain vs. Load Resistance
5 g; T
Vs = +15V _ e Vs=2v
0 > F 20p—Ta=+25°C >
= 2 18
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160 —— 140
_ Ta=+25°C mm
g 140 2 Vg = 15V
Py T, = +25°C
E 120 Nogali N VA =10V
p N egative _ N CM
£ N Supply g 100
s 8 . £
£ Positive "N\ £ ™
= 60 Supply S 80 Sy
2 . \\\ N
H NN K 60 N 3
S 2 N 5] 8
0 & 40 3
1100 0 10 00 10s 108 107 00 o 10 L4 R o

Frequency (Hz} Frequency (Hz)

OP-47 0.1Hz to 10Hz Peak-to-Peak Noise
Vertical Scale 50nV/Division

Recorder Speed 8 Divisions/Min Supply Voltage vs. Slew Rate
T 1
OP-47 _I‘l‘la ]
0.1Hz to 10Hz 50nV/Div 60 t T
Noise 16 Divisions/Minute _J o t—
50 ——
) R
S 401—-Fall b
2 -l / ‘
www " PR S WA g w At
& ‘/ Ta= +20C
2 Ayt = 400 -
/ Load Resistance 10k «
P T
< | z
8 3 6 9 +12 =15 218 <21
H
8 Supply Voltage (Volts)

" Raythoon 6-103



Very Low Noise
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Typical Performance Characteristics (Continued)

Load Resistance vs. Slew Rate Total Noise vs. Source Resistance
100 .
I ==
|| 1a- e :;A=+$g;°:°—~w—>@
Vg = +15 = 37T oAt
= Avc = 400 & R2
S %0 s T
s = Rs = 2R1 1
i, d " e
= T 11
z he % - at 10Hz —
-
30 1. AT
H at 1.0kHz_L Resistor Noise Only g
i 1 L 3
0.1 1.0 10 100 100 1k 10k
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Voltage noise vs source resistance for
the ditference amplifier. Noise performance
shown is for Vs = 15V, Ta= +25°C,

and Rs - Ry + Rz

Bumn-In Circuit Offset Nulling Circuit
+20V
1K
27K 7
A
r—' oP-47
= P |
- 65-01694A
K Vs
65-01692A
-20V
Large Signal Transient Response
Rf
- 50V/4S
ﬂop.‘7 H
o
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When Rf < 10002 and the input is driven with a fast, large
signal pulse (= 1V), the output waveform will look as shown.
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—

Typical Applications
Low Impedance Microphone Preamp (Figure 1)

In this preamp the transformer converts the jow
microphone impedance up to avalue thatis close
to the optimum source impedance required by the

OP-47 for best noise performance. The optimum

source impedance can be calculated as the ratio
of en/in which for the OP-47 is approximately
7000(). Fortunately the noise performance does
not degrade appreciably until the source imped-

ance is four or five times this optimum value.

The source impedance at the output of this

transformer of 15k{} still provides near optimum

noise performance. (A high quality audio trans-
former with a step up ratio of 6.7 to one is not

available.) C1 rolls off the high frequency re-
sponse at 90kHz giving a power bandwidth of
140kHz.

Instrumentation

The OP-47 is particularly adaptable to instru-
mentation applications. When wired into a single
op amp difference amplifier configuration, the

OP-47 exhibits outstanding common mode rejec-
tion ratio. The spot voltage noise is so low that
it is dominated almost entirely by the resistor
Johnson noise.

The three op amp instrumentation amplifier of
Figure 2 avoids the low input impedance char-
acteristics of difference amplifiers. The noise
increases because two amplifiers are contributing
to the input voltage spectral noise. The noise
contribution, exclusive of resistor Johnson noise,
increases by slightly more than the \/2_ The
spectral noise voltage increases from approxi-
mately 3nV/\/Hz to approximately 4.9nV/\/Hz,
with the third amplifier contributing about 10%
of the noise. The gain of the input amplifier is
set at 25 and the second stage at 400 for an overall
_gain of 10000. R7 is trimmed to optimize the
common mode rejection (CMRR) with frequency.
With balanced source resistors a CMRR of 100dB
is achieved. With a 1k{) source impedance im-
balance CMRR is degraded to 80dB at 5kHz due
to the finite (3G(}) input impedance.

R1 S
“ 150K 3
Low Z —
Microphone 1:10

(15000) Jensen Transformer =
JE-115K-E

I

\ a4

R3
100

)

Vo

ct
45pF

"

85-01695A

Figure 1. Low Impedance Microphone Preamplifier
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Instrumentation Grade
Operational Amplifier

Raytheon

RC714

Features

® Low noise 0.1Hz to 10Hz — 0.35uVpp
® Ultra-low Vog — 30uV

m Ultra-low Vog drift — 0.3uV/°C

m Fits 725, 108A, 741, AD510 sockets

B Long term stability — 0.2uV/Mo

Description

The RC/RM714 amplifier is designed for precision
low level signal conditioning where uitra low
Vos and TCVpg are required along with very
low bias currents. Internal compensation elimi-
nates the need for external components. Novel
circuit design and tight process controls are
used to obtain very low values of Vps. Vos is
further reduced by a computer controlled digital
nulling technique at test. Low frequency noise
is minimized. Internal biasing techniques reduce
external bias and offset currents to values in

range. The 714 is a direct replacement for the
OP-07,108A, 725 and 5507. It can replace chopper
stabilized amplifiers in many applications.

Mask Pattern

65-00361A

Die Size: 65 x 101 mils

. Min. Pad Dimensions: 4 x 4 mils
the order of +1nA over the military temperature
Schematic Diagram
m
+Vs O- ’
» l
RA" 3 $ R |
8K < < K
C1 b3
q) [ Noll Null 75pF c) 3
RiA g g Al
42K T o ax
09 010
07 08 NT—K(‘;:;‘;/\‘_‘
Non-
Inverting 5 3 06 04 N
Input 1
4 C3 C2 D17
@ g3 a1 D27 30pF 65pF 016
500 RS
D21 023 02 X &
Inverting D22 D24 D25 o5
lnpu‘o_AvA'A'i l/ %3 ’—n}m Q18
@ R
500 ’\ 013 R6 R8
4 1K
¢ > ¥ O
-Vs O=— é
“R2A and R2B are electronically adjusted during factory test for minimum Vos. 65003628
Raytheen 65-1096A 6-107




RC714

Instrumentation Grade
Operational Amplifier

Connection Information

TO-99
Metal Can Package
(Top View)

8-Lead Ceramic
Dual In-Line Package
(Top View)

L1 [ [5] [F]

~

h)
H

Function

Vos Trim

Inverting Input
Non-Inverting input

+Vg
Vos Trim

OV A WN =
Z
(¢]

65-00364A

Thermal Characteristics

8-Lead
8-Lead T0-99
Ceramic DIP | Metal Can
Max. Junction Temp. 175°C 175°C
Max. Pp Tp <50°C 833mwW 658mwW
Therm. Res. 8¢ 45°C/W 50°C/W
Therm. Res. 65 150°C/W 190°C/W
For T4 > 50°C Derate at 8.33mwW 5.26mwW
per °C per °C
Ordering Information
Operating
Part Number Package Temperature Range
RC714CDE Ceramic 0°C to +70°C
RC714EDE Ceramic 0°C to +70°C
RC714LDE Ceramic 0°C to +70°C
RC714CH T0-99 0°C to +70°C
RC714EH T0-99 0°C to +70°C
RC714LH T0-99 0°C to +70°C
RM714DE Ceramic -55°C to +125°C
RM714DE/883B* Ceramic -55°C to +125°C
RM714H T0-99 -55°C to +125°C
RM714H/8838* T0-99 -55°C to +125°C

*MIL-STD-883, Level B Processing

6-108

Absolute Maximum Ratings
Supply Voltage ....................... 122v

Input Voltage' ........................ +22v
Differential Input Voltage .............. +30V
Internal Power Dissipation2 .......... 500mwW
Output Short Circuit Duration ....... Indefinite
Storage Temperature

Range ................... -65°C to +150°C
Operating Temperature Range

RM714 ... . ... -55°C to +125°C

RC714E/C/L ..ot 0°C to +70°C
Lead Soldering Temperature

(60Sec) ...ttt +300°C

Notes: 1. For supply voltages less than +22V, the absolute
maximum input voltage is equal to the supply
voltage.

2. See Thermal Characteristics Table.




Instrumentation Grade

Operational Amplifier RC714
#
Electrical Characteristics (Vs = 15V and Ta = +25° C unless otherwise noted)
RM714
Parameters Test Conditions Min Typ Max Units
Input Offset Voltage* 30 75 my
Long Term Input Offset Voltage Stability’ 2 0.2 1.0 uV/Mo
Input Offset Current 04 28 nA
Input Bias Current +1.0 +3.0 nA
Input Noise Voltage? 0.1Hz to 10Hz 0.35 06 #Vpp
fo = 10Hz 10.3 18
Input Noise Voltage Density? fg = 100Hz 10 13 -
fp = 1000Hz 96 1 VHz
Input Noise Current? 0.1Hz to 10Hz 14 30 pApp
fo = 10Hz 0.32 0.80
Input Noise Current Density? fo = 100Hz 0.14 0.23 PA_
fo = 1000Hz 0.12 0.17 VHZ
Input Resistance (Differential Mode)® 20 60 MQ
Input Voltage Range +13 +14 v
Common Mode Rejection Ratio Vem = £13V 110 126 dB
Power Supply Rejection Ratio Vs = +3V to 18V 100 110 dB
RL < 2k, Vg = 210V 200 500
Large Signal Voltage Gain® R < 5001, 150 500 V/imV
Vg = +0.5V, Vg = £3V
R < 10k +12.5 +13
Output Voltage Swing R <2kn +12 +12.8 v
Ry < 1k +10.5 +12
Slew Rate R < 2k 0.1 0.17 V/iuS
Unity Gain Bandwidth 05 MHz
Open Loop Output Resistance Vo=0,1p=0 60 Q0
Power Consumption ¥§ . i;?/v Z% 1328 mw
Offset Adjustment Range Rp = 20k +4.0 mV

Notes: 1. Long Term Input Offset Voltage Stability refers to the averaged trend line of Vog vs. Time over extended periods after the
first 30 days of operation. Excluding the initial hour of operation, changes in Vog during the first 30 operating days are
typically 2.5uV.

2. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

3. Guaranteed by design.

4. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequeht sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Instrumentation Grade
RC714 Operational Amplifier
—

Electrical Characteristics (Continued)
(Vs =115V and -55°C < T < +125°C unless otherwise noted)

RM714

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage? 60 200 m
Average Input Offset Voltage Drift'

Without External Trim 0.3 1.3 uV/eC

With External Trim Rp = 20k() 0.3 1.3
Input Offset Current 1.2 56 nA
Average Input Offset Current Drift' 8.0 50 pA/°C
Input Bias Current +2.0 +6.0 nA
Average Input Bias Current Drift' 13 50 pA/°C
Input Voltage Range +13 +135 v
Common Mode Rejection Ratio Vom = 13V 106 123 dB
Power Supply Rejection Ratio Vg = +3V to +18V 94 106 dB
Large Signal Voltage Gain Ry = 2kq), Vg = 10V 150 400 V/mv
Output Voltage Swing R = 2k +12 +12.6 v

Notes: 1. This parameter is tested on a sample basis only, and guaranteed to an LPTD of 10.
2. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application
of power.
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Instrumentation Grade

Operational Amplifier
—

Electrical Characteristics (Vs = 15V and T = +25°C unless otherwise noted)

RC714

RCT14E RCT14C RC714L
Parameters Test Conditions Min | Typ | Max| Min | Typ [ Max | Min | Typ | Max | Unils
Input Offset Voltage* 0|7 60 | 150 100 | 250 | wV
Long Term Input
Offset Voltage Stability' 2 03] 15 04 {20 05 | 30 |uV/Mo
Input Offset Current 05| 38 08 | 60 08 | 20| nA
Input Bias Current +12|+4.0 +1.8 270 +20|+30| nA
Input Noise Voltage? 0.1Hz to 10Hz 035 06 0.38 [ 0.65 0.38 uVpp
. fo = 10Hz 103 | 18 105 20 10.5
Input Noise _nv_
. fo = 100Hz 10 | 13 10.2 [ 135 10.2
Voltage Density* fo = 1000Hz 96 | 11 98 [115 98 vhz
input Noise Current? 0.1Hz to 10Hz 14 | 30 15 | 35 15 pAp-p
. fo = 10Hz 0321 08 035] 09 0.35 A
Input Noise -
. fo = 100Hz 014023 0151027 0.15
Current Density® fo = 1000Hz 042 | 017 013 |0.18 013 vHz
Input Resistance
(Differential Mode)® 1] 50 80 ) 3 70, 31 M
Input Resistance
(Common Mode) 160 120 120 G
Input Voltage Range +13 | £14 +13 | +14 +13| 14 v
Common Mode _
Rejection Ratio Vem = 213V 106 | 123 100 | 120 90 | 110 dB
Power Supply _
Rejection Ratio Vg = +3V to +18V 94 | 107 90 | 104 104 dB
R =2k, Vo= +10V | 200 | 500 100 | 400 100 | 400
Large Signal Ry = 50012, V/imv
Voltage Gain® Vp = 0.5V, 150 | 500 100 | 400
Vg = 3V
Ry = 10k +12.5) +13 +12 | £13 +12| £13
Output Voltage Swing R = 2k +12 |+12.8 +11.5]+12.8 +11]+12.8 v
R = 1k +105] +12 +12
Slew Rate RL = 2k0 0.1 {0.17 0.1 017 0.17 V/iuS
Unity Gain Bandwidth 0.5 0.5 0.5 MHz
Open Loop _ _
QOutput Resistance Vo=0.10=0 60 60 60 o
) Vg = 15V 75 | 120 80 | 150 80 | 180
Power Consumption Vs = 3V 40 | 60 40 | 80 50 | 12| ™
Offset Adjustment Range Rp = 20k() +4.0 +40 +4.0 mv

Notes: 1.

Long Term Input Offset Voltage Stability refers to the averaged trend line of Vg vs. Time over extended periods after the first 30

days of operation. Excluding the initial hour of operation, changes in Vgs during the first 30 operating days are typically 2.5uV.
. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.

2
3. Guaranteed by design.
4

. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.

Raytheen
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_ Instrumentation Grade
RC714 Operational Amplifier
_

Electrical Characteristics (Continued)
(Vs = £15V and 0°C < T < +70°C unless otherwise noted)

RC714E RC714C RC714L

Parameters Test Conditions Min | Typ |Max |Min| Typ |Max |Min| Typ | Max| Units
Input Offset Voltage? 45 1130 85 (250 85 400 | uv
Average Input Offset!
Voltage Drift

Without External Trim 03 [13 | 05 |18 07 30 e

With External Trim Rp = 20kQ2 03 [13 04 |16 07 g
Input Offset Current 09 |53 16 | 8.0 16 | 40 | nA
Average Input Offset o
Current Drift’ 80 | 35 12 | 50 12 {100 | pA/°C
Input Bias Current +15 |455 +22 |+9.0 +30 [+60( nA
Average Input Bias . o
Current Drift’ 13 |3 18 | 50 18 | 150 | pA/°C
Input Voltage Range +13|£135 +13| +135 +13|+135 v
Common Mode _
Rejection Ratio Vem = £13V 103 | 123 97 | 120 94 | 106 dB
Power Supply N
Rejection Ratio Vg = £3V to +18V 90 | 104 86 | 100 83 [ 100 dB
Large Signal _
Voltage Gain R = 2k}, Vg = +10V 180 | 450 100 | 400 80 | 400 V/imV
Output Voltage Swing R = 2k +121+126 +11] £126 +10| 126 v

Notes: 1. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
2. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application
of power.
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Instrumentation Grade
Operational Amplifier

RC714

—-

Digital Nulling Technique

The digital nulling technique involves the zener
diode nulling network of Figure 1. The zener
diodes have relatively high breakdown voltages
and never operate in the zener mode. The
purpose of the eaners is to short out resistors
R4, 2Ry, 4Ry, 0. 1 by forcing a high reverse
current through the diode to metalize the junction.
The input offset voltage can be adjusted by
varying the collector resistor ratio. If the differ-
ence in the two collector resistors (Rc) is a small
increment ARc, Vos can be written as:

AR
VTN 1+ 2

R Rc + AR¢
Vos =Vt in R Rc

for ARc/Rg < 1.0 In (1 + ARc/Rg) = ARc/Rg, thus:

AR
Vos =Vt —-R—C
c

For Figure 1 Ry + R3 > 8R;, thus

R

Vog=-Vy —————— (7 -B3B2B1) (Bo=1)
8R1 + R2 + R3
or:
R
Vos=Vr g g-(1+B3BzBy) (Bo=0)

where B3BoB, is a binary number which corre-
sponds to the state of zener diodes Z4, Zp and Z3
as per Figure 1.

All this is accomplished during testing at the
factory under computer control.

(84)
29
(B2) (Bo)
(Ba)
‘P
i: Rt
> >
b3 A2 <
< T
—o o—o
’ 3
2R a
J—Em

Inputs

; Zn

AVos(25°C) = W (8o = 1.0}
B = 1.0 for Zy unshorted.

Bq = 0 for Z, shorted

B1BB3 = Binary number with values from O to 7.

oszse0) - IV BBBOR g

65-00365A

Figure 1. Digital Nulling Network
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RC714

Typical Performance Characteristics

Instrumentation Grade
Operational Amplifier

Absolute Value of Offset Voltage (V)

Untrimmed Offset Voltage vs. Temperature

—
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R = 10012 1
j
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T14E 7
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i
—
0 )2
-50 0 +50 +100

Temperature (°C)

Input Bias Current vs. Differential Input Voltage

Input Bias Current (nA}

Input Bias Current vs. Temperature

4
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3
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‘
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Trimmed Offset Voltage vs. Temperature

Temperature (°CJ
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Differential Input Voltage [Voits) Temperature (°C)
Jop—
input Oftset Current vs. Temperature CMRR vs. Frequency
25 T T 130 TTTIT
Vg = +15V
120 =t
— 20 { 714C
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P |
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Instrumentation Grade
~ Operational Amplifier

o
Typical Performance Characteristics (Continued)

RC714

PSRR vs. Frequency

Open Loop Gain vs. Power Supply Voltage

120 =TT Tr—TT 1000 T T
10 ot IR - Ta = +25°C
g e o
w [ PR = £
= |1 e 2
T w i t it T W
= il 1 3 e
£ wﬁH s * g aw
[ i I i i ‘l
70 | -
] H] | ‘ :n | s A 3
o IR g
so b Lodidll 4 il 0 8
01 1.0 10 0 +5 +10 +15 +20
Frequency (Hz] Power Supply Voitage (Volts)
Closed Loop Response for
Open Loop Frequency Response Various Gain Configurations
120 T 100 v T
Vg = 15V = 15V
Ta = +25°C — Ta=+25°C
g @ 5
e =
s 40 S w0
=
L g
s =
s E
< <
H 0 2
& 8
—40 2 -0 3
01 1 10 100 K 10K 100K 1M 10M 10 100 1K 10K 100K 1M 10M
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Maximum Undistorted Output vs. Frequency Output Voltage vs. Load Resistance
5z 2 TTTTT 2 1
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é 20 7 15 IN ositive Swing
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g n s
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] 5 <
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RC714

Instrumentation Grade
Operational Amplifier

L
Typical Performance Characteristics (Continued)

Power Consumption vs. Power Supply Output Short Circuit Current vs. Time
1000 3 T T ] I
Ta= +25°C = 1. Vi (Pin 3) = ~10mV, Vg = +15V
E 2. VIN(Pin 3} = +10mV. Vg = -15V
53 |- E ON 1 ;
g w = L AN
s == bt ‘ t
H - g -2 I
k] S
g 10 5 t -
- 2
H == 2 | i
& f ] g Vs = 215V z
2 S Ta = +25°C ]s
1 L 8 15 | 8
0 20 4 60 0 1 2 3 4
Total Suppiy Voltage. +Vs to -Vg (Volts) Time from Output Being Shorted (Minutes)
Typical Applications
High Speed, Low Vgg Adjustment-Free Precision
Composite Amplifier Summing Amplifier
R4
#‘T‘ R 10ks2
W 1 AAA
Sum 10k VW
Node +15V
Vin_ R Bias R3 Vi W2
Q | — +
st 10ka) v
Vo V; O——AMN———4¢
—0 R3 4
7 High Slew Rate 10ke2 —O Vy
Amplifier V30 vVvv
-1V O R5
Eg = -En :J: + Igias RF -15V 2.5k0)
= R = 65 w3914
High Stability Thermocouple Amplifier Precision Absolute Value Circuit
W 3 R3 R4 RS
10k (2 10k (2 10k <2
Sensing q AAA- AAA- ~AAA
Junction Rt Y
VN 10k£2 o D1
=10V .
Reference O
Junction 4 0to +10V
D2 -15v
A AAd 65 003934
= 55 onaza
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

General Purpose
Operational Amplifier

Raytheon

RC741

Features

B Supply voltages
RC/RV741 — +18V
RM741 — +22V

B Offset voltage null capability

B Short-circuit protection

8 No frequency compensation required

B No latch-up

|m | arge common-mode and differential voltage
ranges

B Low power consumption

Description

. The RC741 integrated circuit is a high-performance,
high-gain, internally compensated monolithic oper-
ational amplifier fabricated on a single silicon
chip using an advanced epitaxial process.

High common-mode voltage range and absence
of latch-up tendencies make the RC741 ideal
for use as a voltage follower. High gain and
wide ranges of operating voltages provide superior
performance in integrator, summing amplifier,
and general feedback applications.

Schematic Diagram

The RC741 is pin compatible with the RM709,
LM101A and the LM107. The military version,
RM741 operates over a temperature range from
-55°C to +125° C. The commercial version, RC741,
operates from 0°C to +70°C.

Mask Pattern

65-01178A

Die Size: 55 x 55 mils
Min. Pad Dimension: 4 x 4 mils

Inverting
Input (-)
@
+Vg
]\‘ ] l/[ m
08 o] Q12 Q13
1/‘ N w4
Non-Inverting p Q15
Input (+) o a2 f 50
3 024 Output
s o (6)
<
0 04 K Y I 2
25pF == 50K 21
To
>t Q20
o p u)
Q16 1
LN lﬁo 8
0 06 »—Kow
Vos (D 10 011 019 '
Tim
5 & :
@S ok S s K 3k Kg
< < < RS b3
Q22
Vs
. . ¢ P
Note: All resistance and capacitance values are nominal. 65.009408
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General Purpose
Operational Amplifier

RC7a1
Connection Information
8-Lead 14-Lead
Metal Can TO-99 Dual In-Line Package
(Top View) (Top View)

NC E . 4] ne
ne (2] 13] ne
MG 2] ne

o
vlnE +
w

NC|7

mes
E Output

Vos
Trim

A

65-00938A

8-Lead
Dual In-Line Package
(Top View)
Vos
Trim i E NC

W]
5]

-Vs | 4

71 +Vs
6 | Output

Vos
Trim

65-00939A

Absolute Maximum Ratings

Ordering Information

Supply Voitage Operating
RC/RV7AT ...ttt +18V Part Number Package Temperature Range
,RM741. ............................. +22v RC741DC Ceramic 0°C to +70°C
Differential input Voftage ................ 30V RC741DE Ceramic 0°Cto 470°C
Input Voltage' ........................ 15V RC741H T0-99 0°Cto +70°C
Output Short Circuit Durationz ...... Indefinite RC741INB Plastic 0°Cto +70°C
Storage Temperature RC7T41T T0-99 0°C to +70°C
Range ................... -65°C to +150°C RV741NB Plastic _40°C to +85°C
Operating Temperature Range -
RCTAT .o, 0°C to +70°C RM741DC Ceramic | -55°Cto +125°C
o ° RM741DC/883B* Ceramic -55°C to +125°C
RM741 ... ................ -55°C to +125°C 5
RV741 Z40°C to +85°C RM741DE Ceramic -55°C to +125°C
R RM741DE/883B* Ceramic -55°C to +125°C
Lead Soldering Temperature RM741T 10-99 550C to +125°C
(60S€C) .. +300°C RM741T/883B* T0-99 -55°C to +125°C
Notes: 1. For supply voitages less than +15V, the absolute -
maximum input voltage is equal to the supply *MIL-STD-883, Level B Processing
voltage.
2. Short circuit may be to ground or either supply.
Rating applies to +125°C case temperature or
+75°C ambient temperature for RM741.
Thermal Characteristics
8-Lead 8-Lead 14-Lead 8-Lead
Plastic DIP Ceramic DIP Ceramic DIP T0-99 Metal Can
Max. Junction Temp. 125°C 175°C 175°C 175°C
Max. Pp Tp < 50°C 468mW 833mwW 1042mwW 658mwW
Therm. Res. 8¢ — 45°C/W 60°C/W 50°C/W
Therm. Res. 64 160°C/W 150°C/W 120°C/W 190°C/W
For T4 > 50°C Derate at 6.25mW per °C 8.33mW per °C 8.33mW per °C 5.26mW per °C
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General Purpose

Operational Amplifier

RC741
—
Electrical Characteristics (Vs = 15V and Ta = +25°C unless otherwise noted)

RM741 RC/RVTA
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage' Rg < 10k 10 | 50 20 | 60 | mV
Input Offset Current 20 200 20 200 | nA
Input Bias Current 80 | 500 80 500 | nA
Input Resistance (Differential Mode) 0.3 20 03 20 MQ
Large Signal Voltage Gain R =2k, Vour=+10V | 50 | 200 20 | 200 V/mV
. R = 10k +12 [ 214 +12 | *+14 v
Output Voltage Swing
RL =2k +10 | =13 +10 | +13 v
Input Voltage Range +12 | 13 +12 | +13 Y
Common Mode Rejection Ratio Rg < 10k 70 90 70 90 dB
Power Supply Rejection Ratio Rg < 10k2 76 90 76 30 dB
Power Consumption 50 85 50 85 mwW
Transient Response
Rise Time Vin = 20mV, R = 2k} 0.3 0.3 uS
QOvershoot CL < 100pF 5.0 5.0 %
Slew Rate Ry = 2k 05 05 V/uS
Note: 1. Offset voltage is nulled by connecting a 10k(} potentiometer across the balance pins and connecting the wiper pin to -Vs.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement s intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheoon
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RC741

General Purpose

Operational Amplifier
L

Electrical Characteristics (Continued)
(-55°C < Ta < +125°C for RM741; 0°C < Ta +70°C for RC/RV741)

RM741 RC/RV741
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage R = 10kQ 6.0 75 | mv
Input Offset Current 200 300 nA
Input Bias Current 1500 800 | nA
Large Signal Voltage Gain RL=2kQ, Voyr =10V | 25 15 V/imV
. Ry = 10k +12 +12 v
Output Voltage Swing
R =2k +10 +10 v
Common Mode Rejection Ratio Rs < 10k 70 70 dB
Supply Voltage Rejection Ratio Rg < 10k} 76 94 dB
Supply G i +125°C 25 mA
en
ey 5°C 33
) +125°C 75
Power Consumption mw
-55°C 100
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General Purpose
Operational Ampilifier

RC741

Typical Performance Characteristics

Voltage Ofiset
Null Circuit

Transient Response
Test Circuit

Vour
AL
65-00947A
-Vs
- 65009484
Power Consumption as a Function Open Loop Voltage Gain as a
of Supply Voltage Function of Frequency
100 106 T
105 Vs = z1svc_
— B0f—Ta=+25°C Ta = +25°
E / 104
5 60 / % 103
2 / g 1 N,
8 4 - ~ 2 N
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& ] < N s
r/ H 1.0 ™ 3
/ g \ &
0 4 10-1 &
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Open Loop Phase Response as a Input Offset Current as a Function
Function of Frequency of Supply Voltage
0 T 50
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g 9 C 3 30
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, General Purpose
RC741 Operational Amplifier

Typical Performance Characteristics (Continued)

Input Resistance and Input Capacitance

as a Function of Frequency Output Resistance as a Function of Frequency
1 500 ——r :
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General Purpose
Operational Amplifier RC741
]

Typical Performance Characteristics (Continued)

Input Bias Current as a Function Output Short Circuit Current as a Function
of Ambient Temperature of Ambient Temperature
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‘ General Purpose
RC741 Operational Amplifier

. ______________________________________________________________]
Typical Performance Characteristics (Continued)

Output Voltage Swing as a Function Input Common Mode Voltage Range
of Supply Voltage as a Function of Supply Voltage
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

General Purpose
Raytheon Dual Operational Amplifier RC747/747S

Features characteristics. Excellent channel separation
allows the use of the dual device in all single
741 operational amplifier applications providing
high packaging density. It is especially well suited
for applications in differential-in, differential-out
as well as in potentiometric amplifiers and where
gain and phase matched channels are mandatory.

m Short circuit protection

® No frequency compensation required

m No latch-up

® Large common mode and differential voitage
ranges

® Low power consumption

m Parameter tracking over temperature range
® Gain and phase match between amplifiers Mask Pattern
Description 13 12 10 9

The RC/RMT747 integrated circuits are high gain,
operational amplifiers internally compensated and
constructed on a single silicon chip using an
advanced epitaxial process.

The military version, RM747, operates over a
temperature range from -55°C to +125°C. The
commercial version, RC747, operates from 0°C
to +70°C.

Combining the features of the 741 with the close
parameter matching and tracking of a dual device 345 65-01251A
on amonolithic chip resuits in unique performance

Die Size; 62 x 72 mils
Min. Pad Dimension: 4 x 4 mils

Schematic Diagram (1/2 Shown)
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RC747/747S

General Purpose
Dual Operational Amplifier

Connection Information

10-Lead 14-Lead
Metal Can TO-100 Dual In-Line Package
(Top View) (Top View)
4
[ ]
-Input A E 14 | Vos Trim A
+Input A E'—— E +Vg A
Vos Trim A E >——E Output A
~vs 4] [11] ne
oo o0ereR Vos Trim B E B E Output B
+lnput B E—‘ E +Vs B
-lnput BE z] Vos Tim B
+Vs A is internally connected to +Vg B for the 747S
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage 14-lead | 14-lead | 10-Lead
RM747 oo +22V Plastic | Ceramic | T0-100
RCTAT oot +18V op BP | Metal Can
Differential Input Voltage ................ 30v Max. Junc. Temp. 125°C 175°C 175°C
Input Voltage' ........................ +15V "
Output Short-Circuit Duration? ...... Indefinite Max. Pp Ta < 50°C 468mW | 1042mW | 658mW
Storage Temperature Therm. Res. 6,¢ — 60°C/W | 50°C/W
o Ran?e T e t .. R ..... -65°C to +150°C Therm. Res. 6,4 160°C/W | 120°C/W | 190°C/W
perating Temperature Range "
RM747 ... -65°Cto +125°C | For Ta=30°C o2om 8.35mW >26mW
RCTAT ..o 0°Cto +70°C erate at per per per
Lead Soldering Temperature
(60SEC) ....iiiiiiiiiia +300°C  Ordering Information
Notes: 1. For supply.voltages less than +15V, thi absolu:e Uperaling
m&j}:m nput voltage is equal to the supply Part Number Package Temperature Range
2. Short-circuit may be to ground or either supply. RC747DC Ceramic 0°C to +70°C
Rati lies to +125°C case temperature or .
+75Tg :r‘r)lgif:t t?amperaturg for RC747. ¢ RC7470B Ceramic 0°C to +70°C
RC747T T0-100 0°C to +70°C
RM747DC Ceramic -55°C to +125°C
RM747DC/883B* Ceramic -55°C to +125°C
RM747T T0-100 -55°C to +125°C
RM747T/883B* T0-100 -55°C to +125°C
*MIL-STD-883, Level B Processing
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General Purpose
Dual Operational Amplifier RC747/747S

]
Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise specified)

RM747 RC747
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage Rg < 10k(2 10 | 50 20 [ 60 | mV
Input Offset Current 20 200 20 200 | nA
Input Bias Current 80 500 80 500 | nA
Input Resistance (Differential Mode) 03 20 0.3 20 M
Large Signal Voltage Gain RL =2k, Voyr = £10V| 50 200 50 | 200 V/mv
) RL = 10k +12 | 14 +12 | £14 Vv
Output Voltage Swing
RL =2k +10 | #13 +10 | £13 v
Input Voltage Range +12 | +13 +12 [ +13 v
Common Mode Rejection Ratio Rs < 10k() 80 90 70 90 dB
Power Supply Rejection Ratio Rs <10k 76 90 76 90 dB
Power Consumption 100 | 170 100 | 170 | mW
Transient Response
Risetime Vin = 20mV, R = 2k(), 03 03 uS
Overshoot Cu = 100pF 50 50 %
Slew Rate R = 2k2 05 05 V/uS
Channel Separation f = 1kHz 98 98 dB

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subgequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC747/747S

Electrical Characteristics

General Purpose

Dual Operational Ampilifier
L ]

(-55°C = Tp = +125°C for RM747; 0°C < Ta < +70°C for RC747 unless otherwise specified)

RM747 RC747
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage Rs < 10k 6.0 75 mvV
Ta = +125°C,
Tp = +70°C 200 300
Input Offset Current T 0 nA
A =-29°C,
Ta=0°C 500 300
Ta = +125°C,
_ Ta = +70°C 500 800
Input Bias Current 7 %5°C nA
A=-5°C,
Tp=0°C 1500 800
Large Signal Voltage Gain RL =2k, Voyr = +10V| 25 25 VimVv
. RL = 10K +12 +10
Output Voltage Swing v
RL =2k +10
Common Mode Rejection Ratio Rs < 10k} 70 70 dB
Power Supply Rejection Ratio Rg < 10k 76 76 dB
) Ta = +125°C 150 150
Power Consumption mwW
Ta =-55°C 200 200
Input Voltage Range +12 +12 v
Typical Performance Characteristics
Frequency Characteristics as a Function
of Ambient Temperature
' Voltage Offset Null Circuit
Ta= +25°C 7]
12 }
Transient Response
s P ) 1
E T
T 10 | Slew Rates, | %
- — |
= 08 1 Closed Loop Bandwidth
06 2
5 10 15 20
Supply Voltage (V)
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General Purpose
Dual Operational Amplifier

RC747/747S

[ e

Typical Performance Characteristics (Continued)

Open Loop Voltage Gain as a Function

Output Voltage Swing as a Function

of Supply Voltage of Supply Voltage
115 40
110 l ] % 55 cI T l25 c
M T = -55°C < Ta < +125°
s Tp - <25°C Lt % 2 a0
= e 3 28 e
s 100 ol 5 -
5 g P
f / = 20
_§ 95 e 3 16
> s 12
» * ]
g 2 S 3
85 z <y, 2
g g
80 2 0 8
0 2 4 6 8 10 12 14 16 18 20 5 10 15 20
Supply Voltage (-V) Supply Voitage (+V)
Input Common Mode Voltage Range Power Consumption as a Function
as a Function of Supply Voltage of Supply Voitage
16 T T 100 T
S 14— -55°C = Ta= +125°C " Ta = +25°C
g g " /
< 10 L s /
g / £ 60
5 s - g /
g s P g ,/
= ) 5 T
s 4 =
£ e 3 = /1 £
s 2 H / g
0 8 0 3
5 10 15 20 5 10 15 20
Supply Voltage -V} Supply Voltage [+ V]
Input Bias Current as a Function Input Resistance as a Function
of Ambient Temperature of Ambient Temperature
500 T 10 —
Vs - - 15V Vs = =15V
]
z 400 - =
z £ ]
£ 300 3
3 210 ]
g . 8 i
5 R <
5 N 2
100 \‘\ < - 3
g 2
0 8 01 8
-60 -20 -20 60 -100 140 -60 -20 20 +60 +100  +140
Temperature [°C) Temperature [°C)
Raytheen
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General Purpose
RC747/747S Dual Operational Amplifier
L~
Typical Performance Characteristics (Continued)

Input Offset Current as a Function Input Offset Current as a Function
of Supply Voltage of Ambient Temperature
40 , 140 | I
oy 120 ——1
— A = +250 — i
% %0 :gE 10 Vg = +15V
= =
E g 80 -\
5 5
S s 1\
= " 2 60
g S
§ 10 E 40 \\
g 0 \\ 5
0 3 0 2
5 10 15 20 -60 -20 +20 +60 +100 +140
Supply Voltage (+V) Temperature (°C)
Power Consumption as a Function Output Voltage Swing as a Function
of Ambient Temperature of Load Resistance
T I 2 l I L
70 Vg = +15V— B %y - 415y
= -, A
.;E. . B ; 24 |—Tp=+25°C 1
e o
= —~ E
g % += R Vi
i
g
3 0
& = 12 /
£ )4
30 8 10 g
2 8 / 2
-60 -20 420 +60 00 +140 0.1 10 10
Temperature (°C) Load Resistance (k2)
Output Short Circuit Current as a Function Absolute Maximum Power Dissipation as a
of Ambient Temperature Function of Ambient Temperature
35 600 T
[
z % \\\ L 00 747
E N g -~
= E N/
z 400 N
£ 25 ~J 8
3 N =
= £ 300
g N z /A
g 3 5 a0 / AN
g 15 s 747C
H 100 g
g H
10 8 0 8
-60 -20 20 60 100 140 +25 45 165 +85 +105 +125
Temperature [°C) Temperature (°C)
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General Purpose

Dual Operational Amplifier
e

Typical Performance Characteristics (Continued)

RC747/747S

10-13

10-14

10-15

>
B

Mean Square Voitage (V2/Hz)

Refative Value
>

08

0.6

Frequency (Hz)

input Noise Voltage as a Function of Frequency

65-00886A

Broadband Noise for Various Bandwidths

Source Resistance ()

100

2 —Vs = +15V

3

= [ Ta=+25°C

E 10-100kHz ol

B 10-10kHz

s

g 10-1kH I

; 10 0-1kHz L1

=

g g
01 2

100 1K 10K 100K

Frequency Characteristics as a Function

of Ambient Temperature
[
1 Vs = =15V
2
T o
~ 1‘3“5‘3“\“/2
M~ !
Slew Rate
G
e Loy l
a"dw/d,h__
<
g
3
%
-60 -20 +20 +60 +100 +140

Temperature (°C)

Input Noise Current as a Function of Frequency

Mean Square Noise Current (A2/Hz}

Voltage Gain

Output Voltage Swing as a Function of Frequency

Peak-to-Peak Qutput Swing (V)

10-1

40
36
32
28
24

-00887A

2

Open Loop Voltage Gain as a

100

Frequency (Hz)

1K 10K 100K

Function of Frequency
T 0
\ Vg = +15V
Ta=+25°C
45 _
g
N &
NS 0 z
N £
135
10 10 100 1K 10K 100K 1M 10M
Frequency (H2) 65-00889A

I

T
‘Vs =+15V
Ta = +25°C

R = 10k

65-00891A

100

10K 100K m
Frequency (Hz)
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General Purpose
RC747/747S Dual Operational Amplifier
_
Typical Performance Characteristics (Continued)

Input Resistance and Input Capacitance

as a Function of Frequency Qutput Resistance as a Function of Frequency
= 100 800 T TTTTIN
Vg = +15V
il RN TTTT] S0 Ti = +25°C
= e =
=3 = =
s M = == s 10 3 S 400
] = =2 g
2 E= =
§ 3 2 300
o= VIN 5 §
_§100K £ 1.0 g é 200 v
£ E
100 E
! g
10K Mo < 0 2
100 1K 10K 100K ™ § 100 1K 10K 100K ™
Frequency (Hz) 2 Frequency (Hz)
Common Mode Rejection Ratio as a
Function of Frequency Transient Response
100 l | 28
g Zg Vs = 215V %
.g N Ta = +25°C 20 "
& n N 90% -
2 60 s 18
2 \\ E /
5 50 C S 1
s 40 B g / Vs = %16V _|
£ 3 ™ / i’
s 4 L =2k} —
E \w < 1% CL=100pF  j <
3 10 H 0 Rise Time } H
0 2 1 i &
10 10 100 1K 10K 100K 1M 10M 0 05 10 15 20 25
Frequency [Hz) Time (uS)

Voltage Follower Large Signal Pulse Response

Transient Response Test Circuit 10 1
8 Vg =215V
6 Ta = +25°C—|
= 4 7 N\
§ 2 Output \
v, s 0 Input
out ;; - / \
< s \\
) C Sh Y ==
Y Vin S
-8 g
-10 8

= = 65-008964 0 10 20 30 40 50 60 70 80 90
Time (S)
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General Purpose

Dual Operational Amplifier
#

Typical Applications

RC747/747S

Sine
2 tout [ox]
wopr O 820pF
1 1%
A1 AYl
Al 71
+15V _p]q-“' 02
R3
\ 190 +15V
1%
1;&( B4 /2747 AMA -
<
o jl_ - 172141 gﬁfm
= -15v +
15V R1
R4 $ 190K
190K T 100
[
1 A~ 820pF
f= (R1C1 = R2C2) L1,
2= | C2R2C3R3 =
85-00901A
Quadrature Oscillator
+15V
Amplifier
Current Source R13 pliti
15K R14
R2 25.8K"
20K 1N963B 1%
1 A1 R12
AAA L
A1 YV W = Sk +15V
20K +15V %y 1 1%
1% o
Multiplier
Vina OV 2N2920 12147 Eout
or 726 +
oR5
° 35K R15 -15V
-15v 1 1% Ving a1 a2 25.8K*
" 1%
R3 R4 - N =
20K 15K
1% 1% R17
= 100
*Matched to 0.1%
Eour = 100 Ein, X E
ouT INy X EiNy R10 R9 L R8 R7
150K 20 T 2 150K
-15v Zero Adjust +15V
Analog Multiplier 6009024
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Typical Applications (Continued)

General Purpose
RC747/747S

Dual Operational Amplifier

Compressor o-—»\l\KA,—‘ Compressor
Input Output E
—-——— o sz:nder
t
Expander utpu
Input
Compressor Expander
Maximum compression expansion ratio = R1/R (10K > R = 0) 65-00903A
Note: Diodes D1 through D4 are matched FD6666 or equivalent

Compressor/Expander Amplifiers

R4
12K
AAA-
o A5 R6
- 10K 10K
AAA- . AAA-
+Vg
Positive 7
Regulated Negative
-0 >0 Regulated
Output Output
+12V 4 —12V
_ IL < 5mA
2; Vs Source or
Sink
Positive Output = Vp1 x M
R2
Negative Output = -Positive Output x E
65-00904A

Tracking Positive and Negative Voltage References
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General Purpose
Dual Operational Amplifier RC747/747S

Typical Applications (Continued)

R2
30K
A1 Notch Frequency as a Function of C1
32}‘(\ 10K B3 ==zi: ===z ==z
{nput O—9 vz Output m
VWA ; E
R3 TrimR3 Such That 1K —
g
s
g
&
2 100 = H
° il T «
i} I g
10 ”.l | 1 8
0.

o

0.0001 0.001 0.01
Capacitor C1 (uF)

Notch Filter Using the 747 as a Gyrator

R2
R
= 172741 —O Output
Input O—AAN—1%
—O Output R1R2 se-oosorA
Input O R1+R2
65-00906A
gain | R Rz | BW. | Rw
10 | 1kn | 9kn | 100kHz | 400Ma
'g;:z:g‘;”n 1001 1000 | ogka | 10kHz | 280Ma
RouT << 101 1000 | 1000 | %agkn | 1kHz | somo
BW = 1MHz
Unity Gain Voltage Follower Non-Inverting Amplifier
R1 R1
R2 VINA O— A~ AAAF
‘ R2
R1 Ving O—AWAV—F
Input
R3
/2141 L—OOulput Ving O—AAA—I
L—W_ b—O Output
= RIR2 Outpu
R1+ R2 65-00908A

Rt IR11|R2|{R3

Gain 1] R2 B.W. Rin
1 10ka | 10ka | IMHz | 10k
10 1kQ 10k [ 100kHz | 1k

100 |tk | 00ke [ 10kHzZ | ke Ry Ry R
1000 11000 | 100k | 1kHz ] 1000 Vo =Ywa —m_> - Ve <_gg—) -V'“(Tg)

- 65-00909A

Inverting Amplifier Weighted Averaging Amplifier
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LINEAR INTEGRATED CIRCUITS

RC1458
RM1558

PRODUCT SPECIFICATIONS

General Purpose
Dual 741 Operational Amplifier

Raytheon

Features

® Short circuit protection

® No frequency compensation required

® No latch-up

B Large common mode and differential voltage
ranges

B L ow power consumption

® Parameter tracking over temperature range

® Gain and phase match between amplifiers

Description

The RC1458 and RM1558 integrated circuits are
high gain operational amplifiers internally com-
pensated and constructed on a single silicon chip
using an advanced epitaxial process.

The military version (RM1558) operates over a
temperature range from -55°C to +125°C. The
commercial version (RC1458) operates from 0°C
to +70°C.

Schematic Diagram (1/2 Shown)

Combining all of the features of the 741 with
the close parameter matching and tracking of a
dual device on a monolithic chip results in unique
performance characteristics. It is especially well
suited for applications where gain and phase
matched channels are mandatory.

Mask Pattern

4 65-00933A
Die Size: 62 x 72 mils
Min. Pad Dimension: 4 x 4 mils

) —"\Jos mzlr“l “{m
28) |
- o ‘Koz 3 a0k
Inputs
+ o1
35
04 250F
a3 T +—
Dt—
a7 W D1 18
016
'\_.-—-em] J
05 '/as 10 —f<on 01% 022
< < 3 >
K g 3K 1K 5K 25k 3160 35K
_VS
) 657009'03‘3 (4)
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RC1458

General Purpose

RM1558 Dual 741 Operational Amplifier
Connection Information
8-Lead 8-Lead
Metal Can TO-99 Dual In-Line Package
(Top View) (Top View)
Pin Function
hd 1 Output (A)
! EI 2 -Input (A}
2 7 3 +input (A)
NI= s
B 5] 5 +Input (B)
6 -input (B)
4] 5 7 Output (B)
65-00912A 8 +VS
Absolute Maximum Ratings Ordering Information
Supply Voltage Operating
RM1558 .. iviiiieiieniie e +22V Part Temperature
RC1458 .. .ieeiiieieiiaiiiiinnnns +18V Number Package Range
Differential Input Voltage ................ 30v - " -
Input Voltage' ...........cooeviniiinn 15V RC14580E ,,,,,,,,,,,,,,, Ceramic 0°C to +70°C
Output Short Circuit Duration? ...... Indefinite RC1458H
Storage Temperature ~ [paaeer T
RANGE -+ e v veveenenennens 5°Cto+150°C | POMT . T
Operating Temperature Range RC1458NB Plastic 0°C to +70°C
RM1558 ...........oovnnn -55°C to +125°C - " S
RC1458 oovoooeoeeenne 0°Cto+70°C | HV1458NB Plastic | -40°Cto +85°C
Lead Soldering Temperature RM1558DE Ceramic | -55°C to +125°C
(BOSEC) .ovvviriniiiiienaeaeanes +300°C e PR Iy A N
Notes: 1. For supply voltages less than +15V, the absolute maxi- RM1558DE/8838 ...Eeramw 55 (.;..m +125°C o
mum input voltage is equal to the supply voltage. RM1558T T0-99 -55°C to +125°C
2. Short circuit may be to ground or either supply. L. RSN I UTO SRRSO
RM1558T/883B* T0-99 -55°C to +125°C

Thermal Characteristics

8-Lead 8-Lead 8-Lead

Plastic | Ceramic T0-99
[11]4 DIP Metal Can

Max. Junc. Temp. 125°C 175°C 175°C
Max. Pp Ta <50°C 468mW | 833mW | 658mW
Therm. Res. 6,¢ — 45°C/W | 50°C/W
Therm. Res. 65 160°C/W |150°C/W | 190°C/W
For Tp >50°C 6.25mW | 8.33mW | 5.26mW

Derate at per °C per °C per°C

Raytheon

*MIL-STD-883, Level B Processing
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General Purpose RC1458
Dual 741 Operational Amplifier RM1558

—

'Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise specified)

RM1558 RC1458
Parameters Test Conditions Min Typ | Max | Min Typ | Max | Units
Input Offset Voltage Rg < 10k 10 | 50 20 | 60 | mv
Input Offset Current 30 200 30 200 | nA
Input Bias Current 200 | 500 200 [ 500 | nA
Input Resistance (Differential Mode) 03 1.0 0.3 1.0 M
Large Signal Voltage Gain C(L); e 50 | 200 20 | 200 vimv
) RL = 10k +12 | +14 =12 | +14
Output Voltage Swing v
R = 2k} +10 | 13 +10 | +13
Input Voltage Range +12 | +13 +12 | +13 Vv
gg":&‘f(’)’r‘] e Rs < 10k0) 70 | 9 70 | % 6B
gmgﬁ#&% , Rs < 10k0) 7 | 9% 7 | 9% d8
Power Consumption 100 | 150 100 | 170 | mw
Transient Response Vin = 20mV
Rise Time RL = 2k 03 0.3 uS
Overshoot C, < 100pF 50 50 %
Slew Rate RL = 2k 05 05 V/iuS
Channe! Separation f = 1kHz 98 98 dB

Theinformation contained in this data sheet has been carefuily compiled:; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC1458
RM1558

General Purpose
Dual 741 Operational Amplifier

—

Electrical Characteristics (Continued)
(-55°C < Ta < +125°C for RM1558; 0°C < Tp < +70°C for RC1458)

RM1558 RC1458
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage R = 10k 6.0 75 mV
+125°C, +70°C 200 300
Input Offset Current nA
-55°C, 0°C 500 300
) +125°C, +70°C 500 800
Input Bias Current nA
-55°C, +70°C 1500 800
. . R = 2k
Large Signal Voltage Gain Vour = +10V 25 15 V/imv
Output Voitage Swing R =2k +10 +10 v
Vg = +15V
Power Consumption Ta = +125°C, +70°C 150 150 | mW
Tp =-55°C, 0°C 200 200
Input Voltage Range +12 +12 v
Raytheon 6-139




General Purpose RC1458
Dual 741 Operational Amplifier RM1558
—

Typical Performance Characteristics

Input Bias and Offset Currents vs.

Ambient Temperature DC Parameters vs. Supply Voltage
0 T T I N
180 Vg = 15V — M1l me——-
wp— 1 ¢ N I U Y P —— >
I e — P
T N Input Bias 71— 12 v H
@ S e— o w— L
::* 120 — g Current oL L E R?N |52 —1
£ 100 ] s 10 ] > =
S 80 = r 47
3 ‘ N T T B
g g N “ o8 gpEad
— "
40 Input Offset —__{__ _. + B 3 .
\ Current = pRd e
2 *‘&H:r o i g 06 L g
0 [ F - T 2
-60 -2 -20 <60 100 140 5 10 15 20
Temperature [°C| Supply Voltage (< V)

Common Mode Rejection Ratio

vs. Frequency Output Voltage Swing vs. Frequency
120 ] 3% T
= ' Vg==+15v
€ 100 | Vs =15V _] s ¥ Th o +25°C
= | | Ta=+25°C_| = 28 R = 10k
s ® Z u
g N g 2
£ N 2
@ 60 S
2 —t \ g 16
£ & 12
§ 40 - s :
E 2 AN 3 H N H
o 2 4 §
0 3 0
10 10 100 1K 10K 100K 1M 1M 100 1K 10K 100K ™

Frequency (Hz)

Frequency (Hz]
Output Swing and Input Range
Output Voltage Swing vs. Load Resistance : vs. Supply Voltage
40 20 =
28 ] % I l B 2
s Vs £ ,la -z | Output Voltage 20 B
= 4| Ta=+25C 2 g L [ Swing - Vp-p_A7 k]
£ U : » < u g
& 5 24 2 3
£ Y g - iz 0 =
a3 4 S Z “['Input Voltage B
5 ® / g 16 7Ca Range +V 8 =
3 7 g L= *
§ 12 7 . 3 8 L " 14 §
H 4 2 32
8Ly g 0 o =
o1 10 0 5 10 15 20
Load Resigtance (ko)) Supply Voltage [+V) 65-00922A
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RC1458 General Purpose
RM1558 Dual 741 Operational Amplifier

—

Typical Performance Characteristics (Continued)

Normalized DC Parameter vs.

Ambient Temperature Transient Response
20 1
18—+ ,fl LJ. e vg s 215V — 15
16 /Povéer Su;:ply
— 1 17 urrern I N 10
a1 :H Input
s ., — A o On:tgut ' = 5 I[
= — rt Circur
= == i gurremu £ 1 Output
s 10 P s 0 +
£ 4 2
= 08 < s
2 ~ T~ Y Il / Vg = +15V
- - / ALz 2k
04 = Input Resistance < 10 Cy = 100pF 2
f = 1kHz 3 ]
0.2}— — & — g
0 L [ 3 ! 3
-60 -20 +20 ~60 +100 ~140 0 0200 0400 0600 0.800 10
Temperature (°C) T(u8)
Frequency Characteristics vs. Frequency Characteristics
Ambient Temperature vs. Supply Voltage
14 T 14 1
L Vg - -15v Ta = +25°C
1
' N T pransient 7 1 Transfent
@ Response s N
2 1 T = t— Respo —T
= — s pofse P
2 Wiy |t ~__ SICTV Rale\ ; 1.0 [ Siew Rate — —]
2 ; i T £ 7 Closed Loop
0stSHR L 08— — Band
Closed Loop < <
_{,ﬁ . - . Bandwidth % t §
g |
06 l I ‘ B 06 1 8
-60 -20 <20 -60 100 - 140 5 10 15 20
Temperature [°C} Supply Voltage [+V]
Outr _t Resistance vs. Frequency
160 i
T T
R
- [
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g 100 11 T Ay 10 1'
2 gl Ll Hi e ‘
& L Ay - 10 b
= ! : /' /
5 60—t ¢ ﬂ Mg‘u’“: g v 4
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General Purpose
Dual 741 Operational Amplifier

Typical Performance Characteristics (Continued)

RC1458
M1558

—

vs. Frequency

Open Loop Transfer Characteristics
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vs. Frequency
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RC1458 General Purpose
RM1558 Dual 741 Operational Amplifier

Typical Applications

(j_ 65-009134

Figure 1. High-Impedance, High-Gain Inverting Amplifier
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65-00914A

Figure 2. Quadrature Oscillator
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RC1458
RM1558

General Purpose
Dual 741 Operational Amplifier

Typical Applications (Continued)

Current Source <15V Amplifier
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1N9638 %
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25.8K
R2 = R11 2 R12 1"
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R1
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150K
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65009154
Figure 3. Analog Multiplier
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Maximum compression expansion ratio = R1/R (10Kt ~ R 0)
Note: Diodes D1 through D4 are matched FD6666 or equivalent

Figure 4. Compressor/Expander Amplifiers
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High Performance, Low Noise,
Dual Operational Amplifier

Raytheon

RC2041

Features

® 70MHz unity gain bandwidth (Ay = 1)
| 3.0V/uS slew rate

® 6.0nV/\/Hz noise voltage at 1kHz

m 0.3pA/v/Hz noise current at 1kHz

& +10V output into 400(} loads (£25mA)
® 0.3mV input offset voltage

| 10nA input offset current

@ 200nA input bias current

| Unity gain frequency compensated

® Output short circuit protected

Schematic Diagram (1/2 Shown)

Description

The 2041 integrated circuit is a high gain, wide-
bandwidth, low noise dual operational amplifier
capable of driving 20V peak-to-peak into 400()
loads. The 2041 combines many of the features
of the 4558 as well as providing a wider band-
width, lower noise, higher slew rate and higher
output drive. The combination of low noise and
wide bandwidth make the 2041 ideal for audio
preamplifiers, active filters, telecommunications,
and many instrumentation applications. The
availability of the 2041 in the surface mounted
micro package allows very high packing densities
in critical applications.
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RC2041

High Performance, Low Noise,
Dual Operational Ampilifier

Connection Information

Mask Pattern

8-Lead
Dual In-Line Package
(Top View)

L] q

ENORERE

w2 DA

2
5

Function
A Output
A -Input
A +Input
-Vg

B +Input
B -Input
B Output
+Vg

ONOOU S WN =

Absolute Maximum Ratings

Supply Voltage ....................... +18V
Differential Input Voltage ................ 30V
Input Voltage' ........................ +15V
Operating Temperature

Range .................... -20°C to +75°C
Lead Soldering Temperature (10 Sec)

RC204I1INB ...t +300°C

RC2041M ....... ..., +260°C
Output Short Circuit Durationz ... ... Indefinite

Notes: 1. For supply voltages less than 15V, the absolute
maximum input voltage is equal to the supply
voltage.

2. Short circuit may be to ground on one amp only.
Rating applies to +75° C ambient temperature.

Ordering Information

Operating
Part Number Package Temperature Range
RC2041M Micro-Plastic | -20°C to +75°C
RC2041NB Piastic -20°C to +75°C

6-146

7 6 5
8 4
1 2 3
Die Size: 52 x 61 mils 65-02067A
Min. Pad Dimensions: 4 x 4 mils
Thermal Characteristics
8-Lead
Micro-Pak 8-Lead
Plastic DIP | Plastic DIP
Max. Junction Temp. 125°C 125°C
Max. Py Tp <50°C 300mwW 468mW
Therm. Res. 6,¢ — —
Therm. Res. 6y 240°C/W 160°C/W
For Tp > 50°C Derate at 4.17mW 6.25mwW
per °C per °C

Matching Characteristics
(Vg = +15V, Ta = +25°C)

Parameter Conditions Typ Units
Voltage Gain Ri=z2ka | 10 dB
Input Bias Current +15 nA
Input Offset Current +75 nA
Input Offset Voltage RL= 10k [ +02 | mV




High Performance, Low Noise,
Dual Operational Ampilifier

o

Electrical Characteristics (Vs = +15V, T = +25°C unless otherwise specified)

RC2041

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rg < 10k} 03 3.0 mV
Input Offset Current 10 200 nA
Input Bias Current 200 500 nA
Input Resistance (Differential Mode) 0.3 1.0 Ma
Large-Signal Voltage Gain R = 2k, Vgyr = =10V 20 300 VimV
, RL = 10k(2 +12 +14
Output Voltage Swing v
Ig = 25mA +10 +11.5
Input Voltage Range +12 +14 v
Common Mode Rejection Ratio Rs < 10k(2 70 100 dB
Power Supply Rejection Ratio Rs < 10k() 76 100 dB
| Power Consumption R == 180 240 mwW
Transient Response
Rise Time Vin = 20mV, R = 2k 50 nS
Overshoot Cy < 100pF 40 %
Siew Rate R = 2k 30 V/uS
Channel Separation f = 10kHz, Rs = 1k(2, Gain = 100 90 dB
Unity Gain Bandwidth Gain =1 4.0 70 MHz
The following specifications apply for -20°C < Tp < +75°C
Input Offset Voltage Rs < 10k 45 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain Ry = 2k, Vgyr = =10V 15 VimV
Output Voltage Swing Ry =2k +10 v
Power Consumption Ta= +75°C 180 22 mwW
Ta = -20°C 210 260

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part ofthe
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringementis intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheen
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High Performance, Low Noise,
RC2041 Dual Operational Amplifier

b
Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
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High Performance, Low Noise,
Dual Operational Amplifier RC2041

|

Typical Performance Characteristics (Continued)

Typical Output Voitage as a Function Output Voltage Swing as a Function
of Supply Voltage of Load Resistance
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High Performance, Low Noise,
RC2041 Dual Operational Amplifier
L

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function of Frequency  Input Noise Current as a Function of Frequency
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RC2041

High Performance, Low Noise,

Dual Operational Amplifier

Comparison of Standard
vs. Micro-Package

Standard
8-Lead
Plastic

DIP

8-Lead
¢ Plastic
Micro-Pak

65-01859A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Raytheon

High-Performance, Low-Noise
Dual Operational Amplifier

RC2043

Features

® 14MHz unity gain bandwidth (Ay = 1)
B 6.0V/uS slew rate
& 3.5nV/\/Hz noise voltage at 1kHz

& 0.4pA/\/Hz noise current at 1kHz

® +10V output into 400() loads (+25mA)
u 3.0mA supply current per amplifier

® Unity gain frequency compensated

® Output short circuit protected

Schematic Diagram (1/2 Shown)

Description

The 2043 integrated circuit is a high gain, wide-
bandwidth, low-noise dual operational amplifier
capable of driving 20V peak-to-peak into 400()
loads. The 2043 combines many of the features
of the 4558 as well as providing a wider band-
width, lower noise, higher slew rate and higher
output drive capability. The combination of low
noise and wide bandwidth make the 2043 ideal for
audio preamplifiers, active filters, telecommunica-
tions, and many instrumentation applications.
The availability of the 2043 in the surface mounted
micro package allows very high packing densities
in critical applications.
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High-Performance, Low-Noise

RC2043 Dual Operational Amplifier
Connection Information Mask Pattern
8-Lead 7 6 5
Dual In-Line Package
(Top View)
°
] o]
2 7
] 7] : \
[ Qg
4 5
Pin Function
1 A Output 1 2 3
2 A -Input
3 A +Input Die Size: 52 x 61 mils
4 -Vg Min. Pad Dimensions: 4 x 4 mils
5 B +Input
6 B -Input . .
7 B Output Absolute Maximum Ratings
8. HVs Supply Voltage ........ e, +18V
Input Voltage' ........................ +15V
L. Differential Input Voltage ................ 30V
Thermal Characteristics Output Short Circuit Duration? ...... Indefinite
8-Lead Operating Temperature
Micro-Pak 8-Lead Range .................... -20°C to +75°C
Plastic DIP | Plastic DIP Lead Soldering Temperature (10 Sec)
. ~ - RC2043NB ........cooviuunnennnn, +300°C
Max. Junction Temp. 125°C 125°C RC2043M oo +260°C
Max. Py Tp < 50°C 300mW 468mW Notes: 1. For supply voltages less than +15V, the absolute
maximum input voltage is equal to the supply
Therm. Res. 8¢ — — voltage.
o o 2. Short circuit may be to ground on one amp only.
Therm. Res. 64 240°C/W 160°C/W Rating applies to +75°C ambient temperature.
For T > 50°C Derate at 4.17mwW 6.25mW
per °C per °C Matching Characteristics
(Vg = £15V, Ta = +25°C)
Orderin g Information Parameter Conditions Typ Units
Operating \L/?);?:gg'ggﬁ]l R =2k | +10 dB
Part Number Package Temperature Range .
RC2043M Micro-Plastic| -20°C to +75°C Input Bias Current 5]
RC2043NB Plastic -20°C to +75°C Input Offset Current +75 nA
Input Offset Voltage R = 10k | +0.2 mvV

Raytheon 6-153




High-Performance, Low-Noise
Dual Operational Amplifier

Electrical Characteristics (Vs = £15V and Ta = +25°C unless otherwise specified)

RC2043
L]

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k(2 0.3 30 mV
Input Offset Current 10 200 nA
Input Bias Current 400 1000 nA
Input Resistance (Differential Mode) 03 1.0 MO
Large Signal Voltage Gain R = 2k}, Voyr = +10V 20 100 V/imv
Output Voltage Swing A= 10k =12 Sl v
lp = 25mA +10 115

Input Voltage Range +12 +14 Vv
Common Mode Rejection Ratio Rs < 10k 70 100 dB
Power Supply Rejection Ratio Rg < 10k 76 100 dB
Power Consumption R == 180 240 mw
Transient Response

Rise Time Vi = 20mV, R = 2k() 40 nS

Overshoot Cp < 100pF 70 %
Slew Rate Rl = 2k 6.0 V/uS
Channel Separation f = 10kHz, Rg = 1k{2, Gain = 100 90 dB
Unity Gain Bandwidth Gain=1 8.0 14 MHz

lowing specifications apply for -20°C < Ty < +75°C
Input Offset Voltage Rs < 10k} 45 mvV
Input Offset Current 300 nA
Input Bias Current 1300 nA
Large Signal Voltage Gain R = 2k, Voyut = =10V 15 V/imv
Output Voltage Swing RL = 2k +10 v
Power Consumption Ta = +75°C 160 220 mW
Tp = -20°C 210 260

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon

reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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High-Performance, Low-Noise
RC2043 Dual Operational Amplifier

[

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
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High-Performance, Low-Noise
Dual Operational Amplifier RC2043

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Output Voltage Swing as a Function
of Supply Voltage of Load Resistance
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High-Performance, Low-Noise
RC2043 Dual Operational Amplifier

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function Input Noise Current as a Function
of Frequency of Frequency
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High-Performance, Low-Noise
RC2043 Dual Operational Amplifier
. -~ ]

Comparison of Standard
vs. Micro-Package
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Micro-Power
Operational Amplifier

Raytheon

RC3078, RM3078A

Features

| | ow standby power — as low as 700nW

® Wide supply voitage range — +0.75V to =15V
& High peak output current — 6.5mA minimum
B Adjustable quiescent current

® Qutput short circuit protection

Applications

B Portable electronics
B Medical electronics
® Instrumentation

B Telemetry

Description

The 3078 and 3078A are high gain monolithic
operational amplifiers which can deliver milli-

Schematic Diagram

amperes of current yet only consume microwatts
of standby power. Their operating points are
externally adjustable and frequency compensa-
tion may be accomplished with one external
capacitor. The 3078 and 3078A provide the
designer with the opportunity to tailor the fre-
quency response and improve the slew rate
without sacrificing power. Operation with a single
1.5V battery is a practical reality with these
devices.

The 3078A is a premium device having a supply
voltage range of Vg = £0.75V to Vg = £15V and an
operating temperature range of -55° C to +125°C.
The 3078 has the same lower supply voltage limit
but the upper limitis +Vg =16V and -Vg=-6V. The
operating temperature range is from 0°C to
+70°C
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RC3078, RM3078A

Micro-Power Operational Amplifier

Mask Pattern

Connection Information

7 6
5
8 4
1
2 3
Die Size: 49 x 48 mils
Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings
Supply Voltage
RC3078 ..o\ttt 7V
RM3078A ... +18V
Input Voltage .................... +Vgto -Vg
Differential Input Voltage ................. 6V
Input Signal Current ................. 0.1mA

Output Short Circuit

Duration™ ................... No Limitation
Storage Temperature

Range ................... -65°C to +150°C
Operating Temperature Range

RC3078 ...t 0°C to +70°C

RM3078A ................. -55°C to +125°C
Lead Soldering Temperature

(10SeC) ...oviieiiiiiii i +300°C

“Short circuit may be applied to ground or to either supply.

Ordering Information

8-Lead 8-Lead
Metal Can TO-99 Dual In-Line Package
(Top View) (Top View)
oh
o 1

B
“ E’ V=l

R
5

O~NOO DA WN =

el o] 1] I=]

Function
Compensation
Inverting Input
Non-Inverting Input
-Vg

Bias

Output

+Vg

Compensation

65-00147A

Thermal Characteristics

8-Lead 8-Lead 8-Lead
Plastic | Ceramic T0-99
DIP bip Metal Can
Max. Junction Temp. | 125°C 175°C 175°C
Max. Pp Ta <50°C | 468mW | 833mW | 658mW
Therm. Res. 8¢ — 45°C/W | 50°C/W
Therm. Res. 6a 160°C/W | 150°C/W | 190°C/W
For Ta > 50°C 6.25mW | 8.33mW | 5.26mW
Derate at per°C per °C per °C

Operating
Part Number Package Temperature Range
RC3078DE Ceramic 0°C to +70°C
RC3078NB Plastic 0°C to +70°C
RC3078T T0-99 0°C to +70°C
RM3078ADE Ceramic -55°C to +125°C
RM3078AT T0-99 -55°C to +125°C
RM3078AT/883B* T0-99 -55°C to +125°C

*MIL-STD-883, Level B Processing
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Micro-Power Operational Amplifier
S

Electrical Characteristics (vs = +6V)

RC3078, RM3078A

RM3078A RC3078
Rger = 5.1MY, I = 20uA Rser = 1MQ, g = 1004A
Tp = -55°C Ta=0°C
Ta = +25°C to +125°C | Ty =+25°C to +70°C
Parameters Test Conditions | ™in | Typ | Max| Min | Max | Min | Typ | Max | Min| Max | Units
Input Offset Voitage Rs < 10k2 070 | 35 45 131 45 50| mv
Input Offset Current 050 | 25 50 60| 32 40 | nA
Input Bias Current 70 | 12 50 60 | 170 200 [ nA
Large Signal Voltage Gain R, = 10k 39 | 100 3 25139 20 VimV
Supply Current 20 | 3 100 100 | 130 150 | wA
Power Consumption 240 | 300 540 1200 1560 1800] LW
Output Voltage Swing R =10k |+51| £53 +5.0 45153 +50 v
-55 -5 -55 -5
Input Voltage Range Rs < 10k2 to to to .to v
+58 +5 +5.8 +5

Common Mode Rejection Ratio | Rs< 10k | 80 [ 115 80 | 110 dB
Output Current 12 501 30 12 50| 30| mA
Power Supply Rejection Ratio

Positive Supply Rg < 10k 76 | 104 76 | 93 B

NegativeSupply 76 | 104 76 | 93

(Rger = 13MA, Iy = 20A, Vs = =15V)

Input Offset Voltage Rg < 10k 14 | 35 45 mV
Large Signal Voltage Gain Ry = 10k 32 | 100 25 V/imvV
Supply Current 20 | b 100 uh
Power Dissipation 600 | 750 1350 uW
Output Voltage Swing R =10k [ 137 | 141 135 v
Common Mode Rejection Ratio | Rs < 10k() 80 | 106 dB
Input Bias Current 70 | 14 55 nA
Input Offset Current 050 | 27 55 nA

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part ofthe
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheen
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RC3078, RM3078A

Electrical Characteristics (At T, = +25°C)

Micro-Power Operational Amplifier
R ————————— ..

Typical Values

RM3078A RC3078
Vs = +13V, Vg = +0.75V, Vg = +1.3V, Vs = +0.75V,
Parameters Rser = 2M0) Rser = 10M() Rser = 2M0 Rser = 10MQ Units
Input Offset Voltage 07 09 13 15 mV
Input Offset Current 03 0.054 1.7 05 nA
Input Bias Current 37 0.45 9.0 13 nA
Large Signal Voltage Gain 16 1.8 10 1.0 V/imv
Supply Current 10 1.0 10 10 .
Power Consumption 26 15 26 15 uW
Output Voltage Swing 14 0.3 14 03 v
Input Voltage Range -08to +1.1 -021t0+05 -0.8to +1.1 -02t0+05
Common Mode Rejection Ratio 100 90 100 90 dB
Output Current 12 05 12 05 mA
Power Supply Rejection Ratio 94 86 94 86 dB
Electrical Characteristics
(Typical values intended only for design guidance at Ta = +25°C and Vg = +6V)
RM3078A RC3078
Test Rger = 6.1M02 Rser = 1M Rger = 5.1MQ
Parameters Conditions lg = 20.A lg = 100uA lg = 100..A Units
Input Offset Voltage Drift Rs < 10k2 50 6.0 6.0 wuV/eg
Input Offset Current Drift Rg < 10k 6.3 70 70 pA/°C
Unity Gain Bandwidth Ay = -3dB 03 20 20 kHz
Slew Rate
Unity Gain 0.027 0.04 0.04 V/uS
Comparator 10% to 90% 05 15 15
Rise Time 3.0 25 25 uS
Input Resistance (Differential Mode) 74 17 0.87 M
Open Loop Output Resistance 1.0 08 0.8 kQ
Input Noise Voltage Density Rs=0 36 19 nv/\/Hz
Input Noise Current Density Rs = IMQ2 04 1.0 pA/\/Az
6-162 Raytheon




Micro-Power Operational Amplifier

RC3078, RM3078A

Typical Performance Characteristics

Input Offset Voltage vs. Input Offset Current vs.
Total Quiescent Current Total Quiescent Current
2 3
Vg = +6V -
g3 Ta = 125°C g
i 24 Rs=tka Lt 1 L4 iiid g
E T 3078 £
g 12 S
£ 3
I 3078A s H
06 2
o 10 100 1K 10 10 100 1K 10K
Supply Current {..A) Supply Current (uA)
Input Bias Current vs. Open Loop Voltage Gain vs.
Total Quiescent Current Total Quiescent Current
Ta = +25°C
0784 AT 078
. g H 126
§ = ® 1M 11 108
§ 3 108 Ry = M0 0
= g% | Hj72
3 g npA
= - L 10ke L
g = IRANEII Hi 6
& 8 2k 4 18
[T 0
10 10 100 1K
Supply Current («A} Supply Current (wA)
65 1524
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RC3078, RM3078A Micro-Power Operational Amplifier

Typical Performance Characteristics (Continued)

Bias-Setting Resistance vs. Maximum Output Current vs.
Total Quiescent Current Total Quiescent Current
B powerrs I
— Rser Connected Between , | k-]
é‘ 100} Terminal 5 and +Vg L 5
- / Y Vg= 11V =2 [
8 = —
g w0 Vs | £ HEE
2 >\/ Vg = +3V € T
= = T
g 10 /// » Yo - 6V = Vs = +6V to 15V
= 3
3 M Vg = £15V g 10
g 01 / < E <
3 E H
s 5
0.01 S = (1 8
1K 100 10 10 01 001 0001 10 10 100 K
Supply Current (A) Supply Current (.A)
Output Voltage Swing vs. Positive Output and Common Mode
Total Quiescent Current Voltage vs. Supply Voltage
T 7 0= ==s5:: =223 ==z
T B 2
RL = 50k}
s L /10:«1 7/-5*!11‘ 2 BEFEam
2 y.a m— 25 [ Taceac]
H =5 © o
£ pr] g ==
Z 10 //lf gg 2 S22
';'% Pat N\ §_§ g I
7 50001 s /] Vom |
E N Vg = +13V EE 10 4
05 e T =
] Tkt Ta=+25°C é 4
1 3 B
1 H & &
: N i 0 i i g
0 05 10 15 20 01 10 10 100 1K
Supply Current (uA) Supply Voltage (+Vs)
Negative Output and Common Mode Open Loop Voltage Gain vs.
Voltage vs. Supply Voltage Frequency — 3078
0.1
5 T TTTT
= Io = 20uA 120
Ta=+25°C —_ —
i = = g 10} ooy ° g
25 R = Ven p = £ 8 NN 100 &
- -VOoM S =1
i e Ea AN SR
gk HHE == 5 lom NNRNWN w =
£ -0 Vs = 16V NN 2
iz g b= NN w0 £
3 < € AL = 10k \\\
5 g &  ofTa=+25°C 4+ 1
= 3 o |61 — Between Terminals 1 and 8 AN
0.1 -10 -10 -100 -1K 01 10 10 107 10°  10° 10°  10¢
Supply Voltage {-Vs) Frequency (Hz) 6500158
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Micro-Power Operational Amplifier RC3078, RM3078A
A

Typical Performance Characteristics (Continued)

Open Loop Voltage Gain
vs. Frequency — 3078A Input Offset Voltage vs. Temperature
— - 175 T
1000 100 10 78
120 s W 150 lo= 100, 2
= 30 wl/
g -
s W 0 % = 12551 Vs= 26V — -
3 8 ‘\\ 0 £ z 10
g‘ 60 \\;\‘\ C‘;\\% Cﬁ 200 g g ’
z a0 27 \\L\ \ n \ 300 : 0 LT %)ZB;\QAAA |
Vg = +6V NN\ \ H ——
% 2 ia=20uA \\\\\\\ \ 400 & 050
& | Rl NI 025 i
0] Ta=+25°C 4
C1 — Between Terminals 1 and 8 0 M
01 10 10 10?7 10° 10¢ 10° 10 75 50 25 0 +25 +50 +75 +100 +125
Frequency [Hz) Ambient Temperature (°C}
65-00150A
Input Ofiset Current vs. Temperature input Bias Current vs. Temperature
150
s = =3 3 12. i i &
g 25 Vg = H6V 10 5 g 5 ?]7_320 E
g 20 8 B 8 100 o= 2A 1w g
g 3078 g g Vs = 6V 2
§ 15 lo - 004 6 & £ 15 \N 5 5
I I NWET - § ' NN H
E 10 o= 20h NG 4 F g 50 RN 0 =
g 4 = o= 100sA| NN 5
S 05 2 E g 25 % B
£ £ =
0
=75 50 25 0 +25 +50 +75 +100 +125 =75 50 -25 0 +25 +50 +75 +100 +125
Ambient Temperature {°C) Ambient Temperature (°C)
65-00161A 65-00162A
Open Loop Voltage Gain vs. Temperature Total Quiescent Current vs. Temperature
110 g 5 g
Z 105 Vo= BV 2 Vg = +6V s
< 3078A E 4 20 g
S 100 lg= 20uA § E
& P —— £ ® 150 8
2 % S i =
= : 3078 00 B
g w 2078 8 3078A §
£ lo = 100uA 3 g 0 2
[ 8 = 2
80 3 =0 [
75 50 -25 0 425 +50 +75 +100 +125 275 50 =25 0 +25 450 +75 +100 +125
Ambient Temperature [°C) Ambient Temperature (°C)
65-00164A
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RC3078, RM3078A Micro-Power Operational Amplifier
L .-

Typical Performance Characteristics (Continued)

Equivalent Input Noise Current vs. Frequency Equivalent Input Noise Voltage vs. Frequency
10 e e —
. = =
% Vg = +6V < ! I I !
2 Ta=+25°C I Vg = 26V
s @ Ta= 25°C A
E g w 2 - 20u
5
g 10 R -
— 2 | 100uA ||
i 1 = 1004A 5 2
g bl 2 /
g — I~ z %
§ ~-‘--n ZO“A < g <
s H - g
3 8 5 8
2 3 E} 2
w0 2 =0 iy
10 100 1K 10 100 1K
Frequency {Hz) Frequency (Hz)
Slew Rate vs. Closed Loop Gain — 3078 Slew Rate vs. Closed Loop Gain — 3078A
15 ‘ fl ] 06
/ /" ClBotween
125 Terminals 1& 8 —— & 05— R1-C1Between
_ R1-C1Between | 3 Terminals 1& 8
2 1| Terminais 148 Y /]
E l / [ l I g / Vg = =6V ig = 0uA
£ 075 f e < 03 4 b P
<= Cy = 100pF Re = 0.1Mi1 K4 // C = 100pF. Re = 0.1M12
E 5 Vopp = 1OV ; % o /, Vopp = 10V
= / R1 Determined for Transient - / :;s%?:;mm tos st
Response With %% Overshoot .E C1 Between 0oy Ou VS ) «
0.25 /I f;“l“c‘,”',‘g%":"“’u'as,'“"" H 01 -/ Terminals 188 (1 xC1~2x 05> 12
0 L1 |3 o = N N I S I
0 10 20 30 40 5 60 70 80 90 0 10 20 30 40 5 60 70 B8 9
Closed-Loop Non-Inverting Voltage Gain (dB) Closed-Laop Non-Inverting Voltage Gain (dB)
L i 1 L A 1 1 L J L 1 1 J | Il 1 | ]
06 191297 4 5 6 70 8 9% 06 191 207 40 50 60 70 80 90
Closed-Loop Inverting Voltage Gain (dB) Closed-Loop Inverting Voltage Gain (dB)
Transient Response and Slew Rate Unity Gain (Inverting) Test Circuit
+Vg
100K T
v‘v‘v
wd L
100K
VI r ov
—O0 v
;J:CL
R1 Optional
R2-C2{ Comp.
5500150
6-166 Raytheon




Micro-Power Operational Amplifier RC3078, RM3078A

Typical Performance Characteristics (Continued)

Phase Compensation Capacitance vs.
Closed Loop Gain — 3078

10K

6V ig 1004A
Ta <25°C R 10k}
C. WO0pF Ry 01M1
Voep + 100mV

R1 Determined for Transient

o 2 XMV Output Signal
(R1xCY - 25 108

0E R1-C1 Belween
Termmals 18& 8

“
o1 N
0 10 20 30 40 50 60 70 80 90

Closed-Loop Non-Inverting Voltage Gain (dB)
[ 1 1 1 i 1 1 1 )
06 191 297 40 50 60 70 80 90

Closed-Loop Inverting Voltage Gain (dB]

Phase Compensation Capacitor (pF)

I
L ]

T

100K

Slew Rate, Unity Gain (Non-lnverling) Test Circuit

Phase Compensation Capacitance vs.
Closed Loop Gain — 3078A

o
& Ta-
5 C - mopr A 1M
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a R1 Determined for Transient
S Response with Ko Overshoot
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S (R1xC1=2x 106
= s
e ——+—+——t——
-4
E
S
(=]
8 g
£ : N
& 1 Between Py
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0 10 20 30 40 5 60 70 80 90

Closed-Loop Non-Inverting Voltage Gain (dB]

[ I I L 1 I L
06 197 297 40 50 60 70 80 90

Closed-Loop inverting Voltage Gain (dB)

+Vg

>

RS

w
100k €23

Vin

R1 | Optional R1
R2-C2) Comp.

3
<

<

<€ Rser
>
*

65-00170A

Operating Considerations

The 3078 and 3078A can be phase-compensated
with one or two external components depending
upon the closed-loop gain, power consumption,
and speed desired. The recommended compen-
sation is a resistor in series with a capacitor
connected from terminal 1 to terminal 8. Values
of the resistor and capacitor as required for
compensation are a function of closed-loop gain.
These curves represent the compensation nec-
essary at quiescent currents of 20uA and 100uA,

Raythoon

respectively, for a transient with 10% overshoot.
The slew rates curves show what can be obtained
with the two different compensation techniques.
Higher speeds can be achieved with input com-
pensation, but this increases noise output. Com-
pensation can also be accomplished with a single
capacitor connected from terminal 1to terminal 8,
with speed being sacrificed for simplicity. Table 1
gives an indication of slew rates that can be
obtained with various compensation techniques
at quiescent currents of 20uA and 100uA.
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RC3078, RM3078A

Micro-Power Operational Amplifier

“

Single Supply Operation

The 3078 and 3078A can operate from a single
supply with a minimum total supply voltage of
1.5V. Figures 2 and 3 show the 3078 and 3078A
in inverting and non-inverting 20dB amplifier

configurations utilizing a 1.5V type “A" cell for
a supply. The total power consumption for either
circuit is approximately 675 nanowatts. The out-
putvoltage swing in this configuration is 300mVp.p
with a 20k(} load.

Table 1. Unity Gain Slew Rate Versus Compensation — 3078 and 3078A

Vs = +6V Transient Response: 10% Overshoot for an Output Voltage of 100mV, T, = +25°C
R = 10k Unity Gain (inverting) Unity Gain (Non-Inverting)
1 Slew Slew
Compensation Technique Rl Cl R2 c2 Rate Rl Ci R2 C2 Rate
3078 — Ig = 100uA ke pF k() wF | V/uS | kO pF kQ uF | V/uS
Single Capacitor 0 750 w 0 |00085| O 1500 w 0 | 0.0095
Resistor and Capacitor 35 350 ) 0 0.04 53 500 L 0 0.024
Input © 025 | 0.306 | 0.67 w 0311 | 045 | 067
3078A — Ig = 20uA
Single Capacitor 0 300 w 0 [00095( O 800 L) 0 0.003
Resistor and Capacitor 14 100 w 0 0027 | 34 125 w 0 0.02
Input © 0 0644 | 0.156 | 0.29 w 0 0.77 04 -04
Inverting Non-Inverting
R +Vs
AN Input R 3
o——a—
6 Output
Input R 2 +Vs
AW fs
s . ﬂjg)ut 1Meg =MW
1Meg —_ Vs
v Vs ;' Value of Rg required to have a null
il e e ! 3" sousmerargea 750y
Rj+Vs = *Rg ~ &
RB=7;X—M (RI+Rp)75x10-3
assuming Rp >> R assuming Rg >> T?%Rf;?
65-00174A
Figure 1. Offset Voltage Null Circuit
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Micro-Power Operational Amplifier RC3078, RM3078A

15V |-
"AAT =
Celt '1'
s 1uF
= 5uF VN e
T o
<€
Sh S1K S
1uF JL
= 65-00175A - 65-00176A
Figure 2. Inverting 20dB Amplifier Circuit Figure 3. Non-Inverting 20dB Amplifier Circuit

Baythoon 6-169



PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

Ground Sensing RC3403A,
Raytheon Quad Operational Amplifier RM3503A
Features Mask Pattern
® Class AB output stage — no crossover

distortion

® Output voltage swings to ground in single
supply operation

® High slew rate — 1.2V/uS

& Single or split supply operation

® Wide supply operation — +2.5V to +36V or
+1.25V to =18V

B Pin compatible with LM324 and MC3403

® Low power consumption — 0.8mA/amplifier

® Common mode range includes ground

Description

The RC/RV3403A and RM3503A are high per-
formance ground sensing quad operational
amplifiers featuring improved DC specifications
equal to or better than the standard 741 type
general purpose op amp. The ground sensing
differential input stage of these op amps provides
increased slew rate compared to 741 types.

Die Size: 80 x 84 mils
Min. Pad Dimensions: 4 x 4 mils

Schematic Diagram (1/4 Shown)

+Vs
)
(e
uzaAL*l I)027 0268 o’ 026C 25 (qu .) ;jm
a3
iy (YR B i
o—— @ at4 »—Kms
(35.10.12) 269.13)
= = = = A6
) - - T, - 2
R (178.14)
% »—Kon S
tput
Vo ,__F: R s
™y 4 @ NN S 15K
r R1 SR
ugy—J—gom att sz I T Ji4
15— o6 a19
o v .
-Vg or GNO 65006158
i)
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RC3403A, RM3503A

Ground Sensing
Quad Operational Amplifier

Connection Information

14-Lead
Dual In-Line Package
(Top View)
1 o
e
B ]
o o
8 0]
i
] 8

5 006I8R

2
E]

Function
Output 1
-Input 1
+Input 1
+Vg
+Input 2
-Input 2
Output 2
QOutput 3
-Input 3
10 +input 3
n -Vs (GND)
12 +input 4
13 -Input 4
14 Output 4

O O~NOO_WN =

Thermal Characteristics

14-Lead 14-Lead
Plastic DIP | Ceramic DIP

Max. Junction Temp. 125°C 175°C
Max. Pp Tp <50°C 468mW 1042mW
Therm. Res. 6,¢ — 60°C/W
Therm. Res. 6a 160°C/W 120°C/W
For Tp > 50°C Derate at 6.25mW 8.33mW

per °C per °C

Ordering Information
Operating

Part Number Package Temperature Range
RC3403ADC Ceramic 0°C to +70°C
RC3403ADB Plastic 0°C to +70°C
RV3403ADB Plastic -40°C to +85°C
RM3503ADC Ceramic -55°C to +125°C
RM3503ADE/883* | Ceramic -55°C to +125°C

*MIL-STD-883, Level B Processing

Absolute Maximum Ratings

Supply Voltage ................ +36V or +18V
Input Voltage .................. -0.3V to +36V
Differential Input Voltage ................ 36V
Storage Temperature

Range .......... e -65°C to +150°C
Operating Temperature Range

RM3503A ................ -55°C to +125°C

RC3403A ........ccoviinnn. 0°C to +70°C

RV3403A ................. -40°C to +85°C
Lead Soldering Temperature

(B0SEC) ..ot +300°C
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Ground Sensing
Quad Operational Amplifier RC3403A, RM3503A
“

Low Voltage Electrical Characteristics (vs = +5V, -vs = GND, and T4 = +25°C)

RM3503A RC/RV3403A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 002 20 5.0 20 10 mv
Input Bias Current -150 | -500 -150 | -500| nA
Input Offset Current 30 50 30 50 nA
Supply Current RL = = All Amplifiers 25 40 25 50| mA
Large Signal Voltage Gain R =2k 20 | 200 20 | 200 V/mV
Output Voltage Swing' R = 10k 35 35 Vpp
Channet Separation (1":]:[2] tsREf;rZGO:)kHz 120 120 dB
Power Supply Rejection Ratio 86 76 dB

Note: 1. Output will swing to ground.

Electrical Characteristics Guaranteed Over Temperature (vs - +15V)

RM3503A RC3403A RV3403A
Parameters Test Conditions Min | Typ [ Max (Min | Typ | Max | Min | Typ [ Max | Units
Input Offset Voltage Rs <00 6.0 10 10 | mV
Input Bias Current -1500 -800 -1500 nA
Input Offset Current 200 200 200 | nA
Large Signal Voltage Gain | R, =2k 25 15 15 V/imv
Output Voltage Swing RL =2k +10 +10 +10 v

The information contained in this data sheet has been carefully compiled; however, it shalt not by impliication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Ground Sensing
RC3403A, RM3503A Quad Operational Amplifier

#

Electrical Characteristics (Vs = +15V, Ta = +25°C)

RM3503A RC/RV3403A

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 002 20 | 40" 20 | 60| mV
Input Bias Current -150 | -400* -150 | -500 | nA
Input Offset Current 30 | £50 +30 | £50 | nA
Input Voltage Range 0 +Vs-2| O +Vs2| V
Supply Current R = = On All Op Amps 30 40 30 | 50°| mA
Large Signal Voltage Gain RL =2k 50 100 25* | 100 Vimv
Output Voltage Swing R = 2kQ +3 | 14 +13 | +14 v
Common Mode Rejection Ratio DC 70 90 70 90 dB
Channel Separation 1kHz to 20kHz 120 120 dB
Output Source Current z":* - 3\\; ' 20| 4 20 | 40 mA
Output Sink Current 10 20 10 20 mA
Unity Gain Bandwidth 1.0 1.0 MHz
Slew Rate A £1V| 0 12¢ 12* V/uS
Distortion (Crossover) f = 20kHz, Vo = 10Vpp 1.0 1.0 %
Power Bandwidth Vo = 10Vpp 40 40 kHz
Power Supply Rejection Ratio 86 94 80 94 dB

*Significantly improved performance.
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Ground Sensing
Quad Operational Amplifier RC3403A, RM3503A
‘

Electrical Characteristics Comparison RC3403A, MC3403, LM324

Max Ratings RC3403A MC3403 LM324 Units
Supply Voltage +36 or +18 +36 or +18 +32 or +16 v
Differential Input Voltage 36 36 32 v
Input Voltage 36 36 32 v
Electrical Characteristics Min Typ Max Min Typ Max Min Typ Max | Units
Test Conditions +15 +15 +5.0 v
Input Offset Voltage 20 6.0 20 8.0 20 7.0 mV
Input Offset Current +30 +50 +30 +50 +5.0 +50 nA
Input Bias Current 150 500 200 500 45 500 nA
Input Voltage Range 0 Jr_\és 0 3\/ g v
Supply Current 30 50 28 70 0.8 20 mA
Large Signal Voltage Gain 25 100 20 200 100 V/mv
Output Valtage Swing +13 | +14 +10 | +13 _*1"2 v

Common Mode

Rejection Ratio 70 %0 0 % 8 d8
Egl‘g’g{l Supoly 80 | o % | % 100 a8
Unity Gain Bandwidth 1.0 1.0 1.0 MHz
Slew Rate 12 0.6 04 V/iuS
Output Sink Current 10 20 20 mA
Output Source Current 20 40 20 40 mA
Channel Separation 120 120 120 dB
Distortion (Crossover) 1.0 1.0 %
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Ground Sensing

RC3403A, RM3503A Quad Operational Amplifier
Typical Performance Characteristics
Large Signal Open Loop Voltage
Gain as a Function of Frequency Sinewave Response
= 120 T T T r
=) 1 Ay = 100 I
s = +15V— a8 .
& 80 Ta = +25°C—| 2 [ E \
= w E
2 3
o \VANE.V/MNLY)
§ 20 R Note: Class AB output stage produces
g 2 distortionless sinewave 1
L) 2 S Y 4 3
& £ 2 [ :
3 -2 & 3 H
1010 100 10K 10K 100K 10M
Frequency (Hz} 5048 /0iv.
Output Voltage as a Function Output Swing as a Function
of Frequency of Supply Voltage
. i ¢ -
& Ly Th=+25C |
Ta = +25°C = ®
- 2 Vs = +15V — =
= \ Re = 10k g 1
S 15 s A
= ) P
5 9 \ - P
5 \ 2 7
g N :
8 50 g .
0 — E v g
8 g
-50 5 [1] 2
1.0K 10K 100K 10M oM 0 2 4 6 8 10 12 14 16 18 20
Freguency (Hz) +Vg and -V Power Supply Voltages (V)
Input Bias Current as a Function Input Bias Current as a Function
of Temperature of Supply Voltage
400 T T 180
T T
Vg = £15V —|
= 300— =
=1 S m
g - g | L
3 — =~
= £
= = 1160
£ 100 g
s &
2 g
0 3 150 2
75 55 35 -15 +50 +25 +45 +65 +85 +105 +125 0 2 4 6 8 10 12 14 16 18 20
Temperature (°C) -V and -Vs. Power Supply Voltages (V)
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Ground Sensing
Quad Operational Amplifier RC3403A, RM3503A

Typical Applications

y 10K 0005,F
Current or M w
Voltage 1N914
Input _M— 100K
+ViN 10K A
O——AAA—4
'\ 100
s 34034 A

VWA

35k
<5
8 7 b3 15v
3
= : & $ 68K
4151 3
F—T vic  [oonF $ K
5 <
I > 2
- Scale 3 _E =
Factor =
51K
AM—O +15V jﬁ 0.014F
“Polarity determined by desired refationship between =
pulse output level and LED "ON" state
65-006368

Figure 1. Precision Voitage-to-Frequency Converter With Isolated Output

— 65-00643A

Figure 2. Pulse Generator
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RC3403A, RM3503A

Typical Applications (Continued)

Ground Sensing
Quad Operational Amplifier

Trianglewave R2 Squarewave
Output 300K Output
—O
R3
75K
—AAA—
R1 <
100K &
Ry
—AAA—
::m'm.m;;:l”_“ Vrer
4CRR1 R2 +R1

65006444

Figure 3. Function Generator

Vg

R2
10K

R1
10K - Vs
VouT = =—==(= -
4 out R1+R2‘ 228 shown)
65 00646A
Vourt = %

A5 ORESA

Figure 4. Ground Referencing a
Differential Input Signal

Figure 5. Voltage Reference

0.05:F
IL
LAY
R
100K
+Vc o A \ I I
] 51K ' 3403
MY + 10K ' 3403 p—o Output 1
S AR ° YA *
< 50k Vs
9 2 51K /\/\
—AAM—¢
Jt k“ o 0 Qutput2
351K A
b: f
- - *Wide Control Voltage Ranges: 65-00647A
- 0V= Vg <2 (+Vs - 1.5V}
Figure 6. Voltage Controlied Oscillator
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Ground Sensing
Quad Operational Amplifier RC3403A, RM3503A

Typical Applications (Continued)

Ry
R R2 Avope B2
100K M R A
Av = 11 (as shown) R1
O qox
Co Co
Vout .
e S Vin Rg AL
6.2K L 6.2K 10K
- R2
100K — =
s = =
H o
10xF
Ay = % 1: —
P Av =10 (as shown) Qpp
p-p !
4
65-00648A 65-00649A
Figure 7. AC Coupled Non-Invetting Amplifier Figure 8. AC Co).lpled Inverting Amplifier
fo A Center Frequency Design Example:
St BW A Bandwidth given: Q = S fo= 1ksz
4 i Let R1 = R2 = 10k
Y R 2 gm kx; then R3 = 8(5y7 - 10
1 L2 1 e R3 = 215k
O—AMWA- {—w\ Q- fo 10 5
X s 3403 —0 BW C:§: 16nF
N _e-2
C1=C2= 3
R1=R2=1 .
._-|: R3 =907 - 1 Use scaling factors in these expressions.
o 10uF If source impedance is high or varies, filter may be preceeded
VRer I with voltage follower buifer to stabilize fitter parameters. 65006508

Figure 9. Muitiple Feedback Bandpass Filter
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Ground Sensing
RC3403A, RM3503A Quad Operational Amplifier

Typical Applications (Continued)

R6
50K Vi + R2
A Vout 143403 AN
50K - . 43403 —0 Vour
R1
Vs R
10K 1 R4
VREF o AvA'A' A'A'A'
' 3403
—+
R5
] b—AAA—
VREF = Vs R lcl V2o <
2 AMA—€ 3R
>
RS ;=C _L
1 fo= 5—k=for fo = 1kHz =
27RC R=16kQ Vour ; Cl+a+b)(v2-v1 65-00652A
C=0014F R2_R6
o RS=R7 for best CMRR

R1=R4
R2 = RS

65-00651A Lo R6 Zﬂ a

Gam-ﬁﬁu ‘& )=C(1+a+b)
- Figure 10. Wein Bridge Oscillator Figure 11. High Impedance Differential Amplifier
R2 Hysteresi
AAA— Vou ysteresis
—
R1
VREF O—AAA- Voo [ ' ViNL = R1'11“2(V0L - VRer) + VRer
4 3403 —o0 ouT | v Rl
(- S— | N = Hleon - VReR) + VREF
1
Rt
VINL | VINH H= (Vow - Vo)
, R1+R2
VREF
65-00653A

Figure 12. Comparator With Hysteresis
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Ground Sensing
Quad Operational Amplifier RC3403A, RM3503A

Typical Applications (Continued)

R
AVAVAV
R
AAA-
C C 100K
It it AAA
n " A A AL
C1 R2 100K
Vv o—{f—p—AAA—d—] - ' oA BV
' 3403 . h
+
p—o0  Vmer
Vet Bandpass R Vage Q-1
Ri < Output AAA BW
pS Where
R2 o Tep = Center Frequency Gain
WA Ty = Bandpass Notch Gain
'h 3403 b—|——o Notch Output b
N
Vrer P Example:
0= 5RC fo = 1000Hz
R1 = QR BW = 100Hz
65-00654A _Rl Tep=1
R2 =y n=
R3 = TNR2 R = 160k
C1=10C R1 = 16M0
- R2 = 16Mq
R3 = 16Mn
C =0.001.F
Figure 13. Bi-Quad Filter
Raytheen
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

General Purpose
Quad 741 Operational Amplifier

Raytheon

RC4136

Features

Unity gain bandwidth — 3MHz

Short circuit protection

No frequency compensation required

No latch-up

Large common mode and differential voltage
ranges

| Low power consumption

B Parameter tracking over temperature range

B Gain and phase match between amplifiers

Description

The 4136 is made up of four 741 type indepen-
dent high gain operational amplifiers internally
compensated and constructed on a single silicon
chip using the planar epitaxial process.

This amplifier meets or exceeds all specifications
for 741 type amplifiers. Excellent channel separa-
tion allows the use of the 4136 quad amplifier

The specially designed low noise input transistors
allow the 4136 to be used in low noise signal
processing applications such as audio preampli-
fiers and signal conditioners.

Mask Pattern
1312

in all 741 operational amplifier applications pro- Die S:,ze: 99 x 64 mils 4
viding the highest possible packaging density. Min. Pad Dimensions: 4 x 4 mils
Schematic Diagram (1/4 Shown)
+Vs o——
M
R1
87K
s 010 g o Vo
N
Q13 R6
T
AA o Output
(16814) o b (3410:12)
Inputs o A7
25913 01 s 50 a7
50K
- 15 08
15pF
')
a1t
A9 7
15K 55V
R4
50K
_VS
Ul o " 65-00495A
Rayihoen 65-1139A 6-181



General Purpose

RC4136 Quad 741 Operational Amplifier
Connection Information Absolute Maximum Ratings
14-Lead Supply Voltage
Dual In-Line Package RM4136 ............ +22V
(Top View) RCA4136, RVA136 .................... +18V
Pin Function In‘put Volﬁage‘ ........................ +15V
E ‘:“_] 1 -Input (A) Differential Input Voltage ................ 30V
2 +Input (A) Output Short Circuit Duration? ...... Indefinite
3 Output (A) Storage Temperature
[2] 3]
4 Output (B) Range ................... -65°C to +150°C
E E 5 +Input (B) Operating Temperature Range
673 -U*Dut B8) RM4136 ..........cvneesn -55°C to +125°C
-Vs RCH36 .........cccvivvnn, 0°C to +70°
(<] ] S ;'I”Z‘;‘t ((%’) RVA136 ...........ccueen.. “40°C 10 +8(5)°8
n .
Lead Soldering Temperature
h A\ 0] 9 f\‘/‘;"“‘ © (60 SEC) . voveenareanenn, +300°C
Notes: 1. For supply voltages less than £15V, the absolute
E E *1|§ 3:155:((5) maximum input voltage is equal to the supply
voltage.
7 z] 14 -Input (D) 2. Short circuit may be to ground, typically 45mA.
Thermal Characteristics Ordering Information
14-Lead 14-Lead Operating
Plastic 0IP | Ceramic IP Part Number Package Temperature Range
Max. Junction Temp. 125°C 175°C RC4136DB Plastig: 0°Cto +70°C
Max. Pp Tp < 50°C 468mW 1042mwW RC4136DC Ceramic 0°Cto +70°C
S Rv4136DB Plastic -40°C to +85°C
Therm. Res. 6. - Go°C/w RV4136DC Ceramic | -40°C to +85°C
Therm. Res. 6. 160°C/W | 12rCiwW RM4136DC Ceramic | 55°Cto +125°C
For Ta > 50°C Derate at 6.25mW 8.33mW RM4136DC/883B* | Ceramic -55°C to +125°C
per ¢ per C *MIL-STD-883, Level B Processing
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General Purpose

“Quad 741 Operational Ampilifier

Electrical Characteristics (Vs = £15V and T = +25°C)

RC4136

RM4136 RC/RV4136
Parameters Test Conditions Min | Typ | Max | Min [ Typ | Max | Units
Input Offset Voltage Rs < 10k2 0.5 50 0.5 60 | mV
Input Offset Current 50 | 200 50 | 200 | nA
Input Bias Current 40 500 40 500 | nA
Input Resistance 0.3 5.0 03 50 MQ
Large Signal Voltage Gain R =2k, Voyr = £10V | 50 300 20 300 V/mV
. R, = 10k +12 | +14 +12 | <14
Output Voltage Swing v
Ry = 2k6) +10 | +13 +10 | =13

Input Voltage Range +12 | +14 +12 | +14 v
Common Mode Rejection Ratio Rs < 10k 70 100 70 100 dB
Power Supply Rejection Ratio Rs < 10k() 76 100 76 100 dB
Power Consumption R, = =, Al Qutputs 210 | 340 210 | 340 [ mW
Transient Response

Rise Time VN = 20mV, R = 2k 0.13 0.13 uS

Overshoot Cy < 100pF 50 50 %
Unity Gain Bandwidth 30 30 MHz
Slew Rate R =2k 15 1.0 V/iuS
Channel Separation f = 1.0kHz, Rg = 1k() 90 90 dB

The following specification apply for -55°C < Ty < +125°C for AM4136; 0°C < Ty < +70°C for RC4136;
-40°C < Tp < +85°C for RV4136. Vg = +15V

Input Offset Voltage Rs < 10k2 6.0 75 | mv
Input Offset Current

RM/RC4136 500 300 oA

RV4136 500
Input Bias Current

RM/RC4136 1500 800 A

RV4136 1500
Large Signal Voltage Gain RL= 2k, Voyr =+10V | 25 15 V/imV
Output Voltage Swing R =2k +10 +10 v
Power Consumption 240 | 400 240 | 400 | mW

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheon
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RC4136

General Purpose

Quad 741 Operational Amplifier
L
Electrical Characteristics Comparison (Vg = +15V and Ta = +25°C)

Parameter RC4136 (Typ) RC741 (Typ) LM324 (Typ) Units
Input Offset Voltage 05 20 2.0 mv
Input Offset Current 50 10 50 nA
Input Bias Current 40 80 55 nA
Input Resistance 5.0 2.0 M
Large Signal Voltage Gain (R = 2k(2) 300 200 100 V/mv
Output Voltage Swing (R, = 2ke) +13V +13V '*‘{g :\}f‘” v
Input Voltage Range +14v +13V v '_\}55"' v
Common Mode Rejection Ratio 100 90 85 dB
Power Supply Rejection Ratio 100 90 100 dB
Transient Response

Rise Time 0.13 0.3 uS

Overshoot 5.0 5.0 %
Unity Gain Bandwidth 3.0 0.8 0.8 MHz
Slew Rate 1.0 0.5 0.5 V/uS
Input Noise Voltage Density (f = 1kHz) 10 225 nv/\/Hz
Short Circuit Current +45 +25 mA

Typical Performance Characteristics

Input Bias Current as a Function
of Ambient Temperature

€5.00211A

Temperature (°C)

100 I I
Vs - 15V
) s
<
g A
E w0
3
E u —
g
= 1
0
0 <0 -0 +30 40  +50 60 +70

Input Offset Current as a Function
of Ambient Temperature

25 1

7
20 |—Vs = 215V

Input Offset Current [nA)

65-00212

\\j
0

0 +10 +20 +30 440 +50 +60 +70

Temperature (°C)
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General Purpose

Quad 741 Operational Ampilifier

' RC4136

Typical Performance Characteristics (Continued)

Voltage Gain

Output Swing (V}

Common Made Voltage Range (V]
=

Common Mode Range as a Function
of Supply Voltage

10} Ta  -25°C /%7/
W

)

_..‘
& 5
&\
©5-00213A

Supply Voltage (V]

Open Loop Gain as a Function
of Temperature

800K T
th=:15V
600K
400K :
Ry = k0
200K ;
g
0 410 +20 +30 +40  +50 +60 <70
Temperature [°C)
Typical Output Voltage as a
Function of Supply Voltage
15 T
© Ta=+25°C
7 %
7 / 2
0 / %
-5 H-
Lo }—RL= 20 %&‘/‘ / Ag
8
15 l 8

Supply Voltage (+V)

Peak-to-Peak Output Swing (V)

Voltage Gain (dB)

Power Consumption (mW)

Open Loop Voltage Gain as a
Function of Frequency

120
—
100 AN
% \\
60 \\
a0 \\
20 IS
\ .
0 ~E
-20 8
1 10 100 1K 10K 100K 1M 1M
Frequency (Hz)
Power Consumption as a Function
of Ambient Temperature
240 !
Vg = +15V
220
]
200
180
<
4
g
160 3
0 +10  +20 +30  +40  +50 +60  +70

Temperature [°C)

Output Voltage Swing as a Function
of Load Resistance

28
Vg = 15V m—

B osec

24 il

2

20

18

16

14
o f—f

10

qE

65-00218A

01 10

Load Resistance [k}

=3
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RC4136

General Purpose

Quad 741 Operational Amplifier

L ]
Typical Performance Characteristics (Continued)

Output Voltage Swing as a Function Quiescent Current as a Function
of Frequency of Supply Voltage
40 - 10
31— i I ‘| 1
b i Hvs - -15v 1y .
= Ta 25°C = B Tas 0
3 B R - K0 E
S 0ttty R c
=1 i ! H o i
F L HH - H - ~ E 4
T Rttt N bbb H
E 8t b - ,H,; S s
4+ 4o ot SRa ] 2
s L \H'H‘h' & 0 2
100 1K 10K 100K ™ 0 3 6 9 12 15 18
Frequency {Hz) Supply Voltage (- V)
Voltage Follower Large Signal
Transient Response Pulse Response
28 10 T T
s 1 Vg = +15V
x Th=+25°C ]
6 ..
2 s 4 s 4 n\
s 16 s ol !
£ 90°0 Vs = - 15V = v/ H
3 " Ta--25°C] s T/ 1\
3 / R -2k | 5 2 [
S 8 =3 T
/ . 100pF g 4 / I N
4 [N S
10° Rise Time H -6 8
0 f [ g -8 H
[ 8 10 s v 8
0 025 05 075 10 125 0 10 2 3 0
i
Time (uS) Time (.5)
Input Noise Voltage as a Function Input Noise Current as a Function
of Frequency of Frequency
1000 aaa, T 100 TH T
22 Vs = +15V FH v% H
Th= +25°C 14 \ S e
: s T T4 = +250¢4
= Rs = 100K 1]] = T Rs =500 Tl
> omw W Z Ay = 60dB
= <
= =2 1T
3 g fit
S e N Il
s < 3 1 m
.E 10 B ; 0 1 R
= i W = i iR
i A BT
1 © 0.1 8
10 100 1K 10K 100K 1 10 100 1K 10K 100K
Frequency (Hz) Frequency (Hz)
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General Purpose
Quad 741 Operational Amplifier RC4136

[ e

Typical Performance Characteristics (Continued)

Channel Separation Total Harmonic Distortion vs. Output Voltage
140
! || L]
120 Sa = 06—
g w ™~ : 05k Xs = 15V
= £ L = 2K-
£ g s Ay = 40dB
s 2 04 1= 1Mz
=3 -
é 60 é 03 Rs = k)
£ 40 5 02
g K
S Vg = 15V . = .
20Ty = +25°C & =0t %
8 g
oL L LIl H 0 H
10 100 1K 10K 100K 1 2 3 4 5 6 7 8 9 10

Frequency (Hz) Vg Output Voltage [Vams)

Distortion vs. Frequency

LIRALALLL TTTIT
Vo = 1.0Vams
= 06 Vs = £30V
°§ 05 ' RIAA Compensation
5 o
=2 04 ‘
€ 03
£
= 02
] N y
=01 'Wj é
8
100 1K 10k 100K

Frequency {Hz)
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General Purpose
RC4136 Quad 741 Operational Amplifier

4136 Versus 741 The simplified input circuit of the 4136 exhibits
much lower noise than that of the 324 and
Although the 324 is an excellent device for exhibits no crossover distortion as compared
single-supply applications where ground sensing with the 324 (see illustration). The 324 shows
is important, it is a poor substitute for four serious crossover distortion and pulse delay in
741s in split supply circuits. attempting to handle a large signal input pulse.

Comparative Crossover Distortion

4136 324

t = 10kHZ —

65-00539A

Output Voltage Swing as a Function Open Loop Voltage Gain as a
of Frequency Function of Frequency
% 1T 120
= % Vg = 215V 100 -
= % Ta= #25°C Q 4136
£ o AL = 201 ) AN -
s [ g \»( L 741
2 \ |\ [[l4136 =
2o XL 3 AN
5 12 \ b b (1324 E 20 \‘\\
= L
I NN g 0 \‘\‘ z
) N N8 N |8
» 8 -20 8
100 1K 10K 100K ™ 110 100 1K 10K 100K 1M 1oM

Frequency {Hz} Frequency [Hz]
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General Purpose
Quad 741 Operational Amplifier RC4136

Voltage Follower Large Signal Input Common Mode Voltage Range as a
Pulse Response Function of Supply Voltage
.8 T T 16 I
Vs = =10V =
6 — = u - |
|t RL=2kn f 0°C = T < +70°C
c4— 3 1 , \
g’ +2 \4 j ; 10 Qr
: 7 L 304 g, » — 741
s >
I B /G B A i | o T
4 o\ T yod
L < E <
6 z g 2 H
g = 8
8 8 0 8
0 20 40 60 80 5 10 15 20
Time (uS) Supply Voltage (+Vs)
Unit Cost Comparisons
36
™ -
: ||
Lz Sy
£ oy R ]Single 741 T
S ® [~ ;
& ML | [T~ Dual 741 (4558)
P L] [
S LI Quad 741 (4136)]
9 s
t g
0 i H
1 10 100 1000
Unit Volume [x 1000}
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General Purpose
RC4136 Quad 741 Operational Amplifier

4136 Typical Applications

Stereo Tone Control

Vin A VinB
50K 2uF = = T2 50K sk Vs=rlV
Av‘ N AN A WA AAA AAA
1 1 sk | 1
0.068,:F 0.068,F o.uesaﬂ:1 0.068,F
0 oeau | 0.0684F
5K ] J 25K
0.068uF = ==0068,F 9
Vo A [’ ) VoB
| 4 4136
167K 167K +
10K . ATA 10K 65-00514A
ARA VWA
VWA
50K 50K L
400Hz Lowpass Butterworth Active Filter
620

f aAAs -0 Qutput
0.33uF

+
' 4136

Vs 4136
+

o = Roase_ 1,
T 03%F
< 162K
> > >
3K b33 o.as“FT 3132k
_L 65-00515A
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General Purpose
Quad 741 Operational Amplifier

RC4136

4136 Typical Applications (Continued)

Vin A

750pF

0.0027,F
100K 12K

Low Frequency Sine Wave Generator

With Quadrature Output
0.024F )
F—| r" ot OOF
——
10M
2M —AAA—4
001uF I

50K

AAA

fo = Hz 6.3V £5-005174A
6.3V
Triangular-Wave Generator
Integrator
C1
Threshold 0.1.F
Detector - _.| '.__
Freq
A .'/.‘: AAA -
K 14K "4 413
+
8.2K -

VVV-

65-00518A

RIAA Preamplifier

VinB

Cosine
Output

100K

65-00516A

Voltage Follower

65-00519A

Lamp Driver

V50

= 65-00520A

Squarewave Oscillator

i 65-00521A
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RC4136

4136 Typical Applications (Continued)

General Purpose
Quad 741 Operational Amplifier

Comparator With Hysteresis

Vin
[ — Vo
10K i 8136 O
O—AAN +
+VRer
10M
L AAN—
65-005224

AC Coupled Non-Inverting Amplifier

Power Amplifier

65-005234

AC Coupled Inverting Ampilifier

65-00524A

DC Coupled 1kHz Lowpass
Active Filter

65-00525A

1kHz Bandpass Active Filter
0014F Vo vy 390K 0.014F 120K Vo
O—AAA— - VWA, o
+V.
30K N
A'A'A'
% 8136
’ —{t
L~ T 10uF 100K wK -
3 620K
= = +Vg
65-00527A
. 65-00526A
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General Purpose
Quad 741 Operational Amplifier RC4136

4136 Typical Applications (Continued)

Voltage Controlled Oscillator (VCO)
0.054F
100K

100K l
et W \ 51K
51K % 4136 AAA—
—AA—e—]+
Vv / % 4136
. _TLIL

e R/2 +
S 50K 51K V- /210K Output 1

u AV AV
f 1‘0;(' — Output 2

*Wide Control Voltage Range: OV < Vg <2 (+Vs - 15V)

—AAA,

65-00528A
Notch Fiiter Using the 4136 as a Gyrator
3%2:( Notch Frequency as a Function of C1
R1
30K
Input ~AA— Qutput 10K =
o— % 4136 >—4—0 =

AV + Trim R. such that -l

A3 * R1_R3_ frey N

15K R 2R 3 X = = s

S
i £
c15 - 2 il ™
[ Y 4138 3w
| S
< R4 g

R4 75K 10 2

75K 00001 0001 001 01 10
|_ Center Frequency (H2)
L €2
= uF
65-00529A
Full-Wave Rectifier and Averaging Filter
20K 210°K 25K 0 0C
% utput
o A Av."’.vﬁ,'/.' >
+ +
Input o—" H Cal
474F 20K
1%
47,F
51K

85-005314
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General Purpose
RC4136 Quad 741 Operational Amplifier

4136 Typical Applications (Continued) |

Multiple Aperture Window Discriminator Dlﬁer'enhavl Input Instrumentatioq Amplifier
With High Common Mode Rejection
Vin o R2* R6t
Vs 4136 —O Vin>Vy 10K 100K
V4o = - 0.1% 0.1%
Y 4136 ANA—9 AN
- R1
01 jl—— 345K
1%
—o Output
—0 V3 < Viy < Vg Inputs b3 R1=-R4
V3 0l >

| SR
(o)
{ R
+0
—O Vo< ViN< V3
Vs o]

Q3 — 65-00533A
0 Vin < V1 RTS Py
Analog Multiplier/Divider
Vi O £5-00532A

I +15V

U]

<

> <
Q10K 4: 10K
T §

10K
D4
LM103

10K

AAA
VWA~

at*
Vin1 10K

o—aA—a—-
T 4136 DA vo- E1E2
+ 1K |1 ' 4136 o B
INdS7 +
10K 1 o

.

Q3*
Vin2 10K 10K E3
1K —MWA—0
D2 D3
IN457 iN457 10K

65-00534A
“Matched Transistors
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General Purpose
Quad 741 Operational Amplifier RC4136

4136 Typical Applications (Continued)

Spot Noise Measurement Test Circuit
49 9K 33M DC-1Hzn
—AWWy AV l 2 ) Out
499 I 1100K |
—AAA AAA R
Ut
Compensat 60dB Wideband L
0 ate Amplitier p:
as Required p 78.7K :;
1
I
1
!
|
1
l
|
]
[
316K 316K 1H 10 141
2 > 1Hz §
AAA <
VWA~ —AW—O-0——4¢ 499K :: __+' ~
0K ' 1w !
1
Spot ! ] e
Noise t—wWv—o ! ko : 493
Out -
36K g o1 JL
?— A3 - AWA—0 | /.4|3s+ o | =
l I
= L 100K | 001,
fmV = 1nV/\ Hz : M 1kOHz: 499K _"—°1KHZ:
RMS N | Selectable Freguency
Stepped 10dB | L Constant Q Filter
Attenuator L o - s l es0s35h
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High Performance
Quad Operational Amplifier

Raytheon

RC4156

Features

u Unity gain bandwidth —

3.5MHz typical; 2.8MHz guaranteed
u High slew rate —

1.6V/uS typical; 1.3V/uS guaranteed
B Low noise voltage —

1.4uV typical; 2.0uVRums guaranteed
W indefinite short circuit protection
m No crossover distortion
W Low input offset and bias parameters
8 Internal compensation

Description

The 4156 is a monolithic integrated circuit, con-
sisting of four independent high performance
operational amplifiers constructed with an ad-
vanced epitaxial process.

These amplifiers feature guaranteed AC perfor-
mance which far exceeds that of the 741 type
amplifiers. Also featured are excellent input char-
acteristics and guaranteed low noise, making
this device the optimum choice for audio, active
filter and instrumentation applications.

Schematic Diagram (1/4 Shown)

Mask Pattern

<
~
©
~
(=]
<
Y]
©

Die Size: 80 x 84 mils
Min. Pad Dimension: 4 x 4 mils

O +Vs —‘

R1
4900

@

a1

269,13
R9

O AAAY

Inputs
O—dm_ os SH 013
>

(35.10.12) .—’@2 01

AAA
VWA

R5
30K

D

—

7X

(1.78.14)
a5 O Output

Next

A F1
150 v H—

N
=3
AAA
VWA~—S
o
@

rﬂ—.

Q8 Q9 11

AA
v

=

@

<
R4
: 22K

AAA

2
+—
¢l
I 15pF
o7 210 p %_‘ 06
V—K(:_]— o1

AAA

AA
V!
=3
=

>
< R2 }01 an
O -Vg

65-007358
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RC4156

High Performance Quad Operational Amplifier

Connection Information

14-Lead
Dual In-Line Packages
(Top View)
Pin Function
° 1 Output A
1 4] 2 “Vin A
, - . 3 +ViN A
(2] [13] 4 +Vg
5 +Vin B
E : - E 6 -Vin B
7 Output B
E El 8 Output C
: : 9 -VinC
5 0 iN
E 3 10 +ViN C
6 9 1" -Vs
[: ) z 3 ) :] 12 +V|y D
] 5] 13 -Vin D
’ 14 Qutput D
Thermal Characteristics
14-Lead 14-Lead
Plastic 0IP | Ceramic DIP
Max. Junction Temp. 125°C 175°C
Max. Pp Ta < 50°C 468mW 1042mW
Therm. Res. 8¢ — 50°C/W
Therm. Res. 05 160°C/W 120°C/W
For Tp > 50°C Derate at 6.25mW 8.33mW
per °C per °C

Absolute Maximum Ratings

Supply Voltage ...t +20V
Differential Input Voltage .............. 15V
Input Voltage' ...l +15V
Output Short Circuit Duration? ...... Indefinite
Storage Temperature

Range ..........coevvvnns -65°C to +150°C
Operating Temperature Range

RM4156 .............c..n -55°C to +125°C

RVA156 .......ocvvivninnnn -40°C to +85°C

RCA156 ....covvvninnnnnnnnnnn 0°Cto +70°C
Lead Soldering Temperature

(BOSEC) ..ot +300°C

Notes: 1. For supply voitages less than £15V, the absolute maxi-
mum input voltage is equal to the supply voltage.
2. Short circuit to ground on one amplifier only.

Ordering Information

Operating
Part Number Package Temperature Range
RC4156DB Plastic 0°Cto +70°C
RC4156DC Ceramic 0°C to +70°C
RM4156DC Ceramic -55°C to +125°C
RM4156DC/883B* | Ceramic -55°C to +125°C

*MIL-STD-883, Level B Processing

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheen
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Electrical Characteristics (vs = £15V and Tp = +25°C unless otherwise specified)

RC4156

RM4156 RC/RV4156
-| Parameters Test Conditions Min | Typ |Max| Min | Typ | Max | Units
Input Offset Voltage Rs < 10k 05 30 1.0 5.0 mV
Input Oftset Current 15 30 30 50 nA
Input Bias Current 60 200 60 300 nA
Input Resistance 05 0.5 M
Large Signal Voltage Gain Ry = 2k« Vgyr +10V 50 100 25 100 V/mv
R = 10k +12 | +14 +12 | 14 v
Output Voltage Swing
R =2k +10 | +13 +10 | #13 Vv
Input Voitage Range +12 | £14 +12 | 14 v
Output Resistance 230 230 Q
Short Circuit Current 25 25 mA
Common Mode Rejection Ratio Rs < 10k 80 80 dB
Power Supply Rejection Ratio Rs < 10k(2 80 80 dB
Supply Current (All Amplifiers) R == 45 5.0 5.0 7.0 mA
Transient Response
Rise Time 50 75 nS
Overshoot 25 25 %
Slew Rate 1.3 16 1.3 1.6 V/uS
Unity Gain Bandwidth 28 | 35 28 | 35 MHz
Phase Margin R_ =2k, C = 50pF 50 50 Deg.
Power Bandwidth Vo = 20Vpp 20 25 20 25 kHz
Input Noise Voltage f = 20Hz to 20kHz 14 2.0 14 | 20 | uVrms
Input Noise Current t = 20Hz to 20kHz 15 15 PARMS
Channel Separation 108 108 dB
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Electrical Characteristics (Continued)
(-55°C < Ta < +125°C for RM4156, -40°C < Tp < +85°C for RV4156, 0°C < Ta < +70°C for RC4156,

Vg = £15V)
RM4156 RC/RV4156
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 10k() 5.0 6.5 mv
Input Offset Current 75 100 nA
Input Bias Current 320 400 nA
Large Signal Voltage Gain Ry = 2k, Yoyt =10V 25 15 Vimv
Output Voltage Swing RL =2k +10 +10 v
Supply Current 10 10 mA
Average Input Offset Voltage Drift 50 50 uV/eC
Raytheon 6-199
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Typical Performance Characteristics

Open Loop Frequency Response Power Supply Rejection Ratio vs. Temperature
— 0 T
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Channel Separation vs. Frequency
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Typical Performance Characteristics (Continued)

Normalized Value Referred to +25°C

Normalized AC Parameters vs. Temperature

Slew Rate vs. Supply Voitage

13 11
12 [ [ 1
Bandwidth
11 g2 10 —
E ;‘ Slew Rate
10 S // and
09 2s 09 B: 1
. 7 =
. 23
08 7 =8
< £ Iy s
07 2 == :
2 13
06 2 07 2
100 -75 -50 -25 0 +25 +50 +75 +100 +125 +150 0 20 50 10 15 20

Output Voltage Swing vs. Frequency

Temperature (°C)

Supply Voltage (-V)

Output Voltage Swing vs. Load Resistance

_ 0 T T
Vp = 28V 3=Vg = £15V >;
s ¥ 180111} N £ 25
s Vo= 18V [ Vs = +10V s 20
g Vo - BOVEVs - 250V g \
& - = ]
) 1 BT
g N 3 /
; 10 = = 10 ‘l( % i
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8 —FéL:ODen H 3 Z 5 /f 3
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oql_LLriluy 11 I % = 1 [ z
100 3 10K 100K ™ 100 1K 10K 100K
Frequency (Hz) Load Resistance (¢}
Small Signal Bandwidth and Phase Margin
vs. Load Capacitance
e ! ™
60N Phase Margin 6M
£ w0 | M T
g H =
S 4% M =B
= Bandwidth N 2z
Ew : ™ 5
s =
E 2 M E
10 Ml 4na
0 il 0
10 100 I3 10K 100K
Load Capacitance (pF) 65.00745A
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Typical Performance Characteristics (Continued)

Current {nA]
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Input Current vs. Temperature
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Common Mode Rejection Ratio vs. Temperature
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Applications

The 4156 quad operational amplifier can be used
in almost any 741 application and will provide
superior performance. The higher unity gain band-
width and slew rate make it ideal for applications
requiring good frequency response, such as active
filter circuits, oscillators and audio amplifiers.

The foliowing applications have been selected to
illustrate the advantages of using the Raytheon
4156 quad operational amplifier.

Triangle and Square Wave Generator

The circuit of Figure 1 uses a positive feed-
back loop closed around a combined comparator

High Performance Quad Operational Ampilifier

and integrator. When power is applied the output
of the comparator will switch to one of two
states, to the maximum positive or maximum
negative voltage. This applies a peak input signal
to the integrator, and the integrator output will
ramp either down or up, opposite of the input
signal. When the integrator output {which is
connected to the comparator input) reaches a
threshold set by R1 and R2, the comparator will
switch to the opposite polarity. This cycle will
repeat endlessly, the integrator charging positive
then negative, and the comparator switching in
a square wave fashion.

Amplitude of V» is adjusted by varying R1. For
best operation, it is recommended that R1 and

+12v———%7\

72 0 AAs “/v Vv
ook, . K

VWVN—

Comparator

*Optional — asymmetric ramp slopes

5K

-+
HIEVARN
Ré
o —— )
73 an__aad _ Amplitude
yyv— I
" ® 2ok | At
1/4RC4156 sy
- Vo 114
A2 AMA RC4156
P i M Lov,
+ Triangle
= Wave
Output
K BLY
Integrator
5K >
+15V O—AAA——
) A3 V3
25K S s
4 Output
~15V O—AMA— Offset Se-00708

Figure 1.

£5-02051A

Figure 2. Triangle Generator —
Symmetrical Output Option

Rayihosn

Triangle and Square Wave Generator

VR be set to obtain a triangle wave at Vo with
+12V amplitude. This will then allow A3 and A4
to be used for independent adjustment of output-
offset and amplitude over a wide range.

The triangle wave frequency is set by CO, RO,
and the maximum output voltages of the com-
parator. A more symmetrical waveform can be
generated by adding a back-to-back zener diode
pair as shown in Figure 2.
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‘

An asymmetric triangle wave is needed in some
applications. Adding diodes as shown by the
dashed lines is a way to vary the positive and
negative slopes independently.

Frequency range can be very wide and the circuit
will function very weil up to about 10kHz. Transi-
tion time for the square wave at Vy is less than
21uS when using the 4156.

Active Filters

The introduction of low-cost quad op amps has
had a strong impact on active filter design. The
complex multiple-feedback, single op amp filter
circuits have been rendered obsolete for most
applications. State-variable active-filter circuits
using three to four op amps per section offer many
advantages over the single op amp circuits. They
are relatively insensitive to the passive-component
tolerances and variations. The Q, gain, and natural
frequency can be independently adjusted. Hybrid
construction is very practical because resistor and
capacitor values are relatively low and the fiiter
parameters are determined by resistance ratios
rather than by single resistors. A generalized
circuit diagram of the 2-pole state-variable active
filter is shown in Figure 3. The particular input

connections and component-values can be calcu-
lated for specific applications. An important
feature of the state-variable filter is that it can be
inverting or non-inverting and can simultaneously
provide three outputs: lowpass, bandpass, and
highpass. A notch filter can be realized by adding
one summing op amp.

The Raytheon 4156 was designed and charac-
terized for use in active filter circuits. Frequency
response is fully specified with minimum values
for unity-gain bandwidth, slew-rate, and full-power
response. Maximum noise is specified. Output
swing is excellent with no distortion or clipping.
The Raytheon 4156 provides full, undistorted
response up to 20kHz and is ideal for use in
high-performance audio and telecommunication
equipment.

In the state-variable filter circuit, one amplifier
performs a summing function and the other two
act as integrators. The choice of passive com-
ponent values is arbitrary, but must be consistent
with the amplifier operating range and input
signal characteristics. The values shown for C1,
C2, R4, R5 and R6é are arbitrary. Pre-selecting their
values will simplify the filter tuning procedures,
but other values can be used if necessary.

R7* Vhp
Highpass
o Output

*Input connections are chosen for inverting or
non-inverting response. Values of R3. R7. R8
determine gain and Q

“*Values of R1 and R2 determine natural
frequency.

Vep Vip
Bandpass Lowpass
Output Output

65-00751A

Figure 3. Generalized State-Variable Configuration for Active Filter
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The generalized transfer function for the state-
variable active filter is:

aos2+ ays + ag

T(s) = s2+bys + bg

Filter response is conventionally described in
terms of a natural frequency wg in radians/sec,
and Q, the quality of the complex pole pair. The
filter parameters wp and Q relate to the coeffi-
cients in T(s) as:

wo=\bp and Q= ;—%

The input configuration determines the polarity
(inverting or non-inverting), and the output selec-

tion determines the type of filter response (low-
pass, bandpass, or highpass).

Notch and all-pass configurations can be imple-
mented by adding another summing amplifier.

Bandpass filters are of particular importance in
audio and telecommunication equipment. A de-
sign approach to bandpass filters will be shown as
an example of the state-variable configuration.

Design Example — Bandpass Filter

In this example, the input signal is applied through
R3to the inverting input of the summing ampilifier
and the output is taken from the first integrator
(Vgp). The summing amplifier will maintain equal
voltage at the inverting and non-inverting inputs
(see equation below).

R3R5 R3R4 R4R5
R3 + R5 R3 + R4 R4 + RS R7
Vhp(s) + Vip(s) + Vin(s) = Vgp(s)
+ R7
R4 + R3R5 RS54+ R3R4 R3 + R4R5 R6 + R
R3 + R5 R3 + R4 R4 + R5
These equations can be combined to obtain the transfer function:
1
Vgp(s) - Vup(s) and Vip(s) = - ——— Vep(s)
R1C1S R2C2S
R4 1
s
Vep(s) _ R3 R1C1
VNG oy R7T fj o Ra BAN( 1 N R T
R6 + R7 R5 R3 R1C1 R5 R1C1R2C2
RS
10?5 Set Center Frequency
R3 *v;v;ﬁ / {6 \
Vino—¥W—1 R1 £ \R2
Trim< o [ 0009 1
o rwj >
ani
1 1/4 RCA156 L Vi/ancais 1 ¥irarcase
AN © Vgp
R6 65007524
100K
Figure 4. Bandpass Active Filter
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Defining 1/R1C1 as w4, 1/R2C2 aswy, and sub-
stituting in the assigned values for R4, R5, and R6,
then the transfer function simpilifies to:

This is now in a convenient form to iook at the
center-frequency wp and filter Q.

04 05
w
R3 ! wp =V 0. 1wiwyp 1+ 0
Vep(s) R7
——V and Q = wp
IN(S) 104 4
N 11+ =109/ 0.1R1R2 11+ 10
24 R3 wis + 0.1 R3
5
1+ 19 R The frequency response for various values of Q
R7 are shown in Figure 5.
] |REREN
= o
el Q-05777]
10 //, A 010N
g Dy - S e
= 3 //; L AN 3020 Vep @ Q
P Q- 10N R
0 N T - 2034 T ()] (5 =Y
- A \0‘, ‘50— q «g Q @y
-50 ~ A N .1 E
— T 11 I TTa- 002
_60 | RN E
01 0 10

Figure 5. Bandpass Transfer Characteristics Normalized for Unity Gain and Frequency

These equations suggest a tuning sequence where
wis first trimmed via R1 or R2, then Q is trimmed
by varying R7 and/or R3. An important advantage
of the state-variable bandpass filter is that Q can
be varied without affecting center frequency wg.

This analysis has assumed ideal op amps oper-
ating within their linear range, which is a valid
design approach for a reasonable range of wg and
* Q. At extremes of wp and at high values of Q, the
op amp parameters become significant. A rigor-
ous analysis is very complex, but some factors are
particularly important in designing active filters.

1. The passive component values should be
chosen such that all op amps are operating
within their linear region for the anticipated
range of input signals. Slew rate, output cur-
rent rating, and common-mode input range
must be considered. For the integrators, the
current through the feedback capacitor

6-206

(I = C dV/dt) should be included in the output
current computations.

From the equation for Q, it would seem that
infinite Q could be obtained by making R7
zero. But as R7 is made small, the Q becomes
limited by the op amp gain at the frequency of
interest. The effective closed-loop gain is
being increased directly as R7 is made smaller,
and the ratio of open-loop gain to closed-loop
gain is becoming less. The gain and phase
error of the filter at high Q is very dependent
on the op amp open-loop gain at w.

The attenuation at extremes of frequency is
limited by the op amp gain and unity-gain
bandwidth. For integrators, the finite open-
loop op amp gain limits the accuracy at the
low-end. The open-loop roll-off of gain limits
the filter attenuation at high frequency.

' Raytheon
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ﬂ

The Raytheon 4156 quad operational amplifier
has much better frequency response than a con-
ventional 741 circuit and is ideal for active filter
use. Natural frequencies of up to 10kHz are readily
achieved and up to 20kHz is practical for some
configurations. Q can range up to 50 with very

good accuracy and up to 500 with reasonable
response. The extra gain of the 4156 at high
frequencies gives the Raytheon quad op amp an
extra margin of performance in active-filter
circuits.
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High Output Current «

. ce: RC4556
Raytheon Dual Operational Amplifier
Features Description
® Unity gain bandwidth — 8.0MHz The 4556 integrated circuit is a high-gain, high
8 Drives ¥10.5V min into 150() (+10mA) output current dual operational amplifier capable
® Slew rate — 3.0V/uS of driving +70mA into 150(} loads (+10.5V output
® Current drain per amplifier — 4.5mA voltage). The 4556 combines many of the features
8 |nput offset voltage — 0.5mV of the popular 4558 as well as having the capability
® Input offset current — 5.0nA of driving 150() loads. In addition, the wide band-
® Input bias current — 180nA width, low noise, high siew rate and low distortion
[ ] 10nV/\/Fz' noise at 1kHz of the 4556 make it ideal for many audio, telecom-
® Unity gain frequency compensated munications and instrumentation applications.

Schematic Diagram (1/2 Shown)
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Connection Information

High Output Current Dual Operational Amplifier

8-Lead
Dual In-Line Package
(Top View)

olcialE
A
T HE

65-00210A

Function
A Output
A -Input
A +lnput
-Vg

B +Input
B -Input
B Output
+Vg

2
5

O~NOOOHWN =

Absolute Maximum Ratings

Supply Voltage ...l +18V
Input Voltage™ ...t +15V
Differential Input Voltage ................ 30V
Output Short Circuit Duration? -...... Indefinite
Operating Temperature

Range ............ccoennnn -20°C to +75°C
Lead Soldering Temperature (10 Sec)

RC4556NB ..........ccviiiinnnetn +300°C

RCA4556M . ....ooviiviiinineeannns +260°C

Notes: 1. For supply voltages less than +15V, the absolute
maximum input voltage is equal to the supply
voltage.

2. Short circuit may be to ground on one amp only.
Rating applies to +75°C ambient temperature.

Mask Pattern
4
o 7 8 1
Mo Pad Donenstone " x 4 mis evozoean
Thermal Characteristics
8-Lead
Micro-Pak 8-Lead
Plastic DIP | Plastic DIP
Max. Junction Temp. 125°C 125°C
Max. Pp Ta < 50°C 300mwW 468mW
Therm. Res. 6,¢ = —
Therm. Res. 64 240°C/W 160°C/W
For Tp > 50°C Derate at 417mW 6.25mW
per °C per °C
Ordering Information
Operating
Part Number Package Temperature Range
RC4556M Micro-Plastic { -20°C to +75°C
RC4556NB Plastic -20°C to +75°C
Matching Characteristics
(Vs = £15V, Ta = +25°C)
Parameter Conditions Typ Units
Voltage Gain R =20k | *10 dB
Input Bias Current ‘ +15 nA
Input Offset Current +75 nA
Input Offset Voltage | Rs = 10k | +0.2 mv
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E

Electrical Characteristics (Vs = +15v and Ta = +25°C unless otherwise specified)

RC4556

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k2 20 6.0 mv
Input Offset Current 5.0 200 nA
Input Bias Current 40 500 nA
Input Resistance 0.3 1.0 MQ
Large Signal Voltage Gain RL = 2k, Yoyt = +10V 20 100 V/imV
Output Voltage Swing AL = 2k il +135 v
RL = 1500 +10.5 +11

Input Voltage Range +12 +14 v
Common Mode Rejection Ratio Rs < 10k 70 90 aB
Power Supply Rejection Ratio Rg < 10k 76 90 dB
Power Consumption RL=w 270 360 mw
Transient Response

Rise Time Viy = 20mV, R = 2k} 0.03 uS

Overshoot CL < 100pF 40 %
Slew Rate RL = 2k 3.0 V/uS
Channel Separation f = 10kHz, Rs = 1k(2, Gain = 100 90 dB
Unity Gain Bandwidth 5.0 8.0 MHz

The following specifications apply for -20°C < T, :< +75°C
Input Offset Voltage Rs < 10k 75 mv
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain RL = 2k, Vour = =10V 15 V/imV
Output Voltage Swing RL = 2k +10 v
, Ta = +75°C 260 340
Power Consumption mw
Ta = -20°C 290 380

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Typical Performance Characteristics

Input Bias Current as a Function

of Ambient Temperature
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High Output Current Dual Operational Amplifier RC4556

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Output Voltage Swing as a Function

of Supply Voltage of Load Resistance
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Typical Performance Characteristics (Continued)

input Noise Voltage as a Function of Frequency Input Noise Current as a Function of Frequency
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RC4556 | High Output Current Dual Operational Amplifier
L e

Comparison of Standard
vs. Micro-Package

Standard
8-Lead
Plastic

DIP

8-Lead
t  Plastic
- Micro-Pak

65-01859A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High-Gain
Dual Operational Amplifier

Raytheon

RC4558

Features

m 2 5MHz unity gain bandwidth guaranteed

® Supply voltage +22V for RM4558 and +15V
for RC4558

Short-circuit protection

No frequency compensation required

No latch-up

Large common-mode and differential voltage
ranges

Low power consumption

@ Parameter tracking over temperature range

® Gain and phase match between amplifiers

Description

The 4558 integrated circuit is a dual high-gain
operational amplifier internally compensated and
constructed on a single silicon chip using an
advanced epitaxial process.

Combining the features of the 741 with the close
parameter matching and tracking of adual device
on a monolithic chip results in unique perfor-

Schematic Diagram (1/2 Shown)

mance characteristics. Excellent channel separa-
tion allows the use of the dual device in single
741 operational amplifier applications providing
density. It is especially well suited for applica-
tions in differential-in, differential-out as well
as in potentiometric amplifiers and where gain
and phase matched channels are mandatory.

Mask Pattern

Die Size: 52 x 61 mils
Min. Pad Dimensions: 4 x 4 mils

Vs o .
® ©
Rt
87K
s a1 Kos
014
013 ) RS
27
120
- 4 AAA Output
28) 02 a aw Wy 0717
Inputs b s R7
350 50K 2z a7
+ D1
15pF
4 9
osj— 04 ———L?on
n 58K D2
R2 < 0 SR SR
S T‘5DF 5K S50k
-Vs
4 (o - 65-002088
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High-Gain

RC4558 Dual Operational Amplifier
Connection Information
8-Lead 8-Lead
Dual In-Line Package Metal Can TO-99
(Top View) (Top View)
°
Pin Function
E I] 1 A Output
2 A -Input
3 A +Input
| 2 7 4 Vg
5 B +Input
6 B -Input
[3———- d Zl 7 B Output
8 +Vg
[ B

Absolute Maximum Ratings

Ordering Information

Supply Voltage Operating
RM4558 ... ...oiiiiiiiiii +22V Part Number Package Temperature Range
ARC455'8 ............................ +18V RC4558DE Ceramic 0°C to +70°C
Differential Input Voltage ................ 30V RC4558M Micro Plastic 0°C to +70°C
Input Voltage' ........................ +15V RC4558NB Plastic 0°C to +70°C
Operating Temperature Range RC4558T T0-99 0°C to +70°C
RM4558 ... .............. -55°C to +125°C ; o o
. RV4558DE Ceramic -40°C to +85°C
RV4558 ................... -40°C to +85°C RV4558NB Plastic _40°C to +85°C
RC4558 ..................... 0°Cto +70°C - S S
Output Short Circuit Duration? ... ... Indefinite RM4558DE Ceram!c -55°C 1o +125°C
Notes: RM4558DE/883B* |  Ceramic -55°C to +125°C
otes: 1. For supply voltages less than +15V, the absolute RM4558T T0-99 55°C 1o +125°C
maximum input voltage is equal to the supply $ - 0
voltage. RM4558T/883B* T0-99 -55°C to +125°C

2. Short circuit may be to ground on one amp only.
Rating applies to +75°C ambient temperature.

Thermal Characteristics

*MIL-STD-883, Level B Processing

8-Lead

8-Lead 8-Lead 8-Lead T0-99
Micro-Pak Plastic DIP | Ceramic DIP | Metal Can

Max. Junction Temp. 125°C 125°C 175°C 175°C
Max. Py Tp < 50°C 300mW 468mW 833mw 658mwW
Therm. Res. 8¢ — — 45°C/W 50°C/W
Therm. Res. 654 240°C/W 160°C/W 150°C/W 190°C/W
For Ta > 50°C Derate at 4.1mW 6.25mwW 8.33mw 5.26mwW

per °C per °C per °C per °C
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High-Gain

Dual Operational Amplifier

Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise specified)

RC4558

RM4558 RV/RC4558
Parameters Test Conditions Min | Typ | Max| Min | Typ [ Max | Units
Input Offset Voltage Rg < 10k} 1.0 50 2.0 60 | mv
input Offset Current 50 | 200 50 | 200} nA
input Bias Current 40 500 40 500 | nA
Input Resistance 0.3 1.0 0.3 1.0 M
Large Signal Voltage Gain Ry =2k, Voyr = £10V| 50 | 300 20 | 300 V/mV
Output Voltage Swing R = 10k +12 | +14 +H12 | +14 v
R =2k +10 [ +13 10 | #13 Vv

Input Voltage Range +12 | #13 +12 | +13 v
Common Mode Rejection Ratio Rs < 10k( 70 100 70 100 dB
Power Supply Rejection Ratio Rs < 10k 76 100 76 100 dB
Power Consumption Rl == 100 | 170 100 | 170 | mW
Transient Response Viy = 20mV

Rise Time R = 2k 0.3 0.3 uS

Overshoot Cp < 100pF 35 35 %
Slew Rate RL = 2k() 0.8 0.8 V/uS
Channel Separation f = 10kHz, Rg = 1kf) 90 90 dB
Unity Gain Bandwidth (Gain = 1) 25 30 2.0 3.0 MHz

The following specifications apply for -55°C < Ty < +125°C for RM4558; 0°C < Ty < +70°C for RC4558;
-40°C < T, < +85°C for RV4558

input Offset Voltage Rs < 10k(2 6.0 75| mv
Input Offset Current

RC4558 : 500 300 | nA

RV4558 500 500 { nA
Input Bias Current

RC4558 1500 800 | nA

RV4558 1500 1500 | nA
Large Signal Voltage Gain RL =2k, Vour = £10V| 25 15 V/imV
Output Voltage Swing R, =2k +10 +10 v
Power Consumption R == 120 | 200 120 | 200 | mW

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon

reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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High-Gain
RC4558 Dual Operational Amplifier
L |

Matching Characteristics (vs = 15V and Ta = +25°C unless otherwise specified)

RM4558 RC4558
Parameters Test Conditions Typ Typ Units
Voltage Gain RL = 2kn +1.0 +1.0 dB
Input Bias Current R =2ka +15 +15 nA
Input Offset Current RL = 2k +75 +7.5 nA
Typical Performance Characteristics
Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
100 2
] g
) Vs = +15V = 20 b——Vs = +15V
E E s
3 =
E w Z w0
2 ES paa—
£ o £ 5 — —— s
f :
0 i 0 K
0 +10 420 430 +40 +50 +60 +70 0 +10 420 +30  +40  +50 +60 +70
Temperature (°C) Temperature (°C)
Common Mode Range as a Function Open Loop Voltage Gain as a
of Supply Voltage Function of Frequency
15
_ I 120
= j0fTas+25°C /{7 100 ~
£ N
g 77 g 80 N
g f T & \\
s o 4 3 N
E 40
- %, Z g N
= 2 2
E 3 \\ <
s -0 e, V ] 0 N §
-15 2 -20 2
6 8 10 12 14 16 18 110 100 1K 10K 100K 1M 10M
Supply Voliage (V) Frequency (Hz)
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High-Gain
Dual Operational Amplifier

PrERRRRR_—————

Typical Performance Characteristics (Continued)

RC4558

Open Loop Gain as a Function

Power Consumption as a Function

of Temperature of Ambient Temperature
800K T I
| Vg=*15V 140 Vs = +15V
5}
600K E
= 5
3 2 F—
B, 400K £ 10
g RL = K0 8
— E 80
200K P £ - _ «
jé 60 ]
+10  +20  +3) 40 -0 +60 70 0 10 <20 0 +4Q +50 +60  +70
Temperature [°C) Temperature (°C)
Typical Output Voltage as a Function Output Voltage Swing as a Function
of Supply Voitage of Load Resistance
15 — ;: V5= <15v
Ta=+25°C _ Ta=+25°C =
10 = 3
=
= s T 3 2 A
= 7 %
= 7 / 3 20
g0 / z
3 g 6
R L v T /
10 |-RL=2ka &‘ £ g v F
l <Ll 8 10 8
-15 & 8 3
4 6 8 10 12 14 16 18 0.1 10 10
Supply Voltage (=¥} Load Resistance {k(})
Output Voltage Swing as a Function Quiescent Current as a Function
of Frequency of Supply Voltage
4 5
% L
=2 R HH Vg =215V 4
e Ta = +25°C =
3 B8 RL=2k ] E
« -
5 24 E, 3
Z 2 - 5 Ta=25°C
£ g 2
R ! it ]
§ 8 b v H s 1 é
4 : Sami 3
| T2 2
100 1K 10K 100K ™ 0 3 6 9 12 15 18
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High-Gain
RC4558 Dual Operational Amplifier

L ]
Typical Performance Characteristics (Continued)

Voltage Follower
Transient Response Large Signal Pulse Response
28 10 —
8 Vs = +15V
] ) [ Ta=+25°C ]
20 s 4 r==~ A
s 1 s 2 I\
s 5 9% Vs =16V £ : / H
g Ta=25C ™ Z |
g 3 / RL=2%k0 | F / t \
/ CL = 100pF g 4 / I A\
4 [Ny
10% Rise Time 5 -6 8
’ [ ] H M :
8 -0 8
0 0% 0% 075 10 125 0 10 2 30 40
Time (u8) Time LS
Input Noise Current Input Noise Voltage
as a Function of Frequency as a Function of Frequency
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Channel Separation vs. Output Voltage
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High-Gain v
Dual Operational Ampilifier RCA558

N

Typical Performance Characteristics (Continued)

Distortion vs. Frequency
TTTTIT BRI
‘L ‘ Vo = 1.0VRms |
= 0BT ] Vs = 230V
= 05 i RIAA Compensation
2 [
- m1T
=2 04 \ - HH
s 03
g
2 02
= N
] N 4 .
=01 ‘ - A g
il I i
100 1K 10K 100K
Frequency (Hz)
Typical Applications
Voltage Follower Lamp Driver s
+Vs
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= 5K
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RC4558

High-Gain
Dual Operational Amplifier

Typical Applications (Continued)

DC Coupled 1kHz Low-Pass AC Coupled Non-Inverting Amplifier
Active Filter
16K 0.014F Vo oY
Vin
0014F T
2100k M
1 < 100K
AV -0 +Vs
< <
E01uF 2= 104F 100K S 10K
"[‘ <
£5-00233A = 65-00234A
1kHz Bandpass Active Filter . .
P AC Coupled Inverting Amplifier
390K 0.014F 120K v
O—AAA— } VWA 5 100K
Vin
Viy 10K
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39K
62002 A 100K
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Voltage Controlled Oscillator (VCO)
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100K 100K
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$ 50K V- /210K
— Qutput2
N A,
= “Wide Control Voltage Range: OV < V¢ < 2(+Vg - 15V)
85-00237 A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High Performance
Dual Operational Amplifier

Raytheon

RC4559

Features

# Unity gain bandwidth —
4.0MHz typical — 3.0MHz guaranteed
® Slew rate —
2.0V/uS typical — 1.5V/uS guaranteed
B Low noise voltage —
1.4uVRums typical — 2.0uVems guaranteed
® Supply voltage — +22V for RM4559 and
+18V for RC4559
No frequency compensation required
No latch up
Large common mode and differential voltage
ranges
B Low power consumption
Parametric tracking over temperature range
Gain and phase match between amplifiers

Schematic Diagram (1/2 Shown)

Description

The 4559 integrated circuit is a high performance
dual operational amplifier internally compensated
and constructed on a single silicon chip using
an advanced epitaxial process.

These amplifiers feature guaranteed AC perfor-
mance which far exceeds that of the 741-type
amplifiers. The specially designed low-noise input
transistors allow the 4559 to be used in low-
noise signal processing applications such as
audio preamplifiers and signal conditioners.

The 4559 aiso has more output drive capability
that 741-type amplifiers and can be used to
drive a 600} load.
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RC4559 High Performance Dual Operational Amplifier

Connection Information

8-Lead 8-Lead
Metal Can TO-99 Dual In-Line Package
(Top View) (Top View)

2
5

Function
A Output
A -Input
A +Input
-Vg

B +Input
B -Input
B Output
+Vs

]
[ 7]
[ |

ONOO A WN =

[ [+ ]

65-00210A

Absolute Maximum Ratings

Supply Voltage
RM4559 ... ............ ... ... +22V
RC4559 ............oviiiiv... +18V
InputVoltage' ........................ +15V
Differential Input Voltage ................ 30V
Output Short Circuit Duration? .. .... Indefinite
Operating Temperature Range
RM4559 ... ............. -55°C to +125°C
RV4559 ................... -40°C to +85°C
65-01537A RC4559 ............... PRI 0°C to +70°C
Lead Soldering Temperature
Die Size: 52 x 61 mils RV4559, RC4559 .................. +300°C
Min. Pad Dimensions: 4 x 4 mils RM4559 .. ... ... ... ...l +260°C

Notes: 1. For supply voltages less than -15V, the absolute
maximum input voltage is equal to the supply
voltage.

Thermal Characteristics 2. Short circuit may be to ground on one amp only.
B Lead Rating applies to +75°C ambient temperature.
Blead | Blead | 8-lead | T0-99 Ordering Information
Micro-Pak | Plastic DIP|Ceramic DIP |Metal Can Operating
TMax. Junction | 125°C | 125°C | 175°C | 175°C Part Number Package Temperature Range
il RCA559DE Ceramic 0°C to +70°C
Max. P 300mW | 468mW | 833mW | 658mW RC4559M Micro-Plastic |  0°C to +70°C
Ta<50°C RC4559NB Plastic 0°C to +70°C
Therm. Res. _ 0w oW RCA559T T0-99 0°C to +70°C
84c RV4559DE Ceramic -40°C to +85°C
Therm. Res. | 240°C/W/| 160°C/W | 150°C/W [190°C/W RV4559NB Plastic -40°C to +85°C
6n RM4§58DE Ceramic —gg" 8 to +1§5° g
For Ta>50°C| 41mW | 6.25mW | 8.33mW |5.26mW RM4559DE/8838* | Ceramic -95°C to +126°
Derate at per°C | per°C | pereC | per°C RM4559T 1099 -55°C o +125°C
RM4559T/883B* T0-99 -55°C to +125°C

“MIL-STD-883, Level B Processing
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High Performance Dual Operational Amplifier RC4559

S

Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise specified)

RM4559 RV/RC4559

Parameters Test Conditions Min | Typ | Max] Min | Typ | Max| Units
Input Offset Voltage Rg < 10kf) 1.0 | 50 20 | 60| mV
Input Offest Current . 50 [ 100 50 [ 100] nA
Input Bias Current 40 250 40 250 | nA
Input Resistance (Differential Mode) 0.3 1.0 03 | 10 Mo
Large Signal Voltage Gain s; U_>T 2=k$1 o 50 | 300 20 | 300 v/mv

RL = 10k +12 | =14 +12 | +14 v
Output Voltage Swing RL = 2k +10 | +13 +10 | =13 v

R = 6000 495} 10 +95 1 +10 v
Input Voltage Range +12 | 13 +12 [ +13 v
Common Mode Rejection Ratio Rs < 10k(1 80 100 80 100 dB
Power Supply Rejection Ratio Rs < 10k(2 82 100 82 100 dB
Supply Current R == 33 | 56 33 | 56| mA
Transient Response ViN = 20mV

Rise Time R = 2k 80 80 nS
Overshoot CL < 100pF 35 35 %

Slew Rate 15| 20 15 1 20 V/uS
Unity Gain Bandwidth 3.0 40 30 40 MHz
Power Bandwidth Vo = 20Vpp 24 R 24 32 kHz
input Noise Voltage f = 20Hz to 20kHz 14 20 14 2.0 | uVRms
Input Noise Current f = 20Hz to 20kHz 25 25 PARMS
Channel Separation Gain = 100, f = 10kHz 90 20 dB

Rg = 1k

The following specifications apply for -55°C < Ty < +125°C for RM4559;
-40°C < Ty < +85°C for RV4559; and 0°C < T < +70°C for RC4559

Input Offset Voltage Rs < 10k 6.0 75| mv
Input Offset Current 300 200 | nA
Input Bias Current 500 50 nA
Large Signal Voltage Gain Ry = 2k() 25 15 VimV

Vour = +10V
Output Voltage Swing R =2k +10 +10 v
Supply Current R == 4.0 6.6 4.0 66 | mA

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4559 High Performance Dual Operational Amplifier
*
Matching Characteristics (vs = +15v, Ta = +25°C unless otherwise specified)

RM4559 RC4559
Parameter Conditions Typ Typ Units
Voltage Gain R = 2k0 +1.0 +1.0 dB
Input Bias Current +15 +15 nA
Input Offset Current +7.5 +7.5 nA
Typical Performance Characteristics
Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
100 2
] [
Vg = +15V i
I = 20 Vs =15V
§ow E o
.% 40 — % 10
£ 20 " g 5 \'\u\ <
5 . ‘*«F
0 L 0 K
0 +10 +20 +30  +40  +50 +60  +70 0 +10  +20 430 +40  +50 +60 +70
Temperature (°C) Temperature (°C)
Common Mode Range as a Function Open Loop Voltage Gain as a
of Supply Voltage Function of Frequency

15 ‘ 120

10l Ta- -25°C A@@ 100 _—
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DO £

5N \ ™ N : 20— - \\
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Frequency (Hz)
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High Performance Dual Operational Amplifier RC4559

Typical Performance Characteristics (Continued)

Open Loop Gain as a Function Power Consumption as a Function
of Temperature of Ambient Temperature
800K T ; I
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Typical Output Voltage as a Function Output Voltage Swing as a Function
of Supply Voltage of Load Resistance
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RC4559 High Performance Dual Operational Amplifier

L __________________________________________________ " ]
Typical Performance Characteristics (Continued)

Transient Response Volitage Follower Large Signal Pulse Response
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High Performance Dual Operational Ampilifier - RC4559

{5

Typical Performance Characteristics (Continued)

Output Voltage Swing vs. Frequency Distortion vs. Frequency
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RC4559 High Performance Dual Operational Ampilifier

Typical Applications (Continued)

Stereo Tone Control

Eina Eing
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Low Frequency Sine Wave Generator With Quadrature Output
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Wide-Bandwidth

Raytheon

Dual Operational Amplifier

RC4560

Features

B Unity gain bandwidth (Ay = 1) — 10MHz

m Siew rate — 4.0V/uS

® Noise voltage at 1kHz — 7.0nV/\/Hz

m Noise voltage current at 1kHz — 0.4pA/\/Hz
® +10V Output into 400(2 loads (+25mA)

m Supply current per amplifier — 1.8mA

B Input offset voltage — 2.0mV

& Input offset current — 5.0nA

® Unity gain frequency compensated
® Output short circuit protected

Schematic Diagram (1/2 Shown)

Description

The 4560 integrated circuit is a high-gain, wide-
bandwidth, dual operational amplifier capable
of driving 20V peak-to-peak into 400Q} loads.
The 4560 combines many of the features of the
4558 as well as providing the capability of wider
bandwidth, and higher slew rate make the 4560
ideal for active filters, data and telecommuni-
cations, and many instrumentation applications.
The availability of the 4560 in the surface mounted
micro-package allows the 4560 to be used in
critical applications requiring very high packing
densities.
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RC4560 Wide-Bandwidth Dual Operational Amplifier
Connection Information Mask Pattern
8-Lead
Dual In-Line Package
(Top View) 3 6
°
[ ¢ ]
2 5
[2] ] 1 '
[s ] <H1 el
[ [« ]
Pin Function 7
1 A Output
2 A -Input
3 Avnout Die Size: 52 x 61 mils
M B f'npm Min. Pad Dimensions: 4 x 4 mils
6 B -Input
7 B Output . i
8 -Vs Absolute Maximum Ratings
Supply Voltage ....................... +18V
. Input Voltage' ........................ +15v
Thermal Characteristics Differential Input Voltage ................ 30v
8 Lead Output Short Circuit Duration? ...... Indefinite
Micro-Pak 8-Lead Operating Temperature
Plastic DIP | Plastic DIP Range .................... -20°Cto +75°C
- " S Lead Soldering Temperature (10 Sec)
Max. Junction Temp. 125°C 125°C RCAS60NB ....................... +300°C
Max. Pp Ta < 50°C 300mw 468mwW RC4560M ........................ +260°C
Therm. Res. 6 i _ — Notes: 1. For supply voltages less than +15V, the absolute
. . maximum input voltage is equal to the supply
Therm. Res. 65 240°C/W 160°C/W voltage.
2. Short circuit may be to ground on one amp only.
For Ta > 50°C Derate at 4.17mW 6.25mW Rating applies to +75°C ambient temperature.
per °C per °C
Matching Characteristics
(Vs =£15V, T4 = +25°C)
Orderin g Information Parameter Conditions Typ | Units
i +
Operating Voltage Gain Ri=2ka | +1.0 | dB
Part Number Package Temperature Range Input Bias Current +15 nA
RC4560M Micro-Plastic | -20°C to +75°C Input Offset Current +7.5 nA
RC4560NB Plastic -20°C to +75°C Input Offset Voltage Rs=10ka | +02 | mv
6-232 Raylheen



Wide-Bandwidth Dual Operational Amplifier

RC4560

—

Electrical Characteristics (Vs = £15V and Ta = +25°C unless otherwise specified)

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k} 20 6.0 mV
Input Offset Current 50 200 nA
Input Bias Current 50 500 nA
Input Resistance (Differential Mode) 0.3 0.1 M
Large Signal Volitage Gain RL =2k, Vour = £10V 20 300 V/imv
. RL = 10k +12 +14
Output Voltage Swing - - v
lp = 25mA +10 +115

Input Voltage Range +12 +13 v
Common Mode Rejection Ratio Rs < 10k} 70 90 dB
Power Supply Rejection Ratio Rs < 10k 76 90 dB
Power Consumption R = 135 200 mW
Transient Response

Rise Time Vi = 20mV, B = 2k 0.05 uS

Overshoot € < 100pF, Gain = 1 35 %
Slew Rate RL < 2k(, Gain = 1 40 V/uS
Channel Separation fR; lgkk*g Gain = 100 100 dB
Unity Gain Bandwidth Ay = +1, Vg = -3dB 10 MHz

The following specifications apply for -20°C < Ty < +75°C
Input Offset Voltage Rs < 10k 7.0 mvV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain Ry = 2k, Vout = £10V 15 V/imV
Output Voltage Swing R =2k +10 v
. Ta = +75°C 135 200
Power Consumption mwW
Ta=-20°C 165 230

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4560 Wide-Bandwidth Dual Operational Amplifier
L .-

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
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Wide-Bandwidth Dual Operational Amplifier RC4560

X

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Output Voltage Swing as a Function
of Supply Voltage of Load Resistance
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RC4560 Wide-Bandwidth Dual Operational Amplifier
L e

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function of Frequency Input Noise Current as a Function of Frequency
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RC4560 Wide-Bandwidth Dual Operational Amplifier

Comparison of Standard
vs. Micro-Package

Standard
8-Lead
Plastic

DiP

8-Lead
. Plastic
Micro-Pak

65-01859A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Decompensated Wide-Bandwidth RC4562

Raytheon

Dual Operational Amplifier

Features

® Frequency compensated for gains >10
® Unity gain bandwidth — 15MHz

B Slew rate — 7.0V/uS

® Noise voltage at 1kHz — 5.5nV/\/Hz
® Noise current at 1kHz — 0.2pA/\/Hz
& 10V Output into 6001} loads

® (0.005% distortion at 9.0Vgrmg

® Supply current per amplifier — 1.8mA
® Output short circuit protected

Schematic Diagram (1/2 Shown)

Description

The 4562 integrated circuit is a high gain, wide-
bandwidth, low noise, dual operational amplifier
capable of driving 20V peak-to-peak into 600}
loads. The 4562 is frequency compensated for
closed loop gains greater than 10. The 4562
combines many of the features of the popular
4558 as well as providing the capability of wider
bandwidth, and higher slew rate and less noise
make the 4562 ideal for audio preamplifiers, active
filters, telecommunications, and many instrumen-
tation applications. The availability of the 4562
in the surface mounted micro-package allows
the 4562 to be used in critical applications
requiring very high packing densities.
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RC4562

Decompensated Wide-Bandwidth

Dual Operational Amplifier

Connection Information Mask Pattern
8-Lead
Dual in-Line Package 4
(Top View)
°
3 5
[ ¢ ]
2 6
2 7
N 7] 1 .
(2] <H1e]
(] B
Pin Function 8
1 A Output
2 A -Input
3 A +lnput . .
4 Vg Die Size: 52 x 61 mils
5 B8 +input Min. Pad Dimensions: 4 x 4 mils
6 B -Input
7 B Output
8 +Vs Absolute Maximum Ratings
Supply Voltage ...t +18V
L Input Voltage' ... +15V
Thermal Characteristics Differential Input Voltage ................ 30V
8-Lead Output Short Circuit Duration? ...... Indefinite
Micro-Pak 8-Lead Operating Temperature
Plastic DIP | Plastic DIP Ransge .................... —S2O°C to +75°C
- - - Lead Soldering Temperature (10 Sec)
Max. Junction Temp. 125°0 125°C RCABE2NB . vnoveeneeennannn +300°C
Max. Pp Ta <50°C 300mW 468mW RCA4562M . ... +260°C
Therm. Res. 8¢ _ __ Notes: For supply voltages less than T15V, the absolute
. . maximum input voltage is equal to the supply
Therm. Res. 6,4 240°C/W 160°C/W voltage.
2. Short circuit may be to ground on one amp only.
For Tp > 50°C Derate at 4.17TmW 6.25mW Rating applies to +75°C ambient temperature.
per °C per °C
Matching Characteristics
(Vg = %15V, Ta = +25°C)
Ordering Information Parameter Conditions | Typ | Units
Operating Voltage Gain RL=2kn | 1.0 dB
Part Number Package Temperature Range Input Bias Current +15 nA
RC4562M Micro-Plastic | -20°C to +75°C Input Offset Current +75 nA
RC4562NB Plastic -20°C to +75°C Input Offset Voltage Rg =10k | 02 | mV
Raytheon 6-239



Decompensated Wide-Bandwidth
Dual Operational Amplifier
L

Electrical Characteristics (Vs = +15V and T = +25°C unless otherwise specified)

RC4562

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k 1.0 6.0 mV
Input Offset Current 50 200 nA
Input Bias Current 200 500 nA
Input Resistance 0.3 1.0 MO
Large Signal Voltage Gain Ry = 2k(), Vgyr = £10V 20 300 VimV
. R_ = 10k +12 +14
Output Voltage Swing v
RL = 2k +10 +13

Input Voltage Range +12 +14 v
Common Mode Rejection Ratio Rs < 10k 70 90 dB
Power Supply Rejection Ratio Rs < 10k} 76 90 dB
Power Consumption (All Amplifiers) | R =« 100 170 mwW
Transient Response

Rise Time Vin = 20mV, R = 2k 0.06 uS

Overshoot Cy < 100pF, Gain = 10 60 %
Slew Rate Ry < 2k, Gain = 10 7.0 V/uS
Channel Separation L; lgkkl:i Gain = 100 90 dB
Unity Gain Bandwidth Gain=10 8.5 15 MHz

The following specifications apply for -20°C < Ty < +75°
Input Offset Voltage Rs < 10k 75 mv
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain R = 2k, Vgyr = +10V 15 Vimv
Output Voltage Swing RL = 2k +10 v
) Ta = +75°C 90 150
Power Consumption mwW
Ta = -20°C 120 200

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Decompensated Wide-Bandwidth
RC4562 Dual Operational Amplifier

{50 —

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
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Decompensated Wide-Bandwidth |
Dual Operational Amplifier RC4562

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Output Voltage Swing as a Function
of Supply Voltage of Load Resistance
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Decompensated Wide-Bandwidth
RC4562 Dual Operational Amplifier

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function Input Noise Current as a Function
of Frequency of Frequency
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RC4562
L P .. ]

Comparison of Standard
vs Micro-Pak

Standard
8-Lead
Plastic

DIP

8-Lead
{ Plastic
~ Micro-Pak
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Low Noise
Dual Operational Amplifier

Raytheon

RC4739

Features

® Internally compensated replacement for uA739
and MC1303

m Signal-to-noise ratio — 76dB (RIAA 10mV ref.)

® Channel separation — 125dB

® Unity gain bandwidth — 3MHz

® Output short-circuit protected

& <0.05% distortion into 2k(} load

& 10nV/\/Hz noise at 100Hz

Schematic Diagram (1/2 Shown)

Description

The RC4739 low noise dual operational amplifier
is fabricated on a single silicon chip using the
planar epitaxial process. It was designed primarily
for preamplifiers in consumer and industrial signal
processing equipment. The device is pin com-
patible with the pA739 and MC1303, however,
compensation is internal. This permits a lowered
external parts count and simplified application.

The RCA4739 is available in molded dual in-line
14-pin package and operates over the commercial
temperature range from 0°C to +70°C.
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RC4739 Low Noise Dual Operational Amplifier

Connection Information Mask Pattern
14-Lead
Dual In-Line Package
(Top View)
E j Pin Function
12 14 1 A Output
2 NC
E j 4 NC
5 +A Input
E z' 6 -A Input
7 -Vg
E ﬁ E 8 -B Input
9 +B8 Input
E 10 10 NC
1 NC
[&] s 12 NC
13 B Output
] a| 4 +Vg
e 0004A Die Size: 52 x 61 mils
Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage ....................... +18V 14-.Lead
Input Voltage' ................coonen.. +15V Plastic DIP
Differential Input Voltage ................ 30v Max. Junction Temp. 125°C
Output Short Circuit Duration? ...... Indefinite "
Storage Temperature Max. Pp T < 50°C 4B8mwW
Range ................... -65°C to +150°C Therm. Res. 8¢ —
Operating Temperature Therm. Res. 6 160°C/W
Range ...................o... 0°C to +70°C  TES Qun
Lead Soldering Temperature For T > 50°C Derate at 5-25TW
(60SEC) ..ot +300°C per °C
Notes: 1. For supply voltages less than +15V, the absolute
maximum input voltage is equal to the supply . .
voltage. Ordering Information
2. Short circuit may be to ground, typically 45mA. -
Operating
Part Number Package Temperature Range
RC4739DB Plastic 0°C to +70°C
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Low Noise Dual Operational Amplifier RC4739

e e
Electrical Characteristics (Vs = +15V and Tp = +25°C)

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rg < 10k(2 20 6.0 mvV
Input Offset Current 5.0 200 nA
Input Bias Current 40 500 nA
Input Resistance (Differential Mode) 0.3 50 MQ
Large Signal Voltage Gain RL = 2k, Vour = 210V 20 300 V/mv
, Rz 10k +12 +14
Output Voltage Swing v
R = 2k +10 +13

Input Voltage Range +12 +14 v
Common Mode Rejection Ratio Rs < 10k) 70 100 dB
Power Supply Rejection Ratio Rs < 10k2 76 100 dB
Power Consumption 105 170 mwW
Transient Response

Rise Time Vin = 20mV, RL = 2k 0.15 uS

Overshoot Cp < 100pF 10 %
Slew Rate RL = 2k{) 1.0 V/iuS
Input Voltage Noise By = 10-30kHz, Rg = 1k 25 ©Vams
Channel Separation L; 1(1)::22 Ay = 40dB, 125 dB

The following specification applies for 0°C < Ty < +70°C unless otherwise specified. Vs = £15V
Input Offset Voltage Rs < 10k 3.0 75 mv
Input Offset Current 70 300 nA
tnput Bias Current 50 800 nA
Large Signal Voitage Gain Ry = 2k}, Vgyr = £10V 15 200 Vimv
Output Voltage Swing RL = 2k, Vg = 15V +10 +13 v
. Tg = +70°C 100 150 mw

Power Consumption To-0°C 0 P pocyp

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4739 Low Noise Dual Operational Amplifier

L ]
Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
100 2
] [
Vg = +15V L,
- W g B fVerE
bt =1
g & g 5
3 3
E = - £ w0
g 1
= 20 . 3 5 S —— <
: :
0 3 0 2
0 +10 +20 +30 +40  +50 460 +70 0 +10  +20 +30 +40  +50 +680 +70
Temperature {°C) Temperature (°C)
Common Mode Range as a Function Open Loop Voltage Gain as a
of Supply Voltage Function of Frequency
15 120
I —
E jofTa e e 7 7 100[——=
- s N
] A, / / / NG
g . /ﬂ/ i / A/ galiss 7 = AN
-3 = NG
: 7 ,/// 7, 5 ° N
8 3
WG 777 / 77/ <
E A A / S \\ <
8 -1 g ] 0 N1;
-15 N -20 2
0 12 14 16 18 1 10 100 1K 10K 100K 1M 10M
Supply Voltage (V) Frequency [Hz)
Typical Output Voltage as a Function
Open Loop Gain as a Function of Temperature of Supply Voltage
800K T 15 T
| Vs =15V 0 Ta= +25°C L7
o Y 7/ %%
£ = 2 /
2 400K F 0
s R = 2k § 5 /
200K R = 2k .% S
3 R it s
7 e
-15 8
+10 420 30+ +50  +60  +70 4 6 8 W0 12 W 16 18
Temperature (°C) Supply Voltage [+V}

6-248 Raytheon



Low Noise Dual Operational Amplifier

Typical Performance Characteristics (Continued)

RC4739
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RC4739 Low Noise Dual Operational Amplifier

Typical Performance Characteristics (Continued)

Input Noise Current as a Function of Frequency Channel Separation
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PRELIMINARY
PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High Performance
Raytheon Dual Low Noise Operational Amplifier

RC5532,
5532A

Features

B Small signal bandwidth — 10MHz

m Qutput drive capability — 6001}, 10V (rms)
® Input noise voltage — 5nV/y/Hz

® DC voltage gain — 50,000

m AC voltage gain — 2200 at 10kHz

B Power bandwidth — 140kHz

| Slew rate — 8V/uS

8 Large supply voltage range — *3 to 20V

Description

The 5532 is a high performance dual low noise
operational amplifier. Compared to the standard

Schematic Diagram (1/2 Shown for 5532)

dual operational amplifiers, such as the 1458,
it shows better noise performance, improved
output drive capability, and considerably higher
small-signal and power bandwidths.

This makes the device especially suitable for
application in high quality and professional audio
equipment, instrumentation, and control circuits,
and telephone channel amplifiers. The op amp
is internally compensated for gains equal to
one. If very low noise is of prime importance,
it is recommended that the 5532A version be
used which has guaranteed noise specifications.
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High Performance

RC5532, 5532A Dual Low Noise Operational Ampilifier

Connection Information

8-Lead
TO-99 8-Lead
Package DE/NB chkage
(Top View) (Top View)
5532/5532A Pin gunction
1 utput A
E El 2 Inverting Input A
3 Non-Inverting Input A
4 -vg
E B Z] 5 Non-Inverting Input B
- 6 Inverting Input B
7 Output B
[ ]
Absolute Maximum Ratings Mask Pattern

Supply Voltage ....................... +22V
Input Voltage ..................... +V Supply
Differential Input Voltage' ............... 0.5V
Operating Temperature Range

RM5532 ................. -55°C to +125°C

RV5532 .......cooiiiiiiiinn, 0°C to +70°C
Storage Temperature

Range ................... -65°C to +150°C
Lead Soldering Temperature

(10S€C) +vvvviiiiiiiiiiieiieenn +300°C

Thermal Characteristics

8-Lead
8-Lead 8-Lead T099
Plastic DIP Ceramic DIP| Metal Can

Max. Junction Temp.| 125°C 175°C 175°C
Max. Pp Ta <50°C | 468mW | 833mW | 658mW

Die Size: 78 x 104 mils

Therm. Res. 8¢ _ 45°C/W | 50°C/W Min. Pad Dimensions: 4 x 4 mils
Therm. Res. 6 160°C/W | 150°C/W | 190°C/W

For Tp >50°C 6.25mW | 8.33mW | 5.26mW

Derate at per °C per °C per °C

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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High Performance

Dual Low Noise Operational Amplifier

e

DC Electrical Characteristics (Vg = 15V and Ta = +25°C unless otherwise noted)? ?

RC5532, 5532A

RM5532/5532A RC5532/5532A
Parameters Test Conditions Min | Typ { Max | Min | Typ | Max | Units
Input Offset Voltage 05 20 05 40 mv
Over Temperature 3.0 5.0 mV
Input Offset Current 100 10 150 | nA
Over Temperature 200 200 nA
Input Bias Current 200 | 400 200 | 800 nA
Over Temperature 700 1000 | nA
Supply Current 6.0 1 6.0 16 mA
Over Temperature 13 22 mA
Input Voltage Range +12 | £13 +12 | £13 v
Common Mode Rejection Ratio 80 100 70 100 dB
Power Supply Rejection Ratio 86 100 80 100 dB
RL = 2ke, Vg = 10V 50 25 100 V/imv
Large Signal Voltage Gain Over Temperature 25 15 50 V/imV
RL = 6000 Vg = +10V | 40 15 50 V/imv
Over Temperature 20 10 V/imv
RL = 6000 +12 | 13 +12 | +13 v
Output Voltage Swing R = 60002, Vg = +18V | +15 | %16 +15 | +16 v
RL =2k +12 | £13 v
Input Resistance (Differential Mode) 30 300 30 300 kQ
Short Circuit Current 38 38 mA

Notes: 1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resistors are used, large currents will flow

if the differential input voltage exceeds 0.6V. Maximum current should be limited to £10mA.

2. For RC5532/RC5532A: Ty = 0°C, Tyax = +70°C
3. For RM5532/RM5532A: Ty = -55°C, Tyax = +125°C
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High Performance
RC5532, 5532A Dual Low Noise Operational Amplifier
L e

AC Electrical Characteristics (Vs =+15V and Ta = +25°C)

RC/RM5532/5532A
Parameters Test Conditions Min Typ Max Units
: Ay = 30dB Closed Loop
Output Resistance = 10kHz, R, - 60001 0.3 Q
Unity Gain )
Overshoot Vi = 100mVpp 10 %
CL = 10pF, R_ = 600
Gain f = 10kHz 22 Vimv
Gain Bandwidth Product Cy = 100pF, R, = 60002 10 MHz
Slew Rate 8.0 V/uS
Vour = +10V 140 kHz
Power Bandwidth Vour = £14V, B = 60002 100 kHz
Vo = 218V ’
Electrical Characteristics (Vs = +15V and Ta = +25°C)
RC/RM5532 RC/RM5532A
Parameters Test Conditions Min | Typ | Max | Min | Typ [ Max Units
Input Noise Voltage Density Ig i ?g:i 28 gg g% nV/Hz
Input Noise Current Density Ig - ?ﬁﬁi (2); g; pA/\/HZ
Channel Separation f = 1kHz, Rg = 5k() 110 110 dB

Ordering Information

Operating
Part Number Package | Temperature Range
RC5532NB Plastic 0°C to +70°C
RC5532ANB Plastic 0°C to +70°C
RC5532DE Ceramic 0°C to +70°C
RC5532ADE Ceramic 0°Cto+70°C
RC5532T T0-99 0°C to +70°C
RC5532AT T0-99 0°C to +70°C
RM5532DE Ceramic | -55°C to +125°C
RM5532DE /883B* Ceramic | -55°C to +125°C
RM5532ADE Ceramic | -55°C to +125°C
RM5532ADE/883B* | Ceramic | -55°C to +125°C
RM5532T T0-99 -55°C to +125°C
RM55327/883B* T0-99 -55°C to +125°C
RM5532AT T0-99 -55°C to +125°C
RM5532AT/8838* T0-99 -55°C to +125°C

“MIL-STD-883, Level B Processing
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High Performance
Dual Low Noise Operational Amplifier RC5532, 5532A

|

Typical Performance Characteristics

Open Loop Frequency Response Closed Loop Frequency Response
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High Performance
RC5532, 5532A Dual Low Noise Operational Amplifier

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Common Mode Range as a Function
of Supply Voltage of Supply Voltage
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High Performance

Dual Low Noise Operational Amplifier

RC5532, 5532A

Test Circuits

Closed Loop Frequency Response
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

High Performance RC5534,
Raytheon Low Noise Operational Amplifier 5534A

Features This amplifier also features guaranteed noise

. e performance with substantially higher gain-
® Small 5|gnal bandw@t.h 10MHz bandwidth product, power bandwidth, and slew
® Output drive capability — 6000, 10Vams at o which far exceeds that of the 741 type

Vg = £18V

) _ — amplifiers. The 5534 is internally compensated
: g“c)uvto?g;z ;Z:;ag_e 100483/6\/HZ for a gain of three or higher and may be
® AC voltage gain — 6000 at 10kHz externally compensated for optimizing specific

performance requirements of various applica-
B Power bandwidth — 200kHz . . . ;
B Slew rate — 13V/uS tions such as unity-gain voltage followers, drivers

® Large supply voltage range — +3V to +20V for capacitive loads or fast settling.
The specially designed low noise input transistors

Description allow the 5534 to be used in very low noise
The 5534 is a high performance, low noise  Signal processing applications such as audio
operational amplifier. This amplifier features  Preamplifiers and servo error amplifiers.

popular pin-out, superior noise performance, and
high output drive capability.

Schematic Diagram
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High Performance

RC5534, 5534A Low Noise Operational Amplifier
Connection Information
8-lead 8-Lead
Ceramic DE and Plastic NB TO-99
Dual In-Line Package Metal Can
(Top View) (Top View) Pin Function
8 1 Vos Trim
L4 ~ 2 -Input
! E 3 +input
4 -Vg
E 3 5 Compensation
6 Output
] g 7 +Vg
8 Vos Trim/Compensation
a 2]
Absolute Maximum Ratings Mask Pattern
Supply Voltage ...l +22V
Differential Input Voltage .............. 0.5V 7 6
Input Voltage ..................... *V Supply
Storage Temperature 8 5
Range ................... -65°C to +150°C
Operating Temperature Range
RMS5534/A ........ooeeel.. -55°C to +125°C
RCS534/A .. .ot 0°C to +70°C
Lead Soldering Temperature
(10S€C) .vvvviiiieiiiinnn, +300°C 1 4
Output Short Circuit Duration' ...... Indefinite
Notes: 1. Short circuit may be to ground only. Rating
applies to +125°C case temperature or +75°C 2 3
ambient temperature.
Ordering Information Die Size: 83 x 51 mils
Operating Min. Pad Dimensions: 4 x 4 mils
Part Number Package | Temperature Range
RC5534DE Ceramic 0°C to +70°C L.
RC5534ADE Ceramic 0°C to +70°C Thermal Characteristics
RC5534NB Plastic 0°Cto +70°C 8-Lead
RC5534ANB Plastic 0°C to +70°C 8-Lead 8-Lead T0-99
RCS534T 10-9 0°Cto+70°C Plastic 0P| Ceramic DIP| Metal Can
RC5534AT T0-99 0°C to +70°C -
- Max. Junction Temp.[ 125°C 175°C 175°C
RM5534DE Ceramic | -55°C to +125°C
RMS534DE/8838* | Ceramic | -55°C to +125°C Max.PpTa<50°C | 468mW | 833mW | 658mW
RMS5534ADE Ceramic | -55°C to +125°C Therm. Res. 0 _ 45°C/W o
RMS5534ADE/8838* | Ceramic | -55°C to +125°C orm. 765 P W | X°CIW
RM5534T T0-99 _55°C to +125°C Therm. Res. 6,4 160°C/W | 150°C/W | 190°C/W
RM5534T/883B* T0-99 ~55:C to +125:C For Ty > 50°C 6.25mW | 8.33mW | 5.26mw
RM5534AT T0-99 -55°C to +125°C Derate at per°C | per°C per °C
RM5534AT/883B* T0-99 -55°C to +125°C
*MIL-STD-883, Level B Proclessing
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High Performance

Low Noise Operational Amplifier

1
Electrical Characteristics (vs = £15V and Ta = +25°C unless otherwise noted)

RC5534, 5534A

RM5534/A RC5534/A
Parameters Test Conditions Min [ Typ | Max| Min | Typ | Max| Units
Input Offset Voltage Rs < 10k(2 05 20 05 40 mV
Input Offset Current 10 200 20 300 nA
Input Bias Current 400 | 800 500 [ 1500 nA
Input Resistance (Differential Mode) 50 100 30 100 kQ)
Large Signal Voltage Gain Ry = 6004}, Vour = +10V] 50 100 25 100 V/imvV
Output Voltage Swing Ry = 600() +12 | £13 +12 | 13 v
Input Voltage Range +12 | #13 +12 | #13 v
Common Mode Rejection Ratio Rs < 10k() 80 100 70 100 dB
Power Supply Rejection Ratio Rs < 10k 86 100 86 100 dB
Supply Current R == 40 6.5 40 8.0 mA
RisoTime o o 00F, - 229F ® % s
Overshoot 17 17 %
Slew Rate Cc=0 13 13 V/uS
Gain Bandwidth Product C¢ = 22pF, C = 100pF 10 10 MHz
Power Bandwidth Vo =20Vpp, Cc =0 200 200 kHz
Input Noise Voltage f = 20Hz to 20kHz 1.0 1.0 uVRMS
Input Noise Current f = 20Hz to 20kHz 25 25 pArms
Supply Current Vg=+15V, R == 9.0 14 mA
Channel Separation f = 1kHz, Rg = 5k} 110 110 dB
5534A 5534

input Noise Voltage Density fo = 30Hz >5 | 70 70 v

fo = 1kHz 35 | 45 40 NG
Input Noise Current Density fo = 30Hz 15 25 PA/

fo = 1kHz 0.4 06 VHzZ
Broadband Noise Figure fR; :05}120_ 20kHz, 09 dB

The following specifications apply for -55°C < Ty < +125°C for RM; 0°C < T < +70°C for RC, Vg = =15V
RM5534/A RC5534/A
Input Offset Voltage Rs < 10k2 3.0 50| mv
Input Offset Current 500 400 nA
Input Bias Current 1500 2000f nA
Large Signal Voltage Gain Ry = 6004}, Vout = 10V} 25 15 Vimv
Output Voltage Swing R_ = 6000 +10 +10 v
6-260 Raythoon



RC5534, 5534A

High Performance
Low Noise Operational Amplifier

—

Typical Performance Characteristics

Input Bias Current vs. Temperature

Temperature (°C)
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The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part ofthe
terms and conditions of any subsequent sale. Raytheon's liability shali be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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High Performance
Low Noise Operational Amplifier RC5534, 5534A
—

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function

of Supply Voltage Output Voltage vs. Load Resistance
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High Performance
RC5534, 5534A Low Noise Operational Amplifier

Typical Performance Characteristics (Continued)

Input Noise Voltage Input Noise Current
as a Function of Frequency as a Function of Frequency
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”

A voltage comparator is similar to 27, op amp in
design, but lacks any AC compensation that
would allow it to operate as a feedback amplifier.
This lack of compensation capacitors gives a
comparator the switching speed needed for fast
comparisons of analog voltages. Another major
difference is that most of Raytheon’s comparators
have an open collector output, which requires an
external pull up resistor, while op amps have a

Section 7
Comparators

push pull output stage. The exception is the
RC4805 high speed precision comparator, which
includes a push pull output stage.

Raytheon’s part types include low input current
single and dual comparators, dual and quad
single supply types, and the RC4805 zener zap
trimmed 22nS comparator. The LM111, LH2111,
and LM139 are available in JAN 38510 grades.
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Comparators

Section 7

“

DEFINITIONS

Average Input Offset Voltage Drift (TCygsg)

The ratio of change in input offset voltage to
a change in ambient temperature, expressed in
microvolts per degree C (u\/°C).

V Ty -V, T
TCvos = 0s @ T(1)-Vos @ Ty
Tn-Tw
Where T(1) and Ty are the upper and lower
limits of the specified temperature range.

Common Mode Rejection Ratio (CMRR)
The ratio of change of input common mode
voltage (both inputs swing together over a
specified voltage range) to a change in input
offset voltage, expressed in decibels (dB).

Vingy = ViNe)
CMRR = (]
20L0G10 (Vos @ ViN(1) - Vos @ Ving)

Where Vingty and Vinge) are the upper and lower
limits of the input common mode voltage range.

Input Bias Current (Ig)

The average of the two input currents with the
output voltage at the center of its swing with
no load, expressed in nanoamps (nA).

Input Offset Current (lgg)

The difference between the two input currents
with the output voltage at the center of its swing
with no load, expressed in nanoamps (nA).

Input Offset Voltage (Vog)

The voltage that must be applied between the
two inputs to obtain an output voltage in the
center of the output swing range, expressed
in millivolts or microvolts (mV or uV).

Input Voltage Range

The range of voitages at the inputs over which the
comparator operates within its common mode
rejection ratio specification, expressed in volts (V).

Large Signal Voltage Gain (Ay)

The ratio of a specified output voltage change
to the change in input offset voltage required
to effect the change under open loop conditions,
expressed in volts per millivolt (WmV).

7-2

Vo) - Vo)

Ay = -
Vos(1) - Vosez)

Where Vg (1) and Vo2 are the specified upper
and lower voltage limits for the change at the
output.

Output Leakage Current

For open collector output types; the collector
to emitter leakage current of the output transistor
with the output in an off condition and a specified
voltage applied, expressed in microamps (uA).

Output Sink Current

The current flowing into the output for a specified
set of input and output conditions, measured in
milliamps (mA).

‘Output Source Current

The current flowing out of the output for a
specified set of input and output conditions,
measured in milliamps (mA).

Output Voltage Swing

The peak output change, referred to ground,
that can be obtained for a specified load resistance,
expressed in volts (V).

Power Consumption

The DC power required to operate the comparator
with the output at the center of its swing and zero
load current, expressed in milliwatts (mW).

Power Supply Rejection Ratio (PSRR)
The ratio of change of supply voltage to a change
ininput offset voltage, expressed in decibels (dB).

) Vs(1) - Vs(2)
PSRR = 20LOG1o <VOS @ Vs(1) - Vos @ Vs

Where Vg(1p and Vgo) are the upper and lower
limits of the specified change of supply voltage.

Propagation Delay

The time delay between a step input to a resulting
change at the output, from the 50% point of
the input step to the 50% point of the output
swing, measured in nanoseconds (nS).

Raytheon



Section 7 Comparators
f

DEFINITIONS (Continued)

Saturation Voltage (Vsar)

Voltage at the output when sinking a specified
amount of current into the output, expressed
in volts (V).

Supply Current (Ig)

The current required from the power supply to
operate the comparator under quiescent no load
conditions, expressed in milliamps (MA).

Supply Voltage (Vs)
The range of power supply voltages over which
the comparator will operate, expressed in volts (V).



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Single-Supply
Quad Comparators

Raytheon

LM139/139A, 239/239A,
339/339A, 2901
RC3302

Features

B Input common mode voltage range includes
ground

® Wide single supply voltage range — 2V to 36V

® Output compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

® Very low supply current drain (0.8mA) inde-
pendent of supply voltage

Description

These devices offer higher frequency operation
and faster switching than can be had from inter-
nally compensated quad op amps. Intended for
single-supply applications, the Darlington PNP
input stage allows them to compare voltages
that include ground. The two-stage common-
emitter output circuit provides gain and output
sink capacity of 3.2mA at an output level of
400mV. The output collector is left open, per-
mitting the designer to drive devices in the range
of 2V to 36V.

Schematic Diagram (1/4 Shown)

They are intended for applications not needing
response time less than 1uS, but demanding
excellent op amp input parameters of offset volt-
age, current, and bias current, to ensure accurate
comparison with a reference voltage.

Mask Pattern

2 1 1413

8 12
4

1
5 10

Die Size: 59 x 77 mils
Min. Pad Dimensions: 4 x 4 mils

. Vg
—o@
émom
(5.79.11)
+
Inputs
- 0— Output
(4.6810) 1 08 (2114.13)
ﬁ'/ 07
5 06
GND
0 (12)
65-00669A
7-4 65-1020A Raytheen



LM139/139A, 239/239A, 339/339A, Single-Supply

LM2901, RC3302 Quad Comparators
#
Connection Information Absolute Maximum Ratings
Supply Voltage, +Vs ............. +36 or =18V
o 14-Lead RC3302 - v eeneeneennenes 128V or £14V
ual In-Line Package . .
(Top View) Differential Input Voltage .............. +36V
RC3302 .. iiiieieeiiii e o +28V
Py A InputVoltage .................t -0.3V to +36V
1 E RC3302 ....iiiiiiiiieenens -0.3V to +28V
Output Short Circuit
E 1_3_1 toGround' ...t Continuous
Input Current (ViN <-0.3V)* ............ 50mA
E A _1—2_] Operating Temperature Range
LM139 ... -55°C to +125°C
E E LM239 .. -25°C to +85°C
LM339 .. 0°C to +70°C
E ’1_‘5] LM2901/RC3302 ........... -40°C to +85°C
Storage Temperature Range
E ? E] Standard Packages ....... -65°C to +150°C
T Micro-Pak (LMonly) ...... -40°C to +125°C
E E Lead Soldering Temperature (10 Sec)
Standgrd Packages ...........e.n- +300°C
S 00670 Micro-Pak (LMonly) .............. +260°C
Pin Function
1 Output 2 Ordering information
2 Output 1
3 +Vg QOperating
4 ~Input 1 Part Number Package Temperature Range
5 +input 1 LM339J Ceramic 0°C to +70°C
6  -lnput2 LM339M Micro-Pak 0°C to +70°C
7 +input 2 LM339N Plastic 0°C to +70°C
8 -input 3 LM339AJ Ceramic 0°C to +70°C
9 +input3 LM339AM Micro-Pak | 0°Cto+70°C
10 -Input4 LM339AN Plastic 0°C to +70°C
11 +Input 4
12 Ground LM239J Ceramic -25°C to +85°C
13 Output 4 LM239N Plastic -25°C to +85°C
14 Output 3 LM239AJ Ceramic -25°C to +85°C
LM239AN Plastic -25°C to +85°C
i ae LM2901N Plastic -40°C to +85°C
Thermal Characteristics RC33020B Plastic 40°C 10 +85°C
pklaad | wled | o M) | Ceramic | -S5°Clo+125°C
Plastic DIP oIP 0P L M1394/8838 Ceramic -55°C to +125°C
LM139AJ Ceramic -55°C to +125°C
Max. Junction Temp.| 125°C 125°C 175°C LM139A/883B" Ceramic -55°C to +125°C
Max. Pp Ta <50°C 300mW | 468mW | 1042mW “MIL-STD-883, Level B Processing
Therm. Res. 8¢ — — 60°C/W
Therm. Res. 6ya 200°C/W | 160°C/W | 120°C/W
For Tp > 50°C 50mW | 6.25mW | 8.38mW
Derate at per °C per °C per °C

Raythoen 7-5



Single-Supply LM139/139A, 239/239A, 339/339A,
Quad Comparators LM2901, RC3302

Electrical Characteristics (+vs = +5v)

LM139A LM239A, 339A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voitage Ta=+25°C8 +1.0 | 20 +10 [ +20 | mv
: Output in Linear Range
Input Bias Current Tp = +25°C ¢ 25 100 25 250 nA
Input Offset Current Ta =+25°C +30 | 25 50 | #50 | nA
Input Voltage Range Ta=+25°C 5 0 :V g 0 :V g v
Supply Current R == on all Com- 08| 20| - | 08| 20 | ma

parators, Ta = +25°C

Rl = 15k(, +Vg = +15V
Large Signal Voltage Gain (To Support Large Vg 50 200 50 200 VimV
Swing), Ta = +25°C

Vix = TTL Logic Swing,

Large Signal Response Time 32?;5:/'4% - 51k 300 300 ns$
Ta = +25°C

Response Time \T/:L: fgé%: Sk, 13 13 uS
Output Sink Current gg“;ﬁ ;\6 ¥LN: 135" c |60] ® 60 | 16 mA
Saturation Voltage o e 250 | 400 250 | 400 | mv
Output Leakage Current xg“i §V1\1/:AVI:N_+;59C 01 0.1 uh
Input Offset Voltage Note 8 +40 +40 [ mV
Input Offset Current +100 +150 | nA
Input Bias Current Output in Linear Range 300 400 nA
Input Voltage Range 0 3,8 0 _+2V(S) v

Saturation Voltage I\QI’:'\J—K iLYhX'M =0 700 700 [ mv
Qutput Leakage Current \\;g“z gol/v Vin-= 0. 1.0 10 | wA
Differential Input Voltage Keep all Vins = 0V 36 36 v

(or -Vg, if used)’

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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LM139/139A, 239/239A, 339/339A,

LM2901, RC3302

Single-Supply
Quad Comparators
#

Electrical Characteristics (Continued)

LM139 LM239, 339
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Tp = +25°C8 +20 | *5.0 +20 | £50 | mV
. Output in Linear Range,

Input Bias Current Tp = +25°C ¢ 25 100 25 250 nA

Input Offset Current Tp=+25°C +30 | +25 +50 | +50 | nA

Input Voltage Range Tp = +25°C* 0 :V 2|0 f:l 2V
Ry =~ on all Com-

Supply Current parators, Ta = +25°C 08 20 0.8 20 | mA
RL = 15k, +Vg = 15V

Large Signal Voltage Gain (To Support Large Vo 200 200 VimV
Swing), Ta = +25°C
Vi = TTL Logic Swing,

Large Signal Response Time Vagr = +14V. 300 300 nS

9 P VRl = +5V, R = 5.1k,
Tp=+25°C
. VR = 5V, R = 51kQ,
Response Time Ta = 425°C 13 13 uS
. Vin- = 1V Vi = 0,

Output Sink Current Vo< 15V, Tp = +25°C 6.0 16 6.0 16 mA
Vine = 1V, Viy =0,

Output Voltage VoL Isivk < 4mA, T = +25°C 250 | 400 250 | 400 | mV
Vine 2 TV, Vin- = 0,

Output Leakage Current Vo = 15V, Tp = +25°C 01 0.1 uA

Input Offset Voltage Note 8 +9.0 +90 | mV

Input Offset Current +100 +150 | nA

Input Bias Current Output in Linear Range 300 400 | nA

+Vg +Vg

Input Voltage Range 0 20 0 20 v
Vin- = 1V, Vi = 6,

Qutput Voltage VoL Ik < 4mA 700 700 mVv

Output Leakage Current \\;'(;": ?01/\/‘ Vin- =0. 10 10 | uA

) ) Keep all Vjys = OV
Differential Input Voltage (or -V, if used) 36 36 v
7-7



Single-Supply

Quad Comparators

LM139/139A, 239/239A, 339/339A,

LM2901, RC3302

“

Electrical Characteristics (Continued)

LM2901 RC3302

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Ta=+25°C8 20| +70 301 #20 | mV
Input Bias Current ?:tf lfzig"léi’:eaf Range. % | 250 25| 50 | nA
Input Offset Current Ta = +25°C +50 | *50 +30 | +100 | nA
Input Voltage Range Tp = +25°C 5 0 :V g 0 :V g v

RL = = on all Com-

parators, Tp = +25°C 08 | 20 08 | 20 | mA
Supply Current e gy

L ==, +Vg = 30V,

T = 42600 10 | 25 mA

RL = 15k, +Vg = 15V
Large Signal Voltage Gain (To Support Large Vg 25 100 20 30 Vimy

Swing), Tp = +25°C

ViN = TTL Logic Swing,
Large Signal Response Time ngF: :5':;% -5k 300 300 nS

Ta =+25°C
Response Time \T/:L: gg%f Sk, 13 13 uS
Output Sink Current x'o"'(i ;z ¥L": igéoc 60| 1 20| 16 mA
Output Voltage Vg, :QIZ;(ESLY'"X"N;;%ZSO c 400 250 | 500 | mv
Output Leakage Current xg‘: §V1¥-’AV1_N;;59’C 01 0.1 uA
Input Offset Voltage Note 8 90 | +15 +40 [ mV
Input Offset Current 50 200 300 | nA
Input Bias Current Output in Linear Range 200 | 500 1000 | nA
input Voltage Range 0 fzv 510 fzv ol v
Output Voltage Vo, I\Q:«K 2 B Vin- =0, 400 | 700 700 | mv
Output Leakage Current xg“i ?03/\/ Vin-=0. 10 10 | wA
Differential Input Voitage gief’v‘;"i}/'l'j‘ssei)?\/ 0 +Vg s |V




LM139/139A, 239/239A, 339/339A, Single-Supply
LM2901, RC3302 Quad Comparators

f
Electrical Characteristics (Continued)

Notes: 1.

2

Short circuits from the output to +Vg can cause excessive heating and eventual destruction. The maximum output
current is approximately 20mA independent of the magnitude of +Vg.

This input current will only exist when the voltage atany of the input leads is driven negative. Itis due to the collector
base junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In
addition to this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action
can cause the output voltage of the comparators to go to the +Vg voltage level (or to ground for a large overdrive) for
the time duration that an input is driven negative. This is not destructive and normal output states will re-establish
when the input voltage, which was negative, again returns to a value greater than -0.3V.

. These specifications apply for +Vg = 5V and -55°C < Ta < +125°C, unless otherwise stated. With the LM239 all

temperature specifications are limited to -25° C<Tp<+85°C, the LM339temperature specifications are limited to
0°C < Ta < +70°C, and the LM2901, RC3302 temperature range is -40°C < Tp < +85°C.

. The direction of the input current is out of the IC due to the PNP input state. This current is essentially constant,

independent of the state of the output so no loading change exists on the reference or input lines.

. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than

0.3V. The upper end of the common mode voltage range is +Vg -1.5V, but either or both inputs can go to +30V
without damage.

. The response time specified is fora 100mV input step with 5mV overdrive. For larger overdrive signals 300nS can be

obtained. See Typical Performance Characteristics section.

Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within
the common mode range, the comparator will provide a proper output state. The low input voltage state must not be
less than -0.3V (or 0.3V below the magnitude of the negative power supply, if used).

. Atoutput switch point, Vo = 1.4V, Rg = 0Q with +Vg from 5V; and over the full input common mode range (OV to +Vg

~1.5V).

. For input signals that exceed +Vg, only the overdriven comparator is affected. With a 5V supply, Vin should be

limited to 25V max, and a limiting resistor should be used on all inputs that might exceed the positive supply.



Single-Supply

Quad Comparators

LM139/139A, 239/239A, 339/339A,
LM2901, RC3302
e —————————————— .

Typical Performance Characteristics LM139/139A, 239/239A, 339/339A, RC3302

Supply Current Input Current
10 80
Ta=55°C_] ] !
— —— Vinew = OVDC
08 N _ Ringew) = 10°0
= o1 Ta=0°C s 60 T w0
S oo et Tas 290 g —
2 ] | = Ta=0°C
3 Tas +70°C] g«
= 04 I 3
H e asec g
3 S . > a
Y * . i) Ta- +25°C <
e [T e
ol | 0 | | Ta-viesec %
. X
0 10 20 30 40 0 10 20 30 40
Supply Voitage (V) Supply Current (v}
Output Saturation Voltage
10 T T
Out of /”
Saturation
o L/
=
g //
z o REET e 2
g A //VA Ta=-55°C
3 001 //76 .
A // Ta e §
0001 I *
001 01 10 10 100
OQutput Sink Current (mA)
Response Time for Various Input Overdrives Negative Transition
6.0 T T 11 +5V
50 :
g,— 0 11 +— Input Overdrive = 5.0mV
£ 30 \ | 5.1
EE ,, \ 20myv ™
3 1o L_teomvHd Vour
o \
= o0
=>
=20 Ta=25°C =
== N =
B> 100 1
0 0 5 1 0 1 5 2 0 65-00686A
Time (4:S)
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LM139/139A, 239/239A, 339/339A, Single-Supply
LM2901, RC3302 Quad Comparators

Typical Performance Characteristics (Continued) LM139/139A, 239/239A, 339/339A, RC3302

Response Time for Various Input Overdrive Positive Transition
60 <T Input Overdrive = 100mV 5
" T 7
B 40
s Y Joomv] ] 51k
EF J1] I Vin
0 I 1] [ smy Vout
0
Es wf =g
£E 50 Ta=25°C
5= =
¥
0 05 10 15 20 s
Time (8}

Typical Performance Characteristics LmM2901

Supply Current Input Current
12 T 80
ALz = b—"Ta = 4C T! - !c
L o _ ? B
= 10 = = ®
z /' - =
= Ta=0C_—| g e
g I | E T/‘\ =0°C
3 08— — Ta=+25°C| e ¥ i
= "] & ~ Jo5o
g P b= Tp = +25°C
3 06 g | ™"
’ 3 - Ta = +85°C %
I Ta=+85°C—3% 7
oL =1 I 3 0 [ ] :
0 10 20 30 40 0 10 20 30 40
Supply Voltage (V) Supply Voltage (V)

Output Saturation Voltage

10
s 10 Th = +85°C
g Il
= Ta = +25°C
2 01 ! l
£ P Ta=0°C
3 oo LgZ | |
4
> e
0.001 . [ 1 8
0.01 0.1 10 10 100
Qutput Sink Current {mA)




Single-Supply LM139/139A, 239/239A, 339/339A,
Quad Comparators LM2901, RC3302

Typical Performance Characteristics (Continued) LM2901

Response Time for Various Input Overdrives Negative Transition

60 5
50 I

40
30
20
10

4—— Input Overdrive = 5.0mV

100mV -

Vo (V)

Viy 51K
20mv Vour

Output Voltage

2 oo

Input Voltage
Vin (mV)

Ta = +25°C -L—
|

-100 I ]
0 05 1.0 15 20
Time (4S)

65-00691A

Response Time for Various Input Overdrives Positive Transition

60 T—Input Overdrive = 100mV Y

50 AN
& /
g_ 40
£= O N /
gg 20 ISmV Vin 51K
£ 1] Jeomv] |/ Vour

0 JRNA
S |
£E 0 Ta=+25°C
= X0 =
= 0
65-00692A
0 05 1.0 15 20
Time (.8)




LM139/139A, 239/239A, 339/339A, Single-Supply

LM2901, RC3302 Quad Comparators
Typical Applications — Single Supply (+Vs = +15V)
Driving TTL Driving CMOS Comparator With Hysteresis
+5v
E1OK K 1;30K
Y4 339 OV
A2
) o 1'0'M‘ 65-00673A
ORing the Output Limit Comparator
s +Vs (12V)
2Rs 3
+VRer High O : 10K
Lamp
12 ESB
Vin
2N2222
+Vper Low =

| os0067aA
65:00675A

One-Shot Multivibrator With Input Lock Out
+Vs

$m S Sim S

b3 2 % :»

<
100K W
AA 3 — +Vg
ViN O—AW h 40“5&"‘:
" 0

i *ﬂ:_-nw y oz | | e b

3 - {1
g L S i Lo

:

< 15K
3 15l

H—AAA
1] o

62K
65-00676A
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Single-Supply
Quad Comparators

LM139/139A, 239/239A, 339/339A,
LM2901, RC3302

Typical Applications — Single Supply (Continued)

> <
Vi O—AAA—9—AAA- \ S
gmsm _ly O Vo
+

Zero Crossing Detector (Single Power Supply)

+Vs

100K$  $ 100K
51K 51K

AA

4
2 5.1K

20M

AAA
\A A

W
=
=

"

hAna

65-00677A

TTL to MOS Logic Converter

VRer O
(+1.4V)

Low Frequency Op Amp

+Vg

Puise Generator

R2 D2
100K 1N914
80pF +Vg
—
)
- M
+15V O— VA~
™
AAA-
:: ™ *For large ratios of R1/R2,
jL D1 can be omitted

65-00660A




LM139/139A, 239/239A, 339/339A, Single-Supply
LM2901, RC3302 Quad Comparators

Typical Applications — Split Supply (+Vs = +15V and -Vs = -15V)

Zero Crossing Detector Comparator With a Negative Reference

—Vs 65-006624




PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Low Power, Low Offset Voltage
Dual Comparator

Raytheon

LM393/
RC2403

Features

B Wide single supply voltage range — 2.0V to 36V
or dual supplies — +1.0V to +18V

B Very low supply current drain (0.8mA) inde-
pendent of supply voltage (1.0mW/comparator
at 5.0v)

B Low input bias current — 25nA

® Low input offset current — +5.0nA
and maximum offset voltage — +3.0mV

B Input common-mode voltage range includes
ground

® Differential input voltage range equal to the
power supply voltage

B Low output saturation voltage
LM393 — 250mV at 3mA
RC2403 — 400mV at 15mA

& Output voltage compatible with TTL, DTL,
ECL, MOS and CMOS logic systems

B Reduced Vg drift over temperature

8 Eliminates need for dual supplies

B Allows sensing near ground

® Compatible with all forms of logic

B Power drain suitable for battery operation

Schematic Diagram (1/2 Shown)

Description

The LM393 consists of two independent pre-
cision voltage comparators with an offset voltage
specification as low as 5.0mV max for two com-
parators which were designed specifically to
operate from a single power supply over a wide
range of voltages. Operation from split power
supplies is also possible and the low power
supply current drain is independent of the mag-
nitude of the power supply voltage. The LM393
has a unique characteristic: the input common-
mode voltage range includes ground, even though
operated from a single power supply voltage.

Application areas include limit comparators,
simple analog-to-digital converters; pulse, square-
wave and time delay generators; wide range
Vco; MOS clock timers; multivibrators and high
voltage digital logic gates. The LM393 was
designed to directly interface with TTL and
CMOS. When operated from both plus and minus
power supplies, the LM393 will directly interface
with MOS logic where their low power drain
is a distinct advantage over standard comparators.

i

+input Q1
26

Qutput

= Q8 (1.7

~Input 0—
(3.5

Q5

1 a7
GND
Q6 (4

65-00447
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LM393/RC2403

Low Power, Low Offset Voltage
Dual Comparator

Connection Diagram

Mask Pattern

Dual In-Line Package 3 2 1
(Top View)
[
8
B
(3]
7
(]
o 5 6
Pin Function
1 Output A Die Size: 52 x 61 mils 6502066
2 Inverting Input A Min. Pad Dimensions: 4 x 4 mils
3 Non-Inverting Input A
4 GND - .
5 Non-Inverting Input B Thermal Characteristics
6 Inverting Input B
8-Lead
i SupwB MicroPak |  8Lead
S Plastic DIP | Plastic DIP
Max. Junction Temp. 125°C 125°C
Absolute Maximum Ratings Max. Pp Ta <50°C 300mW 468mW
Supply Voitage, +Vg ............ +36V or £18V Therm. Res. 8¢ — —
Differential Input Voltage ................ 36V " -
INPUL VOAGE -+ v evvseeeenen. . 0.3V to +36V Therm. Res. 6y 240°C/W | 160°C/W
Output Short Circuit to Ground? .. Continuous For Ta > 50°C Derate at 417mW 6.25mwW
InputCurrent .. ......oooiiiiinnan... 50mA per °C per °C
Operating Temperature
Range ..........ccooiiean.n. 0°C to +70°C
Lead Soldering Temperature (10 Sec) Ordering Information
LM393NB ..........cciiiiiieaa. +300°C Operating
LM393M ............... e +260°C Part Number Package Temperature Range
LM393NB Plastic 0°C to +70°C
LM393M Micro-Plastic 0°C to +70°C
RC2403NB Plastic 0°C to +70°C
RC2403M Micro-Plastic 0°C to +70°C

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheoeon
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Low Power, Low Offset Voltage

Dual Comparator LM393/RC2403
L |

Electrical Characteristics (+Vg = +5V; Ta = +25°C)

LM393 RC2403
Parameters Test Conditions Min | Typ | Max [ Min | Typ | Max [ Units
Input Offset Voltage’ 20 50 20 10 mV
; Output in
Input Bias Current® Linear Range 25 250 50 500 | nA
Input Offset Current 50 50 10 100 | nA
+Vg +Vg

Input Voltage Range* 0 15 0 15 v
RL == onall

Supply Current Comparators 0.8 10 0.8 15 | mA
Rl = 15k, Vg = +15V

Large Signal Voltage Gain (To Support Large 50 200 50 200 V/imV
Vo Swing)
Vin = TTL Logic Swing,

Large Signal Response Time Vger = +1.4V 300 300 nS
VgL = +5.0V, RL = 5.1k

Response Time® VgL = +5.0V, R_ = 5.1k 1.3 15 uS

. Vin-=+1.0V, Viny = 0,

Output Sink Current Vo < +1.5V 6.0 16 20 40 mA
ViN- = +1.0V, Viy+ = 0, 250 | 400

Output Saturation Voltage Isink < 3.0mA mV
Isink < 15mA 250 400 mV

Output Leakage Current \\;I()N:fé \(,)'\'/‘* z+10V, 0.1 0.1 uA

The following specifications apply for Vg = +5V, 0°C < Ty < +70°C
Input Offset Voltage’ 30 | 90 3.0 12 mV
Input Offset Current 50 150 50 150 | nA
. Output in
Input Bias Current Linear Range 200 | 400 200 | 650 nA
+Vg +Vg

Input Voltage Range 0 20 0 20 Y
Vi = +1.0V, Ving = 0, 400 | 700 mV

Output Saturation Voltage Isink < 3.0mA
Isink < 15mA 400 | 700 | mv

Output Leakage Current ¥I0N_= 12&'”* =+10V, 10 10 | wA
R_ =« on all Amps,

Supply Current Vs = +30V 1.0 25 1.0 30 [ mA

Notes: 1. Short circuits from the output to +Vg can cause excessive heating and eventual destruction. The maximum output current is
approximately 20mA independent of the magnitude of +Vg.

2. This input current will only exist when the voltage at any of the input leads is driven negative. it is due to the collector-base

junction of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to

7-18 Raytheon



Low Power, Low Offset Voltage

LM393/RC2403 Dual Comparator

Electrical Characteristics (Continued)

this diode action, there is also lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the
output voltages of the comparators to go to the +Vg voltage level (or to ground for a large overdrive) for the time duration that
an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which
was negative, again returns to a value greater than -0.3V.

. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent

of the state of the output so no loading change exists on the reference or input lines.

. The input common mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The

upper end of the common mode voltage range is +Vs -1.5V, but either or both inputs can go to 30V without damage.

. The response time specified is for a 100mV input step with 5.0mV overdrive. For larger overdrive signals 300nS can be

obtained, see Typical Performance Characteristics section.

. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the

common mode range, the comparator will provide a proper output state. The low input voltage state must not be less than
-0.3V (or 0.3V below the magnitude of the negative power supply, if used).

At output switch point, Vo = 1.4V, Rg = 01 with +Vg from +5.0V to +30V; and over the full input common mode range (OV to +Vg
-1.5V).

. For input signals that exceed +Vg, only the overdriven comparator is affected. With a +5.0V supply, Vjy should be limited to 25V

max, and a limiting resistor shouid be used on all inputs that might exceed the positive supply.

Typical Performance Characteristics

I+ — Supply Current (mA]

Supply Current Input Current
10 8 T T
Vinew =0V |
08 Ta=0°C _ Rincwmy = 10°02
o E®
06} e Ta- 25 £
rl 7I = b -
04 az+re g T
1 T N
02 TR =% NTa=25C g
e Tas70°% | ' 8
& = +70° <
0 [ 0 e [
0 10 20 30 0 0 10 20 30 40
+Vs — Supply Voltage {V) +Vs — Supply Voltage (V)

Output Saturation Voltage

10 T
Out of I l
Saturation
- Iy}
3 e
V
£ o1 Vd
3 /’\\-1 25°C
3 = 125
L oot e
= 2
0.001 s
0.01 0.1 10 10 100
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Low Power, Low Offset Voltage
Dual Comparator LM393/RC2403

Typical Performance Characteristics (Continued)

Response Time for Various Input Overdrives — Negative Transition
= 60 5.0mV = Input Overdrive
S_ 50
2= 40 \ 50V
A 20mv —1t
3 30 i
20 {
10 51K
o[ _Joomv k. Vin
= Vout
S5 o
2E o
EE Th-+25°C |§
£7 400 AI i
0 05 10 15 20 =
Time (8]
Response Time for Various Input Overdrives — Positive Transition
60 ‘
- 50 < Input Overdrive = 100mV 450V
g = 40 A L
2 [ 20mv [ 5.0mv
5 AN /
-] 20 Vin 51K
" 11 / |
I Vout
0
s_ 100
Es Ta- +25°C
SE %0 A 8
5 0 H =
0 05 10 15 20
Time (8]
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Low Power, Low Offset Voltage

LM393/RC2403 Dual Comparator

Typical Applications (vs = +5.0v)

Basic Comparator

Driving CMOS
+Vg S50V
Q
3 100K
. B
O

66-00450

Driving TTL
+5.0V
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LM393/RC2403

Low Power, Low Offset Voltage

Dual Comparator

Comparison of Standard
vs Micro-Package

Standard
8-Lead
Plastic

DIP

8-Lead
i Plastic
~ Micro-Pak

65-01859A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Precision High Speed
Latching Comparator

Raytheon

RC4805

Features

B 22nS propagation delay

m Low offset voltage — 100uV
B | ow offset current — 15nA
B TTL compatible latch

® TTL output

Description

The RC/RM4805 is the ideal comparator for
high speed, high precision applications. The
input errors are factory trimmed to less than
1/10 LSB of a 12-bit, 10V system. The latch
function allows the system designer additional
flexibility. When the latch input is a TTL low,

Connection Information

the comparator functions normally. When the
input is raised to a TTL high, the comparator
output is latched in its current state. The latch
functions over the full military temperature range.

The 4805 is ideal for ultra precise, very fast
system designs. Typical applications include
successive approximation A/D converters of 12
or more bits, zero crossing detectors, high speed
sampling, or window detectors.

The 4805 high speed comparator is functionally
equivalent to the popular comparators HA-4950,
AM686, SE527, CMP-05 and nA760. Propaga-
tion delay is 35nS with a 1/2 LSB overdrive
in a 12-bit, 10V system.

TO-99 8-Lead
Metal Can Ceramic Dual In-Line Package
(Top View) (Top View)
P S Pin Function
! E] 1 Ground
2 Non-inverting Input
[Z 3 3 Inverting Input
4 -Vs
5] 6] 5 NC
6 Latch Enable
[4] 5] 7 Vourt
8 +Vg

65-005054

65-00506A

Mask Pattern

Thermal Characteristics

Die Size: 51 x 67 mils
Min. Pad Dimensions: 4 x 4 mils

B8-Lead
8-Lead T0-99
Ceramic DIP | Metal Can
Max. Junction Temp. 175°C 175°C
Max. Pp Ta <50°C 833mwW 658mwW
Therm. Res. 8,¢ 45°C/W 50°C/W
Therm. Res. 644 150°C/W 190°C/W
For T > 50°C Derate at 8.33mW 5.26mwW
per °C per°C

65-11458 7-23



RC4805 Precision High Speed Latching Comparator

Schematic Diagram
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Precision High Speed Latching Comparator RC4805

Absolute Maximum Ratings Ordering Information
Supply Voltage ................. +5.5V/~16.5V Operating
Internal Power Dissipation’ .......... 500mW Part Number Package | Temperature Range
Differential Input Voltage ............... 3v EWOS[E)SE geram‘!c g"g }o +_7lg°g
tVoltage .............coiiiiiiiit, * 4805 eramic °( 10 +70°
Input Voltage 4V RC4805T T09 | 0°Cto+70°C
Storage Temperature RCA4BOSET 109 | 0°Cto+70°C
Range ...............o.. -65°C to +150°C RAMAB05DE C - 5010 1125°C
' eramic | -55° °
Operaling Temporature RaNGe o 4125°c | RMMBISDE/BRAB* | Ceramic | -55°Cto+125°C
-------------- > ploTie RM4805ADE Ceramic | -55°C to +125°C
RC4805 ..............coennt, 0°Cto +70°C RM4805ADE/883B* | Ceramic | -55°C to +125°C
Lead Soldering Temperature RM4805T T0-99 -55°C to +125°C
(10S€C) «vvvvvniiiiiiiiiiinn +300°C RM4805TITSB38* T0-99 . -%"(é to +1%g°8
. isti i RM4805A T0-99 -55°C to +125°
Note: 1. See table of Thermal Characteristics for maxi- .
m?lem Zm%ignt temperature r(?(:.:r:trilrfgl (;:ct?)r. RM4805AT/8838 1099 -55°C to +125°C

*MIL-STD-883, Level B Processing

Electrical Characteristics (Vg =+5V, RM=-55°C < To<+125°C; RC =0°C < To < +70°C, Latch
Enable = OV unless otherwise noted)

RM4805A/RC4805E RM4805/RC4805
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 500 025 | 0.80 050 | 15| mv
Average Input Offset Voltage Drift 15 75 25 15 [ wpV/°C
Input Offset Current 200 400 nA
Input Bias Current 25 38 uh
Large Signal Voltage Gain 15 10 V/imv
ViN>10mV, lg=200pA | 22 | 25 22
Output Voltage Swing > oM o s v
Viy < -10mV, 03 | 045 03 | 045
Isink = 6.4mA
Input Voltage Range +20 +20 v
Common Mode Rejection Ratio Rg <5002, Vom = £2.0V | 80 77 dB
Rs < 500
+Vs = +5V,
Power Supply Rejection Ratio -5.BV<-Vg<-475v | 72 70 dB
and -Vg = -5V,
+4.75V < +Vg < +5.25V
Supply Current (Positive) Vo <04V 13 18 15 20 | mA
Supply Current (Negative) Vo <04V 15 20 15 20 | mA
Power Consumption Vo <04V 140 | 190 150 | 200 | mW
. 100mV Step, Vgp = 5mV 30 50 35 55
Propagation Delay nS
100mV Step, 50 50
Vop = 1.2mV

Theinformation contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shail be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4805

Precision High Speed Latching Comparator
.~
Electrical Characteristics (Vs = +5V, T4 = +25°C, Latch Enable = OV unless otherwise noted)

RM4805A/RCA4805E RM4805/RC4805
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rg < 500 100 | 250 250 | 600 | wV
Input Offset Current 10 80 25 150 | nA
Input Bias Current 0.7 1.2 0.9 1.8 A
Large Signai Voltage Gain 20 20 V/imV
Vin>10mV, Ig=200uA | 24 | 27 24 | 27
Output Voltage Swing N~ 0 a v
Viy <-10mV, 03 | 04 03 | 04
Isink = 8.0mA
Input Voltage Range 22 | 27 20| 27 \Y
Common Mode Rejection Ratio Rs < 500}, Vgm = Min 84 80 dB
Input Voitage Range
Rg < 5001, +Vg = +5V,
-525V<-Vg<-475V | 80 74
and -Vg = -5V,
Power Supply Rejection Ratio HATHV < Vs = +5.25V dB
Rg < 500
+Vg = +5V, 80 76
-5V < -Vg <-15V
Supply Current (Positive) Vo <04V 1 16 13 18 mA
Supply Current (Negative) Vp <04V 12 16 13 18 mA
Power Consumption Vo <04V 115 | 160 130 | 180 [ mw
) 100mV Step, Vgp = 5mV 2 35 22 35
Propagation Delay nS
100mV Step, 35 35
Vop = 1.2mV
Latch
Enable Time Vop = 5mV 16 16 s
n
Disable Time Vop = 5mV 22 2
Latch
High Voltage 2.0 20 v
Low Voltage 08 0.8
Latch
High Current Vin = 3.0V 40 75 A
Low Current Vi =08V 10 2 | X

NOTE: Minimize lead lengths by soldering directly to PC board. The use of sockets may cause oscillations from stray capacitive coupling.
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Precision High Speed Latching Comparator RC4805
]

Typical Performance Characteristics

4805 Response Time Rising Edge 4805 Response Time Falling Edge
Input Vour (Volts) Input Vour (Volts}
4 4
1j 50 !v 0 o! \\
um N
. 2 2smop— i 3 < A b \ 3
£ L3 12mV 0.0 ——2 i 2 \ 1 S
g Ay : L\ ZANE)
F ) ; & 7 DT\
- >
Y /] ‘ g TN
— Z 1 50mv 0D | W W ¥
0 2. 25mV 0.D 0
4 i | 3.12mV 0D
5n$/Per Division ot 5nS/Per Division 05005422
Response Photography Test Setup
Internal to
50« Generator
50 4.5pF I
55-00541A
Response to 25MHz Sine Wave Response to 50MHz Sine Wave
ViN—
20mVp.p
{V*
Vout »
65—0054;'& 65 00545A
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RC4805 Precision High Speed Latching Comparator

Typical Performance Characteristics (Continued)

Supply Current vs. Temperature Input Bias Current vs. Temperature
20 1200
18 1000
= -ISY 3 Vg =5V
E 16 - £ 800
g 4 >/ £ \\
5 e ,g 600 ~
' 7 L 5 0
P +HSY— s £ 2
10 / = Vo Low H 200 =
/ Vg High 2 H
8 1 0 o
-55 +25 +125 -55 +25 +125
Temperature {°C) Temperature (°C}
Gain vs. Frequency Propagation Delay vs. Temperature
90 36 I
~
80 3 b Vs = +5V
70 g Vgp = 5mV
Vg = +5V -
60 ) e
— S 8
g s -
=
s 50 £, L~
S8 4 g L~
e
30 . i H
20 = E
10 H 16 8
100K ™ 10M 100M -55 +25 +125
Frequency (Hz) Temperature (°C)
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Precision High Speed Latching Comparator RC4805

R —

Typical Applications

Conversion Time
8-Bit 10-Bit  12-Bit

RM4805 Response 20nS  22nS 50nS
DAC Settling” 135nS  135nS  500nS
Vies SAR Delay 50nS  50nS 50nS
‘ 1=1/2LSB Total-Cycle 205nS  207nS  600nS
Number Cycles + Reset x9 x11 x13
Vin Sample Total Conversion Time 18uS 2.3uS 7.8u8
o and AAA
Hold e
Amplifier
Sucessive Approximation
Register CLK Clock
Digitat
Out
REF-01
——t  AAA REF-02
REFF VWA
DAC-08  DAC-10 REF-03
® DAC-6012  DACS65 ..

65-00540A

*Response will be affected by DAC's output
" a .

Figure 1. Successive Approximation 8, 10, or 12-bit Resolution
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RC4805 Precision High Speed Latching Comparator

Typical Applications (Continued)

Vin

Open Collector v

rF=———n

Delay*

“Delay should equal the settling time specification minus 30nS minus appropriate guard band
65011774

Figure 2. Op Amp Settling Time Tester

The settling time tester uses the precision

TV“‘ SV latching window comparator to automate op

3 Lateh 1 amp settling time testing. If the DUT is not
Vin $R settled by the end of the time delay, the A output
(o is latched low.

Vin > Vx

"Both latches lo
al Latch 2 v

65-01176A

Figure 3. Precision Latching Window Comparator (Detail)
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Precision High Speed Latching Comparator

RC4805

|

Fast Latching ECL to TTL Line
Translator, Up to 50MHz

The high speed differential input and the latched
TTL output makes the RC4805 ideally suited for
use as an ECL to TTL translator. Existing logic
supplies of -5.2V and +5.0V are compatible with
the RC4805 power supply requirements. With a
TTL compatible latch input the RC4805 can be
latched from the TTL subsystem or from the
ECL subsystem, by using another RC4805 on
the latch signal.

In ECL systems the termination resistors and
pull-down resistors can be combined in a network
as shown in Figure 4, a typical ECL to TTL
translator. The configuration shown in Figure 6
has a common mode range of +2.0V. But either
input can swing as low as -5.0V below the input,
providing one input stays in the +2.0V common
mode range. By using a -15V supply on the
RC4805 the common mode range is extended
to -8.0V, +2.0V as shown in Figure 5. The only
caution is that the differential mode voltage must
not exceed +5.0V.

Not all ECL families have the same logic levels,
the same logic level Vg supply voltage, or the

Typical Examples

same temperature characteristics. By using the
same logic type as a reference, a single-end
ECL to TTL transiator can be made to track
changes in logic levels. A typical circuit is shown
in Figure 6.

In system design one subsystem may in one
configuration be driven with ECL line drivers,
but in another configuration the same subsystem
may be driven from a TTL gate.

High gain, low input bias current and +2.0V
common mode range on the RC4805 allow the
easy design of an adaptive ECL-TTL to TTL
translator. The ECL interface is the same as
shown in Figure 4. By adding pull-up resistors
and a bypassed level shifting resistor to the TTL
outputs (see Figure 7), the same subsystem
line receiver can interface with ECL or TTL
with no hardware change in the receiver.

In summary, the RC4805 is a very flexible system
element that allows the system designer to inter-
face ECL to TTL in a number of easy to use
configurations. The RC4805 can also be used
in an adaptive ECL-TTL to TTL interface.

Latch

| +5.0V
- < —_
Twisted <Ri Latch Enable 24
Pair “]A 9 2 1L s
ECL M 5 7
Logic 4805 TTL Out
Levels 3 !
Typ ECL [
(MC10101) < —= GND
e 3w 4
< < 65-01504A
-5.2v

o
-5.2V (-Vs)

Figure 4. Typical ECL to TTL Translator
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RC4805 Precision High Speed Latching Comparator

Typical Examples (Continued)

Twisted +5.0V
Pair vr\ Latch Enable
— N8
6
ECL N Line + 7 TTLOut
Logic Termination & 4805
Levels Resistor 3l 1
< < @4 = TTLGND
510 & g 510 13y
ECLGND -Vg (-5.2V)
GND
- Noise +
65-01505A
Notes:

1. Common mode range of 4805 is -8.0V to +2.0V.
2. The 4805 can stand -3.0V, +5.0V of GND noise from the ECL GND to the TTL GND.

Figure 5. ECL to TTL Translator with Extended Common Mode Range

Same ECL Type
ECL One = GND

-Vs (-5.2V)

~—— Tracking

< Logic
(B4 Threshold

p——ECL Zero
>
5103

>

Vs 65-01506A

Figure 6. Single-Ended ECL to TTL Translator with Tracking ECL Reference
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Precision High Speed Latching Comparator RC4805

Typical Examples (Continued)

For 220¢ Line
Vg =52V
Vingy = -2.0V
1/4MC10101 R1:R3:-1790 1800
o R2 - R4 - 2862 27002
r RS - A6 = 1K
— C1=C2 - 50pF
ECL
Signal
Twisted
Pair
~5.0V
’ 12 5.0V
.
510 510 < F -_-f < S
PLLE 1] . = omg Rg Latch
AAA 1 2 5
T \ TTLor ECL 7
Signal© RS — —_— 4805
ANA 3 T TILOut
VWA
= GND
- et A2 R4 4
114 SN74265 —— v

-52v

65015074

Figure 7. Adaptive ECL-TTL to TTL Translator
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Three types of D/A converters are included in this
handbook: standard types, the more complete
DAC-4565 type, and the complete DAC-4881. The
standard type requires several external com-
ponents for application: a voltage reference,
external resistors, and an op amp for output
buffering. The REF series of voltage references
and the OP series of precision op amps will
complement Raytheon's multiplying D/A con-
verters in most applications. The DAC-4565
contains a voltage reference and trimmed applica-
tion resistors internally and requires only an op
amp for stand-alone operation.

The DAC-4881, like the DAC-4565, contains a
voltage reference and resistors, but also includes
a high speed current-to-voltage conversion ampli-
fier (no op amp needed), plus a microprocessor
interface latch/buffer, making ita truly “complete”
stand-alone DAC.

Section 8
Digital-to-Analog
Converters

The multiplying D/A converters are available in
8, 10, and 12-bit versions. Raytheon’s version
of the popular DAC-08 is trimmed for accuracy
using “zener zap". This increases yields and
lowers production costs, and so makes the higher
grades more available.

The D/A converter selection is shown below:

DAC-08 ..... 8 bit resolution, 0.1% nonlinearity
DAC-10 .... 10 bit resolution, .05% nonlinearity
DAC-6012 ............covnn. 12 bit resolution,

0.05% nonlinearity
DAC-4565" .............. ... 12 bit resolution,

.012% nonlinearity
DAC-48812 ... ......covvinn. 12 bit resolution,

.012% nonlinearity

'Includes trimmed voltage reference and trimmed resistors
internally.

2|ncludes reference, resistors, amplifier, and micro-
processor latches internally.
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Digital-to-Analog Converters

Section 8

e ———
DEFINITIONS

Differential Nonlinearity (DNL)

The incremental error from an ideal 1 LSB analog
output change when the input is changed 1 LSB;
guaranteed monotonicity requires the differential
nonlinearity error to be less than 1 LSB. Differ-
ential nonlinearity is expressed as a percentage
of the full scale output.

Full Scale Current (Igg)

The maximum current that can be obtained from
the output, for a specified reference current,
measured in milliamps (mA). A typical binary
D/A produces its full scale output with all ones
applied at the input.

Full Scale Symmetry

The difference between the full scale output
values of the two outputs of a complementary
output D/A, expressed in microamps (uA).

Gain Temperature Coefficient

The variation of full scale current measured over
a specified temperature range, expressed in parts
per million per degree C (ppm/°C).

GainTc- (FS@ T -lrs @ T(2)> (ﬂ)
T -Te IFs

Where T(1) and T(y) are the upper and lower
limits of the specified temperature range.

Least Significant Bit (LSB)

The digital input line which has the smallest effect
on the analog output. LSB can also refer to the
measure of the analog output change when the
input code is incremented; in that case, the ideal
value of 1 LSB is calculated as:

1LSB = (%)(Full Scale Range) in V or mA

where N is the resolution of the converter.

Logic Input Current

The input current into the logic switch at a
specified applied voltage, expressed in micro-
amps (uA).

Logic Input Levels

The range of voltages within which the logic trip
level is guaranteed to be expressed in volts (V).

8-2

Monotonicity
For any one LSB increase in input code the
D/A output either increases or remains constant.

Nonlinearity

The difference between the actual analog output
and an imaginary straight line drawn between
the measured zero scale and full scale readings,
for any code combination. Nonlinearity is ex-
pressed as a percentage of the full scale output.

Output Capacitance

The value of the internal parasitic capacitances,
modeled as a single capacitor from the output
to ground, expressed in picofarads (pF).

Output Voltage Compliance

The range of voltages over which the output
can be driven while maintaining nonlinearity
specifications, measured in volts (V).

Power Consumption

The DC power required to operate the D/A con-
verter with a specified reference current, expressed
in milliwatts (mW).

Power Supply Sensitivity

The ratio of change in the full scale output to
a change in supply voltage, measured in percent
of full scale per percent change in supply voltage
(%AFS/%AV).

Propagation Delay

The time delay between a step input to ali inputs
and a change in the output, from the 50% point
of TTL input swing to the 50% point of the
final output value. Propagation delay is expressed
in nanoseconds (nS).

Reference Bias Current

Theinput current to the reference amplifier which
subtracts from the reference current, expressed
in microamps (uA).

Reference Current Range

The range of currents into the reference terminal
over which the D/A converter is guaranteed to
meet the resolution specification, measured in
milliamps (mA).

Raytheen



Section 8

Digital-to-Analog Converters

’

DEFINITIONS (Continued)

Reference Input Slew Rate

The average rate of change of the output current
for a step change at the reference input, ex-
pressed in milliamps per microsecond (mA/uS).

Resolution

The number of inputs or bits. The number of
discrete steps or states at the output is equal
to 2N, where N is the resolution of the converter.

Settling Time

The time delay between a 50% of TTL level
change at all logic inputs to the point where
the output settles within a specified error band
of its final value, for either full scale to zero
scale or zero scale to full scale changes. Settling
time is measured in nanoseconds or micro-
seconds (nS or uS).

Supply Current

The current required from the power supply
to operate the D/A converter under specified
supply voltage and reference current conditions,
expressed in milliamps (MA).

Supply Voitage

The range of power supply voltages over which
the D/A converter is guaranteed to meet the
resolution specification, expressed in volts (V).

Zero Scale Current

The leakage current flowing into the D/A con-
verter output with all logic inputs off and the
output at a specified voltage, expressed in micro-
amps (uA).



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

8-Bit High Speed
Multiplying D/A Converter

Raytheon

DAC-08

Features

Fast settling output current — 85nS

Full scale current prematched to +1.0 LSB
Direct interface to TTL, CMOS, ECL, HTL,
PMOS

Nonlinearity to +0.1% max. over temperature
range

High output impedance and compliance —
-10V to +18v

Differential current outputs

Wide range multiplying capability — 1.0MHz
bandwidth

® Low FS current drift — +10ppm/°C

® Wide power supply range — +4.5V to +18V

® Low power consumption — 33mwW @ 5.0V

B Low cost

Description

The DAC-08 series of 8-bit monolithic multiplying
Digital-to-Analog Converters provide very high
speed performance coupled with low cost and
outstanding applications flexibility.

Advanced circuit design achieves 85nS settling
times with very low “glitch” and at low power
consumption. Monotonic multiplying performance
is attained over a wide 40 to 1 reference current
range. Matching to within 1 LSB between ref-
erence and full scale currents eliminates the need
for full scale trimming in most applications.

Functional Block Diagram

Direct interface to all popular logic families with
full noise immunity is provided by the high swing,
adjustable threshold logic inputs.

High voltage compliance dual complementary
current outputs are provided, increasing versatility
and enabling differential operation to effectively
double the peak-to-peak output swing. In many
applications, the outputs can be directly con-
verted to voltage without the need for an external
op amp.

All DAC-08 series models guarantee full 8-bit
monotonicity, and nonlinearities as tight as £0.1%
over the entire operating temperature range are
available. Device performance is essentiaily un-
changed over the +4.5V to +18V power supply
range, with 33mW power consumtion attainable at
+5.0V supplies.

The compact size and low power consumption
make the DAC-08 attractive for portable and
military/aerospace applications; devices processed
to MIL-STD-883A, Level C are available.

DAC-08 applications include 8-bit, 1.0uS A/D
converters, servo-motor and pen drivers, wave-
form generators, audio encoders and attenuators,
analog meter drivers, programmable power sup-
plies, CRT display drivers, high speed modems
and other applications where low cost, high speed
and complete input/output versatility are required.

MS8 LSB
+Vs  Vic Bt 82 B3 B4 B5 B6 B7 B8
1
oof ”T_ o mT o] of o] o] 2]
Bias
Network Switch Level Shift
I
(4"_0UT
Current T ! 1 1 ! e —0
VRer( (14 Switches $§;i¥x Iﬂx ﬁl lﬂg 33 ﬁl@'{—
REF(+) out
N I:

VREeF(-)
Reference Am
1

plifier
(16)

3)
N

Comp

5
ik

A
\4

65-00178A

65-1081D




DAC-08

8-Bit High Speed
Multiplying D/A Converter

Connection Information

Mask Pattern

i
s3]
w]

mss 81[5]

82 5]
83[7]
s[5

16-Lead
Dual-In-Line
(Top View)

V¢ Threshold Control d E Compensation

[15] veee ()
[12] veert+)
Ews
2] 6 158
1] 67
[10] 86

9185

65-00177A

Die Size: 94 x 100 mils
Min. Pad Dimensions: 4 x 4 mils

Thermal Characteristics

16-Lead
Ceramic DIP
Max. Junction Temp. 175°C
Max. Pp Tp < 50°C 1042mW
Therm. Res. 8¢ 60°C/W
Therm. Res. 6ja 120°C/W
For Tp > 50°C Derate at 8.38mW per °C
Ordering Information
Operating

Part Temperature
Number Package Range Nenlinearity
DAC-08HDC Ceramic | 0°Cto+70°C +0.1%
DAC-08EDC Ceramic | 0°Cto+70°C +0.19%
DAC-08CDC Ceramic | 0°Cto +70°C +0.39%
DAC-08ADM Ceramic |-55°C to +125°C| +0.1%
DAC-08DM Ceramic |-55°C to +125°C | +0.19%
DAC-08DM/8838* | Ceramic |-55°C to +125°C| +0.19%
DAC-08ADM/883B*| Ceramic |{-55°C to +125°C +H0.1%

*MIL-STD-883, Level B Processing

Absolute Maximum Ratings
(Ta = +25°C unless otherwise noted)

Supply Voltage (between +Vg and -Vs) .. 36V
LogicInputs ............ -Vg to -Vg plus 36V
VIG vrvvvvenmnnenennnneenneanns -Vgto +Vg
Analog CurrentOutputs ................ 4mA
Reference Inputs (V14 to Vis)
Reference Input Differential
Voltage (V44to Vig) ..ovevvnnninnnn +18V

Reference Input Current {l44) ......... 5.0mA
Operating Temperature Range

DAC-08ADM, DM ........ -55°C to +125°C

DAC-08HDC, EDC, CDC .... 0°Cto+70°C
Storage Temperature

Range ............coonne -65°C to +150°C
Lead Soldering Temperature

CIUELTe) I +300°C

8-5



8-Bit High Speed

Muitiplying D/A Converter
‘

Electrical Characteristics (vs = +15V, Ipgr = 2.0mA, Ta = -55°C to +125°C for DAC-08 and

DAC-08A; Ta = 0°C to +70°C for DAC-08C, DAC

characteristics refer to both IoyT and ToyT.)

DAC-08

-08E and DAC-08H unless other specified. Output

DAC-08A/-08H DAC-08
Parameters Test Conditions Min | Typ | Max [ Min| Typ | Max | Units
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Nonlinearity Full Temperature Range +01 +019 | %FS
To +'2LSB, All Bits
Settling Time Switched ON or OFF 85 135 85 150 nS
Ta = +25°C (See Note)
Propagation Delay _ Loro
Each Bit Ta=+25°C s | 6 % | 60| ns
Al Bits Switched (See Note) B | 60 3% | 60| ns
Full Scale Tempco +10 | 50 +10 | +80 (ppm/°C
Full Scale Current
Output Voltage Compliance Change < 2.SB -10 +18 | -10 +18 v
Rout > 20MQ Typical
Vger = 10.000V
Full Scale Current Ry4. Ry5 = 5000k 19841 1.992 | 2000| 1.94| 199 | 204 | mA
Ta =+25°C
Fuil Scale Summetry Irsa-lrs2 +05 | +4.0 +10 | 80| A
Zero Scale Current 0.1 1.0 02 | 20| wA
Output Current Range Vper = +15V, 21 2.1 mA
Vg = -10V
R14, Ris = 5.000k(2 VRer = +25V, 42 42 mA
-Vg=-12V
Logic !nput Levels
Logic “0 Vig= 0V 0.8 0.8 v
Logic “1” 20 20
Logic Input Current Vic=0v
Logic “0" ViN = -10V to +0.8V 20| -10 20 10| wA
Logic “1” Vin = 2.0V to 18V 0002| 10 0002] 10 | uA
Logic Input Swing -Vg = -15v -10 +18 | -10 +18 v
Logic Threshold Range Vg = +15V -10 +135] -10 +135] Vv
Reference Bias Current -10 | -3.0 -10 | -30) WA
Reference Input Slew Rate 40 | 80 40 | 80 mA/uS

Note: Guaranteed by Design

8-6



DAC-08

8-Bit High Speed
Multiplying D/A Converter
—
Electrical Characteristics (Continued)

DAC-08A/-08H DAC-08
Parameters Test Conditions Min [ Typ | Max | Min| Typ | Max | Units
Power Supply Sensitivity +Vg = 4.5V to 18V %AFS/
Positive -Vg = -4.5V to -18V +0.0003] +0.01 +0.0003| £0.01| %AV
Negative rer = 1.0mA +0,002 | +0.01 +0.002 | £0.01| %/%
Power Supply Current _
Positive Vs = 250V, 23 | 38 23 | 38 | ma
- Iper = 1.0mA
Negative 43 | 58 -43 | -58 | mA
Positive Vs = +5.0V, -15V, 24 38 24 38 | mA
Negative Iper = 2.0mA -64 | -7.8 64 | -7.8 [ mA
Positive Vg = +15V, 25 38 25 38 mA
Negative Iper = 20mA -65 | -7.8 -65 | -7.8 | mA
Vs = 5.0V, 3 48 3 48 | mw
lper = 1.0mA
Power Consumption Vg = +5.0V, -15V, 108 | 136 108 | 136 | mW
Iper = 2.0mA
Vg = +15V, 135 | 174 135 | 174 | mW
Irer = 20mA
DAC-08E DAC-08C
Parameters Test Conditions Min | Typ | Max | Min| Typ | Max | Units
Resolution 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 Bits
Nonlinearity Full Temperature Range +0.19 +0.39| %FS
To +'LSB, All Bits
Settling Time Switched ON or OFF 85 150 85 150 nS
Ta = +25°C (See Note)
Propagation Delay
Each Bit Tp = +25°C 35 60 35 60 nS
All Bits Switched (See Note) 35 60 35 60 nS
Full Scale Tempco +10 | £50 +10 | +80 ppm/°C
Full Scale Current
Output Voitage Compliance Change < 2LSB -10 +18 | -10 +18 Y
Rout > 20M@ Typical
Vrer = 10.000V
Full Scale Current Ry4. Ry5 = 5.000k2 194 | 199 1204 {194 199 | 204 | mA
Ta = +25°C
Full Scale Summetry Irsa-lrs? +1.0 | +8.0 +20 |£160| pA
Raytheon 8-7



8-Bit High Speed

Multiplying D/A Converter
L

Electrical Characteristics (Continued)

DAC-08

DAC-08E DAC-08C
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Zero Scale Current 0.2 20 0.2 4.0 A
Output Current Range VRer = +15V, 2.1 2.1 mA
-Vg = -10V
Ry4, Rt = 5.000k(2 VRer = +25V, 42 42 mA
-Vg = -12V
Logic Input Levels
Logic “0 Vi =0V 0.8 0.8
Logic “1” 2.0 20
Logic Input Current Vic=0v
Logic “0” ViN = -10V to +0.8V -20 | -10 =20 [ -10| wA
Logic 1" Vin = 2.0V to 18V 0.002 | 10 0002 [ 10 | wA
Logic input Swing -Vg = -15V -10 +18 | -10 +18 Vv
Logic Threshold Range Vg = +15V -10 +135 | -10 +135
Reference Bias Current -1.0 |-30 -1.0 [ -30| nA
Reference Input Slew Rate 40 8.0 4.0 8.0 mA/uS
Power Supply Sensitivity +Vg = 4.5V to 18V
Positive -Vg = -4.5V to -18V +0.0003|+0.01 +0.0003| +0.01| 9y AFS/
Negative Iper = 1.0mA +0.002 [+0.01 +0,002 |+0.01] %AV
Power Supply Current
Positive Vg = +5.0V, 23 | 38 23 | 38| mA
Negative IRer = 1.0mA -43 | -58 -43 | -58| mA
Positive Vs = +5.0V, -15V, 24 | 38 24 | 38| mA
Negative IReF = 2.0mA -64 | -78 -64 |-78| mA
Positive Vg = +15V, 25 | 38 25 | 38| mA
Negative IRer = 2.0mA -65 [-78 -65 [ -78| mA
Vs = £5.0V, 33 48 33 48 | mw
Iger = 1.0mA
Power Consumption Vg = +5.0V, -15V, 103 | 136 103 | 136 | mW
Irer = 2.0mA
Vg = +15V, 135 | 174 135 | 174 | mW
IRer = 2.0mA

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become partofthe
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringementis intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

8-8 Raytheon



8-Bit High Speed
DAC-08 Multiplying D/A Converter
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Typical Performance Characteristics

True and Complementary Output Operation Full Scale Settling Time
All bits ON
24v- Vo
OmA— Zlour Logic Input 'I
\\ // 0.4v-
™ " -1/2L8B—
1.0mA~ Seting .
A ~L +1/2L5B |
1 ™~ \
2.0mA— —lour <
i g
i H
H 2
; S/ Divien
{00000000) arrl 1) I:f ) ousion
65-00179A R = 1.0KQ
1/2LSB = 4.04A
LSB Switching Fast Puised Reference Operation
2.4V 25V -
Bit8 Vin
Logic Input I
0.4V— 05v—
o -0.5mA— \ F
8.0uA-
[ X lout \ I
0- < -2.5mA— \ Vg g
H 8
50nS/Division 200n8/Division
Reg (Input)y  200¢r
R 10002
C 0
Ry 5.0
iy 10V
Full Scale Current vs. Reference Current
5.0 y
Ta = Tmin t0 Tmax Limit for |
All bits "High” Vg = -15V =3
_ 40
=
E
E 30
3
E 2
3 N—Limit for
@ ~Vs=-5.0V
< 10 <
2
3
0 3
0 10 20 30 40 5.0
Iner. Reference Current (mA)
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8-Bit High Speed
Multiplying D/A Converter

DAC-08

. |

Typical Performance Characteristics (Continued)

Reference Input Frequency’Response
10 T —T
8 | Ria = Ris = 1.0KQ
R < 50002

[ All Bits "0n"
FVRi5 =0V

3

NS

0
2 N
-4 1. Cc = 15PF, ViN2.0Vp
-6}  centered at +1.0V

Relative Output {dB)

8 large signal \
2. Cc=15PF. Vi = 50mVp.p
-10 centered at +200mV N\
-12 small signal
-14 1 1 L1 il

0.1 10
Frequency [MHz)

© B5-00185A

LSB Propagation Delay vs. Ifg

500
_ 400
g
£
s
5 20 1.0LS8 = 7.8,A fHH—++HHH—HHH
£ 100 A <
N 1.0LSB = 61nA g
0 i AR
001 01 10 10

Irs. Output Full Scale Current (mA)

Applications Information
Reference Amplifier Setup

The DAC-08 is a multiplying D/A converter in
which the output current is the product of a digital
number and the input reference current. The
reference current may be fixed or may vary from
nearly zero to +4.0mA. The full scale output
currentis a linear function of the reference current
and is given by:

255

'F3=256 X Irer where IRgf = 114

In positive reference applications, an external
positive reference voltage forces current through
Ri4 into the VRer(+) terminal (pin 14) of the
reference amplifier. Alternatively, a negative ref-
erence may be applied to VRgr() at pin 15;
reference current flows from ground through R4
into VRer(+) as in the positive reference case. This
negative reference connection has the advantage
of avery high impedance presented at pin 15. The
voltage at pin 14 is equal to and tracks the voltage
at pin 15 due to the high gain of the internal
reference amplifier. Rys (nominally equal to Ry4) is
used to cancel bias current errors; Ry5 may be
eliminated with only a minor increase in error.

Bipolar references may be accommodated by
offsetting VRer or pin 15. The negative common

mode range of the reference amplifier is given by:
Vem- = -Vs plus (Iggr x 1kQY) plus 2.5V. The
positive common mode range is +Vg less 1.5V,

When a DC reference is used, a reference bypass
capacitor is recommended. A 5.0V TTL logic
supply is not recommended as a reference. If a
regulated power supply is used as a reference, R4
should be splitinto two resistors with the junction
bypassed to ground with a 0.1uF capacitor.

For most applications the tight relationship be-
tween Iggr and Irg will eliminate the need for
trimming Iger. If required, full scale trimming may
be accomplished by adjusting the value of R4, or
by using a potentiometer for Ry4. An improved
method of full scale trimming which eliminates
potentiometer T.C. effects is shown in the recom-
mended full scale adjustment circuit.

Using lower values of reference current reduces
negative power supply current and increases
reference amplifier negative common mode range.
The recommended range for operation with a DC
reference current is +0.2mA to +4.0mA.

The reference amplifier must be compensated by
using a capacitor from pin 16 to -Vs. For fixed
reference operation, a 0.01uF capacitor is rec-
ommended. For variable reference applications,
see section entitled “Reference Amplifier Com-
pensation for Multiplying Applications.”




DAC-08

8-Bit High Speed
Multiplying D/A Converter
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Multiplying Operation

The DAC-08 provides excellent multiplying per-
formance with an extremely linear relationship
between Igs and Iggr over a range of 4.0mA to
4.0pA. Monotonic operation is maintained over a
typical range of Irgr from 100uA to 4.0mA.

Reference Amplifier Compensation for
Multiplying Applications

AC reference applications will require the ref-
erence amplifier to be compensated using a
capacitor from pin 16 to -Vg. The value of this
capacitor depends on the impedance presented
to pin 14; for Ry4 values of 1.0, 2.5, and 5.0k(},
minimum values of C¢ are 15, 37, and 75pF. Larger
values of Ry4 require proportionately increased
values of C¢ for proper phase margin.

For fastest response to a pulse, low values of R4
enabling small C¢ values should be used. If pin 14
is driven by a high impedance such as a transistor
current source, none of the above values will
suffice and the amplifier must be heavily compen-
sated which will decrease overall bandwidth and
slew rate. For R4 = 1.0k and Cc = 15pF, the
reference amplifier slews at 4.0mA/uS enabling a
transition from Irgr = 0 to Iggr = 2.0mA in 500nS.

Operation with pulse inputs to the reference
amplifier may be accommodated by an alternate
compensation scheme. This technique provides
lowest full scale transition times. An internal
clamp allows quick recovery of the reference
amplifier from a cutoff (Iggr = 0) condition. Full
scale transition (0 to 2.0mA) occurs in 120nS
when the equivalent impedance at pin 14 is 200
and Cg = 0. This yields a reference slew rate of
16mA/uS which is relatively independent of Riy
and V|y values.

Logic Inputs

The DAC-08 design incorporates a unique logic
input circuit which enbles direct interface to all
popular logic families and provides maximum
noise immunity. This feature is made possible by
the large input swing capability, 2.0uA logic input
current and completely adjustable logic threshold
voltage. For -Vg = -15V, the logic inputs may
swing between -10V and +18V. This enables direct
interface with +5V CMOS logic, even when the

Rayiheon

DAC-08 is powered from a +5V supply. Minimum
input logic swing and minimum logic threshold
voltage are given by: -Vg plus (Irer x 1.0k(2) plus
2.5V. The logic threshold may be adjusted over a
wide range by placing an appropriate voltage at
the logic threshold control pin (pin 1, Vi ¢). The
appropriate graph shows the relationship between
Vic and V1 over the temperature range, with V11
nominaily 1.4V above Vi c. For TTL and DTL
interface, simply ground pin 1. When interfacing
ECL an Iggr = 1.0mA is recommended. For
general setup of the logic control circuit, it should
be noted that pin 1 will source 100uA typical;
external circuitry should be designed to accom-
modate this current.

Fastest settling times are obtained when pin 1
sees a low impedance. If pin 1 is connected to a
1.0k divider, for example, it should be bypassed
to ground by a 0.01uF capacitor.

Analog Output Currents

Both true and complemented output sink currents
are provided where g + 1o = Irs. Current appears
at the “true” output when a “1" is applied to each
logic input. As the binary count increases, the sink
current at pin 4 increases proportionally, in the
fashion of a “positive logic” D/A converter. When a
“0" is applied to any input bit, that current is turned
off at pin 4 and turned on at pin 2. A decreasing
logic count increases io as in a negative or
inverted logic D/A converter. Both outputs may be
used simultaneously. If one of the outputs is not
required it must still be connected to ground or to
a point capable of sourcing Ifs; do not leave an
unused output pin open.

Both outputs have an extremely wide voltage
compliance enabling fast direct current-to-voltage
conversion through a resistor tied to ground or
other voltage source. Positive compliance is 36V
above -Vg and is independent of the positive
supply. Negative compliance is given by -Vg plus
(IreF x 1.0k2) plus 2.5V.

The dual outputs enable double the usual peak-
to-peak load swing when driving loads in quasi-
differential fashion. This feature is especially
useful in cable driving, CRT deflection, and other
balanced applications such as driving center-
tapping coils and transformers.

8-11



8-Bit High Speed
Multiplying D/A Converter

DAC-08

L

Power Supplies

The DAC-08 operates over a wide range of power
supply voltages from a total supply of 9V to 36V.
When operating at supplies of £5.0V or less, Irgr <
1.0mA is recommended. Low reference current
operation decreases power consumption and
increases negative compliance, reference ampli-
fier negative common mode range, negative logic
input range, and negative logic threshold range;
consult the various figures for guidance. For
example, operation at-4.5V with Iggr = 2mA is not
recommended because negative output compli-
ance would be reduced to near zero. Operation
from lower supplies is possible. However, at least
8V total must be applied to insure turn-on of the
internal bias network.

Symmetrical supplies are not required, as the
DAC-08 is quite insensitive to variations in supply
voltage. Battery operation is feasible as no ground
connection is required. However, an artificial
ground may be used to insure logic swings, etc.
remain between acceptable limits.

Typical Applications

Power consumption may be calculated as follows:
Pg = (I+) (+Vs) + (I-) (-Vs) + (2 Irgp) (-Vg). A
useful feature of the DAC-08 design is that supply
current s constant and independent of input logic
states; this is useful in cryptographic applications
and further serves to reduce the size of the power
bypass capacitors.

Temperature Performance

The nonlinearity and monotonicity specifications
of the DAC-08 are guaranteed to apply over the
entire rated operating temperature range. Full
scale output current drift is typically +10ppm/°C,
with zero scale output current and drift essentially
negligible compared to 1/2 LSB.

The temperature coefficient of the reference
resistor R4 should match and track that of the
output resistor for minimum overall full scale drift.
Settling times of the DAC-08 decrease approxi-
mately 10% at -55°C; at +125°C an increase of
about 15% is typical.

lg + g = Irs For All Logic States

MSB
B1 B2 B3 B4 B5 B6 B7 88
IREF T T T T T T Y
— VREF) [T 6 7 8 910 11 12\
+VREF O—AMWW—O— 14 4
(RRREI; Vaer DAC08
14 ) 2
5 3 16 13 1
R15 v -—g
Vs LComp [vs For Fixed Reference,
Cc TTL Operation,
Typical Values Are:
Vger = +10.000V
RReF = 5.000K
01uF 01uF T Cel ot
-1 I -+ Vic = OV (Ground}
- Y T oVs e
+Vper_ 255
S = X —
Rrer 256

65-00186A

Figure 1. Basic Positive Reference Operation
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Multiplying D/A Converter

Typical Applications (Continued)

+VReF
*lm
IN
—_
-—
ViN X 14
Riv DAC-08
f 15
|rer = Peak Negative Swing of iy
VREF  RReF
Reer = R15 O—MN——J 14
R15
{Optional) DAC-08
Vin - 15
—
High Input
Impedance

+Vger Must be Abo!

ve Peak Positive Swing of Viy

65-00187A

DAC-08

65-00188A

Figure 2. Accommodat

ing Bipolar References

Figure 3. Recommended Full Scale
Adjustment Circuit

Note: Rger sets Irs: R15 is for bias current cancellation.

£5-001894

—o= 2
—og ®

IReF =
2.00mA

Scals §18283B4B5B6BT B8 | lomA | igmA | Eg B
Full Scale T 1111111992 |0000]-9960-0.000
Half Scale +LSB| 17000 0 0 0 1 |1.008 | 0984 | -5.040 | 4.920
Half Scale 100000001000 0992|5000 |-490

1

1

0

Half Scate -LSB |01 1 1 1 1 110992 | 1.000 | -4.960 | -5.000
Zero Scale +LSB[0 0 0 0 0 0 0 10.008 | 1984 | -0.040 | -9.920
Zero Scale 0000000 0.000 | 1.992 | 0.000 |-9.960

Figure 4. Basic Negative Reference Operation

Raytheen

Figure 5. Basic Unipolar Negative Operation
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Typical Applications (Continued)

65-00192A

MSB LS8 +10.000V Scale 818283848586 8788 g [
B1 B2 B3 B4 85 B6 B7 B8 Pos Full Scale 1111111 1]-992 |+10.000
Pos Full Scale -LSB | 1 111 11 1 0| -9.840 | +9.920
T T Ti T 10.000K 1:10.000K Zero Scale +LSB 1000000 1|-0080 | +0.160
Iheres) = | Eo 1 Zero Scale 10000000] 0000 | +0080
2.00mA 04 ZeroScale-LSB [0 1 1111171 +0080 | 0000
o—1 DAC-08 = Neg Full Scale +LSB | 00 0 0 0 0 0 1|+9.920 | -9.840

- o
Neg Full Scaie 0000000 0[+10000| -9920
65-00191A
Figure 6. Basic Bipolar Output Operation
10K
Av‘v‘v
MSB LSB
B1 B2 B3 B4 B5 B6 B7 B8
+15V Scale B19283B4B5868788] Eo
2 Pos Full Scale T1 11111 1][+4960
5.000K e

Vo = +10V 6 AA o 3 Zero Scale 10000000/ 000
Neg FIIJ|>|HSCB|E ﬂ LSB ;U 0000001 —4.960

REF-01 5.0K UAL-08 r Neg Full Scale 00000000]-5000

+Vs
O
= +15V -15V - T W

Figure 7. Offset Binary Operation

RL

0to +les« R

_ 255
Irs = —IpeF
256

For t y outp ion as a negative logic DAC),
connect inverting input ol Op-Amp to lp (pin 2); connect I (pin 4)

to ground. 65.00150A

8-14

Figure 8. Positive Low Impedance Output Operation
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Typical Applications (Continued)

Eo

Oto-lps+ RL

trs - 22 11oomer
256

For complementary output (operation as a negative logic DAC).
connect non-inverting input of Op-Amp te lg (pin 2); connect lp
{pin 4) to ground. 6€5-001948.

Figure 9. Negative Low Impedance Output Operation

CMOS, PMOS/NMOS

T +Vs

Vrn = Vg +1.4V
, +15V CMOS
Vin =476V

+15V

T
Vin = +14V

91K To Pin1
Vi

DAC08
2N3904 N3904
1 0.14F
Vi
I To Pin 1 ! To Pin 1
= = L —O Vic :—0 ;ilch
- S <

362 $ ¥ 40,4

l—s.zv -L

Temperature Compensating V| ¢ Circuits 65001958

Figure 10. Interfacing With Various Logic Families
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DAC-08

Settling Time

The DAC-08 is capable of extremely fast settling
times, typically 85nS at Iggr = 2.0mA. Judicious
circuit design and careful board layout must be
employed to obtain full performance potential
during testing and application. The logic switch
design enables propagation delays of only 35nS
for each of the 8 bits. Settling time to within 1/2
LSB of the LSB is therefore 35nS, with each
progressively larger bit taking successively longer.
The MSB settles in 85nS, thus determining the
overall settling time of 85nS. Settling to 6-bit
accuracy requires about 65 to 70nS. The output
capacitance of the DAC-08 including the package
is approximately 15pF; therefore the output RC
time constant dominates settling time if R >
5001).

Settling time and propagation delay are relatively
insensitive to logic input amplitude and rise and
fall times, due to the high gain of the logic
switches. Settling time also remains essentially
constant for Iger values down to 1.0mA, with
gradual increases for lower Iggr values. The
principal advantage of higher Iggr values lies in
the ability to attain a given output level with lower
load resistors, thus reducing the output RC time
constant.

8-16

Measurement of settling time requires the ability
to accurately resolve +4.0uA, therefore a 1.0k()
load is needed to provided adequate drive for
most oscilloscopes. The settling time fixture uses
a cascode design to permit driving a 1.0k(} load
with less than 5.0pF of parasitic capacitance at the
measurement node. At Iggr values of less than
1.0mA, excessive RC damping of the output is
difficult to prevent while maintaining adequate
sensitivity. However, the major carry from 01111111
to 10000000 provides an accurate indicator of
settling time. This code change does not require
the normal 6.2 time constants to settle to within
+0.2% of the final value, and thus settling times
may be observed at lower values of Iggr.

DAC-08 switching transients or “glitches” are very
low and may be further reduced by small capaci-
tive loads at the output at a minor sacrifice in
settling time.

Fastest operation can be obtained by using short
leads, minimizing output capacitance and load
resistor values, and by adequate bypassing at the
supply, reference and V| ¢ terminals. Supplies do
not require large electrolytic bypass capacitors as
the supply current drain is independent of input
logic state; 0.1uF capacitors at the supply pins
provide full transient protection.
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Typical Applications (Continued)

For Turn-On. V( = 2.7V Vi O +5V
For Turn-0ff. v = 0.7V
0.1F==50uF
Minimum K I I

Capacutance =
Vour 1X +0.4V

Probe L
Ve J ov
o7V
0 1uF

3K " i'f v
1 04y

Minimum
Capacnance-\ -1-1 F
I
S S5k
100K 2K S
. Rre 6789w
O vy - |
R15 DAC-08 out
15 1 16

L

0.01.F

I-Eo.x,.F Iom l I
= = 15V0 O-1%V = = = =

-15V
to DUT.

I

65-00196A

Figure 11. Settling Time Test Fixture

8-17



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

10-Bit High Speed
Multiplying D/A Converter

Raytheon

DAC-10

Features

® Nonlinearity to 0.05% max over temperature
range

B Low full scale drift — 10ppm/°C

8 Wide range multiplying capability — 1.0MHz
bandwidth

B Wide power supply range — +5.0V/-75V to
+18v

® Two quadrant multiplying

B High output compliance

8@ High speed — 85nS

Applications

® A/D converters

m Servo controls

® Waveform generators

® Programmable power supplies
@ High Speed Modems

Simplified Schematic Diagram

Description

The DAC-10 is a high speed, 10-bit, monolithic,
multiplying Digital-to-Analog Converter. Settling
times of 85nS are achieved with low power
consumption and minimal output glitches. Full
scale (10-bit) accuracy is achieved. The DAC-10
can be operated from almost any logic level input
duetoitsadjustable (V|_c) threshold. Monotonicity
is guaranteed to 10 bits and nonlinearities of
+0.05% are guaranteed over the full operating
temperature range. Power consumption can be
reduced to 85mW by lowering supply voltages to
+5.0V to -7.5V. Operation at supply voltages up to
+18V does not appreciably affect device per-
formance. Zener-Zap trimming is performed at
wafer probe to optimize the converter's accuracy.

LSB
B4 B6 B7 B8 B9 B10

Tlﬂ) Bﬁe» ‘fno» T(m Tnz) Tm) T(m)

Switch Level Shift

MSB
+Vs Vic B1 B2 B3
Qi) T_“_) 76 o o
Bias
Network
Current l 1 §
v (16) Switches | £ éggl_é}
REF(+) _D
N,

{n

VREF(-)

Com)

2K72%

65-00458A
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10-Bit High Speed

DAC-10 Multiplying D/A Converter
Connection Information Mask Pattern
18-Lead
Hermetic Dual In-Line 2 118
(Top View)
Pin Function
NS
° 1 Vic Trim
E E] 2 |_0
3 -Vs
H E 4 io
3 6] 5 MSB B1
B [ 6 B2
(] 5] 7 B3
8 B4
C] 4] o B5
10 B6
(] 1] 11 B7
12 B8
] E 13 B9
8 1| 14 B10 LSB
[: 1] 15 +Vs
B 0] 16 Veer)
Twen 0 VREF(-) Die Size: 94 x 100 mils
18 Comp Min. Pad Dimensions: 4 x 4 mils
Thermal Characteristics Absolute Maximum Ratings
Operating Temperature Range
Ceramic DIP DAC-10BD,CD ........... -55°C to +125°C
Max. Junction Temp. 175°C DAC-10FD,GD .............. 0°Cto+70°C
Storage Temperature
Max. Pp Ta < 50°C 1042mW RaNGe ...ovvvvriiinnnn. -65°C to +150°C
Therm. Res. 6,¢ 60°C/W Lead Soldering
Temperature (60 Sec) ............. +300°C
Therm. Res. 6, 120°C/W
al o Supply Voltage (+Vgto-Vg) ............ +36V
For Tp > 50°C Derate at 8.38mW per °C Logic Inputs ............. -Vg to -Vg plus 36V
Yo R -Vgto +Vg
Ordering Information Analog Current Outputs .......... -Vgto +Vg
Operating Reference Inputs (Vigto V47) ...... -Vgto +Vs
Part Temperature Reference Input Differential
Number Package Range Nonlinearity Voltage (Vigto Vi7) venvvvnvnvnnnnnnt +18V
DAC-10FDC Ceramic | 0°Cto+70°C +0.05% Reference Input Current (l4g) .......... 2.5mA
DAC-10GDC Ceramic 0°C to +70°C +0.01%
DAC-108DM Ceramic | -55°Cto +125°C | +0.05%
DAC-10BDM/883B*| Ceramic |-55°Cto +125°C | +0.05%
DAC-10CDM Ceramic |-55°C to +125°C | +0.05%
- | DAC-10CDM/883B*| Ceramic | -55°C to +125°C | +0.05%
*MIL-STD-883, Level B Processing
Raytheen 8-19



10-Bit High Speed

Multiplying D/A Converter
L

Electrical Characteristics (Vs = +15V; Ingr = 2.0mA, -55°C < T4 < +125°C for DAC-10B, DAC-10C,
0°C < Ta < +70°C for DAC-10F, DAC-10G. Output characteristics apply to both 1o and Tp unless

otherwise specified.)

DAC-10

DAC-108/F DAC-10C/6
Parameters Test Conditions Min [ Typ | Max | Min | Typ | Max | Units
Monotonicity 10 10 Bits
Nonlinearity 029 | .049 058 | .098 | %FS
Differential Nonlinearity 029 | .098 .068 % FS
Output Voltage Full Scale Current -5.5 -5.5 v
Compliance Change < 1LSB +10 +10
Gain Temperature o
Coefficient See Note +10 | *25 +10 { #50 |ppm/°C
Vger = 10.000V
Full Scale Current Reg = Ry7 = 5,000k 3968 3.996 | 4.024 (3936 | 3.996 | 4056 | mA
Full Scale Symmetry Ies - IFg 01 | 40 10 | 40 | nA
Zera Scale Current 001 | 05 001 | 05| wA
Reference Input _ -
Slew Rate Req = 20002, Cc =0 6.0 6.0 mA/uS
Power Supply Sensitivity
Positive +4.5V < +Vg < +18V 0.001 | 0.01 0.001 | 0.01 | %Ars/
Negative -BV<-Vg<-10V 0.0012| 0.01 0.0012} 001 | %aV
Supply Current
Positive Vg = +15V 23 | 40 23 | 40
Negative Iper = 2.0mA 9.0 15 9.0 15 mA
Positive Vg = +5.0V/-75V; 18 | 40 18 | 40
Negative Ipgr = 2.0mA 59 | 9.0 59 | 90
Vs = £15V
. Ingr = 1.0mA 231 | 276 231 | 276 mw
Power Consumption v T
s = H2.0V/-10V,]
Ingr = 1.0mA 85 107 85 107
Logic Input Levels
Low 0.8 0.8
- Vic=0 v
High 20 20
Logic Input Currents =0
Low —5 OV <ViN<s+0.8V -10 | -50 -10 [ -5.0 uhA
High +2.0V<Viy < +18V 0001 10 0.001 | 10

Note: Guaranteed by Design.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

8-20
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DAC-10

10-Bit High Speed
Multiplying D/A Converter
—

Electrical Characteristics (Vg = £15V; Iggr = 2.0mA; Ta = +25°C, unless otherwise noted. Output
characteristics apply to both I and Ip.)

DAC-108/C/F DAC-10G
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Monotonicity 10 10 Bits
Nonlinearity 023 | .049 058 | 098 | %FS
Differential Nonlinearity 029 | .098 .068 % FS
Output Voltage Full Scale Current 0 | ea |
Compliance Change <1 LSB 50 |-6/+18| +10 | -5.0 | -6/+15] +10 v
Vrer = 10.000V,
Full Scale Current R = Ry7 = 5.000k0) 3978 | 3.996 | 4.014 | 3.956| 3.996 | 4.036| mA
Full Scale Symmetry Irs - TIrs 01 | 40 01 | 40 | A
Zero Scale Current 001 | 05 001 | 05| WA
All Bits Switched
N ON or OFF
Settling Time Settle to 0.05% of FS 85 135 85 B | nS
See Note
OQutput Capacitance 18 18 pF
Propagation Delay RL = 5.0k 50 50 nS
Note: Guaranteed by Design
Raylheen 8-21



10-Bit High Speed

Multiplying D/A Converter DAC-10
L
Typical Performance Characteristics

True and Complementary
Output Operations Power Supply Current vs. +Vg
10
omA oot ¢ -
N P L1 E 3
™~ L~ H Al Bits “High" or "Low”
20mA 5 :
L~ TN 5 ¢
40mA loyt B 3 I+ 1
g 2 g
H
1 B
0 ]2
0000 000000) PRI 0 2 4 6 8 10 12 14 1 18 20
Ingr = 20mA 65-00459A +Vs Positive Power Supply (V)
Power Supply Current vs. -Vg Power Supply Current vs. Temperature
12 L1 1 12 Vs- -V | I-
z 3 - with Iggr = 2.0mA = 5 IREF = 2.0mA
g 7| Bits may be "High or "Low" | £ 7
E A+t ]
g g I~ with lpee = 1.0mA 3 2 All bits "High” or "Low”
E
g, - with Ingr = 0.2mA g,
2 3 |
5 3 5 3 +Vg = +15V H
E < g <
] |- with IRE;=0.‘mA § ] H
0 l | I © 0 J-‘ﬁ
4 8 12 -16 -20 S0 50 0 +50 100 +150 +200
~Vg Negative Power Supply (V) Temperature (°C}
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DAC-10

10-Bit High Speed
Multiplying D/A Converter

[

Propagation and Settling Time

Propagation delays from logic input to analog
outputs are typically less than 35nS. Settling
times and propagation delays are relatively in-
sensitive to logic input amplitude, power supply
voltage or reference current. However, larger
reference currents allow for the use of smaller
output resistors. This reduces the degradation

of speed that occurs due to the DACs output
capacitance.

The settling time circuit (Figure 1) yields the
optimal settling time that can achieved (85nS).
However, in real applications the settling time
will be somewhat degraded from ideal. The
following applications indicate circuits and set-
tling times for commonly used applications.

Vi

Minimum

Vioap +15V
[ [°)
I4.7uF l 0.01.F
— I I
I4A7uF = =
= HPS082

>
g 25K
2N918y, -

Capacitance
2|
56 789101112 —O+0.75V
: Z Minimum T _L l
DAC-10 Capacitance 10uF 0.1uF
16
1701 1 18 14 o.014F HPSOB2 I
47uF =
L = 100
= —AA- o Vo
4
104F < 24K
.0V hd |
REF-02 !
0.014F 10uF
i F
0.01.F
o+15V = LL-15V

65-004708

Figure 1. Settling Time Test Fixture
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10-Bit High Speed
Multiplying D/A Converter

DAC-10

Applications
Output Currents

The analog output currents consist of both true
and complemented output sink currents. The sum
of the true and complemented currents is always
equal to the full scale output current. Full scale
outputcurrent (Igg) is related to the input reference
current by the equation:

IFs = 1023/1024 x 2IRer

Input coding of either positive true binary or
complementary binary is allowed. The difference
of the two output currents is a linear function of
the binary input. This feature resuits in some
useful DAC applications where differential out-
puts are desired, such as differential line driving
or digital offset nulling of op amps.

Input Reference

The output current of the DAC-10is the product of
the binary input and the input reference current.
The output current is twice the input reference
current, defined by the equation:

lo = D/1024 x 2Iger

Where Iggr is the input reference current into pin
16 and D represents the value of the binary input.

The voltage reference may either be postive or
negative. A positive reference is used to force
current into pin 16 through bias resistor R16. A
negative reference is used to force the voltage at
pin 17 negative. The high gain reference amplifier
will cause pin 16 to follow pin 17 and again force

current into pin 16. The bias resistor is always the
resistor in series with pin 16 even when a negative
reference is used. Either pin 16 or pin 17 may be
offset to accommodate bipolar references.

Noise from the reference supply is reflected into
the output. Since the noise output of a reference is
directly proportional to bandwidth, the bandwidth
must be restricted. A center tapped bias resistor
serves as a simple one pole roll-off filter to
minimize the effects of wideband noise. A +5V
regulated voltage is recommended, with the bias
resistor to pin 16 split into two equal resistors
having the junction bypassed to ground with a
0.25uF capacitor. A typical +5V bandgap reference
(REF-02) puts out a wideband noise voltage of 1to
2mVp., at the full 10MHz bandwidth. For a
multiplying DAC this voltage is transmitted directly
to the output such that, for a +5V output system
(LSB = 5.0mV) this amount of noise is significant.
The simple filter suggested here restricts the noise
bandwidth to 1/4RC. For a bias resistor of 1.25k(}
and a bypass capacitor of 0.25uF the noise
bandwidth can be reduced to 800Hz and the noise
voltage reduced to approximately 80uVp.p, a
significant reduction. The +5V TTL supply should
never be used for a DAC reference.

High Speed Multiplying Applications

For high speed multiplying applications the
transient behavior of the input reference amplifier
deserves special consideration. The reference
amplifier is compensated with a capacitor from
pin 18 to the negative supply. The size of this

125K
TsTe T7 8 [o 10T11 12T13 14

B1B283B4B85B6B788B9BID| Vo
T1111 1111 1/[+499%
111111111 0[+4985

(+) Zero Scale 100000000 0/+0.005
1

1

0

Pos Full Scale
Vo Pos Full Scale -LSB

(-) Zero Scale 0111 t1 111 -0.005
Neg Full Scale +LSB | 0 0 0 00000 0 -4.985
Neg Fuil Scale 00000000¢0 -4.985

65-00483A

Figure 2. Bipolar Operation
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DAC-10

10-Bit High Speed
Multiplying D/A Converter

capacitor is a function of the equivalent driving
impedance to pin 16. The larger the driving
impedance, the larger the capacitor that is
required to maintain an adequate phase margin.
Although exact mathematical models of the
compensated reference amplifier are somewhat
involved, it has been established empirically that
the compensating capacitor should never be
smaller than 15pF per k() of driving impedance.

Finally, for a driving point impedance less than
8000 the compensating capacitor is no longer
required. The Pulsed Reference Operation panel
shows how to compute driving point impedance
Req. In general the smaller Req the faster the
response. The output current will slew at 6.0mA
per uS when no compensation capacitor is
required.

oo Vner 1023

P Rner 1024

_ MSB
lo + I = Igg For Bl B2

4 B5 B6 B7 B8 BY B10

LSB

All Logic States 83 B
Rper TS TG T7 BTB 10 |11 12T13T14
-—
4

{R16)
+VRer 16 lo
ler —
AT g DAC-10
2 o
-—
15 1 For Fixed Reference
+Vs TTL Operation Typical
Values are:
VRer = +5.0V
Ragr = 2.5K
R17 = Rpgr
= = Cc = 0.014F
15V +15V Vic V(¢ = OV (Ground)
65-00464A
Figure 3. Positive Reference Operation
RRer -
A6 4
- A7 g7 OAC-10
-VReF O—AAMN— 2
Sad’}
Ik ~ -VREF
RREF
Note: Rper Sets Igs, R17 is for
Bias Current Cancellation,
s0 R17 may be 5% Tolerance. 65-00485A

Figure 4. Negative Reference Operation
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10-Bit High Speed
Multiplying D/A Converter DAC-10

+VReF

Rrer ‘ IRer
IN

-

ViN -%— 16

Bin DAC-10

ot

IRer = Peak Negative Swing of Iy

Rper = R17

* Raer

+VREF O—AMAN——16

R17

(Optional} DAC-10

Vin -%- O—MWA——— 17
—

High Input

Impedance

+Vaer Must be above Peak Positive Swing of Viy

65-00466A

Figure 5. Providing Offsets to Accommodate Bipolar References

+Vs
? 1.25K 125K
+5.0V VWA AW 16 4 lo
F-
REF-02 % 0254F DAC-10
_I_ = 17 2 To
25K

65-00467A

Figure 6. Input Reference Noise Limiting Filter
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DAC-10

10-Bit High Speed
Multiplying D/A Converter

f

+VReF

Rin

Optional Resistor

Vo

ViN

R“EFI for Offset nputs
16

DAC-10

18

Rea~
R
ov _I—I.. 17
Typical Values:
RN = 1.0KQ -
+ViN =20V
a 1
Q=
BLIFSL
Rn  Rp  Rmer

!

No Capacitor

85-00468A

Figure 7. Pulsed Reference Operation

Analog-to-Digital Conversion

Successive approximation is a logical method of
measuring an analog quantity using binary
weighted approximation. For example, to mea-
sure an unknown weight using a balance scale,
the weight is placed on one side of the balance

and counterweights are placed on the other side -

until the scale is balanced. The number of “trials”
is made equal to the number of counterweights by
starting with the heaviest counterweight first, and
either retaining it or rejecting it based on a
comparison with the unknown weight. This
process is repeated for each weight from heaviest
to lightest until all weights have been tried.

By interfacing the DAC-10 with a commercially
available successive approximation register (SAR)
such as the DM2504 (Figure 8), an analog-to-
digital converter (ADC) can be built. The DM2504
register operates as follows.

The register is reset by holding the S (Start) input
low during a clock (CP) low-to-high transition.
After S is brought back high, the MSB output
(Q11) will be set low and all the remaining register
outputs (Q10 - Q12) will be set high, providing a
trial binary number for the DAC. This binary
number (0111111111) causes the DAC to generate
an output current (lo) which is one half of the full
scale output.

Raytheon

lo is constantly being compared to a current |N.
I)N is generated by the analog input voltage (IiN =
V|N/R3). If the first trial number generates an Ip
greater than Iy, then the comparator sends a
logical zero signal to the SAR. On the next clock
low-to-high transition the logical zero is latched
into the MSB (Q11) output of the SAR. If the first
trial number generates an |g less than |y, then the
comparator output will be high, and a logical one
will be latched into the MSB output. This is a
decision making process where the circuit deter-
mines, bit by bit, whether the code present on the
SAR digital outputs is proportional to the input
voltage. After the MSB is latched, the circuit will
go through the same decision making process for
the next most significant bit, deciding whether it
should be latched high or low. The process is
repeated successively for each bit until the least
significant bit is latched. At this time control logic
in the SAR will stop the conversion and signal
completion by bringing the QCC output low. The
circuit will then stay in its latched output state until
conversion is again initiated by the start input.

Since a bit is decided for each clock low to high
transition the maximum time needed for a com-
plete conversion will be equal to twelve clock
cycles. As each bit is generated it is also latched
into the Do output so that Do can be used as a
serial output. The last two bits wili be invalid data
because this system uses a 12 bit SAR and a 10 bit
DAC.
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10-Bit High Speed
Multiplying D/A Converter

R7
sv - +15 20K -15
W 4 O—MA—0 o410V
Anal
15V 0.01,F Trim for e
_E_ | Zero Scale
R1 R2 1
1.25K 1.25K 13 8 5
+5.0V MW - 16
REF-02 _I_ C1 DAC-10
|0 Trim for 001uF 47
Full Scale J; 5
J- Output Re MSB 7 10 11 12 13 14
L 25K% (o—t¢
= o
= |
= lo—
Digitial } o—
Output j o—
o— oD
o—
[ NC NC
s 1
23[011010 09 Q8 Q7 06 05 04 03 02 Q1 00
o1 o] 24f—o +5.0v
| 2120 1918 17169 8 7 6 5 4 Recommend Supply
E 22—NC Bypass Circults
-_r— $Successive Approximation Repister
- 5 Cc Dg o M +|sv4-l———l—>ca e
Iu 3 |15 2 |10 13 l_ 0.01uF 1.0uF
Start Input NC NC - T 5o 3V analog
Ci ion Complete o- 5 GND
Clock Input ’7|7 lOAOI“F .1.135
f=12MHz | 50V I 35"\‘,’:
Serial Cutput o- -15v -15v
Notes: +5.0v<—————I———>c7 p +5.0v
R1. R2. R3 Match to 0.025% ==0.01,F 474F
A1 = RM4805, RM111 or equivalent T 50\',‘ 10'\‘,
5.0V Rel = Ref-02 or equivalent Power
§1, 82 recommend HP5082 [ GND
- 65-004696

Figure 8. 10-Bit Successive Approximation A/D Converter

Output Voltage Compliance

The DAC-10 will operate over a wide range of
supply voltages. However, the minimum negative
output voltage is a direct function of the full scale
output current and the negative supply voltage.
Output voltage compliance range is the maximum
voltage change from which the Ip and | can sink
current. The minimum negative output voltage
(Vs-) can be computed by the equation:

(-Vg) + 0.5lgg + 2.6V

Voc-

8-28

where Voc- is in volts and full scale current Igg is
in milliamps. For instance Vpoc- will be equal to
-10.4V when -Vg = -15V and Igg = 4mA. Vo¢
(positive or negative) does not vary significantly
over temperature. The maximum positive output
voltage (Voc+) has no theoretical limitations except
for device breakdown phenomena. For -Vg =-15V,
lrs = 4mA, Vo is £10V. The full scale current will
typically change less than 1 LSB over this output
range.




10-Bit High Speed

DAC-10 Multiplying D/A Converter
Digital Inputs
.
Vin 50°|
0.625K l 25K
W A
50V 1.25K 1.25K " -
Veet 0.254F o i
I DAC-10 _ 0P37 —o Vo
= lo +
r - +Vs -Vs Cc
L l fjﬁj =
+15V -15v
DAC-10/0OP-37 Settling Time

3. 4
152 F.S. Settling Time
=25 0P-37 1OV 12 10V)

§° 0.05% FS 1080nS

~ Full Scale 0.1%FS 1000nS

g 0.2%FS 920nS
WE5
552 )i
>Es l

B i

250nS/Horizontal Division

65-004718

Figure 9. Settling Time Using OP-37
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10-Bit High Speed
Multiplying D/A Converter DAC-10

Digital Inputs

ViN S0pF

25K

5.0€
5oy, LBK 125K I I u I I Ti}_rf M WA/

VREF I :
0.25:F
v I DAC-10 0p-27 —0 Vo
= _ lo +
+Vg -Vs Cc
L 1 l o.l,ij =

+15V -15v

DAC-10/0P-27 Settling Time

= F.3. Settling Time
, § 5 opP-27 {0V to 10V}
EE E 0.05% FS 3.045

5] = 0.1%FS 2.854S

_ Full Scale 0.2% FS 2.8u8

]
W E
25 A
522 Il

1.0.8/Horizontal Division 65-004728

Figure 10. Settling Time Using OP-27
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10-Bit High Speed
Multiplying D/A Converter

DAC-10

Digital Inputs

T Vin +5.0v
[TTTTTLLTL 3
5.0V 1.25K 1.25K N
VREF lo Vo
0.254F
I DAC-10
= 5
_L_ T 4V -Vs  Cc
1 | 0A1,,|F—l
+15V -15v
DAC-10 with 1.25K} Resistive Output Settling Time
1.25K0 F.8. Settling Time

5 Resistor 5.0V to 5.0mV)
ES 0.05% FS 45005
23
> EH 0.1%FS 320nS

~ Full Scal 0.2% FS 240nS

— ull Scale

3 ]
WES v

E

z 7

200n8/Horizontal Division 85-004748
Figure 11. Settling Time Using 1.25k() Resistor Output
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10-Bit High Speed
Multiplying D/A Converter

—

Logic Inputs

By programming the V| ¢ pin the DAC-10 can be
made to interface with most logic families. The
logic threshold voltage is approximately +1.4V
above Vi c. Thus when V¢ = 0 the DAC-10 will
interface with TTL logic; for other logic families
Vic must be programmed accordingly. Note that
ViLc must be obtained from a low impedance
source. Low impedance can be provided by a
0.1uF capacitor bypass (see Figure 12).

Output Glitches

The DAC-10is designed for minimal output glitches.
However, a further reduction of output glitches is

possible, at a slight sacrifice in settling time, by
installing small capacitors at the |o/lg outputs.

Full Scale Adjustment

Full scale trimming is sometimes required to
compensate for resistor or voltage reference
tolerances. If a potentiometer is used in series with
pin 16 the performance of the DAC may be
degraded by the temperature coefficient of the
potentiometer. A preferred method of trimming is
to use the potentiometer as a voltage divider to
bias pin 17. With this method the temperature
coefficient of the potentiometer has little effect on
the circuit since Iger expands on the tracking of
the two resistor halves rather than the absolute
value (see Figure 13).

Vin = Vg +1.4V
+15V CMOS
Vin = +7.6V
L +15V
VIn = +14V
9.1K
To Pin 1
DAC-10

1 v
iz o
= Sex
52V
B5-00475A
Figure 12. Interfacing With Various Logic Families
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10-Bit High Speed
Multiplying D/A Converter

DAC-10

Low T.C.
Ve 25K
500 © [ Y18
< >
39K ﬁ: IReF(+) = 2.0mA DAC-10
10K S g— 17
Pot 'L =10V

65-00476A

Figure 13. Recommended Full Scale Adjustment Circuit

Basic Operation

Resistive terminations can be used to demon-
strate basic operation of the DAC-10.

MSB LSB
81 B2 B3 B4 B5 B6 B7 B8 B9 B0 Vo B18283848560676389810] lomA | lgmA | Vo | Vo
TTTTTTT T Full Scale 711111111 13996 0000]-4995[-0000
Half Scale +LSB| 10 0 0 0 0 0 0 0 1 [2004 | 1.992 | -2505 | -2.490
ReF = Half Scale 100000000 O |2000] 1.99% |-250(-2495
2.00mA Half Scale-LSB {0 1 1 1+ 111 1 1 1199 | 2.000 | -2.495 | -2.500
o— 16 DAC-10 Zero Scale +LSB]0 0 0 0 0 0 0 0 0 1 [0004 | 3.992 | -0.005(-4.9%0
Zero Scale 000000000 00000 399 |-0000]-4985
65-00477A
Figure 14. Basic Unipolar Negative Operation
+5.0V _
B1B2B3B4B5BEB7BABEBIO| Vo v

Pos Full Scale 111111111 1]-4990 [+5000

PosFull Scale-LSB | 1+ 1 11t 1111 0|-4980 |+49%0

Zero Scale +LSB 100000000 1]-0.010|+0020

2Zero Scale 100000000 0| 0000 [+0.010

2"(‘)%"1 ZeroScale LB | 01 11111 11 1|+0010 | 0.000

om Neg Full Scale +LSB| 0 0 0 00 0 0 0 0 1 |+4.990 | -4.980

Neg Full Scale 000000000 0|+5000|-49%0

65-00478A

Figure 15. Basic Bipolar Output Operation
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10-Bit High Speed
DAC-10 Muitiplying D/A Converter
h
Offset Binary Operation

By feeding the inverting terminal of the output
op amp a current equal to |Irgr offset binary
operation may be implemented.

25K 25K
va AVAVAV
LSB
15V BI B2 B3 B4 B85 B6 B7 B! 8 B10
1.26K 1.25K ’T T T T T T T T
ey AAA AAA 4
REF-02 I Vo
T 0%F 0AC-10 —o
L = 17
25K
B18283848586878880 810
Pos Full Scale 111111111 1 +4990
Zero Scate 1000000090 0 {0000
Neg Full Scale +1LSB| 0 0 0 00000 0 1 |-4990
Neg Full Scale 000000000 0 |-5000
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Complete High Speed 12-Bit
Monolithic D/A Converter

Raytheon

DAC-4565

Features

= Nonlinearity 1/2 LSB — 0.012%

® Differential nonlinearity — 0.012% (13 bits)
® Settles to 1/2 LSB in 200nS

m On-chip bandgap voltage reference

@ Linearity guaranteed over temperature

m Low power: 225mW including reference

@ Direct interface to all major logic families
m Includes trimmed application resistors

Highlights

8 The DAC-4565 is a monofithic 12-Bit DAC that
has on-board a self-contained voltage refer-
ence plus application resistors.

8 The device incorporates interdigitizing of the
elements forming the currents of the 3 MSBs of
the DAC. Interdigitizing minimizes the effects of
thin film sputtering, thermal, and diffusion
gradients in the most critical portions of the
design. Excellent linearity distributions are
achieved prior to trimming, thus ensuring
optimal stability of nonlinearity over tempera-
ture, as well as ensuring stability versus time.

® The thin film resistors have a trim tab which is
distant from the main body of the resistor. This
resistor geometry ensures near perfect non-
linearity after trim, and this geometry also
reduces damage due to laser trimming.

m The internal reference is laser trimmed to 10.00
Volts with a +1.0% maximum error. The ref-
erence voltage is available externally and can
supply 10mA beyond that required for the
reference and bipolar offset resistors.

m The DAC-4565 contains SiCr thin film appli-
cation resistors which can be used with either
an external op amp, creating a precision voltage
output DAC, or as input resistors for a suc-
cessive approximation A/D converter. The
resistors are inherently matched and are laser
trimmed to guarantee minimum full scale and
bipolar offset errors.

m The DAC-4565S grade guarantees linearity and
monotonicity over the -55°C to +125°C range
and is available fully processed to MIL-STD-883,
Level B.

Description

The DAC-4565 is a fast 12-bit digital-to-analog
converter. Inside the 24 pin DIP package are all of
the circuit functions required for acomplete DAC:
a stable bandgap voltage reference, a reference
amplifier and resistors, twelve laser trimmed
binary weighted current sources, twelve high
speed precision current steering switches, and
Jaser trimmed span and bipolar offset application
resistors.

The high performance and fiexibility of the
DAC-4565 are achieved through circuit design
and layout, SiCr thin film resistor processing, and
interactive computer-controlled laser trimming.
The DAC-4565 settles to 1/2 LSB in 200nS
typically, with a maximum settling time of 400nS.
Accuracy is specified at a maximum of 1/2 LSB for
all grades.

High speed and accuracy coupled with inherent
high output impedance make the DAC-4565 the
ideal DAC for high speed display drivers, high
speed control systems, and in conjunction with
the RC4805 high speed latching comparator in
analog-to-digital converters.

The bandgap voltage reference is laser trimmed to
optimize both temperature drift and absolute
output voltage. The currentsourcing capability of
the DAC-4565 reference (10mA typ) allows the
reference to drive peripheral circuit elements in
addition to the DAC. Typical reference drift is
better than 15ppm/°C (S and J grade).

The DAC-4565 is available in three performance
grades. The DAC-4565J) and DAC-4565D grades
are specified over 0°C to +70°C, while the
DAC-4565S grade is specified over the -55°C to
+125° C temperature range.

65-1283A 8-35



DAC-4565

Functional Block Diagram

Complete High Speed 12-Bit
Monolithic D/A Converter

Bits 1-12 Bio 011 R
+Vg
(:»T
High Speed
REF gul 10.000V Switch
Band G R REF
R:Yr:erenig REFIn 19 g5 [T DAC 10V
60— REF 128t D/A Output  SpanR
Amp Converter
—————— A ——]
(5) 20K
1 R
Ag: gg 65-01616A
m
-Vs
Absolute Maximum Rating Connection Information
Supply Voltages ...................... +18V
Logic Inputs ................... -1.0V to +18V 24-Lead
Analog Common to Ceramic Side-Brazed
Digital Common .................... #1.0V Dual In-Line Package
Voltage on DAC (Top View)
Output (Pin9) ............... -3.0V to +18V ~
Reference Input to ne[T] e 24 8it 1 (MsB)
AnalogCommon ................... 12V
Bipolar Offset to Ne[Z] Bit 2
AnalogCommon ................... t12v v )
3 2] 8
10V Span R to Analog Common ........ +12v ! SE :I s
20V Span R to Analog Common ........ +24v REF Out (+10V +1.0%) [4] 21 bit 4
RefOut ............. Indefinite Short to Either )
Common, Momentary Analog Common E E Bit5
Short to +Vg Reference In [6] DAC4565  [ig] Bit6
Lead Soldering Temperature )
(B0SC) ..uriiniii i +300°C -vs [} i8] Bit 7
L. Bipolar OffsetR | 8 17] Bit 8
Thermal Characteristics o i
DAC Output E E Bit9
241 ead (-20mA F.S.)
Side-Brazed 10 Volt Span R [ig} 5] Bit 10
nip
- Vi R 4] Bit 11
Max. Junction Temp. 175°C 20 Vot Span R [11] i
Max. Pp Ty < 50°C 1042mW Digital Common 13 Bit 12 (LSB)
Therm. Res. 6y 60°C/W 65-01617A
Therm. Res. 65 120°C/W
For Ta> 50°C Derate at 8.38mW per °C
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Complete High Speed 12-Bit
Monolithic D/A Converter DAC-4565

f

Ordering Information Mask Pattern
Operating 2 21 2019 18 1716
Part Temperature
Number Package Range
DAC-4565JDC Side-brazed | 0°C to +70°C
DAC-4565DDC Side-brazed | 0°Cto +70°C
DAC-4565SDM Side-brazed | -55°C to +125°C
DAC-4565SDM/8838* | Side-brazed | -55°C to +125°C

*MIL-STD-883, Level B Processing

Die Size: 116 x 133 mils
Min. Pad Dimensions: 4 x 4 mils

Electrical Characteristics (Ta = +25°C, +Vg = +15V, -V = 15V, unless otherwise noted)

DAC-4565S/J DAC-45650
Parameter Test Conditions Min Typ | Max | Min Typ | Max Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
Nonlinearity +006 | £.012 +.006 |+.012 %FS
. . . . Deviation from 0
Differential Nonlinearity ideal step size +007 | £.018 +.007 | £.018 %FS
Unipolar (All bits on)
Internal Reference -16 | -20- | -24 | -16 | -20 | -24
(Full temperature) mA
Full Scale Current Bipolar (Figure 3
Ry - 500 fixed) +08 | £1.0 | 1.2 | £0.8 | +1.0 | £1.2
All bits on or off
(Full temperature)
Qutput Resistance 1.0 10 1.0 10 Mo
Output Voltage Ro > 10MQ typ _ ~
Compliance (Full temperature) 15 +10 1.5 +10 v
Output Capacitance 25 25 pF
Offset
Unipolar Zero Scale 0.001 |0.0025 0.002 | 0.01 % of F.S.
. (Figure 3
Bipolar Ry = 500 Fixed) 0.05 | 0.15 0.10 { 0.30
I All bits on to off
Settling Time to 1/2 LSB o off to on 200 400 200 400 nS

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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DAC-4565

Complete High Speed 12-Bit

Monolithic D/A Converter

“

Electrical Characteristics (Continued)
(Ta = +25°C, +Vg = +15V, -Vs = -15V, unless otherwise noted)

DAC-4565S8/J DAC-4565D
Parameter Test Conditions Min Typ Max Min Typ Max Units
Full Scale Transition 1% 10 90% P!
R o to 90% Plus
Rise Time Propagation Delay 40 40 oS
) 90% to 10% Plus
Fall Time Propagation Delay 40 40
Logic Input Levels
Logic "0” (Full temperature) 0.8 0.8 v
Logic "1” (Full temperature) 2.0 2.0
Logic Input Current 2’,}’1“”? tg\r/ntpz::t‘{: re) 40 40 uA
Reference Input Current | Vper = 10.000V 0.4 0.5 0.6 0.4 0.5 0.6 mA
Input Resistance 15 20 25 15 20 25 ko
Supply Voltage (Full temperature) +135 | +15 | +16.5 | +13.5 | +15 | +165 v
Supply Current +Vs = +13.5t0 +16.5 3.0 5.0 3.0 5.0 mA
-Vs = -13.5t0 -16.5 -10 | -18 -10 | -18
Power Consumption 195 | 345 195 | 345 mw
Power Supply Sensitivity +Vg = +15V, +10% .0003 ,'001 0007 | .002 YFS/%
-Vg = —15V, £10% 0015 | .0025 002 | .0035
Reference Output Voltage 9.90 10 10.1 9.7 10 10.3 v
Reference Output Current (E/)\(‘{::'I;?TJ:SS) 5.0 10 5.0 10 mA
(Gain Error with Fixed
External Adjustments 500 Resistor +0.1 | £0.25 +0.1 | £0.50 | % of F.S.
For Ry (Figure 1)
Bipolar Zero Error with .
Fixed 500 Resistor for R1 (Figure 2) +0.05 | £0.15 +005| £1.0 |%of F.S.
Gain Adjustment Range +0.25 +0.50 % of F.S.
Bipolar Zero o
Adjustment Range +0.15 +0.3 % of F.S.
0 5.0 0 5.0
Programmable -2.5 +25 | -25 +2.5
Output Range (See Figures 1,2, 3, 4) 0 10 0 10 v
-5.0 +50 | -5.0 +5.0
-10 +10 -10 +10
8-38 Raytheen



Complete High Speed 12-Bit
Monolithic D/A Converter

DAC-4565

’

Electrical Characteristics (Continued)

(DAC-4565 = -55°C to +125°C, DAC-4565J/D = 0°C to. +70°C, unless otherwise noted)

DAC-4565S8/J DAC-4565D

Parameter Test Conditions Min Typ Max Min Typ Max Units
Resolution 12 12 12 12 12 12 Bits
Monotonicity 12 12 12 12 12 12 Bits
Nonlinearity +012 | +018 +012 | =018 % FS
Differential Nonlinearity g::li)a;iigg from ideal Monotonicity Guaranteed
Temperature Coefficients

Unipolar Zero 1.0 20 1.0 20 |ppm/°C

Bipolar Zero 5.0 10 10 ppm/°C

Gain

with Internal Reference Full Scale 15 30 40 ppm/°C

with External Reference 5.0 5.0 40 |ppm/°C
Supply Current +Vg = +13.5V to +16.5V 40 7.0 4.0 7.0 mA

-Vs = -13.5V to -16.5V -12 | -18 -2 -18 mA

Connecting the DAC-4565 for
Buffered Voltage Output

The standard current to voltage conversion con-
nections using an operational amplifier are shown
in Figure 1. If a low offset voltage operational
amplifier (OP-07, OP-27, OP-37) is used, excellent
performance can be obtained in most applications
without trimming. If a fixed 50Q resistor is
substituted for the 1000 trimmer of Figure 1,
unipolar zero will be typically much less than +1/2
LSB and full scale accuracy will be within 0.1%
(0.25% max). Substituting a 50 resistor for the
100Q} bipolar offset trimmer (R1) of Figure 2 will
give a bipolar zero error typically within £2.0 LSB.

The configuration of Figure 1 will provide a
unipolar OV to +10V output range. In this mode,
the bipolar terminal, pin 8, should be grounded if
not used for trimming.

Unipolar Configurations

Step 1 — Gain Adjust

Turn all bits on and adjust 100 gain trimmer R1
until the output is +9.9976 (full scale should be
adjusted to 1 LSB less than +10.000V). If a

Raytheon

+10.2375V full scale is desired (exactly 2.5mV/bit),
insert a 120Q resistor in series with the gain
resistor at pin 10 to the op amp output.

In most cases a zero trim is not needed, due to the
extremely low zero scale output current. Pin 8
should be connected to pin 9 for unipolar
operation.

Bipolar Configurations

These configurations will yield 5.0V, =10V, or
+2 5V, with positive full scale occurring with all
bits on (all 1's).

Step 1 — Offset Adjust

Turn on all bits and adjust trimmer R2 to give a
reading of +4.9976, +9.9951, or +2.4998V depend-
ing upon the range.

Step 2 — Gain Adjust

Turn on all bits and adjust trimmer R2 to give a
reading of +4.9976, +9.9951, or +2.4988V depend-
ing upon the range.

If a precision op amp such as the OP-07, OP-27, or
OP-37 is used no separate trimming of the opera-
tional amplifier is required or recommended.
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DAC-4565

Complete High Speed 12-Bit
Monolithic D/A Converter

—

0V to +5.0V Range

A OV to +5V output can be achieved by modifying
the configuration of Figure 1. Tie pin 11 to pin 9
rather than to pin 10 and adjust full scale to
+4.9988V.

Internal/External Reference Use

The DAC-4565 has an internal bandgap voltage
reference which is trimmed for both temperature
coefficient and absolute accuracy. The reference
is buffered with an internal operational amplifier
and is capable of driving a minimum of 5.0mA in
addition to the 0.5mA into REFy and 1.0mA into
Bipolar Offset for the DAC. The reference is
typically trimmed to +£0.2% but specified to 1.0%
(J, S grades) max error. Testing and specifying of
absolute unipolar and bipolar full scale is done
using the internal reference. For noise perfor-
mance of the reference see Figure 6.

Digital Input Considerations

The DAC-4565 uses a positive true straight binary
code for unipolar outputs (all 1's give full scale
output) and an offset binary code for bipolar
output ranges. In the bipolar mode, all 0's give
~F.S., with only the MSB on give 0.00V, and with all
1’s, +F.S. is achieved.

The threshold of the digital input circuitry is set at
+1.4Vindependent of supply voltage. The bit lines
are compatible with TTL, DTL, CMOS, and
unbuffered CMOS.

Application of Analog
and Digital Commons

The DAC-4565 separates analog and digital
grounds to optimize accuracy and noise. 200mV
difference between the two grounds can be
tolerated without degradation in performance.

Output Voltage Compliance

The Raytheon DAC-4565 has a minimum output
voltage compliance range of -1.5V to +10V and is
independent of both the positive and negative
supply voltages. The output can be modeled as a
25pF capacitance shunted by a 10MQ resistance
across the output current source to ground. This
is a dramatic improvement over competitive

8-40

DAC-565 designs which have an 8k{} output
impedance. The DAC-4565's output current varies
insignificantly as a function of output voltage,
allowing direct conversion to voltage by an
external resistor in many applications.

More significantly, the errors introduced by the
input errors of the external output operational
amplifier are not magnified by a low output
impedance. The output system error from the op
amp is equal to:

. Rspan + R
(Verr in op amp) (—S—p“-g—i)
IN

and defaults to only the inherent input errors
of the op amp.

Settling Time

The internally compensated reference amplifier
and differential bit switch are optimized for fast
settling operation. Worst case settling time occurs
when all bits are switched and is specified as
400nS maximum. Note: The settling time specifi-
cation is for the output current, not for a voltage.
When using an external op amp as a current to
voltage converter, the settling time will usually be
dominated by the speed performance of the
operational amplifier. When using the DAC in a
successive approximation A/D application, care
in the -selection of the comparator is critical in
determining accuracy and speed. Raytheon rec-
ommends the use of the RM4805 comparator to
optimize A/D performance. Please refer to the
4805 application notes for further details on
speed and accuracy characteristics of successive
approximation A/D converters.

Direct Unbuffered Voltage Output
for Cable Driving

The high output impedance and compliance
range allow for direct current to voltage con-
version using the bipolar and span resistors. The
circuit configurations of Figure 5 yield comple-
mentary unipolar coding (+10V to 0V) as well as
+1.0V bipolar coding. The 10MQ output imped-
ance of the Raytheon DAC-4565 allows for direct
current to voltage conversion without any degra-
dation of linearity performance.

Raytheon



Complete High Speed 12-Bit
Monolithic D/A Converter DAC-4565
—

12-Bit Analog-to-Digital Converter converter. The SAR selected is the AM2504.

Latched output capability is provided by the
Figure 7 shows an application of the DAC-4565 251.8374. Conversion time with the 1K summing
coupled with the 4805 comparator to make a mode resistance should be set by the clock at

successive approximation 12-bit analog-to-digital 13uS.
+15V
+Vs
S
+10.00V |,
REF Out
DAC4565
IRer
R1 VRer
1 0 19.95K f
D—1—wA 3
REFIn DA tour T DAC Output
\6 o C- ™" | output "= o to +10V
( ) ANA- - . lout =
Analog |5 x lger x Code
Com =
D S N
N 7 Code ~ LSB oneren
v Dig. Common Input

-15V

Note: 2004 R1 Recommended for DACAS565D Grade Dlgllal and Analog Common

Must Have a Common Current
Return Path.

Figure 1. OV to +10V Unipolar Voltage Output
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Complete High Speed 12-Bit
DAC-4565

Monolithic D/A Converter

R1
+15V 100
+Vs Bipolar
REFOut A\4 ~ 3 OffR_A\8
N N 1
20 Volt Span
P 4 5K
IRg DAC-4565 995K 10 Vot Span
R2 &
1009 L VReF 5K
IREF
19.95K DAC 71
CJG Wy - lout = <—lour
REFIn 20K 4 x Ing x Code .
5 Output
A + -5.0V to +5.0v
b
Analog =
Com
7N\ 12 2 A
U U \J
-Vg Dig. MSB LSB 65-01619A
-15v Common
Note: 200¢) R1 and R2 Pots are Recommended for DAC45650Grade
Figure 2. 15.0V Bipolar Voitage Output

Same as Figure 2

20 Volt Span

10 Volt Span
Except Where Noted
9.95K
DAC-4565
Vour
0 410V
= 65-01620A
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Complete High Speed 12-Bit
Monolithic D/A Converter DAC-4565

20 Volt Span
1n
5K
10
10 Volt Span
Same as Figure 2
Except Where Noted
9.95K E: 5K 10pF
9
OAC-4565 .
10 +— Vour
lout op-21 o 425V
+

85-01621A

Figure 4. +2.5V Bipolar Voltage Output

m 10 Volt Span
4| REF n(::l 5: 5K
.EEE tout Unbuffered Complementary Unipolar Voltage Coding
Same as Figure 2 ry ' O Al 1111's Give 0 Volts Out
Except Where Noted Vo All 0000's Give +10 Volts Out
Ro
>10MQ
10 I I
REF Out -

AA
\

4 S Rep SRsp S Rsp
DACA565 >9.95K > 5K @ 5K Unbuffered Bipolar Voltage Coding
Same as Figure 3 lour 11 o Ail 1111's Give -1.0 Volt Output Typical
m igur ? ! All 0000's Give +1.0 Volt Output Typical
Except Where Noted |® utput Typi

v
Ro g VouT.
>10Mn 48

65-01622A

Note: Rgpans Can vary by £20% Max

Figure 5. Unbuffered Voltage Output Configurations
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DAC-4565 Monolithic D/A Converter
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Preliminary
PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

12-Bit D/A Converter

DAC-4881

Raytheon With Microprocessor Interface Latches

Features

B Complete —
High speed op amp for voltage output
Precision trimmed thin film resistors
Voltage reference — bandgap, 15ppm/°C
Input latches for microprocessor compatibility
Internal AC compensation

B Accurate —
Nonlinearity — +1/2 LSB over temp. range
Monotonic — differential nonlinearity +1/2L.SB
over temperature range

m High speed —
Settling time — 200nS (current output)
Settling time — 2uS (voltage output)

m Versatile —
High compliance, complementary current
outputs
Input codes — binary, complementary binary,
offset binary, complementary offset binary
Voltage output ranges — 0 to +10V, 0 to
+5V, +2.5V, 5V, £10V
Direct interface to major logic families
Direct interface to 8- and 16-bit busses
Operates with £12V to £15V supplies
Low power dissipation — 330mW

® Monolithic
® Metal/ceramic package

m 883B processing available

Description

Raytheon’s DAC-4881 is a “complete” 12-bit
digital-to-analog converter. All of the functions
needed for a D/A conversion system have been
included on a single chip: a precision 12-bit
D/A converter (laser trimmed to .005% non-
linearity), a bandgap voltage reference (15ppm/
°C drift), a high speed, high accuracy current-
to-voltage conversion amplifier (2uS settling time,
200uV offset error), laser trimmed temperature
tracking application resistors, and microprocessor
interface latches (50nS logic time).

The heart of the device is a 12-bit interdigitized
laser trimmed resistor ladder network. The DAC
is supported by a bandgap reference derived
from the REF-01 Series 10V Voltage Reference,
by a high speed interface amplifier which uses
slew enhancement to increase speed without
degrading accuracy, and by a switch and latch
circuit (single buffered, not double buffered, to
improve data throughput rates) which are inte-
grated as a cell to improve microprocessor inter-
face time while simultaneously improving the
die size. This high level of integration and per-
formance makes the DAC-4881 an ideal choice
for both microprocessor interface applications
as well as 12-bit high performance applications.
For 8- and 10-bit applications, please refer to
the DAC-4882 data sheet.

The DAC-4881 is available in three performance
grades. The DAC-4881B is specified over the
-55°C to +125°C temperature range while the
F and D grades are specified over the 0°C to
70°C temperature ranges. Ali three grades are
packaged in a 28-lead side brazed hermetic DIP

Mask Pattern

2% 2423 22120 19 B 17

Die Size: 125 x 181 mils
Min. Pad Dimensions: 4 x 4 mils

65-1434 8-45



12-Bit D/A Converter
DAC-4881 With Microprocessor Interface Latches

Simplified Schematic Diagram
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12-Bit D/A Converter

With Microprocessor Interface Latches
—

Connection Information

DAC-4881

*MIL-STD-883, Level B Processing

28-Lead
i
Ceramic Side-Brazed Pin  Tanction
Dual In-Line Package 2 ADH
(Top View) 3 Bit 1 (MSB)
4-13 Input Bits
i 1E 14 Bit 12 (LSB)
2] ] 27 15 -Vg
a[] 2 16 Vour
o] s 17 Refin
5[] ] 2¢ 18 Bip Off
6] 2 19 10V Span
7 a 2 20 20V Span
21 Sum Node
8] 121 =
22 lo
°0 j 23 o
it [ 24 Gnd
1] e 25 +Vg
12(] 17 26  Gain Adj
13[] 16 27 Ref Out
14[] 15 28 ADL
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage .........c.ovvvinennens +18V 28-Lead DIP
Logic In_put Voltages ....... -5V to +Vg +36V Max. Junction Temp. 175°C
loandlp Voltages .............. -5V to +12V "
Reference Input Voltage .......... -Vgto +Vg Max. Pp Ta <50°C 2000mwW
Reference Input Current ................ 2mA Therm. Res. 84¢ 15°C/W
Storage Temperature "
RANGE - v veeienrnnnn 65°Cto +150°C | nerm- Res- fua 60°c/w
Lead Soldering Temperature For Tp > 50°C Derate at 17mW per °C
(B0SEC) .evvreriiiiiiiiiiae +300°C
Ordering Information
Operating
Part Number Package Temperature Range
DAC-4881F Side-brazed 0°C to +70°C
DAC-4881D Side-brazed 0°C to +70°C
DAC-4881B Side-brazed | -55°C to +125°C
DAC-4881B/883B* | Side-brazed | -55°C to +125°C
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|
12-Bit D/A Converter
DAC-4881 With Microprocessor Interface Latches
L -
Functional Block Diagram

18]
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Qut +6.3V 12-Bit t
o— Amp _
| Reference Inputs DAC i 122
| P g !
| b3 :
241 Gnd
o2l Gn 125
I +Vs =—o
= !
1138 |
1 ] |
o 2iAL Gontrol - L1 4t Laten 8 Bit Latch ~vs 15
| ogic I
! |
281 ADH {} ] |
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12-Bit D/A Converter

With Microprocessor Interface Latches DAC-4881
T T

Electrical Characteristics (+Vs = +15V; -Vs = -15V; and Ta = +25°C unless otherwise noted)

48818 4881F 48810
Parameters Min | Typ |Max |Min | Typ |Max |Min | Typ | Max Units
Resolution Full Temperature 12 12 12 Bits
| Monotonicity Full Temperature 12 12 12 Bits

Linearity Error Full Temperature 003 | .012 006 | .012 008 ) .09 | LSB
Differential Linearity Error 006 | 012 012 | 012 012|029 | LSB
Gain Error (ext. ref.) 05 A .08 2 A 3 |%of FS
Offset Error .

Unipolar 10V Range 003 |.012 003 |.025 003 | .15 |%of FSR

Bipolar A .15 15 |% of FSR
Reference Output 627 |6.30 |633 |6.24 |6.30 |6.36 [6.174 |6.30 |6.426 v

Load Regulation — 9.0mA 05 05 A %/mA

Line Regulation — Vg +10% .01 .01 1 %IV

Noise 15 1.5 1.5 mvVpp
Reference Input Impedance 50 |63 |75 |50 |63 |75 6.3 kQ
Voltage Output Ranges 0V to +10V, OV to 45V, +10V, 5V, +2.5V

External Current +5 +100 | +5 +100 | +5 mA

Noise 0.1 to 1MHz 20 20 20 mVp.p
Current Output Full Scale 32 |40 |48 |32 |40 |48 |32 |40 |48 mA

Zero Scale 250 250 250 nA

Impedance in Parallel with 15pF 20 |70 20 170 20 (70 Mn

Compliance -15 +10 |[-15 +10 [-15 +10 N
Full Scale Symmetry 005 | 0.1 0.1 % of FS
Voltage Settling Time

20V Change to .01% of FSR 30 30 30 uS

10V Change to .01% of FSR 18 18 18 uS

1 LSB Change to .01% of FSR 13 13 13 uS
Slew Rate 20 20 20 V/uS
Current Settling, FS Transition 500 500 500 nS
Power Supply Sensitivity

+15V £10% 001 .001 001 | %AFS/

15V +10% 006 006 006 | %AV

The information contained in this data sheet has been carefully compiled; however, it shali not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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DAC-4881

Electrical Characteristics (Continued)
(+Vs = +15V; -Vg = -15V; and Ta = +25°C unless otherwise noted)

12-Bit D/A Converter

With Microprocessor Interface Latches
L . ]

48818 4881F 48810
Parameters Min | Typ (Max | Min | Typ [Max |Min | Typ |Max | Units
Power Supply Current
+HSY 13 13 13 mA
-ISY 19 19 19 mA
Logic Levels 08 20 (08 20 |08 20 v
Logic Currents
Data Hi = 5.5V 1.0 1.0 1.0 uhA
Data Lo = -0.5V 80 80 80 uh
cbits Hi = 5.5V 500 500 500 uA
cbits Lo = -0.5V 100 100 100 uA
Logic Times
Data Set-Up 50 50 50 nS
Data Hold 50 50 50 nS
Propagation Delay
Data to Voyt 10V Unipolar 0.25 0.25 0.25 uS
Data to loyt 50 50 50 nS
cbits to Vour 0.30 0.30 0.30 uS
cbits to loyr 75 75 75 nS
Minimum Write Pulse 60 60 60 nS
Total Bipolar Drift 25 35 35 | ppm/°C
Total Error 0°C to +70°C
Unipolar 0.18 0.33 045 (% of FSR
Bipolar 0.17 0.28 0.33 |% of FSR
Total Error -55°C to +125°C
Unipolar 0.40 % of FSR
Bipolar 0.40 % of FSR
Gain Drift — External Reference 10 20 20 |ppm/°C
Offset Drift
Unipolar 30 30 30 'E’gg} ,?é
Bipotar 15 15 15 gng/otfz
Reference Drift 25 50 75 | ppm/°C
Linearity Drift 13 2.7 59 |ppm/°C
Diferential Linearity Drift 13 27 59 |ppmiec
8-50 Raylheoon



12-Bit D/A Converter

With Microprocessor Interface Latches

DAC-4881

Digital Input

The interface latches are arranged in two sec-
tions: an 8-bit latch for bits 1 through 8, enabled
by ADH, and a 4-bit latch for bits 9 through 12,
enabled by ADL. This 8-bit-4-bit division allows
easy interface to an 8-bit microcomputer data
bus using the connection shown in Figure 1.

3456789011]12]1314

B B2 B3 B4 B5 B6 B7 B8 B9 BI0 BI1 B2
msB DAC-4881 LSB

Byte 1 Byte 2
~ v —
rMSB -«— DAC Data—-{—» LSB X X X X J
X = Don't Care

65-1731A

Figure 1. Typical 8-Bit Data Bus Connection —
Left Justified Format

TTL, PMOS or CMOS logic levels from the data
bus drive the DAC inputs; the logic threshold
is typically +1.4V. The voltage level at the inputs
can be high going positive, even somewhat higher
than the + supply voltage, but can go negative
only to about -5V.

Figure 2 shows a timing diagram for a typical
8-bit data bus interface. The DAC-4881 appears
to the microprocessor as two locations in memory;
the first location for the 8 MSBs and the second
location for the 4 LSBs. The addresses for these
two locations can be selected by checking the
processor's memory map for unused spaces, or
by using ROM space (ROMs will only be enabled
by read instruction, while the DAC-4881 will
only respond to a write). Address decoding can
be realized by hard wired logic gates designed
to respond with a low output or by using a
digital comparator IC such as a DM8131. If the
processor used has double byte write instructions
with an automatic address incrementation then
the system can be simplified, putting the two
addresses consecutively and storing the data to
be written in a two byte stack.

The sequence in the timing diagram (Figure 2) is
as follows: first, the R/W line from the processor,
which is tied to the CS control input, goes low to
start a write to the DAC-4881. Then the address
code for the 8 MSBs is sent out on the address
bus, is decoded by logic, bringing ADH low. The 8
MSB latches are now enabled and the data
present on the data bus will change the DAC
output. When the ADH line goes high again the
MSB data is latched in. This sequence of write,
address, data is repeated for the 4 LSB latches,
and then the CSinput goes high, ensuring that the
data will stay latched in.
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12-Bit D/A Converter

DAC-4881 With Microprocessor Interface Latches

Data input
8MSBs

Data Input
41SBs

AL

——l lo—Seltlmg Time
Data
Stable

Jetstno r»m-|
%— SE::)?e
f— i —] st mn.|

Data
Xt siabie

].-wnoi— Mn.'

I"_ Data
Stable

|.rsm+ wn.{

n____/

]._rwm_.| f—Twey —~|

N/ I/

f— Twe —|

N\ VAR VA YA
X X X X

Typical 8-Bit Data Bys Operation:

1. Select chip with CS

2. Write eight most significant bits with ADH
3. Write four least significant bits with ADL
4. Latch data in with

JERPEVRGN (URPUNRPIIN RPN NN (I I i —

,
-

Tw = Data write time*
Ts = Data set-up time* 85-17328
Ty = Data hold time*

*See Electrical Characteristics for specifications
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12-Bit D/A Converter

With Microprocessor Interface Latches

DAC-4881

Control Inputs

Figure 3 shows a truth table for the three control
inputs. Note that minimum durations for these
signals are required for proper operation (see
the table of Electrical Characteristics for speci-
fications of Ty, Ts, and Ty). Ty is the minimum
low state puise width to guarantee enabling the
latch. The data (bit) inputs must also stay in a
known state for a minimum amount of time,
both before and after the control signal goes
high again. The time before the control input
goes high is Ts, the data set-up time, and the
time after is Ty, the data hoid time. This timing
is generally created through wait statements in
the computer program, or with a one shot if
necessary.

The specifications for logic current into the con-
trol inputs seem to imply that the logic driving
the inputs must have a high output current capa-
bility, but note that the logic high is specified
at 5.5V, while the logic threshold is down at
1.4V. The actual requirement is for the logic
to supply 15uA at 2V, which is within the
capability of CMOS and PMOS.

If all the control bits are wired to ground then
the DAC-4881 will function just like a conven-
tional D/A converter; that is, any data input will
immediately flow through to the output.

CS ADH ADL Result

1 X X Allinputs disabled — output latched
0 0 0 All inputs active

0 0 1 8 MSBs active — others latched
0 1 0 4 LSBs active — others latched
0 1 1 Allinputs disabled — output latched
X =don't care

Figure 3. Control Input Truth Table
Analog Output

The heart of the DAC-4881 is a binary weighted
current source DAC. Refer to the Functional
Block Diagram.

The reference amplifier forces the reference
amplifier input (pin 26, Gain Adjust) to virtual

Raythoen

ground (0V). When the +6.3V reference voltage is
connected to pin 17 the entire 6.3V is applied
across the 6.3k(} reference resistor. The resultant
1mA current (6.3V/6.3K = 1mA) flows into the ref
amp input where it is mirrored and scaled by the
binary weighted current sources. The scaling
of these current sources is such that the full
scale output current is four times the input cur-
rent; for a 1mA reference the full scale output
will be ~-4mA. (Actually, because the code com-
bination starts at all zeros for 0 output full scale
is -4mA +1 LSB, which is -3.99902mA. For a
similar reason with 3 decimal digits one can
only count up to 999, not to 1000.)

Two outputs are provided, g and To. The logic
inputs can be complemented (the sense of 1
and O reversed) by taking the output from To
instead of lp. For all zeros at the bit inputs
To will be at full scale, -3.99902mA. If either
output is unused it should be grounded, and
not left unconnected.

An option for bipolar output (both positive and
negative output currents over the input code
range — normally both output currents are
negative — current flowing into the DAC) is

- provided with the bipolar offset resistor between

pins 17 and 18. For example, what if lp is con-
nected to pin 18, and lg is also monitored with
a current meter to ground? The reference voltage
connected to pin 17 will be applied across the
bipolar offset resistor, because pin 18 is wired
to ground through the current meter. This creates
a 2mA offset current (6.3V/3.15K = 2mA) which
adds to the normal output current. So, for all
zeros at the inputs the output will be +2mA.
For all ones at the inputs the output will be
at-2mA +1 L.SB (-3.99902mA +2mA = -1.99902).

The op amp is provided as a current to voltage
converter, i.e., it changes the -4mA output current
into a selectable output voltage. When the output
current is connected to the sum node, all of
the current will flow into the sum node, and,
having nowhere else to go, will flow through
the 2.5K span resistors and into the op amp
output. Feedback holds the sum node at virtual
ground (0V); the IR drop across the span resistor
adds to the OV virtual ground to produce a
proportional output voltage at the op amp output.
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DAC-4881

12-Bit D/A Converter

With Microprocessor Interface Latches

For example, if pin 19 is wired to pin 16, no
offset resistor used, and full scale current of
=~ -4mA is flowing into lp, then 4mA will flow
out of the op amp output, through the 2.5K
resistor, and into lo. 4mA x 2.5K = 10V, so Vour
will equal approximately +10V. Figure 4 shows a
table of all the possible combinations of offset
and output ranges.

Output Range Pin Connactians

(zeros to ones}  (always connect 17 to 27)

0V to +5V 20 to 21, 16 to 19, 21 to 23, 22 to Gnd
+5V to OV 20 to 21, 16 to 19, 21 to 22, 23 to Gnd
0V to +10V 16 to 19, 21 to 23, 22 to Gnd

+10V to OV 16 to 19, 21 to 22, 23 to Gnd

-2.5Vto +25V 16 t0 19, 18 and 20 to 21, 21 to 23, 22 to Gnd
+2.5V 1025V 1610 19, 18 and 20 to 21, 21 t0 22, 23 to Gnd

-5V to +5V 16 to 19, 18 to 21, 21 to 23, 22 to Gnd
+5V to -5V 16 t0 19, 18 to 21, 21 to 22, 23 to Gnd
-10Vto +10V 16 t0 20, 18 to 21, 21 to 23, 22 to Gnd
+10Vto-10V 16 to 20, 18 to 21, 21 to 22, 23 to Gnd

Some improvement of settling time can be made
with the addition of Rgym and Cr in Figures 6
and 7. Figure 5 gives a table of values for the
various output combinations. Cg can also be
added in aplications where speed is not critical
but output noise is. Larger values of Cg will
overcompensate the amplifier, slowing it down,
but simultaneously integrating out high frequency
noise. Noise can also be reduced by adding a
large capacitor from the reference output to
ground.

Output Range CF Rsum
0V to +5V 15pF 10K
0V to +10V 5pF 2.5K
+25V 15pF 33K
+hV OpF o
+10V OpF L

Figure 4. Connections for Various
Output Formats
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12-Bit D/A Converter
With Microprocessor Interface Latches DAC-4881

+Vg

Gain Offset
10K to 100K 10K to 100K
-Vs -Vs
> 1M
NC
of
=== S| Sn|  sm| T T -
| Rmazs Offset | mvn:zo
| et L, 10VR 119
17l In | Vour
l J e | ow+ov
1uF 1 1
I | [T -
= | = i =Cf
| et ™N 12
271 Out 463V Ret 1281t o 1
Reference Amp DAC = Qp
| Inputs io 12 3 Asum
) 3
| 3
I 3 : L 1
24| Gnd
+V5l25 +Vg
! 4 1
11 | 1uF
] 1 I I
r—oz:L‘ Cf:;:gi — 4BitlLatch 8 Bit Latch —Vs:ﬁo-—i—ﬂ-vs
] | 1uF
1 ABF I
|l LS. 8 DL
J R T MSB |- = —d 517298
= 14 =158 141 10-3
3= MSB Calibratien Procedurs:
1. Set inputs to all zeros
2. Adjust offset until Voyt equals OV
3. Set inputs to all ones
4. Adjust gain untit Vot equals correct full scale value
*  Optional — reduces reference noise
** Optional — improves settling time (see table for values)
Mmse 188
Format Output Scale B1 B2 B3 B4 BS BS B7 BS B0 B10 811 BI12 io{mA] loimA} Vour
Straight Binary: Pasitive Full Scale 11111 1t111 1 1 1 399 0000 89976
?;‘l:g‘}:f‘;u‘:‘g:ue Positive Full Scale— LSB 1 1 1 1 11 1 1 1 1 1 0 3998 0001 99961
True Zero Output Ls8 000000CO0DO0D O 0 1 000013998 00024
Zero Scale 000O0O0O0O0OG O O O 0000 3999 00000
G y Binary; 1 Positive Full Scale 0000O0O0O0DO0OO O O 0000 3999 99976
Unipolar with nput | FOStive Full Scale —(S8 0 0 0 0 0 0 0000 0 1 0001 3998 99951
Code, Tyuelenyjoutput LSB 1111111111 t 0 3998 000 00024
Zero Scale 1111111111 1 1 399 0000 00000

Figure 6. Stand-Alone, 0 to +10V, 12-Bit Straight Binary
With Gain and Offset Adjust Connections
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12-Bit D/A Converter

DAC-4881 With Microprocessor Interface Latches

+Vg Rsum**
500K L +Vg
10K to AAA =
100K I Gain
Adjust " 2 M 10K to
r—~—=sc "l ~—c|————"——--— - WA T
Vs Bipolar Sum 20VR120 Offsel
Offset ) : Adjust
<
_vs
1uF* J_ b- +10V to
I -1V
ot ) 123
+6.3V e 1281t 0 1
Amp — =
Reference Inputs [ i 2 =
|
{\ I
|
l v 125 +Vs
+Vs
= oI
= | IuF
] | —
=
Control _ve 115
logic [ 4BitLaten 8 Bit Latch Vsro—ro
1ufF
< !
L g J<> | I
e e e e SH -_—
t4-11 14=15B
3=MSB
LS8 Calibration Procedure:
Address 1. Setinputs to all anes
Decode a.8it | 2 Adjust offset until Vour equals - full scale
Data 3. Set inputs to all zeros
Bus 4. Adjust gain until Vgyr equals + full scale — 1LSB
*  Optional — reduces reference noise
WR Address Bus ** Optional — improves settling time (see table for values)
65-17348
MsB LS8
Format Output Scals B1 B2 B3 B4 B5 B6 B7 BB BY BI0 BI1 BI2 Ig{mA} lpimA) Vgyy
Offset Binary. Positive Full Scale 111111t 11t 1 1 399 0000 9951
True Zero Output Positive Full Scale — LSB 1 1 1 1T a0 0001 99902
+LSB 100 000 0 0 1 2000 1998 0.0049
Zero Scale 1000000000 0 0 0000 2000 199
-LsB G 1 1t 1 111 11 1 1 1 199 2000 -0.0049
Negative Full Scale+tSB 0 0 0 0 0 0 0 0 0 0 0 1 0001 3998 -9.9951
Negative Full Scale 0000000000 0 O 0000 3999 -10.000
2's Complement; Positive Full Scale 011 1t 111111 1 1 399 OAOOVO 9.9951
True Zero Output Positive Full Scale —LSB 0 1 1 1 1 1 1 1 1 1 1 0 398 0001 99902
(Need Inverter at B1) +1SB 0000000000 O 1 2001 1.998 0.0049
Zero Scale 0 00000O000O0 0 0 O 2000 1999 00000
-188 111111711 1 1 1t 1 199 2000 -0.0049
Negative Full Scale +LSB 1000000000 0 1 0001 3998 -99951
Negative Full Scale 1000000000 0O O 0000 399 -10.000
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Figure 7. Microprocessor Interface, 8-Bit Data Bus, +10V to -10V Output
With Complementary Binary Input (All Zeros Equal + Full Scale)




12-Bit D/A Converter
With Microprocessor Interface Latches

DAC-4881

10K to 100K

Gain
Adjust

R N
_____ —= ————————l
1 Bipolar
] macs1 Offset AVR 203
<
| Ret $ 10VR {19
171 In
WWA—O0———
]
o0 ] < 116
| b2 1
| )
| 1
| Ret |z *— lour
27) 0ut +6.3V ! 1
O] Reference - 12
o
|
| =
|
[ [ +Vs Iﬁo—l—o +Vs
= 1
1uF
|
1 ] | ]_:
Control - L1 4 gt Latch 8 Bit Latch Vs '—@—1—015 Vs
Logic ]
| uF
I | .
4 [} -
_________ LBl — — — =
14=1SB 14-1
3=MSB
Address
Decode
Address
Bus
A\
- .
65-1735C
Calibration Procedure:

Zero scale error is entirely leakage curent — no adjustment necessary
1. Set inputs to all ones

2. Adjust gain until I equals correct full scale value

Figure 8. Microprocessor Interface, 16-Bit Data Bus, 0 to -4mA Output

With Straight Binary Input and External Reference
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12-Bit D/A Converter

DAC-4881 With Microprocessor Interface Latches
L. ]

Typical Performance Characteristics

Data Set-Up Time vs. Temperature Data Hold Time vs. Temperature
%0 60
0 50
z ~ z /|
K =
o - o Y
i g
N ; ;
50 2 20
-50 0 +50 +100 +150 -50 0 +50 +100 +150
Temperature (°C) Temperature (°C)
Digital input Current vs. Voltage Logic Threshold vs. Temperature
175 . 16
250
150 + C\ 15 <
1.5 ~ = 14
3 +25°C [~ \
100 g E 13 <
g 075 -55°C :\;‘\ 2 12 N
Eow ™ N L N
025 H 10 N~
0 3 0% i
64 5 4 3 2 44 0 1 2 3 -50 0 +50 +100 +150
Input Voltage (V) Temperature (°C)
Control Input Current vs. Voltage Negative Supply Current vs. Supply Voltage
700 %
125°C
&0 | 5 paiih
HBC | / ]
< v % LA +25°C
2 200 25 C\ 2 / = 2 [
g “4 g Pz
300 “ § 2 L
B s = /1
20 — 2 4
—sﬂc / / <
100 } § 2 s z
0 I 3 19—t 3
0 1 2 3 4 5 6 7 8 9 +12 +14 +14 +18 +20
Input Voitage (V) Vaupply (V)
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12-Bit D/A Converter
With Microprocessor Interface Latches DAC-4881

10—

Typical Performance Characteristics (Continued)

Reference Input Multiplying Frequency Response

Positive Supply Current vs. Supply Voltage (Vs 100mVpp)
18 +125;c/!/
e, 0dB
T A e g N
3 Py id \
2 7 % -40dB
" v A 3
4~ s 6008 5
P z £
15 3 -80dB H
+12 +14 +16 +18 10K 100K ™ 10M 100M
Vaupoty V) Input Fraquency
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LINEAR INTEGRATED CIRCUITS

12-Bit High Speed
Multiplying D/A Converter

PRODUCT SPECIFICATIONS

DAC-6012
Raytheon

Features

B Differential nonlinearity — 0.012% (13 bits)

@ Guaranteed monotonicity to 12 bits over
temperature

Relative accuracy — 0.05% all grades

Fast settling time — 250nS to +0.5 LSB

Full scale output current — 4mA
Complementary current outputs

Output compliance — -5V to +10V

Full scale tempco — +10ppm/°C

Power consumption — 230mwW

Direct interface to all major logic families
Standard processing without resistor trimming

Description

The Raytheon DAC-6012 series of monolithic
Multiplying Digital-to-Analog Converters guaran-
tee differential nonlinearity to better than 0.5
LSB (0.012%) for the 6012A and +1 LSB (0.025%)
for the 6012 over the full military and commercial
temperature ranges. In addition to the excellent
differential nonlinearity specifications, the 6012
series also include many features that previously
were found in expensive hybrid modules or re-
quired full use of monolithic thim film laser or
zener zap trimming techniques.

The Raytheon DAC-6012 incorporates a seg-
mented design technique which reduces the
requirement for high accuracy resistor ladder

Functional Block Diagram

networks as an integral part of the DAC. The
DAC-6012 design is structured with a 3-bit seg-
ment decoder, 5-bit master R-2R ladder DAC
and 4-bit Slave DAC. This circuit configuration
actually contains less ladder resistors than the
traditional R-2R ladder approach as well as effec-
tively improving the accuracy of the ladder re-
sistors by a factor of 8.

The performance of the DAC-6012 is virtually
independent of supply voltage variations due to
the inherent nature of its design and processing.
As an example, the DAC-6012 may be operated
at any voltage from +4/-10V to +18V with minimal
effect on the full scale current, DNL, relative
accuracy and settling time. The 5MQ output
impedance and -5V to +10V compliance range
make the DAC-6012 ideal for high speed appli-
cations where output load resistors can be used
in place of an output interface amplifier.

The complementary current outputs of the DAC-
6012 are useful in symmetrical offset DAC appli-
cations and A/D converters requiring constant
current loads to ensure significant reduction of
switching transients.

In conjunction with the REF-01 and REF-02
voltage references, and the RC4805 fast pre-
cision voltage comparator, the DAC-6012 can
be used as the main building block in a wide
variety of data conversion applications.

Vs Vic %518 B2 B3 B4 B85 B6 B7 B8 B9 B0 BN 'é?zﬂ
= Tﬁ% 00 R (R O (O (O o o B Te
NeBhI::rk o}fcké'g Logic Switches
Reference LI
Vegri o Amplifier — - B
oment]8, 818 818818, 618,818,813,818,814,&
A B A B B I
Comp o8 8-Segment e D/%%I)r?\;zefler
9017— Generator
'VS
65.005574
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DAC-6012

12-Bit High Speed
Multiplying D/A Converter

Connection Information

Mask Pattern

20-Lead
Ceramic Dual In-Line Function
B n
(Top View) 1 MsBB1
\J 2 B2
1] @ 2] 3 B3
4 B4
[ 5] 5 85 e
6 B6 SRR
[5] #] 7 87
8 B8
E E 9 B9
5 ©] 10 B0
E :] 1 B11
[5] 5] 12 B12LSB
13 Vic/AgND
] (4] 14 Veer(h) 13 1415 16 17
15 Vrer(-)
% -1__3] 16 Comp 65-02064A
17 -Vg
2 2] 1 lo
[} [ 1 b
20 Vs Die Size: 104 x 133 mils
Soraossan Min. Pad Dimensions: 4 x 4 mils
Thermal Characteristics Absolute Maximum Rating
20-Lead Power Supply Voltage ................. +18V
Ceramic DIP LOGIC INPULS .+ . vveeeeneennnnn -5.0V to +18V
Max. Junction Temp. 175°C Analog Current Outputs ........ ~-8.0V to +12V
" Reference Inputs Vi4, V15 ......... -Vg to tVg
Max. Pp Ta <50°C 1042mW Reference Input Differential
Therm. Res. ;¢ 60°C/W Voitage (V14, V15) «vovvineiniiniinnn. +18V
Therm. Res. ;4 120°C/W Referepce input Current (l44) ......... 1.25mA
- Operating Temperature Range
For Ta > 50°C Derate at 8.38mW per °C DAC-6012ADM, DM ....... -55°C to +125°C
DAC-6012ADC,DC .......... 0°Cto +70°C
. Storage Temperature
Ordering Information RANge ...ovvvvnrnnnnennn. -65°C to +150°C
Operating Lead Soldering Temperature i
Part Number Package | Temperature Range (B0SEC) .riiiiiiiiiii +300°C
DAC-6012ADC Ceramic 0°C to +70°C
DAC-6012DC Ceramic 0°C to +70°C
DAC-6012ADM Ceramic | -55°Cto +125°C
DAC-6012DM/883B* | Ceramic | -55°C to +125°C
*MIL-STD-883, Level B Processing
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12-Bit High Speed
Multiplying D/A Converter DAC-6012
T —

Electrical Characteristics
(Vs = 15V, Iger = 1.0mA, over the operating temperature range unless otherwise specified)

DAC-6012A DAC-6012
Parameters Test Conditions Min Typ Max | Min Typ Max | Units
Resolution 12 12 12 | 12 12 12 | Bits
Monotonicity 12 12 12 12 12 12 Bits
Differential Nonlinearity Deviation From Ideal +0.012 +0.025| %FS
Step Size -
13 12 Bits
Nonlinarity gter‘gfg‘,'ft’m?m ldeal +0.05 +0.05| %FS
Vger = 10.000V
Full Scale Current Ry = Ry5 = 10.000k>  {3967| 3999 | 4.031(3935| 3999 | 4.063| mA
Tp=+25°C
5.0 +20 +10 +40 |ppm/°C
Full Scale Tempco
+0.0005 | +0.002 +0.001 | +0.004/%FS/°C
D.N.L. Specification
Output Voltage Compliance gg;rsl?;iii %‘;% e -5.0 +10 | -5.0 +10 v
Rout > 10MQ) Typ.
Full Scale Symmetry Ies - Irs +0.2 +1.0 +04 20| wA
Zero Scale Current 0.2 0.2 uh
Settling Time I i:’g;ﬁ?ﬁ” o 250 | 500 250 | 500 | ns
Propagation Delay — All Bits 50% to 50% 25 50 25 50 nS
Qutput Capacitance 20 20 pF
Logic Input Levels
Logic “0" 08 08 v
Logic “1” 20 20
Logic Input Current Vin -5.0V to +18V 40 40 uhA
Logic Input Swing Vg = -15V -5.0 +18 | -5.0 +18 v
Reference Current Range 02 1.0 11 | 02 1.0 1.1 mA
Reference Bias Current 0 -0.5 201 0 -05 20 | uwA
Reference Input Slew Rate gé“fqo'p}m” 40 8.0 40 8.0 mA/uS
Power Supply Sensitivity
Positive I et +0.0005 | +0.001 +0.0005 | 20,001
- %FS/%
Negative 32 - ;11:;\515v to -1V, +0.00025 | +0.001 +0.00025| +0.001
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12-Bit High Speed
DAC-6012 Multiplying D/A Converter

—

Electrical Characteristics (Continued)

DAC-6012A DAC-6012
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Power Supply Range
Positive Vour = OV 45 18 | 45 18 v
Negative -18 -108| -18 -108
Po;ver?upply Current 57 | 85 57 | 85
ositive . . . .
Negative Vs = +8.0V. Vs = -1V 137 -8 SERA ECH
Positive 5.7 8.5 57 | 85
Negative Vs = +15V. Vs = 15V 37| -1 37| -8
Power Dissipation Vg = +5.0V, Vg = -15V 224 | 312 234 | 312 W
Vg = +15V, Vg = -15V 291 | 397 21 | 397

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Typical Performance Characteristics

Output Current vs. Output Voltage
(Output Voltage Compliance) Reference Amplifier Common Mode Range
. 42
Py I 11 . eefomA [ | ]
36)Vs=-1V | | trer = 1.0mA 16 [ Notes:
b -Vg=-108vV ] : Positive Common Mode Voltage
g 32 T = 32 is Always +Vg -1.25V.
= 28 Ta = Thain to Tmax E 73 Negative Common Mode Voltage |
§ 24 All Bits On H 24 is Always -Vs + 18 + (Ipgr x 3k().
S E Irer = 0.5mA n
= 12 g | TAEF = 0.5mA S 20 T —
5
g 12 11 g 18 Ta = TMiN to Tyax —]
08 . < S AllBitsOn |,
) Ier = 0.2mA IRer = 0.2mA | i
04 08 ]
0 I 04 l I I l 8
-4 10 -6 -2 +2 +6 +0  +4 -14 -10 -6 -2 +2 +  +10 +14
Output Voltage (V) V15 Reference Common Mode (V)
Output Compliance vs. Temperature True and Complementary Output Operation
1IE
14 LA L XL LT a4 2z
12 LA
A 77X 777V 77 A OmA lout
= 10 Shaded Area Indi . A
- 8 Permissible Range of A . ]
S‘ 6 Output Voltage With: ‘4 N L~
s -V = -15V, Ipgr < 1.0mA. 2.0mA
4 > For Other -Vs o Ipgr P N
§ 2 See Qutput Current vs. A ~
0 < Output Voltage Curve. 4 40mA oot
2 LLLYLLALL L AL <
4 X A g
I IO OIS I |é
-100 -50 0 450 +100 +150  +200
Temperature (°C} (0000 0000 0000) Iper = 1.0mA (11111111 1111)
85-00568A
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Segmented Design Information

To achieve the linearity necessary to manufacture
a 12-bit DAC, previously designed 12-bit DACs
have required the use of high precision trimmed
thin film resistors arranged in an R-2R ladder
configuration (Figure 1). The DAC-6012 deviates
from the traditional design by using a segment
decoder controlled by bit 1 (MSB) through bit 3.
Bits 4 through bit 12 (LSB) control a 9-bit master/
slave DAC similar in design to the type used
in the DAC-08 and DAC-10 8-bit and 10-bit DACs.
The 3-bit segment decoder consists of 8 equal
current sources of 0.5 Iggr each, and a priority
decoder which determines, through the 3-bit
code, which one and only one of 8 current
sources provide the reference current to the
9-bit DAC and which of the other 7 feed either
the lp or lp ports (Figure 2).

As an example, when bit 1 through bit 3 are
000, the 1a current source is used as the ref-
erence current for the 9-bit DAC, Ig through

Iq go to the To port. The e outputs of the 9-bit
DAC go to either Ip or To depending on the
code at bits 4 through 12. A major segment
decoder transition occurs when the code changes
from (MSB) 000111111111 (LSB) to 001000000000.

At the transition the I current source switches
from the 9-bit DAC to the lg port and the Ig
current source switches from I to become the
reference current for the 9-bit DAC, which has
just changed from its full scale current (1o -1 LSB)
to its zero scale current at the Ig port. As the
input code is increased toward 4095+, the output
of each segment current source is switched from
Io to become the reference current for the 9-bit
DAC, and is then switched to lp.

Monotonicity is guaranteed using this technique
since the current source that was used as the
9-bit DAC reference current is then added directly
to the lp port when the 9-bit DAC changes
from its full scale to its zero scale current.

Vage MsB LSB <—Im
t 1
2.000 l 1.000 ‘ 0.500‘ 0.250 0125 0062 l ooml 0016 ‘ 00)4 OMZ‘ 0!!)! 0(!)1
mA mA mA mA
2048X
= 4R 2R 2R R 2R 2R 2R xR 2R R R
R R R R R R R R
l Major { 1000 0000 0000 2.000mA
-Vs Carry | 0111 1111 1111 1.999mA 65005608
Figure 1. Traditional R-2R D/A Converter
Raytheen 8-65
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40

In

I
30 ©
) "
g te
3 1}
10 le
Is

I
0 A

0000 0000 0000
0001 1111 1111
0011 1111 1111
0101 1131 1111
0111 1111 1111
1001 1111 1111
1011 1111 111
1101 1111 1111
ARRRRARRIR LN

Digital Input
65-00562A
Figure 3. lg vs. Code for DAC-6012
Recommended Basic Connections
ECL
HTL, CMOS
& P_-
TIL ¢
Vin=+1.4V
- K 213K
1 - 1’ e
DAC-8012 2 AR
Vic $ 2 S N394
3 2N3904 3k 2
13 >
3K
AAA—4T0 Pin 13 \AWA—4To Pin 13
L —O Vic —O Vic
- & R &
itl A00,A ;:l 62K
-L' l 52V
Notes:
1. Set the Voltage “A” to the Desired Logic
Input Switching Threshold.

2. /T\Ilowaﬁle Range of Lts)gic Threshold is
ypically -5V to +13.5V when Operating
the DAC on +15V Supplies. o5-c0sen

Figure 4. Interfacing With Various Logic Families
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Recommended Basic Connections (Continued)

\ 18 +—
lo -
DAC-6012 > 0p-07 —0 Vg
i 19 +—
- 7 l J_ Vo=01o +Igs x R_
= = IFs = :g x4 x Iner

For Complementary Output (Operation as a Negative Logic DAC).
Connect Inverting Input of Op Amp to ip (Pin 19); Connect
lo (Pin 18) to Ground.

65-00569A

Figure 5. Negative Low Impedance Output Operations

oPo? —O Vg
\ 18—
lo ‘ +
DAC-6012 Vo=0tolesx Ry
19
To RL

lrs=%x4xlm

For Complementary Output (Operation as a Negative Logic DAC),
Connect Inverting Input of Op Amp to Ig (Pin 19); Connect
to {Pin 18) to Ground.

65-00570A

Figure 6. Positive Low Impedance Output Operations

VRer(+)

N
DAC-6012
RRer
VREF(+) O—AAA———]
- R15
RRer = R15 (Optional) 0AC-8012
- 1
—
High Input
tmpedance

VRer(+) must be above Peak Positive Swing of Viy

65-00571A

Figure 7 Accommodating Bipolar References
8-68
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Recommended Basic Connections (Continued)

RRer

DAC-68012

Note:
Ragr sets Irs: R15 is for a Bias Current Cancellation.

65-00572A

65-00573A

Figure 8. Basic Negative Reference Operation Figure 9. Recommended Full Scale
Adjustment Circuit

MSB LSB
B1 B2 B3 B5 B6 B7 B8 BY B10B11 B12

IR AAAANAAAAAAN

(R16) lo
VRer(+) O———AMWN—] 14 18
IREF ———>
a1s DAC-6012 I
15 19
20 13

17 16
C
v T
VRer(+) 4095 l
Ifs = X ——x4

— = -V
RReF 4096 - = s

For Fixed Reference, TTL Operation,

0.14F
Typical Values are:
VRer = +10.000V
=+ s Rger = 10.000K

R15 = Rper +5.0%
Vie Cc = 0.014F
Vic = OV (Ground)

1o +1g = Igs for all logic state.
65-00574A

Figure 10. Basic Positive Reference Operation

VRer(+) Vo

" Optional Resistor
RREF | for Offset Inputs
R

Rin
[ AN 15
5 Rea=
_I——L Rp g 800 DAC-6012
o . 14 1
Typical Values:
Rin = 1.0KQ
Rp = 4.0k
ViNGH) = 1.0V
Rea = - =
1, L No Cap

o +
RN Re  Rper R

Figure 11. Pulsed Reference Operation
Raythoen 8-69
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Recommended Basic Connections (Continued)

DAC-6012

Rorr R1
5.000K 2.000mA 5K
RY4
10K
REF-01 AN VRer(+) lo \— - Vour
+iov DAC-5012 0P-07 —O0
VRer(-) o fo= +
B1 812
VReF .
A= Toma =15 g M 28 F::;?nn;;r':;m R
Operation
VRer
OFF = 2omA = L4
MsB LSB
Note: Code may be Complemented by Reversing Iy and To.
[mss 188 _
Eﬂml Output Scals B1 B2 B3 B4 B5 B6 B7 B8 BY BI0 BII B2 | bimA) | GimA} | Voyr
lottset Binary; Positive Full Scale 1T 11111111 1 1 1/([399] 0000 [ 99951
True Zero Output. Positive Full Scale — LSB | 1 1 1 1 1 1 1 171 17775 1598 0001 | 9.990
s 1 00000000 0 0 1 ]2001| 198 | 00049
Zero Scale 1 00000000 0 0 02000 199 | 00000
-LSB 0 11111111 1 1 1199|2000 [-0.0040
Negative Full Scale+LSB [0 0 0 0 0 0 0 0 0 0 o0 1 |0.001| 3.908 | 99959
Negative Full Scale 0 00000000 O O o0 |0000[ 399 |-10.000
2's Complement; Positive Full Scale 0 11 1 1t 1t 11 1 1 1399/ 0000 | 9951
s oo Qutput o |Positive Fuil Scale — 158 1011711 s | oven | 6603
need Inverter at B1). |+ LSB 0 00000000 O 0 1 ]2001]| 198 | 00049
Zero Scale 000000000 0 0 02000199 | 00000
-1sB 111111111 1 1 119992000 [-0.0049
Negative Full Scale+LSB| 1 0 0 0 0 0 0 0 0 0 0 0 |0001| 3998 |-99951
Negative Full Scale 1. 00000000 0 0 o0 |0000| 3999 [-10.000
65-005768
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Figure 12. Bipolar Offset (True Zero)
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Recommended Basic Connections (Continued)

R1
2.5K
AAA
VWA
R14
10K _—
REF-01 VWA—] VRer(+) lo Vour
+Hv DAC-8012 L—<:v
VRer(-) lo =
B1 B12
_ Veer R15 R2
R14-ﬁA=R15 10K 25K
MSB LSB -
Note: Code may be Complemented by Reversing lo and fo.
MSB Ls8
Code Format Output Scale 81 B2 B3 B4 B85 B6 B7 B8 B8 BI0 BI1 BI2| L(mAl RimA) | Vour
'STaightBinary; Positive Full Scale 1T 11111111 1 1 1]399]0000 | 99976
Unipolar with o
True Input Code. Positive Full Scale — LSB| 1 1 1 1 1 1 1 1 1 1 1 03998 [ 0001 | 9.095
True Zero Output. LSB 0 0000DO0O0O0O O 0 1 [00001 3998 | 00024
Zero Scale 0 00000600 0 0 o0]Fo0000|399]| 00000
Complementary Binary; | Positive Full Scale O 0000O0CO0O0O0 O O O]0000| 3999 |99976
”""’°'°"”""ylnput Positive Full Scaie — 1SB| 0 0 0 00000 0 0 0 10001 |3998 | 99850
Code, True Zero Output.| LSB 191111111 1 1 0]398]| 000t | 00024
Zera Scale 111111111 1t t 11]3909}0000 {0.0000
685-005778
Figure 13. Basic Unipolar Operation
Raylhoon 8-71
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Recommended Basic Connections (Continued)

R1
25K
R14 M
10K
REF-01 “MA—] VRer(+) ?‘ b ‘
ouT
v DAG-6012 2 0p07 Lo
VREr(-) '5/ ’ +
B1 B12
Aie= VP pe R15 , RS R2
1.0mA 10K Optional 25K $ 1.25K
- MSB LSB - T
Note: Code may be Complemented by Reversing lp and To.
MSB LsB _
Code Format Output Scals B 82 B3 B4 BS B6 B7 B8 B9 BIO Bl B12 | LhmA) | imA) | voyr
Straigthifse\Binary: Positive Full Scale 1T 11111t 1 1 1t 1 1399/ 0000 997
;Z(T“;;"{flj:””‘ Positive Full Scale — LSB| 1 1 1 1 1 171 1777777770 1308 | 0001 1 99057
Zero Output. (+) Zero Scale 1 00000000 0 0 0 |2000( 199 | 00024
(-) Zero Scate 0 t 1111111 1 1 1[1909]2000 |-00024
Negative Full Scale —LSBf 0 0 0 0 0 0 0 0 0 0 O 1 |0.001 | 3.998 | -9.9927
Negative Full Scale 0 00000000 0 0 00000399 [-99976
1s Comp_lemem: Positive Full Scale 0t 1t 111111 1 1 1/[39]0000] 9976
gg::f",:;"fﬁ::’”"‘ Positive Full Scale —LSB| 0 1 1 1 1 1 1 17171 77770 13908 | 0001 89927
Zero Output (+) Zero Scale 0 0000O0CO0O0OO0O O O 0 |2000( 1999 | 00024
MSB C
(need Inverter at B), | () 2ero Scale 1 11111111 1 1 1[199] 200 |-00024
Negative Full Scale —LSB{ 1 0 0 0 0 0 0 0 0 0 O 1 [000t] 3998 |-09927
Negative Full Scale [ 1t 00000000 0 0 0 |0000] 3999 |-99976

65-005788

Figure 14. Symmetrical Offset Operation
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Recommended Basic Connections (Continued)

12-Bit Fast A-to-D Converter .
Serial
I I I Data Qut
oO——dE S cc DO
SAR 0
Clock O——CP 2504
an o LSB
—0
—0
—0
—0
—0 | pigital
0 Input
+15V — 0
—o0
° VRee  Analog Input
—0 10V)
REF-01 1w
—0
5K
5K [msB LsSB
DAC-6012
Comp
0.0014F
0.001 uF
1uF 0.01.F
0.1, 10K i 14F
+ 1 WF
+
-Vs +Vs
Note:
Device(s) connected to analog input must be capable of sourcing 4.0mA
a buffer may be required
Conversion Time vs Accuracy
5 ]
\ \(Worst Case)
10 DAC6012 —|
4805 Conversion Worst
g. Time (a8) Typ Case
2 07 " SAR S 5ns
oo e 4805 g8 %S
e \\(Tvp) \ Total 508 680nS
025 N x 13 49,8 8.84S
1]
100 200 300 400 500 600 700 800
Conversion Time per Trial (nS] 65005798

Figure 15. Fast 12-Bit Analog-to-Digital Converter Application
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Design and Applications Information

Logic Input

The DAC-6012 uses a unique logic input circuit
which allows the user to interface the 6012 with
all major logic families. Inputs from -5.0V to
+10V may be used when using =15V supplies.
The internal logic threshold is 1.3V nominal and
must be adjusted for logic families other than
TTL and 5V CMOS by using the circuits in
Figure 4. The logic threshold may be adjusted
over a wide range using the relationship V1 =
Vic + 1.3V. Care must be taken when connecting
the V¢ pin since it typically sinks 3mA. When
interfacing with ECL a reference current less
than 1mA is recommended since internal voltage
compliance problems may exist using negative
logic threshold voltages greater than -5V with
a -15V supply.

Power Supplies

The DAC-6012 operates over a supply range of
+5.0V, -10V to £18V when using an Iggr = 1.0mA.
Below -10V voltage headroom limitations inside
the DAC-6012 will reduce output compliance
to near OV. Operation below -8V will seriously
degrade the overall linearity of the DAC-6012.
The positive supply voltage is not critical, and
voltage between +4.0V and +18V can be used
since most of the circuitry is used to bias the
internal logical inputs.

Reference Current and Amplifier

The full scale output current (Igg) at the Ip port
is in direct proportion to the reference current
into pin 14. The relationship is given as Ig =
4095/4096 |Irer x 4 x 4095/4096. When Iggr =
1.000mA, Igg = 3.999mA. Iger can be varied over
a wide range from 1.0uA to 1.1mA for multtiplying
digital-to-analog converter applications.

For high accuracy, DC reference application
circuits require a high quality voltage reference

8-74

such as the +10V REF-01 or +5.0V REF-02. A
stable output current free from excess noise,
supply voltage glitches and temperature varia-
tions is possible when using a high quality voltage
reference and a low TC high accuracy source
resistor. If the reference has a 100ppm/°C TC
then the output of the DAC will have a similar
TC due to the reference alone. Standard 3
terminal voltage regulators used for regulating
logic or op amp supply voltage are normally
not accurate enough to be used as a reference
for 12-bit DAC applications, and therefore are
not recommended.

The close relationship between Igg and Iggr
(+0.8% max error) will, in many applications,
not require adjustment of the source or output
scaling resistors. If adjustment is necessary, keep
in mind the TC of many potentiometers is poorer
than fixed resistors. When using DC references
it is recommended to split the source resistor
in two and bypass with a 0.01uF capacitor from
the junction of the two resistors to analog ground.
A resistor connected to analog ground from
pin 15 should have 1n ohmic value similar to the
total reference resistor so that reference amplifier
input bias current effects can be cancelled.

A negative reference voltage may be used as
shown in Figure 8. Care must be taken to not
exceed the negative common mode voltage of
the reference amplifier. This voltage is given by
Vem - = =|-Vg| + 1.8V + (Iger x 3kQ).

The reference amplifier must be compensated
with a 0.01uF capacitor from pin 16 to pin 17
when using a DC reference. For AC reference
applications refer to Figure 16. The value for C¢
will depend on the value of the unbypassed
source resistor at pin 14. For pulsed reference
operation, minimum value source resistors should
be used. Compensation is not required for source
resistors less than 8002, resulting in a fast slew
rate and wide bandwidth for the reference
amplifier.
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For AC reference applications. a minimum
value compensation capacitor (Cc) is normally
used. The value of this capacitor depends on
the equivalent resistance at pin 14. The values
to maximize bandwidth without oscillation

are as follows:
Minimum Size =
Compensation Capacitor =
flgs = 4.0mA. Ipgr =1.0mA) B
Rigeq) ke) | CclpF) ]
10 50 2
50 25 2
20 0
e
05 0

ST ITTT TTTIT 11
| R14(EQ) = 2k2 Smali Signal = 1%
Cc = 10pF Modulation of 2.0mA
2 Full Scale Curren o
0 .ul
N
-2 A
Large Signal = 50%
4 M ion of 4.0mA__L\
Full Scale Current
B [
-8
001 01 1.0 10

Note: A 0.014F capacitor is recommended for fixed reference operation.

Reference Amplifier
Frequency Response

Frequency [MHz)

65-00563A

Figure 16. Reference Amplifier Compensation

Analog Output Currents

The true (Ig) and complemented (lp) outputs
both sink current. The sum of lg and Ip equals
Igg for all codes. Complementary outputs are
useful for driving balanced cables, CRT deflection
coils and center tapped transformers. The current
at lo will increase when “1” (true) is applied
at any logic input and decrease when “0” (false)
is applied to any logic input. Conversely the io
current decreases when a “1" is applied and
increases when a “0” is applied.

The output compliance voltage of the DAC-6012
is between +10V to +25V above the -Vg voltage
and as such is useful in applications requiring fast
current to voltage conversion since load resistors
are used in place of an output amplifier.

If either.output is unused it should be grounded.
It cannot be left unconnected.

Settling Time

Typical full scale settling time to within +0.5 LSB
for the DAC-6012 is 250nS using an Iger between
0.5mA and 1.0mA. The full potential of the
DAC-6012 is realized only through careful PC

Raytheon

board design. Special care must be taken to
separate the analog ground from the digital and
power supply grounds. Connect the grounds
together at one point near the power supply
ground. Logic traces must be kept short and
supply bypassing near the DAC-6012 must be
generous using a minimum of 1.0uF and 0.01uF
in parallel.

If output load resistors are used a pole will be
created by the 20pF output capacitance of the
DAC-6012 and the load resistor. To prevent
degradation of the settling time the load resistor
must be kept to less than 500().

Measurement of the settling time requires the
ability to resolve less than 0.5 A. The schematic
in Figure 17 and a fast, high resolution oscillo-
scope (250MHz at 2mV/Div.) are capable of
measuring settling times to less than +0.5 LSB
at 12 bits (+0.01%).

The MSB of the DAC-6012 determines the overall
settling time of 250nS. If the 6012 is operated
as a 10-bit DAC by grounding the MSB and
LSB pins, settling times of typically 90nS to’
130nS can be achieved.

8-75
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Logic +15V
r@ input ?
= 51 :;uF
1, Vioan 0.14F
47uF —
14 2] 34 4] 5| 6] 7] 8] 9]r0fu]w 499K Nota 1NS082
" \ 15 NO8 1% 0.5W 075V
lo x z . —O
495K < DAC-B012
1% $ YA ] 1N5082
S2.74K "
= b 47 4= 001 40,6 !
N [ P w17 St (NZK T T o "W 0L )¢
Ot 0914 24 I I 3w
— ¢ : L 3K = % - i
B VT $p T | %3 | Voo
4 = L = <
S — 24K € i
e REFO1 |2 0.014F 5% $ =
W 3 0.14F
L= Ha

65-006938

Figure 17. Settling Time Measurement Circuit

Settling Time Measurement

The settling time measurement circuit (Figure 17)
must be constructed using the same techniques
used for RF circuits. All component leads must
be kept short and a very generous ground plane
used. Coaxial connectors should be used for
the digital input signal as well as the output.
1X probes to monitor the input and output should

be used in conjunction with a high speed

(>100MHz) oscilloscope with a vertical resolution
to at least 2mV/Div. A +0.5 LSB change at the
output of the DAC-6012 will result in a +2.5mV

change at Vo.

A. Set-up procedure — Low to high settling

time measurement.

1. Adjust the DAC-6012 digital inputs to 2V.
2. Adjust V| pap so that Vg = OmV £10mV.

(Vioap will be about +47V)

8-76

Adjust the pulse generator (<10nS rise
time) for a 500kHz square wave.

Adjust pulse generator output amplitude
so the logic 0 = 0.8V and logic 1 = 2.4V.
Set scope for 100nS/Div. and 2.0mV/Div.
and measure time for Vg to fall within
+2.5mV of the final value after the digital
inputs change from 0.8V to 2.4V.

Set-up procedure — High to low settling
time measurement.

1.
2.

3.
4.

Adjust the DAC-6012 digital inputs to OV.
Adjust Vioap so that Vo = OmV +10mV
(ViLoap Will abe about +27V).

Repeat steps 3 to 4 above.

Set scope for 100nS/Div. and 2.0mV/Div.
and measure time for Vg to fall within
+2.5mV of final value after the digital
inputs change from 2.4V to 0.8V.
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Temperature Considerations

The DAC-6012 is fully specified fer DNL, non-
linearity, and other major DC parameters over
temperature. The temperature coefficient (TC)
of the full scale output current (Igg) is typically
+8.0ppm/° C drift over the full military tempera-
ture range. In most cases, parameters external
to the DAC-6012 will contribute most of the
errors due to temperature variations. The tem-
perature coefficient (TC) of the reference voltage
will cause a directly proportional TC at the output
of the DAC-6012. Other factors which enter into
the temperature error budget are the TC of the
reference (R14) and output scaling resistors.

Ideally it should be sufficient that the two re-
sistors track each other so that the TC errors
will cancel. Unfortunately the reference resistor
power dissipation is constant (assuming a con-
stant reference voltage), therefore, always at a
constant temperature rise above the ambient
temperature. The output scaling resistor has a
power dissipation proportional to the square of
the output voltage. For a OV output in a 10V
full scale output system the scaling resistor
dissipates OmW, but at full scale current the
resistor (2.5k) is dissipating 40mW. If the TC
of the “matched” source and scaling resistors
is high enough it can cause a substantial artificial
error in the relative accuracy.
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Modern integrated circuit technology has made
the voltage-to-frequency converter (VFC) a cost
effective alternative to other analog-to-digital
(A/D) systems. A few years ago the VFC was a
black box; bulky and expensive. Then hybrid and
modular versions were introduced, bringing effi-
ciency and priced under $100.00. In 1976 Raytheon
introduced the world’s first monolithic VFC, the
4151. Since then the 4152 and 4153 have been
designed for increased performance and with
fewer external components. Raytheon's mono-
lithic converters offer competitive performance
when compared with modular versions, while
providing increased flexibility in modifying design
parameters, and costing much less.

The future will see increased use of VFCs in
places where other methods of conversion are

Section 9
Voltage-to-
Frequency
Converters

presently employed in addition to a variety of
newer non-conventional applications. The ad-
vantages of VFCs are in their size, cost, and
in serial output which allows them to be located
near the source of analog data. VFCs can provide
the inverse function, frequency-to-voltage con-
version. Raytheon converters can be connected
in a number of configurations to fill most needs.

Raytheon offers the following VFCs:

RC4151 ... .. ..., 8 pin package,
0.013% nonlinearity
RC4152 ..........ccvven... 8 pin package,
0.007% nonlinearity
RC4153 ... ..., 14 pin package,

0.002% nonlinearity

9-1



Voltage-to-Frequency Converters

Section 9

R e
DEFINITIONS

Compliance
The measure of the output impedance of a
switched current source, given as a maximum
current for a specified voltage change, in micro-
amps (uA).

Full Scale Frequency

A voltage-to-frequency converter can operate
up to the guaranteed full scale frequency with-
out violating any of the performance specs for
this frequency range. Full scale frequency is
expressed in Hertz (Hz).

Nonlinearity Error

On a plot of input voltage versus output fre-
quency, a straight line is drawn from the origin
to the full scale point which is defined by the
intersection of the maximum input voltage and
maximum output frequency.

The actual plot of output frequency versus input
voltage should not deviate from this straight
line by more than increment AFomax)- Non-
linearity is defined here as (AFp/AFg) x 100%
where Fg is the maximum frequency for the
range in question. For instance, when specifying
nonlinearity error for the 0.1Hz to 10kHz range,
then Fs = 10kHz. When specifying nonlinearity
error for a frequency-to-voltage converter, non-
linearity error is defined as (AV/Vgg) x 100%.

Leakage Current

The current that flows into the open collector
output transistor when the logic output transistor
is in the “off” state, as a result of the appli- |
cation of the maximum supply voltage to the
output. Leakage current is measured in micro-
amps (uA).

Reference Current (4153)

The current flowing into pin 5 as a result of
applying a reference voltage of exactly 7.3V,
measured in milliamps (mA).

Reference Voltage (VRefr)

The voltage output of the internal reference as
measured from pin 3 to the common terminal
(pin 2) of the 4153 — cannot be directly measured
for the 4151 and 4152. Vger is expressed in volts
(V).

Scale Factor
Scale factor K is the ratio of Fo/V|n.

Scale Factor Tolerance (4153)

Scale factor tolerance is defined for VRer, RiN,
and Co equal to 7.3V, 20,000} and 3500pF, re-
spectively. The scale factor tolerance is the
amount a measured value of K deviates from
the computed value.



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Voltage-to-Frequency
Converters

Raytheon

RC4151, 4152

Features

® Single supply operation

B Pulse output compatibie with all logic forms
(DTL/TTL/CMOS)

® Programmable scale factor (K)

B High noise rejection

® Inherent monotonicity

| Easily transmittable output

B Simple full scale trim

® Single-ended input, referenced to ground

® V-F or F-V conversion

B Voltage or current input

® Wide dynamic range

Applications

B Precision voltage-to-frequency converters

B Pulse-width modulators

B Programmable puise generators

8 Frequency-to-voltage converters

m Integrating analog-to-digital converters

B Long-term analog integrators

B Signal conversion —
Current-to-Frequency
Temperature-to-Frequency
Pressure-to-Frequency
Capacitance-to-Frequency
Frequency-to-Current

Mask Pattern

& Signal isolation —
VFC — opto-isolation — FVC
ADC with opto-isolation

m Signal Encoding —
FSK modulation/demodulation
Pulse-width modulation

® Frequency scaling

8 DC motor speed control

Description

The 4151 and 4152 are monolithic circuits con-
taining all of the active components needed to
build a complete voltage-to-frequency converter.
Circuits that convert a DC voltage to a pulse
train (VFC) can be built by adding a few resistors
and capacitors to the internal comparator, one-
shot, voltage reference, and switched current
source. Frequency-to-voltage converters (FVCs)
and many other signal conditioning circuits are
also easily created using these converters.

Raytheon was the first company to introduce
amonolithic VFC. The low cost 4151 was followed
by the 4152, a pin compatible replacement offer-
ing guaranteed temperature and accuracy speci-
fications. Both converters are available in a
standard 8-pin ceramic or plastic DIP and in
an 8-pin metal can.

4151

Die Size: 45 x 61 mils
Min. Pad Dimension: 4 x 4 mils

4152

Die Size: 47 x 68 mils
Min. Pad Dimension: 4 x 4 mils

65-10288 9-3



RC4151, 4152 Voltage-to-Frequency Converters

Schematic Diagram — 4151
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Voltage-to-Frequency Converters RC4151, 4152

Schematic Diagram — 4152
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The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement s intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4151, 4152

Voitage-to-Frequency Converters

Connection Information

Functional Block Diagram

DE and NB
Dual In-Line Packages

T
(TO-99) Metal Can

65-01529A 65-01530A

Pin Function

Switched Current Source Output (lo)
Switched Voitage Reference (Rg)
Logic Output (Open Collector) (Fp)
Ground (GND)

One-Shot R, C Timing (Cp)
Threshold (Vi)

Input Voltage (V|n)

+Vg

XN DB WN =

4151/4152
Ssvi(ched -
urrent ] Voltage .
Source L' Current et El Vs
OQutput Source
) J Open Loop
Switched i C
Reference 'Z‘_ Voltage
Output

7]
Comparator
Inputs
Ope:(\) C‘oue‘clor E ‘ E
utpy -
Precision
One Shot
Open Coliector One Shot
Ground E Logic Output 5 Timing

= _Transistor

65015174

Absolute Maximum Ratings

Supply Voltage ....................... +22V
Internal Power Dissipation ........... 500mwW
Input Voltage ................... -0.2V to +Vg
Output Sink Current
(Frequency Output) ................. 20mA
Output Short Circuit to Ground .. Continuous
Storage Temperature Range
RM4151,4152 ............. -65°C to +150°C
RV4151, 4152 ............. -55°C to +125°C
RC4151,4152 ............. -55°C to +125°C
Operating Temperature Range
RM4151, 4152 ............. -55°C to +125°C
RV4151,4152 .............. ~40°C to +85°C
RC4151,4152 . ............... 0°C to +75°C
Thermal Characteristics
8-Lead 8-Lead 8-Lead
Plastic | Ceramic 70-99
nip oip Metal Can

Ordering Iinformation

Max. Junction Temp. | 125°C 175°C 175°C

Max. Pp Ta >50°C | 468mW | 833mW | 658mW
Therm. Res. 8¢ — 45°C/W | 50°C/W
Therm. Res. 65 160°C/W [ 150°C/W | 190°C/W
For Ta > 50°C 6.25mW | 8.33mW | 5.26mW
Derate at per°C | per°C per °C

9-6

Operating
Part Number Package Temperature Range
RC4151DE Ceramic 0°C to +70°C
RC415INB Plastic 0°Cto +70°C
RC4151T T0-99 0°C to +70°C
RC4152DE Ceramic 0°C to +70°C
RC4152NB Plastic 0°C to +70°C
RC4152T T0-99 0°C to +70°C
RV4151DE Ceramic -40°C to +85°C
RV4151NB Plastic -40°C to +85°C
RV41520E Ceramic -40°C to +85°C
RV4152DE Ceramic -40°C to +85°C
RM4151DE Ceramic -55°C to +125°C
RM4151DE/883B* |  Ceramic -55°C to +125°C
RM4151T T0-99 -55°C to +125°C
RM4151T/883B* T0-99 -55°C to +125°C
RM4152DE Ceramic -55°C to +125°C
RM4152DE/883B* [ Ceramic -55°C to +125°C
RM4152T T0-99 -55°C to +125°C
RM41527/883B* T0-99 -55°C to +125°C
*MIL-STD-883, Level B Processing
Raytheon



Voltage-to-Frequency Converters

RC4151, 4152

]
Electrical Characteristics (vg = +15V and T = +25° C unless otherwise noted)

4151 4152
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
Power Supply Requirements (Pin 8)
Supply Current Vg = +15V 45 75 25 60| mA
Supply Voltage +80 | +15 | 422 | +7.0 | +15 | +18 v
Input Comparator (Pins 6 and 7)
Vos +20 | 10 20| £10| mv
Input Bias Current -100 | -300 -50 | -300] nA
Input Offset Current +50 | £100 +30 | £100| nA
Input Voltage Range 0 Vs-2 | Vs-3| O Vs-2 | Vs-3 v
One Shot (Pin 5)
Threshold Voltage 063 | 067 | 0.70 | 065 | 067 | 069| XVg
Input Bias Current -100 | -500 -50 | -500|] nA
Saturation Voltage | =22mA 015 | 05 0.1 05 v
Drift of Timing T=75S
vs. Temperature 0°C to +70°C +35 +30 | +50 |ppm/°C
Drift of Timing vs. Supply +150 +100 ppm/V
Switched Current Source’
{Pin 1) 4151-Rg = 14.0K/
Qutput Current 4152-Rg = 16.7K +138 +138 A
Drift vs. Temperature 0°C to +70°C +75 +50 | £100| ppm/°C
Drift vs. Supply Voltage 015 0.10 %IV
Leakage Current Off State 1.0 50 1.0 50 nA
Compliance Pin 1= 0V to +10V 1.0 25 1.0 2.5 uA
Reference Voltage (Pin 2)
VRer 1.7 19 | 208 20 | 225 | 25 v
Drift vs. Temperature 0°C to +70°C +50 +50 | £100|ppm/°C
Ldgic Output (Pin 3)
Saturation Voltage Ising = 3.0mA 0.1 0.5 0.1 0.5 v
Saturation Voltage Isink = 10mA 0.8 08 v
Leakage Current Off State 0.2 1.0 0.1 1.0 uhA
Nonlinearity % Error
Voltage Sourced Circuit of
Figure 3 1.0Hz to 10kHz 0.013 0.007 | 005 %
Temperature Drift Voltage
Sourced Circuit of
Figure 3 Fo = 10kHz +100 +75 | £150|ppm/°C
Note 1. Temperature coefficient of output current source (pin 1 output) exclusive of reference voltage drift.
Raythoon 9-7



RC4151, 4152 Volitage-to-Frequency Converters

Typical Performance Characteristics

10kHz Current-Sourced VFC 100kHz Current-Sourced VFC
Nonlinearity Nonlinearity
+0.01 +0.06
+0.005 +0.03
5 g
5 5
= 0 s 0
>
£ oms \\\~ 4132 ,/ £ oo 4152 o
2 N P z L ]
001 At < 0,06 = F
t 2 3 4 5 g 7 8 9 10 1 2 3 4 5 6 7 8 9 10
input Voltage Input Voltage
10kHz Voltage-Sourced VFC 100kHz Voltage-Sourced VFC
Nonlinearity Nonlinearity
+0.01 +0.10
+0.005 +0.05
5 g
S g £
= Z N
NN o | L PN ol |
£ N ~—— v £ N v
§ -0.01 \\ 4151 / = \\
~ 5 = 3 -0.10 4151— =~ P
1t 2 3 4 5 6 7 8 9 10 12 3 4 5 6 7 8 9 10
Input Voltage Input Voltage
10kHz Precision FVC Nonlinearity 100kHz Precision FVC Nonlinearity
0.12
+0.09 " 4151
+0.06 4151 +0.08 4152
= ]
£ T £ RN
= 00 L 4152 NS = 00 V4 \\\
g | A N Iy A
g o g o
. £
S 2
-0.03 < -0.04 H
006 3 008 H
12 3 4 5 6 7 8 9 10 1t 2 3 4 5 6 7 8 9 10
Input Frequency (kHz} Input Frequency (kHz)
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Voltage-to-Frequency Converters

RC4151, 4152

Principles of Operation

The 4151 and the 4152 contain the following
components: an open loop comparator, a pre-
cision one-shot timer, a switched voltage ref-
erence, a switched current source, and an open
collector logic output transistor. These functional
blocks are internally interconnected in a special
way. By adding some external resistors and
capacitors, a designer can create a complete
voltage-to-frequency converter.

The comparator's output controis the one-shot
(monostable timer). The one-shot in turn controls
the switched current source, the switched ref-
erence, and the open collector output transistor.
The block diagram shows the components and
their interconnection.

To detail, if the voltage at pin 7 is greater than the
voltage at pin 6, the comparator switches and
triggers the one-shot. When the one-shot is
triggered, two things happen. First, the one-shot
begins its timing period. Second, the one-shot's
output turns on the switched current source, the
switched voltage reference, and the open col-
lector output transistor.

The one-shot creates its timing period much like
the popular 555 timer does, by charging a
capacitor from aresistor tied to +Vg. The one-shot

senses the voltage on the capacitor (pin 5) and
ends the timing period when the voltage reaches
2/3 of the supply voltage. At the end of the timing
period the capacitor is discharged by a transistor
similar to the open collector output transistor.

Meanwhile, during the timing period of the one-
shot, the switched current source, the switched
reference, and the open collector output transistor
all will be switched on. The switched current
source (pin 1) will deliver a current proportional to
both the reference voitage and an external
resistor, Rg. The switched reference (pin 2) will
supply an output voltage equal to the internal
reference voltage (4151 = 1.9V, 4152 = 2.25V). The
open collector output transistor will be turned on,
forcing the logic output (pin 3) to a low state. At
the end of the timing period all of these outputs
will turn off. The switched voltage reference has
produced an off-on-off voltage pulse, the switched
current source has emitted a quanta of charge,
and the open collector output has transmitted a
logic pulse.

To summarize, the purpose of the circuit is to
produce a current pulse, well-defined in ampli-
tude and duration, and to simultaneously produce
an output pulse which is compatible with most
logic families. The circuit's outputs show a-pulse
waveform in response to a voltage difference
between the comparator’s inputs.

Integrator
e 15174152
F tout - "
-~ ) Switched Voltage B__?—O S
Rg == Current Referencel
= Rs Source
et ) Open Loop
Switched Comparator ]— 100K 0 To +10V
2 A, T AN 0
= Current Setting Resistor eferenc 0.01,F Vin
4151 - Rg = 14.0K I
4152 - Rg = 16.7K -
3 5]
Ruoao — —
AAA Precision $h
vy Ground One Shot s
(]
1, Open Collector One Shot
MT 4 Logic Output E]—: Timing
Open Collector Output Transistor I Co
= - 65-015188

Figure 1. Single Supply VFC
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RC4151, 4152

Voltage-to-Frequency Converters

Applications
Single Supply VFC

The stand-alone voltage-to-frequency converter
is one of the simplest applications for the 4151 or
4152. This application uses only passive external
components to create the least expensive VFC
circuit.

The positive input voltage V) is applied to the
input comparator through a low pass filter. The
one-shot will fire repetitively and the switched
current source will pump out current pulses of
amplitude VRer/Rg and duration 1.1 RoCp into the
integrator. Because the integrator is tied back to
the inverting comparator input, a feedback loop is
created. The pulse repetition rate will increase
until the average voltage on the integrator is equal
to the DC input voltage at pin 7. The average
voltage at pin 6 is proportionatl to the output
frequency because the amount of charge in each
current pulse is precisely controlled.

Because the one-shot firing frequency is the same
as the open collector output frequency, the output
frequency is directly proportional to V).

The external passive components set the scale
factor. For best linearity, Rg should be limited to a
range of 12k(} to 20k(}.

The reference voltage is nominally 1.9V for the
4151 and 2.25V for the 4152. Recommended values
for different operating frequencies are shown in
the table below.

increases the dynamic range down to 0V, im-
proves the response time, and eliminates the
nonlinearity error introduced by the limited
compliance of the switched current source output.

The integrator algebraically sums the positive
current pulses from the switched current source
with the current V|\/Rg. To operate correctly, the
input voltage must be negative, so that when the
circuit is balanced, the two currents cancel.

1

Fout
Vinl _ [le] -
Rs lout T where Tp = 1.1 RoCo
lot v = YREF
ouT=

By rearranging and substituting,

1 PRs [ Un
Four = T |:1.1 ROCOHB:I[VREF

Recommended component values for different
operating frequencies are shown in the table
below.

Scale
Input Viy | Output Fy Factor Ry Cy G Rg
0to-10V | 0to 1.0kHz | 0.1kHz/V | 6.8k | 0.1xF | 0.054F [100k2
0to-10V | 0to 10kHz | 1.0kHz/V | 6.8k | 0.014F |0.005.F)|100k (2
0to -10V |0 to 100kHz | 10kHz/V | 6.8k | 1000pF [ 500pF [100k(:

Operating Range Ro Co Rs Cg

DC to 1.0kHz 6.8k0r | 01uF | 100k [ 10uF
DC to 10kHz 6.8k | 0.01uF | 100k2 | 1.0uF
DC to 100kHz 6.8k | 0.0014F | 100k | 01uF

The single supply VFC is recommended for uses
where the dynamic range of the input is limited,
and the input does not reach OV. With 10kHz
values, nonlinearity will be less than 1.0% for a
10mV to 10V input range, and response tme will be
about 135mS.

Precision Current-Sourced VFC

This circuit operates similarly to the single supply
VFC, except that the passive R-C integrator has
been replaced by an active op amp integrator. This

9-10

The graphs shown under Typical Performance
Characteristics show nonlinearity versus input
voltage for the precision current-sourced VFC.
The 4152s improved circuitry reduces nonlinearity
error when compared to the 4151. The best
linearity is achieved by using an op amp having
greater than 1.0V/uS slew rate, but any op amp can
be used.

Precision Voltage-Sourced VFC

This circuit is identical to the current-sourced
VFC, except that the current pulses into the
integrator are derived directly from the switched
voltage reference. This improves temperature drift
at the expense of high frequency linearity.

Rayiheon



Voltage-to-Frequency Converters

RC4151, 4152
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Figure 2. Precision Current — Sourced VFC
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Figure 3. Precision Voltage — Sourced VFC



RC4151, 4152 Voltage-to-Frequency Converters

The switched current source (pin 1) output has The output voltage is directly proportional to the

been tied to ground, and Rg has been put in series input frequency:
between the switched voltage reference (pin 2) 11R Ra V.
and the summing node of the op amp. This Vo= [ - OCgS B “REF SN (Hz)

eliminates temperature drift associated with the
switched current source. The graphs under the Output ripple can be minimized by increasing Cg,
Typical Performance Characteristics show that but this will limit the response time. Recom-

the nonlinearity error is worse at high frequency, mended values for various operating ranges are
when compared with the current-sourced circuit. shown in the table below.
Input

Single Su FVC Operating

9 pply Rangs Cn | R | G | R | Cs | Ripple
A frequency-to-voltage converter performs the 010 10kHz | 0.024F | 68Ki2| O014F | 100ka2 | 1004F | 10mV
exact opposite of the VFCs function; it converts an 0to 10kHz | 0.002uF| 6.8k [ 0.01uF | 100ke2 | 10xF | 1.0mV
input pulse train into an average output voltage. Oto 100kHz | 200pF | 6.8k8 | 0.001F [ 100k | 1.04F | 1.0mV

Incoming pulses trigger the input comparator and
fire the one-shot. The one-shot then dumps a  Frecision FVC
charge into the output integrator. The voltage on Linearity, offset, and response time can be

the integrator becomes a varying DC voltage improved by adding one or more op amps to form

proportional to the frequency of the input signal. . an active lowpass filter at the output. A circuit

Figure 4 shows a complete single supply FVC. using a single pole active integrator is shown in
Figure 5.

The input waveform must have fast slewing edges,
and the differentiated input signal must be less The positive output current pulses are averaged
than the timing period of the one-shot, 1.1 RoCo. by the inverting integrator, causing the output
A differentiator and divider are used to shape and voltage to be negative. Response time can be
bias the trigger input; a negative going pulse at pin further improved by adding a double pole filter to
6 will cause the comparator to fire the one-shot. replace the single pole filter. Refer to the graphs
The input pulse amplitude must be large enough under Typical Performance Characteristics that
to trip the comparator, but not so large as to show nonlinearity error versus input frequency for

exceed the ICs input voltage ratings. the precision FVC circuit.
+15V O- AN
e Ro
10k € 6.8k() Co
1 0.01uF
10k
L 7 5
Cin™ 3 4
00 g ™ * o
v o Viu 4151/4152
: VFC fol3
requency =
input +Vg lp Rs
1 2
0 < fin < 10kHz

o Rs - 4151 = 14.0K
15V Rs - 4152 = 16.7K

10k + O Vour S
Rs S l Cs

= 100K 1» ]-10;1‘:
= es-01521

Figure 4. Single Supply FVC
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Voltage-to-Frequency Converters RC4151, 4152

Ro
6.8k
+15V O MV
>
1ok
0k Co
] 0.01.F
= 7 5
Vin Co 4
0024F
Vry 415174152 VFC
fn 0—{} Vg | ns PO} =
Frequency Input 8 1 2 -
O<hn=10kHz | 50kp) Rg - 4151 = 14K
AAA
WA Rs - 4152 = 14.7K
5.0Vpp I
Squarewave & o
3 10k2 o G
+15V A
=+ — Rp 100k
= i
LLJ
2 5.0pF
- 6 | 1000
4131 AN oVo
Voltage Qutput
-10v<¥p<0
Rg’
100k )
Offset
Adjust 65-01522
T
Figure 5. Precision FVC
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS
Raytheon Converter C4153,

Features

® 0.1Hz to 250kHz dynamic range

8 0.01% F.S. maximum nonlinearity error —0.1Hz
to 10kHz

& 50ppm/°C maximum gain temperature coef-
ficient (external reference)

B Few external components required

Applications

® Precision voltage-to-frequency converters
B Serial transmission of analog information
B Pulse width modulators

8 Frequency-to-voltage converters

8 A/D converters and long term integrators
B Signal isolation

® FSK modulation/demodulation

| Frequency scaling

B Motor speed controls

B Phase lock loop stabilization

Description

The 4153 sets a new standard for ease of
application and high frequency performance in
monolithic voltage-to-frequency converters. This
voltage-to-frequency requires only four passive
external components for precision operation,
making it ideal for many low cost applications
such as A/D conversion, frequency-to-voltage
conversion, and serial data transmission. The

4153 Functional Block Diagram

improved linearity at high frequency makes it
comparable to many dual slope A/D converters
both in conversion time and accuracy, while
retaining the benefits of voltage-to-frequency
conversion, i.e., serial output, cost and size. The
speed, accuracy, and temperature performance
of the 4153 is achieved by incorporating high
speed ECL logic, a high gain, wide bandwidth
opamp, and a buried zener reference on a single
monolithic chip.

Mask Pattern

13 14 1

Die Size: 90 x 108 mils
Min. Pad Dimensions: 4 x 4mils

Vs 4153 Vos Trim 14 Lead
E 14 Dual In-Line Package
Gnd Vos Trim (Top View)
[2] B
Vher -In Pin Function Pin Function
E EI 1 -vg 8 Circuit Gnd
" " 2 REF Gnd 9 Frequency Output
40 y 1" 3 Vger Output (Open Colliector)
E 4 Vout (Op Amp) 10 +vg
I Vs 5 I (REF input) 11 (+) Op Amp Input
E l_O_I 6 Cg (Pulse Width) 12 (-) Op Amp Input
Co = fo 7 Trigger Input 13} Vos Trim
E 9 14 Vos Trim
Trig gr:‘:t I’ Gnd1
= 65-01823A

65-1007A



RC4153, 4153A

Voltage-to-Frequency Converter

|

Absolute Maximum Ratings

Storage Temperature
Range

-65°C to +150°C

Susz%;/gltage ....................... ﬂg\\; Operating Temperature Range
Tttt iTrrrrrrTIIITrTS " RM4153 ........... ... ..., -55°C to +125°C
Internal Power Dissipation ........... 500mwW RV4153, RV4153A _40°C to +85°C
Input Voltage Range ............. -Vgto +Vg i o ATEAA D AA1EA o o
Output Sink Current (Freq. Output) ..... 20mA RC4153, RC4153A, RA4153 ... 0°C 10 +70°C
Thermal Characteristics Ordering Information
14-Lead Operating
Ceramic DIP Part Number Package Temperature Range
Max. Junction Temp. 175°C RC4153ADC Ceramic 0°C to +70°C
" RC4153DC Ceramic 0°C to +70°C
Max. Pp Ta <50°C 1042mW RA41530C Ceramic | 0°Cto+70°C
Therm. Res. fuc 60°C/w RV41530C Ceramic | —40°Cto+85°C
Therm. Res. 6, 12°C/W RMA4153DC Ceramic | -55°Cto-+125°C
For Tp > 50°C Derate at 8.33mW per °C RM4153DE/883B* | Ceramic -55°C to +125°C
*MIL-STD-883, Level B Processing
Electrical Characteristics (Vs = +15V and Ta = +25° C unless otherwise noted)
4153A 4153 RA4153
Parameters Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Units
Power Supply Requirements
Supply Voltage +12 | +15 [ +18 | £12| £15 | £18 | 12| +15 [ +16 v
Supply Current (g = 0, Pos) +42 | 475 +42 | +1.5 +42 | +10 | mA
(lo = 0, Neg) -7 | -10 -7 |-10 -7 |-15
Full Scale Frequency 250 | 500 250 | 500 500 kHz
Transfer Characteristics
Nonlinearity Error
Voltage-to-Frequency’
0.1Hz < Fyr < 10kHz 0.002 { 0.01 0.002 | 0.01 0.002 | 0.02 | %FS
1.0Hz < Foyr 100kHz 0.025 | 0.05 0.025 | 0.05 0.025 %FS
5.0Hz < Foyt < 250kHz 0.06 | 01 0.06 | 0.1 0.06 %FS
Nonlinearity Error
Frequency-to-Voltage'
0.1Hz < Fyy < 10kHz 0.002 | 0.01 0.002 | 0.01 0.002 | 0.02 | %FS
1.0Hz < Fiy < 100kHz 0.05 | 01 0.05 | 01 0.05 %FS
5.0Hz < Fy < 250kHz 0.07 | 0.12 0.07 |0.12 0.07 %FS

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be dletermined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheen
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Voltage-to-Frequency Converter RC4153, 4153A
L . ____________________________________________—

Electrical Characteristics (Continued)

4153A 4153 RA4153

Parameters Min| Typ { Max | Min| Typ | Max | Min| Typ-| Max | Units
Scale Factor Tolerance, F = 10kHz

K= 2\1??1!%»4—00 +05 +05 10| £05 | +10] %
Change of Scale Factor With Supply 0.008 0.008 0.008 %IV
Reference Voltage (Vrer) 73 73 73 v
Temperature Stability (0°C to +70°C)' 2

Scale Factor +50 | +100 +75 [ +150 +75 ppm/°C

Reference Voltage +25 | £50 +50 |[+100 +50 ppm/°C

Scale Factor (External Ref) 10kHz FS +25 | £50 +25 | £50 +25 ppm/°C

Scale Factor (External Ref) 100kHz FS +50 | £100 +50 | 100 +50 ppm/°C

Scale Factor (External Ref) 250kHz FS +100 | +150 +100 [ +150 +100 ppm/°C
Op Amp

Open Loop Output Resistance 230 230 230 4]

Short Circuit Current 25 25 25 mA

Gain Bandwidth Product 25| 30 251 30 30 MHz

Slew Rate 05| 20 05| 20 20 V/uS

Output Voltage Swing (R, = 2K) 0to}-05t0 Oto|-05t0 Oto {-05to v

+10( +14.3 +10| +14.3 +10| +14.3

Input Bias Current 70 | 400 70 | 400 70 | 800| nA

Input Offset Voltage (Adjustable to 0) 05 | 50 05 | 50 05 [50] mv

Input Offset Current 30 | 60 30 | 60 30 {300 nA

Input Resistance (Differential Mode) 1.0 1.0 1.0 Mo

Common Mode Rejection Ratio 75 100 751 100 100 dB

Power Supply Rejection Ratio 70 106 70 106 62 106 dB

Large Signal Voltage Gain 25 350 25| 35 350 V/mV
Switched Current Source

Reference Current (Ext Ref) 1.0 1.0 1.0 mA
Digital Input (Frequency-to-Voltage, Pin 7)

Logic “0” 05 0.5 0.4 v

Logic 1" ' 20 20 22 v

Trigger Current -50 -50 -50 uA
Logic Output (Open Collector)

Saturation Voltage (Pin 9)

Isink = 4mA 015 | 04 0.15 | 04 0.15 v

Isink = 10mA 04| 1.0 04 (10 04 v

Leakage Current (Off State) 150 150 150 nA

Notes: - - 1. Guaranteed but not tested. 2. Vper Range 6.6V < VR < 8.0V.

9-16. Raytheon



RC4153, 4153A Voltage-to-Frequency Converter

Typical Application Circuits

RiN
VIN oA
. Full Scale | & Co L]
R s a1sa WkHz | O1uF | 3300pF | 20K
| E SkHz | 0024F | 680pF | 20K
L | Gndz 100kHz | 4300pF | 330pF | 20K
C=30Co == | 2 250kHz | 1000pF | 130pF | 20K
Tl e
1 VRer 7V
L —e 3
Vo
[+]
LInT +Vs
P
5 Iner ‘_—oﬁ“o—_L 10
3
Co ] 3 Fo AL 51K & <
= Four
P B o B g iai]
0
= Trig| 50::‘ | Gnds j ':_ L_
: ‘
- Tzt
- Four
™ **For Bipolar Input t=15x 0G0
Fout = 5y—a—cn Vin Rs = Vaer Rin 5x 10
2Veer Rin Co 0UT = Sa—m—v— Co<
2RiN Rs Vrer Co Four (max)
(Vrer = 73V)
*+Vg must be d in Ohms unless otherwise specified. es012sA
**For Bipolar Inpul
Figure 1. Voltage-to-Frequency Converter Minimum Circuit
Full Scale Adj \sonage Foll Scalk | C; ™ ™
1
UL oz | T0uF | 300F | 20K
50kHz 2F 30pF | 40K
V5] 4153 WKz | uF | SOoF | 4
z G 250kHz 024F | 60pF 3K
Vg Gndz WuF
‘;“355 Vhipole = Vper Co (1 -1I5x 10 Co Fin)
3 : Twwﬂ.:ﬁxlﬂ‘QCQRsAFm
Vo
‘ —
I S = o+Vg*
5 > 0 L
e o : o 1: RL51K*
e T
Ay §
fag WK o :.5 snat Gnd¢
Input Eﬁ_
(0-kHz) Ogéu ; Efﬁ( = = 't[\)lps must be thoroughly decoupled.
002, **Optional.
= Vo = 2Vrer Rg Co Fin Co< Sx 105 Resistance in Ohms unless otherwise specified.
= Fin (max)
65-01826A
Figure 2. Frequency-to-Voltage Converter — Vg (Volts) = Fyy (kHz) — 100kHz Max
Baylheon 9-17



Voltage-to-Frequency Converter

RC4153, 4153A

Typical Application Circuits (Continued)

Full Scale Adj
Voltage
Input  O—AAA~-AAA9—
(0-10V) 5K 18.7K Full Scale | © Co Ain
N—— 10kHz 01uF | 3300pF | 20K
R s[4153 08y SOkHz | 0.02aF | G80pF | 20K
& 14 100kHz | 4300pF | 330pF | 20K
TuF ] . 250kHz | 1000pF | 130pF | 20K
(lglyfari ( ~Vs* Gndy 05,
Ros
J—_E v 13 10K
= REF
Ver 73V -n Zero
: Adjust
3 [ 2t
Vo +In 2RoBK
Cg’ =
[ Vs 00F T .
(Cer Disk) = 9 *Vs
5 IReF —0\‘01 10 L
| S
.V Co = Fo 3 RUSIK
Four = 2Vrer Rin Co Co | - J 9 | o Freq
5x 10-5 . 3nF One Output
Co< Four (max) Shot Gndy
8
- *+Vg must be thoroughly decoupled.
65-01828A Resistance in Ohms unless otherwise specified.
Figure 3. Voltage-to-Frequency Converter With Offset and Gain Adjusts
9-18 Rayiheen



RC4153, 4153A

Voltage-to-Frequency Converter

Integrator
1

RN
VIN o—AAAV—
Oto+10V 5
19 4

Volitage Switched

Reference Current
7.3 Volts Source z

+Vs
Trigger Ext Load
One E
Shot Open Collector Output
r u
Co
:_I: {Timing)

65-01817A

Figure 4. VFC Block Diagram

Principles of Operation

The 4153 consists of several functional blocks
which provide either voltage-to-frequency or
frequency-to-voltage conversion, depending on
how they are connected. The operation is best
understood by examining the block diagram as
it is powered in a voltage-to-frequency mode.

When power is first applied, ail capacitors are
discharged. The input current, V|N/RiN, causes
Cin to charge, and point C will try to ramp
down. The trigger threshold of the one-shot is
approximately +1.3V, and if the integrator output
is less than +1.3V, the one-shot will fire and
pulse the open collector output E and the
switched current source A (see Figures 4 and
5). Because the point C is less than +1.3V, the
one-shot fires, and the switched current source
delivers a negative current pulse to the integrator.
This causes C;y to charge in the opposite
direction, and point C will ramp up until the
end of the one-shot pulse. At that time, the
positive current Vin/Riy will again make point
C ramp down until the trigger threshold is
reached.

When power is applied, the one-shot will con-
tinuously fire until the integrator output exceeds
the trigger threshold. Once this is reached, the

Rayfheon

+10V
Vin
+5V
0 Switched Current
A Source Output
-lo -1.0mA

B I l ” I I | | I | I | I S.C.S. Logic (Internal)
c [\NAN\ Integrator Output
N - NN N NNV ~ — Virigger = +1.3V

-0.65V
0 \l \l \I \l \' \I One-Shot Timing (Co)
T=15x10Co
-4V
+Vs
E U_-H—U-U_l-l—u_‘ Logic Output
~0.2v

65-01818A v
Fo = VrerAnCo

Figure 5. 4153 Voltage-to-Frequency
Timing Waveforms
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Voltage-to-Frequency Converter

RC4153, 4153A

e e

one-shot will fire as needed to keep the integrator
output above the trigger threshold. If V)N is
increased, the slope of the downward ramp in-
creases, and the one-shot will fire more often
in order to keep the integrator output high.
Since the one-shot firing frequency is the same
as the open collector output frequency, any in-
crease in Viy will cause an increase in Foyrt.
This relationship is very linear because the
amount of charge in each loyt pulse is care-
fully defined, both in magnitude and duration.
The duration of the pulse is set by the timing
capacitor Co (point D). This feedback system
is called a charge balanced loop.

The scale factor (the number of pulses per second
for a specified V|\) is adjusted by changing
either Ry and therefore I\, or by changing
the amount of charge in each Ig pulse. Since
the magnitude of Ig is fixed at 1 milliamp, the
way to change the amount of charge is by
adjusting the one-shot duration set by Co. (lg
may be adjusted by changing Vger.) The accuracy
of the relationship between V)y and Fgyr is
affected by three major sources of error: temper-
ature drift, nonlinearity, and offset.

The total temperature drift is the sum of the
individual drift of the components that make
up the system. The greatest source of drift in
a typical application is in the timing capacitor,
Co. Low temperature coefficient capacitors, such
as silver mica and polystyrene, should be mea-
sured for drift, using a capacitance meter. Experi-
mentation has shown that the lowest tempco’s
are achieved by wiring a parallel capacitor com-
posed of 70% silver mica and 30% polystyrene.

The reference on the chip can be replaced by
an external reference with much tighter drift
specifications, such as an LM199. The 199s 6.9V
output is close to the 4153s 7.3V output, and
has less than 10 ppm/°C drift.

Nonlinearity is primarily caused by changes in
the precise amount of charge in each oyt pulse.
As frequency increases, internal stray capaci-
tances and switching problems change the width
and amplitude of the Igyt pulses, causing a
nonlinear relationship between V|y and Foyr.

9-20

For this reason, the scale factor you choose
should be below 1kHz/V or as low as the
acquisition time of your system will allow.

Nonlinearity is also affected by the ratio of C,
to Co. Less error can be achieved by increasing
the value of Cy, but this affects response time
and temperature drift. Optimum values for C,
and Cop are shown in the tables in Figures 1,
2, and 3. These values represent the best com-
promise of nonlinearity and temperature drift.
Polypropylene, mylar or polystyrene capacitors
should be used for C;.

The accuracy at low input voltages is limited
by the offset and Vpg drift of the op amp. To
improve this condition, an offset adjust is provided.

Once your system is running, it may be cali-
brated as follows: apply a measured full scale
input voltage and adjust Ry until the scale factor
is correct. For precise applications, trimming
by soldering metal film resistors in paraliel is
recommended instead of trimpots, which have
bad tempco’s and are easily taken out of adjust-
ment by mechanical shock. After the scale factor
is calibrated, apply a known small input voltage
(approximately 10mV) and adjust the op amp
offset until the output frequency equals the input
multiplied by the scale factor.

The output E consists of a series of negative
going pulses with a pulse width equal to the
one-shot time. The open collector pull up resistor
may be connected to a different supply (such
as +5V for TTL) as long as it does not exceed
the value of +Vg applied to pin 10. The load
current should be kept below 10mA in order to
minimize strain on the device. Pins 2 and 8 must
be grounded in all applications, even if the open
collector transistor is not used.

Figure 6 shows the complete circuit for a pre-
cision frequency-to-voltage converter. This circuit
converts an input frequency to a proportional
voltage by integrating the switched current source
output.  As the input frequency increases, the
number of loyT pulses delivered to the integrator
increases, thus increasing the average output
voltage. Depending on the time constant of the

Rayiheen



RC4153, 4153A

Voltage-to-Frequency Converter

1000

-15V +15v
T Vour
1 10 4 —O
$ L
R G
453 2 T
12
7
E 3 1
52809 R

Co

||H|— S

T

65018144

Figure 6. FVC Input Conditioning.

integrator, there will be some ripple on the
output. The output may be further filtered, but
this will reduce the response time. A second
order filter will decrease ripple and improve
response time.

The output waveform must meet three conditions
for proper frequency-to-voltage operation. First,
it must have sufficient amplitude and offset to
swing above and below the 1.3V trigger thres-
hold. (See Figure 6 for an example of AC
coupling and offset bias.) Second, it must be a
fast slewing waveform having a quick rise time.
A comparator may be used to square it up.
Finally, the input pulse width must not exceed
the one-shot time, in order to avoid retriggering
the one-shot (AC couple the input).

Capacitive coupling between the trigger input
and the timing capacitor pin may occur if the
input waveform is a squarewave or the input
has a short period. This can cause gross non-
linearity due to changes in the one-shot timing
waveform (see Figure 7). This problem can be
avoided by keeping the value of Co small, and
thereby keeping the timing period less than the
input waveform period.

Raytheen

Proper
Operation
[
] | e
-\ Input
| Frequency
Improper
Opsration
NN DN
\ / e
Glitch .
Figure 7. FVC Timing Waveform
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Voltage-to-Frequency Converter RC4153, 4153A
_

Detailed Circuit Operation of the transistors in the signal path are NPNs
and that the voltage swings are minimized ECL
fashion to reduce delays. Minimum delay means
minimum drift of the resultant VFC scale factor
at high frequency.

The circuit consists of a buried zener reference
(breakdown occurs below the surface of the
die, reducing noise and contamination), a high
speed one-shot, a high speed switched precision
voltage-to-current converter, and an open col-
lector output transistor. ’

Figure 8 shows a block diagram of the high To Switched 8 1
speed one-shot and Figure 9 shows the mono- CUfre,.v{'sc.,:,ce
lithic implementation. A trigger pulse sets the
R-S latch, which lets Cp charge from Iy. When
the voltage on Co exceeds V1, the comparator
resets the latch and discharges Co. Looking Reset
at the detailed schematic, a positive trigger
voltage turns on Q5, turns off Q4, and turns on
Q3. Q3 provides more drive to Q5 keeping it on
and latching the base of Q11 low. This turns
on the switched current source and turns off

¢ o—Trig Q

Q1, allowing C to charge in a negative direction. R-S Latch Ramp Comparator
When the voltage on Co exceeds Vry, Q13's Gen csanmion
collector pulls Q3's base down, resetting the
latch, turning off the switched current source
and discharging Co through Q1. Note that all Figure 8. One-Shot Block Diagram
¢ ——oO
5: :: Gnd

Q10

AA

8]

AAA,
VW

l VW
L

Q11 Q12 *Dm (;X——J——————u—] ;DZ 01
10mA I_ !
! 9 04 05 Trigger
l l)——-{ )
I c
|
l
l
| 1 8l ol el
l -Vs
ll - o
I R-S Latch 65018278

Ramp Generator I Comparator

Figure 9. One-Shot Detail
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RC4153, 4153A

Voltage-to-Frequency Converter

The switched current source is shown as a
block diagram in Figure 10 and detailed in
Figure 11. The summing node (+ input of op
amp) is held at OV by the amplifier feedback,
causing VRer to be applied across R60. This
current (Vger/R60), minus the small amplifier
bias current, flows through Q35. Q35 develops
a Vgg dependent on that current. This Vgg is
developed across Q36. Since Q35 and Q36 are
equal in area, their currents are equal. This
mirrored current is switched by the one-shot
output.

The detail schematic shows the amplifier and
load (Q21 through Q34), the mirror transistors
(Q35, Q36) and the differential switching tran-
sistors (Q7, Q8). The amplifier uses a comple-
mentary paraphase input composed of Q21
through Q26 with a current mirror formed by
Q27 through Q30, which converts from differ-
ential to single ended output. Level shift diodes

+.3V
VREF
A Switched
Current
Source
R0 _q Output
___B_ from
One Shot
‘VS

65018224

Figure 10. Switched Current Source

Simplified Diagram

VREF
to +Vs
R46
(74} 2
Q38
1743
024 a5
27
to Bias
Network a0
03t
R1 3}
‘b
34 5%62¢
-Vs 3¢} k)
O— & L

Switched
Current
Source

Output

to Collector
of Q11

65-01824A

Figure 11. Switched Current Source (Detail)
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Voltage-to-Frequency Converter

Q32 and Q34 and emitter follower Q31 bootstrap
the emitters of the mirror devices Q29 and Q30
to increase gain and lower input offsets, which
would otherwise be caused by unbalanced col-
lector voltages on Q23 and Q26. Matching emitter
currents in Q35 and Q36 are assured by de-

Typical Performance Characteristics

RC4153, 4153A

generation resistors R3 and R4. The differential
switch allows the current source to remain active
continuously, shunting to ground in the off state.
This helps stabilize the output, and again, NPNs
reduce switching time, timing errors, and most
important, drift of timing errors over temperature.

4153 10kHz Full Scale Temperature Drift 4153 250kHz Full Scale Temperature Drift
10.06 2508
10.03 j— 2504
~ — L]
= el = —
3 1o o et 5 250 /,/ S
= / Fry
§ 997 |t £ s ~
g £ e
994 249.2
60 40 -20 0 +20 +40 +60 +80 +100 +120 60 40 -20 0 +20 +40 +60 +80 +100 +120
Ambient Temperature (°C) Ambient Temperature [°C)
4153 Scale Factor vs. Typical Peak Linearity
E 0.10
§ 008 F-to-V
z 006 P
£ . // //V‘-to-F
2 ou v o
2
g 002 / /
E]
B 0
0 30 60 9% 120 15 180 210 240kHz
Full Scale Frequency (Scale Factor)
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RC4153, 4153A Voltage-to-Frequency Converter

X
Typical Performance Characteristics (Continued)

4153 10kHz Voltage-to-Frequency Nonlinearity
0,004

0.002

0

-0.002

/
[
\
\

-0.004

1 2 3 4 5 6 7 8 9 10
Input Voitage

4153 50kHz Voltage-to-Frequency Nonlinearity
001

8

=3

Nonlinsarity % Error
&
&
/
/
\

-001

1 2 3 4 5 6 7 8 9 1
Input Voltage

4153 100kHz Voltage-to-Frequency Nonlinearity
0.04

e
8

=3

-0.02 [ ]

Nonlinearity % Error

5
2

1t 2 3 4 5 6 7 8 9 10
Input Voltage

4153 10kHz Frequency-to-Voltage Nonlinearity
0,004

0.002

Nonlinearity % Error

1 2 3 4 5 6 7 8 9 1kHz
Input Frequency

4153 50kHz Frequency-to-Voltage Nonlinearity

0.008
0004 S
& A N
&
s o0
%‘
£ o0
5
=
-0.008

5 1 15 2 25 30 35 40 45 S50kHz
Input Frequsncy

4153 100kHz Frequency-to-Voitage Nonlinearity

004
002 // ™~
5 g ~N
s 0
=
H
£ -0
5
=
-0.04
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9-25




Voltage-to-Frequency Converter RC4153, 4153A
_

Typical Performance Characteristics (Continued)

4153 250kHz Frequency-to-Voltage Nonlinearity 4153 250kHz Voltage-to-Frequency Nonlinearity
0.8 0.9
Nl B
004 0.06
5 5 e N
= =
= 0 5l AN
£ Z
5 ol N P i o
£ ~ o s
H ~N~——" 5
-0.08 -0.03
-0.06
i 2 3 4 5 6 7 8 9 1 25 50 75 100 125 150 175 200 225 khz
input Voltage Input Frequency
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Raytheon’s REF series of precision voltage ref-
erences are functionally similar to ordinary three
terminal fixed voltage regulators, as opposed
to zener type references which require external
components and often need output buffering.
The REF series accept positive supply voltages
and regulate to a lower output voltage, just
like a three terminal regulator, but have much
better temperature drift, line and load regulation,
and initial accuracy specifications.

Section 10
Voltage
References

The REF series is grouped by nominal output
voltage:

REF-01 .. viiieeiiiiiienennns +10V output
REF-02 ..uvtiieiiiiiiiannnens +5V output
REF-03 ... +2.5V output

The REF-03 will accept a +5V TTL power supply
as its supply voltage.

101



Voltage Reference

Section 10

e .
DEFINITIONS

Line Regulation

The ratio of change in output voltage to the
change in supply (line) voltage effecting it, ex-
pressed as a percentage of the output voltage
per volt change in supply voltage (%/V).

Load Regulation

The ratio of change in output voltage to the
change in load (output) current effecting it,
measured in percent of output voltage per milli-
amp change in load current (%/mA).

Output Voltage Noise

Output voltage noise is the broadband noise
over a specified range of frequencies, measured
in microvolts peak-to-peak #Vpop).

Short Circuit Current

The maximum output current available from the
regulator with the output shorted to ground,
expressed in milliamps (mA).

10-2

Sink Current

The amount of current that can be forced into
the output with the reference still within +3%
regulation, expressed in milliamps (mA).

Supply Current (Ig)

The current required from the power supply
to operate the regulator under quiescent no-load
conditions, expressed in milliamps (mA).

Supply Voltage (Vg)
The range of power supply voltages over which
the regulator will operate, expressed in volts (V).



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Raytheon

+10V Precision
Voltage References

REF-01

Features

| +10 Volt output — £0.3%
m Adjustable — +3%

® Excellent temperature stability — 3ppm/°C

B Low noise — 20uVpp

® Wide input voltage range — +12V to +40V

® No external components
& Short circuit proof
® Low power consumption — 15mW

Simplified Schematic Diagram

Description

The REF-01 Precision Voltage Reference contains
a bandgap reference using thin film resistors, a
step-up amplifier, short circuit protection, and a
zener trim network. The REF-01's +10V output
shows excellent stability for large changes of
temperature, load current, and input voltage. An
adjust pin is provided that can change the output
voltage by at least 3% with little effect on
temperature coefficient.

+Vs
@
< R14
$
i
Output
© (6)
S Rl S RS
$ 12k ;: 4K $ h
‘P
08
R4
o 500 a2 R15
AWV 30K Trim
—WV—0 3
3R
<
RI3 S
xS
SR
e 1K Ground
° (4) 65-005468
Raythoen 65-1168A 10-3



REF-01

+10V Precision Voltage Reference

Connection Information

8-Lead 8-Lead
TO-99 Ceramic
Metal Can Dual in-Line
Top View Top View)
(Top ) (Top Pin Function
\J 1 No Connection
E E] 3 No Connection
4 Ground
E_ Zl 5 Adjust
6 Output
E | El 7 No Connection
I l 8 No Connection
65-00547A E E
Ordering Information Absolute Maximum Ratings
Operating
Supply Voltage
Part Number Package | Temperaturs Range REF-01, A, E, H Grades .............. +40V
REF-01EDE Ceramic 0°Cto +70°C REF-01C,D Grades ................. +30V
REF-01HDE Ceramic OZC to +70:C Internal Power Dissipation ........... 500mw
R oIooe Seramic Seto 700 Output Short Circuit Duration ....... Indefinite
REF-OTET T0-99 0°C to +70°C Storage Temperature . i
REF-OTHT 10-99 0°C to 470°C Range ................... -65°C to +150°C
REF01CT T0-99 0°C to +70°C Operating Temperature Range
REF-01DT T0-99 0°C to +70°C REF-01A,-01 ............. -55°C to +125°C
REF-01E,H,C,D ........... 0°C to +70°
REF-01ADE Ceramic | -55°C to +125°C Lead S_(())IdEeringql'eDmperature 0+70°C
REF-01ADE/883B* | Ceramic -55°C to +125°C (60 Sec) +300°C
REF-01DE Ceramio 55eCto+125°Cc | 0 (60Sec) ...l
REF-01DE/883B* Ceramic -55°C to +125°C
REF-O1AT T099 | -55°Cto +125°C Mask Pattern
REF-01AT/883B* T0-99 -55°C to +125°C 2
REF-01T T0-99 -55°C to +125°C
REF-017/883B* T0-99 -55°C to +125°C
*MIL-STD-883, Level B Processing
Thermal Characteristics 6
8-Lead
8-Lead T0-99
Ceramic DIP | Metal Can
Max. Junction Temp. 175°C 175°C
Max. Pp Ta <50°C 833mwW 658mwW
Therm. Res. 8¢ 45°C/W 50°C/W Die Size: 78 x 54 mils
Therm. Res. 6 150°C/W 190°C/W Min. Pad Dimensions: 4 x 4 mils
For T4 > 50°C Derate at 8.33mW 5.26mw
per °C per°C
10-4 Raylhoon



+10V Precision Voltage References

Electrical Characteristics (Vs = +15V and T = +25°C unless otherwise noted)

REF-01

REF-Q1A/E REF-01/H
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voltage I = 0mA 997 | 10.00 | 1003 9.95 | 10.00 | 10.05{ V
Output Adjustment Range Rp = 10k +30| +33 +30( £33 %
Output Voltage Noise' 0.1Hz to 10Hz 20 | 30 20 | 30 | eVpyp
Supply Voitage 12 40 12 40 v
Line Regulation? Vg = +13V to +33V 0.006 | 0.010 0.006 | 0.010{ %/V
Load Regulation? I. = OmA to 10mA 0.005 | 0.008 0.006 { 0.010 [ %/mA
Turn-on Settling Time To £0.1% of Final Value 5.0 50 uS
Supply Current No Load 1.0 1.4 1.0 14 mA
Load Current 10 21 10 21 mA
Sink Current -03| -05 -03| -05 mA
Short Circuit Current Vo=0 30 30 mA
Electrical Characteristics (Vs = +15V and -55°C < Ta < +125°C unless otherwise noted)
REF-01A REF-01
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
?:;ﬁ’:;‘;‘t’i‘;%‘i Change With Over Temp. Range 006 | 0.15 018 | 045 %
gggﬁéi\éggage Temperature Over Temp. Range 3.0 85 10 25 |ppm/°C
gg:g?cﬁér?xx/\ijta%L:?;?Stn/i\t;jr:stment Rp = 10kt 07 07 ppm/%
Line Regulation? Vs = +13V to +33V 0.009 | 0.015 0.009 | 0.015| %/V
Load Regulation? lp = OmA to 8mA 0.007 | 0.012 0.007 | 0.012 | %/mA

Notes: 1. Guaranteed by design.

oobs W N

. Output voltage change with temperature =

. Output voltage temperature coefficient =

Vuax = Vuin x 100%
10v

. Line and load regulation specifications include the effects of self heating.

. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V.
Qutput voltage change with temperature
180°C

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shali be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheon
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REF-01 +10V Precision Voltage Reference
A

Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted)

REF-01C REF-010
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voltage I = 0mA 9.90 | 10.00 | 10.10( 9.850 | 10.00 { 10.150[ V
Output Adjustment Range Rp = 10k(2 +2.7 | £33 20} +33 %
Output Voltage Noise' 0.1Hz to 10Hz 25 35 25 wVpp
Supply Voltage 12 30 | 12 30 v
Line Regulation? Vg = +13V to +33V 0.009 { 0.015 0012 004 | %/V
. IL = OmA to 8mA 0.006 | 0.015
Load Regulation? %/mA
I = OmA to 4mA 0.006 | 0.015 0.009| 0.04

Turn-on Settling Time To +0.1% of Final Value 5.0 5.0 uS
Supply Current No Load 1.0 1.6 1.0 20 | mA
Load Current 8.0 21 8.0 21 mA
Sink Current -02 | -05 -02 ] -05 mA
Short Circuit Current Vo=0 30 30 mA

Electrical Characteristics (vs = +15V, 0°C < Ta < +70°C, and o = 0 uniess otherwise noted)

REF-O1E REF-O1H
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Output Voltage Change With
Temperature’ * Over Temp. Range 0.02 | 0.06 0.07 | 0.17 %
Output Voltage Temperati )
Contoiert | Cmperature Over Temp. Range 30 | 85 10 | 25 |ppm/eC
Change in Vgyr Temperature _
Coefficient With Output Adjustment | TP = 10k 07 07 ppm/%
Line Regulation? Vs = +13V to +33V 0.007 | 0.012 0.007 | 0.012| %/V
Load Regulation? IL = OmA to 8mA 0.006 | 0.010 0.007 | 0.012 | %/mA

Notes: 1. Guaranteed by design.
. Line and load regulation specifications include the effects of self heating.

\Y/ -V,
. Output voltage change with temperature = ~MAX__MIN.  400%

. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V.

. Output voltage temperature coefficient = Qutput voltage ch;ggg with temperature

wooAa W N

10-6 Raytheoon



+10V Precision Voltage References

REF-01

Electrical Characteristics (Vs = +15V, 0°C < Tao < +70°C, and Ip = 0 unless otherwise noted)

REF-01C REF-010
Parameters Test Conditions Min | Typ | Max | Min| Typ | Max | Units
Qutput Voltage Change With
Temperature® * Over Temp. Range 0.14 | 045 049 | 17 %
Qutput Voltage Temperature o
Coefficients Over Temp. Range 20 65 70 250 [ppm/°C
Change in Vgyt Temperature _ 0
Coefficient With Output Adjustment Rp = 10k 07 07 pom/%
Line Regulation? Vs = +13V to +30V 0.011 | 0.018 0.020 | 0.025( %/V
Load Regulation? lp = OmA to S5mA 0.008 | 0.018 0.020 | 0.025| %/mA
Notes: 1. Guaranteed by design.
2. Line and load regulation specifications include the effects of self heating.
3. Output voltage change with temperature = -VM—A’;(;VLM x 100%
4. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V.
5. Output voltage temperature coefficient = Output voltage Ch:g?é with temperature
Raytheen 10-7



REF-01 +10V Precision Voltage Reference
. _____________________________________]

Typical Performance Characteristics

Maximum Load Current vs. Differential

Input Voltage "
P 9 Output Adjustment
* |~ Short arrcuit Prolectno'n
- + 15V
-
E. Tz
E° S00mW M > Vs 16
e imum
Ex ey aximu Vo Output
k]
5 15
€ REF-01
g 1w
H Ta=+25°C |
= 5 H riml2
g8 nm 10K
0 2 GND
5 10 15 20 25 4
Input Voltage - Gutput Voitage (Vs - Vour) j

- 65-00552A

Normalized Load Regulation

(AIL = 10mA) vs. Temperature The REF-01 trim terminal can be used to adjust

14 [ I the output voltage over a 10V +300mV range.
13 : e This feature allows the system designer to trim
P I 7 system errors by setting the reference to a voltage
11 // other than 10V. Of course, the output can also
10 /’ be set to exactly 10.000V or to 10.240V for binary

operation. Adjustment of the output does not

Load Regulation {T)/Load Regulation (+25°C)

09 significantly affect the temperature performance

08— . ofthedevice. Typically the temperature coefficient

07 £ change is 0.7ppm/°C for 100mV of output

06 2 adjustment.

60 -40 20 0 +20 +40 +60 <80 +100 +120 ~140
Temperature (°C}
Burn-In Circuit
Normalized Line Regulation vs. Temperature +18V
R1

g 14 1 X

13 +10%
X // W
£ 12 -
s +Vs
B L
£ 10
2

REF-01
/ % 09—
£ 08
B o/ H
H g GND
5 06 Fy 65-00553A
-60 40 20 0 +20 +40 +60 +80 +100 +120 +140 l-mv

Temperature {°C)
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+10V Precision Voltage References

REF-01

Typical Applications

Current Source

+15V
2
Vs 6 Voltage Compliance: -25V to +3V
Vo
REF-01
ko S8 - 0 ima
GND R
4
lout 65-00554A

Current Sink

lout
2

V
*SVo

REF-01

Trim|
GND

6

Voltage Compliance: -3V to +25V

>
<
SR lour =

Oo-15V

65-00555A

V
%»Aml\
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Raytheon

+5V Precision
Volitage References

REF-02

Features

® +5 VoIt output — +0.3%

B Adjustable — 3%

B Excellent temperature stability — 3ppm/°C

® Low noise — 10uVp.p

B Wide input voltage range — +7V to +40V
B No external components

B Short circuit proof

B Low power consumption — 10mwW

Simplified Schematic Diagram

Description

The REF-02 Precision Voltage Reference contains
a bandgap reference using thin-film resistors, a
step-up amplifier, short circuit protection, and a
zener trim network. The REF-02's +5V output
shows excellent stability for large changes of
temperature, load current, and input voltage. An
adjust pin is provided that can change the output
voltage by at least 3% with little effect on
temperature coefficient. A tempco pin also pro-
vides a voltage that varies linearly with temper-
ature, typically from +470mV to +830mV over the
military temperature range.

Vs

@
R7 R8 :ﬁ R10
4K K P 20K
03 04 an Q12 S R14
20
& o
05
13
017
4 Qutput
ct 0 a6 0 (6)
15pF
{1k Q15 A1
'\1 10K
A
el '\
b SRS
1K b S R12
K
¥ B 0
R4
N @ 010 Ri5  Trim
A IV 30K 5
+—VYWA—O
$ R2
$ K
Tempco A9 R3S
P 10K 3K ¢
SR
® 1K Ground
¢ 0 (4)
65-009688
10-10 65-1195A Raytheen



REF-02

+5V Precision Voltage References

Connection Information

8-Lead 8-Lead
TO-99 Ceramic
Metal Can Dual In-Line Package
(Top View) (Top View)
Pin Function
1 No Connection
[1- z] 2 +Vg
3 Tempco
E'— __7_| 4 Ground
5 Adjust
E—“‘ —E] 6 Output
7 No Connection
E E] 8 No Connection
Ordering Information Absolute Maximum Ratings
Operating Supply Voltage
Part Number Package Temperature Range REF-02, A, E,H Grades .............. +40V
REF-02EDE Ceramic 0°C to +70°C REF-02C, D Gli ades ........ieiiaien +30V
REF-02HDE Ceramic 0°C to +70°C Internal Power Dissipation ........... 500mwW
REF-02CDE Ceramic 0°C to +70°C Output Short Circuit Duration ....... Indefinite
REF-02DDE Ceramic 0°C to +70°C Storage Temperature
REF-02ET T0-99 0°Cto+70°C Range ............ocoeuns -65°C to +150°C
REF-02HT T0-99 0°Cto +70°C Operating Temperature Range
REF-02CT 70-99 0°C to +70°C REF-02A,02 ............. -55°C to +125°C
REF-020T 10-99 0°Cto+70°C REF-02E,H,C,D ........... 0°C to +70°C
REF-02ADE Ceramic -55°C to +125°C Lead Soldering Temperature
REF-02ADE/883B* | Ceramic -55°C to +125°C (B0SEC) ..viiiiiiiiiiiii s +300°C
REF-02DE Ceramic -55°C to +125°C
REF-02DE/883B* Ceramic -55°C to +125°C Mask Pattern
REF-02AT T0-99 -55°C to +125°C
REF-02AT/8838* T0-99 -55°C to +125°C 2
REF-02T T0-99 -55°C to +125°C
REF-027/883B* T0-99 -55°C to +125°C
*MIL-STD-883, Level B Processing
Thermal Characteristics 6
8-Lead
8-Lead 1099
Ceramic DIP | Metal Can
Max. Junction Temp. 175°C 175°C
Max. Pp Tp <50°C 833mwW 658mwW 3 45
Therm. Res. 6, 45° °C/
orm. 1es. fuc LW | Soreiw Die Size: 78 x 54 mils
Therm. Res. 6,a 150°C/W | 190°C/W Min. Pad Dimensions: 4 x 4 mils
For Tp > 50°C Derate at 8.33mwW 5.26mW
per °C per °C
Raytheen 10-11



+5V Precision Voltage References REF-02
L]

Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted)

REF-02A/E REF-02/H

Parameters Test Conditions Min; Typ | Max| Min | Typ | Max | Units
Output Voltage I = OmA 4985 5.000 [ 5.015{ 4.975| 5.000 | 5025 V
Output Adjustment Range Rp = 10k +30| 6.0 +30 | %6.0 %
Output Voltage Noise' 0.1Hz to 10Hz 10 15 10 15 | wVpp
Supply Voltage 7 40 7 40 \
Line Regulation? Vg = +8V to +33V 0.006 | 0.010 0.006 | 0.010| %/V
Load Regulation? I = 0mA to 10mA 0.005 | 0.010 0.006 | 0.010| %/mA
Turn-on Settling Time To +0.1% of Final Value 5.0 5.0 uS
Supply Current No Load 1.0 1.4 1.0 14 | mA
Load Current 10 21 10 21 mA
Sink Current -03f -05 -03 | -05 mA
Short Circuit Current Vo=0 30 30 mA
Tempco Voitage Outputs 630 630 mvV

Electrical Characteristics (Vs = +15V and -55°C < T < +125°C unless otherwise noted)

REF-02A REF-02

Parameters Test Conditions Min| Typ | Max | Min | Typ | Max | Units

Output Voltage Ch With

T:n?pera(t) g - ange W Over Temp. Range 006 | 0.15 018 | 045 | %

Dutpht valage Temperature Over Temp. Range 30 | 85 10| 25 |ppmrec

Change in Vgyt Temperature _

Coefficient With Output Adjustment Re = 10k 07 0.7 ppm/%

Line Regulation? Vs = +8V to +33V 0.009 | 0.015 0.009 | 0.015| %/V

Load Regulation? lop = OmA to 8mA 0.007 | 0.012 0.007 | 0.012 | %/mA

Tempco Voltage Output o

Temperature Coefficient® 21 21 mv/eC
Notes: Guaranteed by design.

. Line and load regulation specifications include the effects of self heating.

Vi -V
. Output voltage change with temperature = —MAX__MIN_, 4000,

han ith temperat
Cutput voltage temperature coefficient = Qutput voltage c1;0?éw' p dre.

1.
2
3
4. Output voltage change with temperature specification applies untrimmed, or trimmed to +5V.
5.
6.

. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent saie. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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REF-02

+5V Precision Voltage References

Electrical Characteristics (Vs = +15V and T = +25°C unless otherwise noted)

REF-02C REF-020
Parameters Test Conditions Min [ Typ [ Max | Min | Typ | Max { Units
Output Voltage I = OmA 4950 5.000( 5.050|4.900| 5.000 [ 5.100f V
Output Adjustment Range Rp = 10kQ2 27| +6.0 +20| £6.0 %
Output Voltage Noise' 0.1Hz to 10Hz 12 18 12 uVpp
Supply Voltage 7.0 30|70 30 v
Line Regulation? Vg = +8V to +33V 0.009| 0.015 0012 | 004 | %/V
. I = 0mA to 8mA 0.006 | 0.015
Load Regulation? %/mA
I = OmA to 4mA 0.009 | 0.04

Turn-on Settling Time To +0.1% of Final Value 5.0 5.0 uS
Supply Current No Load 1.0 1.6 1.0 2.0 mA
Load Current 8.0 21 8.0 21 mA
Sink Current -02 | -05 -02| -05 mA
Short Circuit Current Vo=0 30 30 mA
Tempco Voltage Output® 630 630 mV

Electrical Characteristics (Vs =+15V,0°C < Ta <

+70°C and Ig = 0 unless otherwise noted)

REF-02E REF-02H
Parameters Test Conditions Min | Typ { Max | Min | Typ | Max | Units
Output Voltage Change With
Temperature’ * Over Temp. Range 0.02 | 0.06 0.07 | 0.17 %
Output Voltage Temperature o
Coefficient’ Over Temp. Range 3.0 85 10 25 ippm/°C
Change in Voyt Temperature i o
Coefficient With Output Adjustment Rp = 10k02 0.7 07 ppm/%h
Line Regulation? Vg = +8V to +33V 0.007 | 0.012 0.007 | 0.012| %/V
Load Regulation? I = 0mA to 8mA 0.006 | 0.010 0.007 | 0.012| %/mA
Tempco Voltage Output o
Temperature Coefficient® 21 21 mv/eC

Notes: Guaranteed by design.

. Line and load regulation specifications include the effects of self heating.

. Output voltage change with temperature =

. Output voltage temperature coefficient =

Vmax = Ymin

x 100%

Output voltage change with temperature

70°

C

. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF.

1.
2
3
4. Output voltage change with temperature specification applies untrimmed, or trimmed to +10V.
5.
6

10-13



+5V Precision Voltage References
L

Electrical Characteristics (vg = +15V, 0°C < Ta < +70°C and Ig = 0 uniess otherwise noted)

REF-02

REF-02C REF-02D
Parameters Test Conditions Min ] Typ | Max | Min | Typ | Max | Units
(T’:r‘r“’[‘)‘;r‘;‘t’l'f;?‘i Change With Over Temp. Range 0.14 | 045 049 | 171 %
Quipt Voltage Temperature Over Temp. Range 2 | 6 70 | 250 |ppmieC
Change in Voyt Temperature B
Coefficient With Output Adjustment Rp = 10ke2 07 07 ppm/%
Line Regulation? Vg = +8V to +33V 0.011 | 0.018 0.020 | 0.025] %/V
Load Regulation? lp = OmA to 5SmA 0.008 | 0.018 0.020 | 0.025| %/mA
Tempco Voltage Output o
Temperature Coefficients 21 21 mv/eC

Notes:

VMAX - VMIN

x 100%

. Line and load regulation specifications include the effects of self heating.

Output voltage change with temperature specification applies untrimmed, or trimmed to +5V.

Output voltage change with temperature

1. Guaranteed by design.
2
3. Output voltage change with temperature =
4.
5. Output voltage temperature coefficient =
6.

10-14
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. Limit current in or out of pin 3 to 50nA and limit capacitance on pin 3 to 30pF.



REF-02 +5V Precision Voltage References

Typical Performance Characteristics

Maximum Load Current vs. o .
Differential Input Voitage utput Adjustment

+15v
2

P [ \~ Sy —o Output

r T
- Short Cﬂt Protection

o

65-00971A

=
E
= T
g 500mW Maximum
a 2 Di
2 REF-02
5 1B
E
g 10 3 5 <3
= Ta= +25°C TEMPCO 0—— Trim g 10K
£ 5 S GND
g 7]
0 3

5 10 15 20
Input Voltage - Output Vohage (+Vs - Voyr)

N
33

Normalized Load Regulation

(3IL = 10mA) vs. Temperature The REF-02 trim terminal can be used to adjust

g 14 i l the output voltage over a 5V +300mV range.
=13 — This feature allows the system designer to trim
5 Vg = +15V L~ .
g 12 L~ system errors by setting the reference to a voltage
§‘ 11 // other than 5V. Of course, the output can aiso
3 10 /" be set to exactly 5.000V or to 512V for binary
S operation. Adjustment of the output does not
= 09 N
£ P significantly affect the temperature performance
F 08—~ . ofthedevice. Typically the temperature coefficient
3 £ change is 0.7ppm/°C for 100mV of output
! ¢ adjustment.
60 -40 -20 0 +20 +40 +60 +B0 ~100 +120 +140

Temperature (°C)

Burn-In Circuit

Normalized Line Regulation vs. Temperature .

= 14 L g;

& A

zg 13 7 <10%

g 12 Ve w2

S >

] 11 +Vs

g =

2 10

3

- q

.; 09— REF-02

E 08

-1 <

g o7 F

£ 06 3 GND 65-00972A
60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140 l4

Temperatura (°C) -1av
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15V Precision Voltage References

REF-02

Typical Applications

Figure 3 shows how the REF-02 can be con-
nected with an OP-07 to create an electronic
thermometer. The circuit uses the +5V reference
output and the op amp to level shift and amplify
the 21mV/°C Tempco output into a voltage
signal dependent on the ambient temperature.
Different scaling can be obtained by selecting
appropriate resistors from the table in Figure 3,
giving output slopes calibrated in degrees Celsius
or degrees Fahrenheit.

To calibrate, first measure the voltage on the
Tempco pin (Vtempco) and the ambient room
temperature (Tp in °C). Put those values into
the following equation:

X = V1empco (in millivolts)

(S) (Ta +273)
Where S = Scale factor for your circuit selected
from the table in Figure 3 (in millivolts).

Then turn the circuit power off, short Vour (pin 6)
of the REF-02 to ground, and while applying
exactly 100.00mV to the op amp output, adjust
Rg2 so that Vg = (x) (100mV). Now remove the
short and the 100mV source, reapply circuit
power and adjust Rp so that the op amp output
voltage equals (Ta) (S). The system is now
exactly calibrated.

For remote sensor applications a 1.5k(} resistor
(Rs) must be connected in series with the
Tempco pin to isolate it from cable capacitances.
Low temperature coefficient metal film resistors
must be used for Rp, Rg and R¢.

Better grades of REF-02 will provide greater
accuracy over a wider range of temperatures.
To decrease op amp input errors, use an OP-27
instead of an OP-07. A system using a REF-02A
and an OP-07C will provide a typical accuracy
of £0.5% over the military temperature range.

+15V
2 Voltage C: 25V to +3V
+V,
S Vo 6
REF-02
3 - [ v,
TEMPCO 0— im0 3R jour= —2
GND ouT R + 1mA
4
lour 65-00973A

lout
2
+Vi
s Vo 6

Voltage Compliance: -3V to +25V

REF-02

TEMPCO 0—3 Timf®_o

GND

4
L—!SV

R lour = VTO + 1mA

65-00974A

Figure 1. Current Source

10-16

Figure 2. Current Sink




REF-02 +5V Precision Voltage References

o +15V

s (\
Vo 6

REF-02
Trim >

Tempco 3 VWA~

Rs
GND 1.5K. £5%

“Up to 10 feet of shelded 4-conductor cable.

RC = 65-00556A
Tovour = @IMVeC) (14 721 )
Vo (H gy Viemseo -( B2 w0
Resistor Values
TCVouT Slope(s) 10mv/°C 100mv/°C 10mv/°F
Temperature Range -55°C to +125°C -55°C to +125°C -65°F to +257°F
Output Voltage Range ~ -0.55V 10 +1.25V -55V to +125V -0.67V to +2.57V
Scale 0Vat0°C 0vato°C 0V at 0°F
+1% Resistor) 9.09K0» 15K0 8.25K1)
RB1 (+1% Resistor) 15K 1.82K00 10K
R@2 {Potentiometer) 2000 50001 2000
RC (+1%Resistor)  5.11Kn 845K 7.5Kn

Figure 3. Precision Electronic Thermometer

10-17



PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

+2.5V Precision REF-03
Raytheon Voltage References

Features Description

B 2.5 \Volt output — +0.3% The REF-03 Precision Voltage Reference contains
@ Adjustable — 3% a band-gap reference using thin-film resistors, a
B Excellent temperature stability — 10ppm/°C step-up amplifier, short circuit protection, and a
® Low noise — 5.0uVpp zener-trim network. The REF-03's 2.5V output
u- Wide input voltage range — 4.5V to 30V shows excellent stability for large changes of
| No external components temperature, load current, and input voltage. An
® Short circuit proof adjust pin is provided that can change the output
8 Low power consumption — 5mW voltage by at least 3% with little effect on tempera-

ture coefficient.

Simplified Schematic Diagram

+Vg
@

R8 S R10 fnout
40K 9 20K
03 4 Q11 012 4
E axd

R7

4.0K
0
P—<05

@
ct Output
15pF
—— $ars
06y 077\1
$R $Rs ™ j
>12K K $30K
Qo Q8 a9
e "W—_
R4
01\l ‘f?..iv e R15
- ™ 30K Trim
< R2
$ 10K %)
< R9 R13 €
$rok a0k $
$ R3
1.0k @
-0

Ground
65-016238
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REF-03 +2.5V Precision Voltage References

Connection Information

TO-99 8-Lead
Metal Can Ceramic or Plastic
(Top View) Dual In-Line Package
(Top View) Pin Function
B 1 No Connection
@ @ E z] 3 Compensation
4 Ground
@5 E\ED—@ E_H zI 5 Adjust
6 Vout
Cb E_ __6_| 7 No Connection
. ] 8 No Connecti
B3 UKAA E 5 o nn on
Thermal Characteristics Absolute Maximum Ratings
8Lead Supply Voltage .........ooveiviniaan.. +30V
8iead | TO99 | 8lead internal Power Dissipation ........... 500mwW
Ceramic |  Metal Plastic Output Short Circuit Duration ....... Indefinite
oie Can oe Storate Temperature
Max. Junction Temp.| 175°C 175°C 125°C Range .............c.ooenn -65°C to +150°C
o Operating Temperature Range
Max PoTa<50°C | 833mW | 658mW | 468mW REF-03 ©.vovnvrennnnnn 55°C to +125°C
Therm. Res. 64c 45°C/W | 50°C/W - REF-03C,D ....cevvnenennn.. 0°C to +70°C
Therm. Res. 6Ja 150°C/W | 190°C/W| 160°C/W Lead Soldering Temperature
(10S€C) vvvvvnniniiii e +300°C
For Ta > 50°C 8.33mW | 5.26mW | 6.25mW
Derate at per °C per °C per°C
Mask Pattern
Ordering Information 3 2
Operating
Temperature
Part Number Package Range
REF-03CT 109 | 0°Cto+70°C 6
REF-03DT T0-99 0°C to +70°C
REF-03CNB Plastic 0°C to +70°C
REF-03DNB Plastic 0°C to +70°C
REF-03CDE Ceramic 0°C to +70°C
REF-03DDE Ceramic 0°C to +70°C
REF-03T T0-99 -55°C to +125°C
REF-037/883B* T0-99 -55°C to +125°C 4 5
REF-03DE Ceramic -55°C to +125°C - .
. : » . Die Size: 78 x 54 mils
REF-03DE/883B Ceramic -55°C to +125°C Min. Pad Dimensions: 4 x 4 mils

“MIL-STD-883, Level B Processing

Rayihoen 10-19



+2.5V Precision Voltage References REF-03
L e

Electrical Characteristics (vs = +15V, T4 = +25°C unless otherwise noted)

REF-03/REF-03C REF-03D
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
Output Voltage I =0mA 2475 25 | 2525|245} 25 | 255 vV
Output Adjust Range Re = 10kn +30 | 60 20| 460 %
Output Voltage Noise' 0.1Hz to 10Hz 5.0 12 50 uVpp
input Voitage Range 45 30 | 45 30 v
Line Regulation? Vg = +4.5V to +30V 0.001 | 0.005 0.001 | 0.005 %/V
Load Regulation? I. = OmA to 8.0mA 0.01 | 0.02 %/mA
Load Regulation? iy = OmA to 4.0mA 0.01 | 004 %/mA
Turn on Settling Time To 0.1% of Final Value 5.0 50 uS
Quiescent Supply Current I =0mA 1.0 14 10 [ 20| mA
Load Current 10 20 5.0 20 mA
Sink Current -02 | -05 -02 | -05 mA
Short Circuit Current Vour =0V 30 30 mA
The following specifications apply for Vg = +15V, over the specified operating temperature range, uniess otherwise noted
" -
?:r[l?:;r\a,lzlxtraegg:)eﬁicient ?:;rpgp:tr:rténgange 10 % 2 85 ppm/°C
Change in Vgyr
Temperature Coefficient Rp = 10k 0.7 0.7 ppm/°C
with OQutput Adjustment
Line Regulation? Vg = +4.5V to +30V 0.002 | 0.01 0002 | 01| %/V
Load Regulation? I. = OmA to 8.0mA 0.01 | 0.03 %/mA
Load Regulation? I = 0OmA to 4.0mA 0.02 | 0.04| %/mA

Notes: 1. Guaranteed by design.

2. Line and load regulation specifications include the effects of self heating.

Vmax ~ Vmin

(25) (Tamax - Tamin)~ %10

3. Output voltage temperature coefficient (ppm/°C) =

4. Output voltage temperature coefficient specification applies untrimmed or trimmed to +2.5V.

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become partofthe

terms and conditions of any subsequent sale. Raytheon's liability shali be determined solely by its standard terms and conditions of sale. No
p ion as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon

reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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REF-03

+2.5V Precision Voltage References

Typical Performance Characteristics

Maximum Load Current vs. Differential

Input Voltage

35
o //Shon Circuit Protection
-
E
= 5 ~
:5; 20 500mW Maximum
b1 Dissipation
s 5
5
E
= .
k] s Ta = +25 é

0 Ri
5 10 15 20 25
Input Voltage - Output Voltage (Vs - Vout)
Normalized Load Regulation
(AL = 10mA) vs. Temperature

14 T
S 13} Vs=+15V -
8 12 //
B L2
g 10 yd
=
£ 09
g P
3 08—
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Normalized Line Regulation vs. Temperature
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v
12 e
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Line Reg (T)/Line Reg (+25°C)

§
]
06 s

60 -40 -20 0 +20 +40 +60 +80 +100 +120 +140

Temperature (°C)

Output Adjustment

j:15V
2
f__——scs

300pF

Vs 6
Vo p—o0—<——o0 Output
p

REF-03

B
Trim g 10K

ANA
\r-

65-016304

The REF-03 trim terminal can be used to adjust
the output voltage over a 2.5V £150mV range. This
feature allows the system designer to trim system
errors by setting the reference to a voltage other
than 2.5V. Of course, the output can also be set to
exactly 2.500V or to 2.56V for binary operation.
Adjustment of the output does not significantly
affect the temperature performance of the device.
Typically the temperature coefficient change is
0.7ppm/°C for 100mV of output adjustment.

Bum-in Circuit
+18v

R1

2K
+10%

w |2

Vs 3

REF-03
3= 300pF

GND
4

65-01631A
o

-18v
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+2.5V Precision Voltage References REF-03

L
Typical Applications

Current Source Current Sink

+15V lout
T2 Voltage Compliance -15V to +10V $ 2 Voltage Compliance: -10V to +15V
Vs

3 Cc Vo 6 3 Ce Vs Vo & lour = $+ 1.0mA
fF: 300pF REF-03 lour = Your +1.0mA #: 300pF REF-03
Trim _5_° :ER GNDTnm io :E R
4 4
’ 'OU‘ o "1%\/ 65-01633A

Precision Current Source

A precision current source with an output im-
pedance of 300M(}) can be made with two REF-03s,
an OP-05, two resistors and two capacitors. The
output voltage of U2 and R1 determine the output

current (VO2/R1). U1 is used to improve the G |
output impedance of IoyT by maintaining a con- 300pF'[ -
stant 5.0V from Vg to Gnd of U2. ]

A high quality op amp such as the OP-05, OP-07
or OP-27 should be used as U3 because changes J_
o

in the voltage at the current source output cause
common mode errors in U3 which in turn degrade
the output impedance. R1 should equal R2 to
eliminate errors due to the Igg of the op amp. C1
and C2 are used as compensation and should
equai each other. A time constant of R1C2 = 10-5 lour
should be used. With +20V and -15V supplies the
output compliance will be +13V. C3 and C4 are
used for frequency compensation and may not be

required. {} ssono

Figure 1. Precision Current Source

10-22 Raytheon



REF-03 +2.5V Precision Voltage References

1000 N H%

OpF 10pF 100pF 1000pF  0.0tmF  O.1mF
Cc

Figure 2. 0.1Hz ~ 1MHz Noise 1.V Peak-to-Peak
Over 4 Second Scan
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Raytheon’s regulator products complement the
products shown in other sections of this hand-
book. Positive and negative dual tracking regu-
lators (RC4194 and RCA4195) simplify power

supplies for op amp circuits; their small size
allows “on card” regulation adjacent to end use
circuits. The RC4193 and RC4391 also will provide
this positive and negative tracking supply on card,
with the additional benefits of needing only a
single unregulated input and being efficient
enough to complement Raytheon’s low power op
amps and comparators in micropower circuits.

Section 11
Voltage
Regulators

The main voltage regulator groups are as follows:

Linear Regulators —
RC4194 Adjustable Dual Regulator
RC4195 Fixed 15V Dual Regulator

Micropower Switching Regulators —
RC4193 Positive Input/Positive Output
RC4391 Positive Input/Negative Output

141



Voltage Regulators

Section 11

NN,
DEFINITIONS

Efficiency
The ratio of load power to supply power, mea-
sured in percent.

(Vo) (lo)
(Vs) (Is)
Where Vg is the output voltage, g is the load
current.

Efficiency = x 100%

Input Output Voitage Differential

Guaranteed voltage difference needed to main-
tain output voltage specifications (dropout volt-
age) ataspecified load current, measured in volts
V).

Internal Thermal Shutdown
The average junction temperature required to

activate the thermal shutdown circuitry for dis-

abling the output, measured in degrees C (°C).

Line Regulation

The ratio of change in output voltage to the
change in supply (line) voltage effecting it, ex-
pressed as a percentage of the output voltage
for a specified change in supply voltage.

Load Regulation

The ratio of change in output voltage to the
change in load (output) current effecting it, mea-
sured in percent of output voltage per milliamp
change in load current.

Operating Frequency Range

Guaranteed minimum range of achievable oscilia-
tion frequencies. Operating frequency range is
expressed as a minimum and maximum value in
Hertz (Hz).

Output Volitage Noise

The broadpand noise over a specified range of
frequencies, measured in microvolts peak-to-peak
or rms (uVp-p or Vrus).

Output Voltage Tracking

The difference in absolute value of the two out-
put voltages of a dual regulator, expressed as
a percentage of the nominal output voltage.

1-2

Ripple Rejection

Similar to line regulation but specified at a
particular frequency of supply voltage change,
expressed in decibels (dB).

Short Circuit Current

The maximum output current available from the
regulator with the output shorted to ground,
expressed in milliamps (mA).

Supply Current (Ig)

The current required from the power supply to
operate the regulator under quiescent no-load
conditions, expressed in milliamps (mA).

Supply Voltage (Vg)
The range of power supply voltages over which
the regulator will operate, expressed in volts (V).

Switch Current

The current flowing through the switch transistor,
guaranteed at some minimum value with a
specified collector to emitter voltage, expressed
in milliamps (mA).

Switch Leakage Current

The coliector to emitter leakage current of the
internal switch transistor with the switch in an
off condition. Switch leakage current is measured
with a specified stress voltage and is expressed
in microamps (uA).

Timing Pin Current

The charging current used to create a timing
waveform at the Cx oscillator pin. The value
of this current and the value of Cx determine
the operating frequency. Timing pin current is
measured in microamps (uA).



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Micro-Power

Raytheon

Switching Regulators

4191/2/3

Features

High efficiency — 80% typical
Low quiescent current — 135uA
Adjustable output — 2.5V to 30V
High switch current — 150mA
Bandgap reference — 1.31V
Remote shutdown capability
Low battery detection circuitry
Low component count

Description

Raytheon's micro-power switching regulators, 4191,
92 and 93, are the industry’s first monolithic low
power switching regulators available in an 8-lead
mini-DIP and designed specifically tor battery
operated instruments. They each contain a 1.3V
temperature compensated bandgap reference,
adjustable free running oscillator, voltage com-
parator, low battery detection circuitry, and a
150mA switch transistor with all of the functions
required to make a complete low power switching
regulator.

These regulators can achieve up to 80% efficiency
in most applications while being able to operate
over a wide input supply voltage range, 2.4V to
30V, at a very low quiescent drain of 135uA.

The 4191/92/93s have a free running oscillator
which provides the drive signal for the on-chip
150mA switch transistor. The 100Hz to 75kHz
oscillator frequency is determined by an external
capacitor on pin 2.

These universal regulators can be used as a
building block in three basic applications: step-up,
step-down, and inverting.

in their most popular configuration, step-up, these
regulators will reduce the number of battery cells
required for a given output voltage, and will
maintain that voltage as the batteries decay, thus
making available more board space and lengthen-
ing battery life.

A practical example of these advantages would be
an instrument designed to operate from a nominal
9V supply voltage. if this instrument were powered
with just 7 components (a steering diode, an
inductor, two resistors, a capacitor, a 4191,920r 93
and a9V battery), it would receive a continuous 9V

until the battery had decayed to a terminal voltage
of 2.4V. If board space is at a premium, then the
designer could remove the 9V source and replace
it with a single 3V Ni-Cad battery without making
any other adjustment(s) to the circuitry or affect-
ing the overall operation of the instrument.

The 4191/92/93 series of micro-power switching
regulators consists of three devices each with
slightly different specifications. The 4191 has a
1.5% maximum output voltage tolerance, 0.2%
maximum line regulation, and operation to 30V.
The 4192 has a 3.0% maximum output voltage
tolerance, 0.5% maximum line regulation, and
operation to 30V. The 4193 has a 5.0% maximum
output voltage tolerance, 0.5% maximum line
regulation, and operation to 24V. Other specifi-
cations are identical for the 4191, 4192 and 4193.
Each type is available in commercial, industrial,
and military temperature ranges, and in plastic
and ceramic DIPs.

With some optional external components the
application can be designed to signal a display
when the battery has decayed below a predeter-
mined level, or designed to signal a display atone
level and then shut itself off after the battery
decays to a second level. See the applications
section for these and other unique circuits.

Mask Pattern

8

Die Size: 83 x 54 mils
Min. Pad Oimensions: 4 x 4 mils

65-01482A

Raylheon
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Micro-Power
4191/2/3 Switching Regulators

Schematic Diagram
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Micro-Power

4191/2/3

Switching Regulators
Connection Information Functional Block Diagram
8-Lead
Dual In-Line Package
(Top V‘ew) LBR 4191/2/3 LBD
. 1 jCz 02 E]
1 8(]
Oe ] Cx Vrg
2 0SC 3
0 (] E &
Hpig 1.3V
ng si] Lx 13V Ic
E REF H
6500070 3
Pin Function 1-
1 Low Battery (Set) Resistor (LBR) Q4 "
2 Timing Capacitor (Cx) GND 2 +Vs
3 External Inductor (Lx) E
4 Ground 4 BIAS 3
5 +Supply Voltage (+Vs) -
6 Reference Set Current (Ic) preTvYy
7 Feedback Voitage (Veg)
8 Low Battery Detector Output (LBD)

Absolute Maximum Ratings

Supply/VoItage (Without External
Series Pass Transistor)

4191, 4192 ... +30V

3 L= 3 +24V
Storage Temperature

Range .........coevvvnnnn. -65° to +150°C
Operating Temperature Range

RM4191/2/3 .............. -55°C to +125°C

RV4191/2/3 ................ -40°C to +85°C

RCA191/2/3 ....ovviiiinnn 0°C to +70°C
Switch Current ................. 375mA Peak

Thermal Characteristics

Ordering Information

8-Lead 8-Lead
Plastic DIP | Ceramic DIP
Max. Junction Temp. 125°C 175°C
Max. Pp Ta <50°C 468mwW 833mwW
Therm. Res. 6y¢ - 45°C/W
Therm. Res. 6,4 160°C/W 150°C/W
For Tp > 50°C Derate at 6.25mW 8.33mW
per °C per °C

Operating
Part Number Package Temperature Range
RC4191NB Plastic 0°C to +70°C
RC4192NB Plastic 0°C to +70°C
RC4193NB Plastic 0°C to +70°C
RC4191DE Ceramic 0°C to +70°C
RC4192DE Ceramic 0°C to +70°C
RC4193DE Ceramic 0°C to +70°C
RV4191NB Plastic -40°C to +85°C
RV4192NB Plastic -40°C to +85°C
RV4133NB Piastic -40°C to +85°C
RV4191DE Ceramic -40°C to +85°C
RV4192DE Ceramic -40°C to +85°C
RV4193DE Ceramic -40°C to +85°C
RM4191DE Ceramic -55°C to +125°C
RM4192DE Ceramic -55°C to +125°C
RM4193DE Ceramic -55°C to +125°C
RM4191DE/883B* | Ceramic -55°C to +125°C
RM4192DE/883B* | Ceramic -55°C to +125°C
RM4193DE/883B* | Ceramic -55°C to +125°C

*MIL-STD-883, Level B Processing
11-5



Micro-Power

4191/2/3 Switching Regulators
Electrical Characteristics (vs = +6.0v, Ic = 5.0uA, and Ta = +25°C unless otherwise noted)
4191 4192 4193

Parameters Symbol | Conditions Min | Typ | Max| Min| Typ | Max | Min | Typ | Max | Units
Supply Voltage +Vs 24 30124 30 |24 241 v
Reference Voltage

(Internal) VRer 129 1.31| 1.3311.27( 1.31 | 1.35{1.24 [ 1.31| 1.38| Vv
Switch Current lsw V3 = 400mV 75 1150 75| 150 75 | 150 mA
Supply Current Is ::'233“'9 atPin5 135 | 200 135 | 200 135 | 200 | nA
Efficiency ef 80 80 80 %
Line Regulation 0.5Vp<Vg<Vp 008 0.2 008 05 0.08} 05 |%Vp
Load Regulation L ‘;f j ‘1‘26,5"‘@' 02 | 05 02 | 05 02| 05| %V,
Operating Frequency

Range Fo 01] 25| 75]01f 25| 75(01] 25| 75 | kHz
Reference Set Current Ig 1.0 1 50| 50 | 10| 50 {50 [10 {50 | 50 | uA
Switch Current V3 V3=10V 100 100 100 mA
Switch Leakage _

Current Ico V3 =24V 001 50 0.01 (| 50 001 50| xA
Supply Current

(Disabled) Iso Ic <0.01xA 01 50 01 (50 0150 A
Low Battery _

Bias Current h Vi=12v 07 07 0.7 uA
Capacitor Charging

Current lex 50 50 50 A
Capacitor Threshold

Voltage + +VrHx 1.78 1.78 1.78 v
Capacitor Threshold

Voltage - -Vrnx 0.62 0.62 0.62 v
Feedback Input _

Current Ir8 V7 =13V 0.1 0.1 0.1 uA
Low Battery Vg = 0.4V,

Output Current heo | yi-1qv 20 | 600 20| 600 250 | 600 uA

11-6 Raythoon



Micro-Power
Switching Regulators 4191/2/3
—

Electrical Characteristics
(Vs = +6.0V, Ic = 5.0uA, unless otherwise noted, over the full operating temperature range)

4191 4192 4193
Parameters Symbol | Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max| Units
Supply Voltage +Vg 35 24 |35 24 135 241V
Reference Voltage
(Internal) VRer 1251131] 1.37 (123 [ 1311 139|120 | 1.31] 142] V
Quiescent Current S et Pin5 25| 30 25 | 300 25| 30| uA
Line Regulation 0.5Vg <+Vs < Vg 02] 05 05| 10 05 1.0]%Vo
Load Regulation U | S 05| 10 05 | 10 05 | 10| % Vo
Reference Set Current Ic 10|50 5 [10({50]| 5 [10[50] 50| xA
Switch Leakage _
Current Ico V3 =24V 30 30 30| pA
Supply Current
(Disabled) Iso Ic <0.01.A 30 30 0| A
Low Battery Vg =04V,
Output Current lLeo Vi=1.1V 250 | 600 250 | 600 250 | 600 KA

The information contained in this data sheet has been carefully compiled; however, it shatl not by implication or otherwise become part ofthe
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Micro-Power
4191/2/3 Switching Regulators
“

Typical Performance Characteristics

Minimum Supply Voitage vs. Temperature Quiescent Current vs. Temperature
4.0 300
3 250
_ 30 = 225
s - 2 200 NG
13 M
) 20 23V £ 150 ~No s
: 20V 381 ~~—
]
§ g 100 P—
1.0 3 90
% 5
0 ; 0 8
75 50 -25 0 25 50 75 100 125 75 50 -25 25 50 75 100 125
Ambient Temperature [°C) Ambient Temperature (°C)
Reference Voltage vs. Temperature Oscillator Frequency vs. Temperature
13 44
43
1.32 g 2
s 3
g 13 // E o
s g 40 ~
= @
I3 &
g 1% /r/ E ow et
= =
£ =
i 3 & % 3
3 37 g
3 2
128 3
-5 50 -5 0 25 S0 75 100 125 -5 50 -25 0 25 50 75 100 125
Ambient Temperature (°C} Ambient Temperature (°C)
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Micro-Power
Switching Regulators

4191/2/3

Principles of Operation
Simple Step-Up Converter

The most common application, the step-up regu-
lator, is derived from a simple step-up DC-to-DC
converter (Figure 1).

65-01646A

Figure 1. Simple Step-Up DC-to-DC Converter
(VouT > VBar)

When switch S is closed the battery voltage is
applied across the inductor L. Charging current
flows through the inductor, building up a magnetic
field, increasing as the switch is held closed. While
the switch is closed, the diode D is reverse biased
(open circuit) and current is supplied to the load
by the capacitor C. Until the switch is opened the
inductor current will increase linearly to a maxi-
mum value determined by the battery voltage,
inductor value, and the amount of time the switch
is held closed (Ipeak = VBat/L x Ton). When the
switch is opened, the magnetic field collapses,
and the energy stored in the magnetic field is
converted into a discharge current which flows
through the inductor in the same direction as the
charging current. Because there is no path for
current to flow through the switch, the current
must flow through the diode to supply the load
and charge the output capacitor.

If the switch is opened and closed repeatedly, at a
rate much greater than the time constant of the
output RC, then a constant DC voltage will be
produced at the output.

An output voltage higher than the input voltage is
possible because of the high voltage produced by
a rapid change of current in the inductor. When
the switch is opened the inductor voltage will
instantly rise high enough to forward bias the
diode, to Voyrt + VD.

Raythoon

In the complete 4193 regulator a feedback control
system adjusts the on time of the switch, control-
ling the level of inductor current, so that the
average inductor current equals the load current,
thus regulating the output voltage.

Complete Step-Up Regulator

A complete schematic of the minimum step-up
application is shown in Figure 2. The ideal switch
inthe DC-to-DC converter diagram is replaced by
an open collector NPN transistor Q1. C1 functions
as the output filter capacitor, and D1 and Lx
replace D and L.

When power is first applied, the current in R1
supplies bias current to pin 6 (Ic). This current is
stabilized by a unity gain current source amplifier
and then used as bias current for the 1.31V
bandgap reference. A very stable bias current
generated by the bandgap is mirrored and used to
bias the remainder of the chip. At the same time
the 4193 is starting up, current will flow through
the inductor and the diode to charge the output
capacitor to Vgar - Vp.

At this point the feedback (pin 7) senses that the
output voltage is too low, by comparing a division
of the output voltage (set by the ratio of R2 to R3)
tothe +1.31V reference. If the output voltage is too
low then the comparator output changes to a
logical zero. The NOR gate then effectively ANDs
the oscillator square wave with the comparator
signal; if the comparator output is zero AND the
oscillator output is low, then the NOR gate output
is high and the switch transistor will be forced on.
When the oscillator goes high again the NOR gate
output goes low and the switch transistor will turn
off. This turning on and off of the switch transistor
performs the same function that opening and
closing the switch in the simple DC-to-DC con-
verter does; i.e., it stores energy in the inductor
during the on time and releases it into the capac-
itor during the off time.

The comparator will continue to allow the oscil-
lator to turn the switch on and off until enough
charge has been delivered to the capacitor to raise
the feedback voltage above 1.31V.

Thereafter this feedback system will vary the
duration of the on time in response to changes in

11-9



4191/2/3

Micro-Power
Switching Regulators

L

load current or battery voltage (see Figure 3). If inductor current (waveform E) to build up to a
the load current increases (waveform C), then the higher peak value. The duty cycle of the switch
transistor will remain on (waveform D) for a longer transistor varies in response to changes in load
portion of the oscillator cycle, thus allowing the and line.

Kol 1© Qn

_nrznm D— o+
X 3 D1 hY
A L L
ntie]* 4191/92/93 -i $r3
v'vg; <
p——r{+V,
3 © MLIIRS G ¥
= Vear :01 +1.31v:
| || g
: 0sC REF : 1
>
L lewo ___ A 3™
7 2 T1 Té
® NC NC
"

= VREF = (VREF)( By ) 65016414
R4

Figure 2. Minimum Step-Up Application

- 1.78V
® N \"N\N"\NN Cx
-— (.62V
|||||||I|I|I (Internal) 0SC
-— Imax/4
©_______——T

———————————————— -— 0mA
- 0.72v
@ ” ” ” l l l I | I (Internal) Vetear
- OV
VBat Vour -~ Vear .
Lx Lx - Iuax
®
-«— 0mA

-— Imax

® NN NN NT b
-— 0mA
-— Voyr+ Vp

© MRS e, @
-«— (.3V (Q1 SAT)

65-01642A
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Figure 3. Step-Up Regulator Waveforms



Micro-Power
Switching Regulators

4191/2/3

The inductor value and oscillator frequency must
be carefully tailored to the battery voltage, output
current, and ripple requirements of the application
(see Design Equations, Figure 11). If the inductor
value is too high or the oscillator frequency is too
high then the inductor current will never reach a

value high enough to meet the load current and
the output voltage will collapse. If the inductor
value is too low or the oscillator frequency too low
then the inductor current will build up too high,
causing excessive output voltage ripple or pos-
sibly over stressing the switch transistor.

Q1

R7 R6

5

lc

LBR
GND

4191/92/93

Vgar
[o,

Cx

LBD

~

FB

L.
I

L

350 (Vs)

Rg= PSS
(ILoan) (Vour)

|

8 S
>
L

50 (Vs)?
(ILoan) (Vout)

LBD

"Ik

65-01643A

_ Figure 4. Step-Up Switching Regulator (High Current)

Simple Step-Down Converter

Figure 5 shows a simple step-down DC-to-DC
converter with no feedback or control.

S
VBAT —=—

[

+

R ¢ Vour

\ a4

&

65-01644A

Figure 5. Simple Step-Down DC-to-DC
Converter (Vo < Vgar)

When S is closed the battery voltage minus the
output voltage is applied across the inductor. All
of the inductor current will flow into the load untit
the inductor current exceeds the load current. The
excess current will then charge the capacitor and
the output voltage will rise. When S is opened the
voltage applied across the inductor will be re-
duced to Voyr plus Vpiope, and the inductor wili
discharge into the load. As in the step-up case, the
average inductor current equals the load current.
The maximum inductor current Ipyax will equai
(VeaT - VouT)/Lx times the maximum on time of
the switch transistor. The maximum load current
can be as high as Imax/2. At load currents less
than Imax/2 the 4193 will reduce the switch on time
until the average inductor current equais the load
current.
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Micro-Power
Switching Regulators

Complete Step-Down Regulator

Since the switch transistor in the 4193 is in paraliel
with the load a method must be used to convert it
to a series connection. The circuit of Figure 6
accomplishes this. The 2N2907 replaces S of
Figure 5, and R6 and R7 are added to provide the

base drive to the 2N2907 in the correct polarity to
operate the circuit properly (refer to Figure 11 for
determining the circuit values). Since the Lx pin is
capable of sinking 150mA, high current switching
transistors can be used in place of the 2N2907.

A

R6

AA

%‘: Vour

VYVv

R1 6
—AAA———

1 419

Vgar o

/92/93

1TFT 1

VW

65-01645A

Figure 6. Complete Step-Down Regulator

An alternate method for providing base drive to
the 2N2907 is to use the 4193 Ig current which
alternates between 150uA and 2.5mA as the
internal transistor (Q1 of Figure 2) turns off and
on. This technique saves about 1.0mA of wasted
current by connecting the base of the 2N2907 to
the Vg pin as shown in Figure 7. The only

requirement for this circuit is that the value of R6
must be low enough to insure turn off of the
2N2907. A value of 2.0k} is sufficient.

This technique is useful only for low load power
applications, less than about 150mW.

VgaT O—

2N2907 L Vour
_I‘°+
R6 X 01 C1
A Ng14 I
& = =
Nlc S A3 SE
3 5
4191/02/83 ;

I} 8 R4

I"

HE—AAA
Ll A A4

LBOD
65-01647A

Figure 7. Step-Down Current Saver
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4191/2/3

Greater Than 30V Application

Adding a zener diode in series with the base of the
2N2907 allows the battery voltage to increase by
the value of the zener, with only a slight decrease
in efficiency. As an example, if a 24V zener is used,

Note, however, that the addition of the zener diode
will not alter the maximum change of supply. With
a 24V zener the circuit will stop operating when
the battery voitage drops below 24V +2.4V = 26.4V.

the maximum battery voltage can go to 48V when
using a 4193. Refer to Figures 8 and 9.

Lx

—l—OVom
N
R6 D1 ;-[C1
y = =
73 RIZ
1 $
5 3
R1 6] +vg Lx
MW\ Ic
R2 1 4191/92/93 7
VBAT O AN LBR Vrg
GND __ Cx |
RS IR 8 mM3
I" 1

LBD

65-01648A

Figure 8. Stepping Down an Input Voltage Greater Than 30V

N2%07 Lx Vour
+|
R6 13;14 Im
n-
>
RS
>
R7:,
5 3
R1 6
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Figure 9. Stepping Down an Input Voltage Greater Than 30V (High Current)
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Inverting Switching Regulator

Many single supply systems require an occasional
negative voltage for a specific application. This
circuit will meet those needs.

The circuit is similiar to the type used in Figure 6,
except the location of Ly and the diode are
reversed and a micro-power op amp RC3078 is
added to provide inversion for the sense volitage.
The output voltage is given by 1.31(R3)/R4.

The RC3078 operates at a closed loop gain of
close to one in most applications. Therefore the
value of Cc must be such to frequency compensate
the RC3078 for unity gain conditions. The value
for Rget will determine the quiescent current in
the 3078 and for micropower applications can be
set to operate at approximately 10uA. Where a
larger amount of amplifier quiescent current can
betolerated, a ground sensing op amp such as the
LM324 or RC3403A can be used, eliminating the
need for Rggt and Cc.

Animportant point is that pin 7 must be below 1.3V
when |VoyrT| is below the design output voltage or
else the circuit will not start.

Due to their output stage design, op amp types
similar in design to the 741 may cause the circuitto
not start property since they fail to keep pin 7
below 1.3V when power is first applied.

Note: Most inverting applications can be realized
with less complexity and lower cost by using the
RC4391 regulator, which is a dedicated inverting
regulator 1.C. Use of the 4391 will eliminate the
extra op amp and external transistor (see Figure
23 for a 4391 application).

Design Equations

Figure 11 is a set of design equations which can be
used to determine resistor, capacitor and inductor
values for step-down, step-up, and voltage invert-
ing applications. To use the equations, first deter-
mine the oscillator frequency (Fgp), input voltage
(VeaT), output voltage (Voyt), and maximum
.output load current (1), according to the applica-
tion requirements. Then plug those numbers into
the appropriate equations. These equations are
based on an Iyax of 150mA, so output voltage
ripple may not be optimized. If ripple becomes a
problem then increase Fo.

As an alternative to using the design equations,
the following process can be used to optimize
circuit performance.

1. Select an operating frequency based on effi-
ciency and capacitor size requirements (fre-
quencies from 10kHz to 50kHz are typical).

2. Build the circuit and apply the worst case
conditions to it, i.e., the lowest battery voltage
and the highest load current at the desired
output voltage.

2N2907

R6

AAA

Wy

5

=

<

A
VW

R1
VWA~ § Ic+vs tx
Var R2 1], 4191/92/93
o AAA~—p—{LBR FB
GND Cx LBD

101

LBD R4

65-01650A

Figure 10. Inverting Switching Regulator Using 4191/92/93
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Component Step Up Step Down inverting
R Vg-1.2V Vg- 1.2V Vs-1.2V
! ) 5uA 5uA
Ro* Vs -1.31V Vs -1.31V Vs -1.31V
2 ) 5uA 5uA
P Vout - 1.31V Vout - 1.31V Vout
3 IA Ia Ia
e 1.31v 1.31V 1.31v
R Ia A N
Rs* 261k 261kQ 261kQ
Cx(pF) 2.14 x 108 2.14 x 108 2.14 x 108
xip FotH2) FotH2) FotH2)
L 0.3(Vs) (Vout - Vs) 0.3(Vour) 0.3(Vs) (IVour!)
X "Fo (icoan) (Vour) Fo (ILoan) Fo (iLoan) (Vs + [Voutl)
c 2Vour - Vs ILoAD 0.15).0a0 (Vs + 2 [Vourl)®
! 4Fo (Vour) VRipPLE™ 4Fg (VRippLE) Fo (Vs) (Vs + \Vourl) VRipprLE
R 35 Vs 35 35 (Vg)
s (teoan) (Vour) ILoAD (ILoan) (Vs + [Vourl)
R TS Y RN
7 (ILoap) (Vour) ILoaD (iLoa) (Vs + [Vourl)
* = Optional ** Recommended |, be set between 50uA and 100uA

Figure 11. 4191/92/93 Design Equations

3. Adjust the inductor value down until the desired
output voltage is achieved, then go a little lower
(approximately 15%) to cover manufacturing
tolerances.

4. Check the output voltage with an oscilloscope

for ripple, at high battery voltages, at as high of

voltages as are expected. Also check for efficiency
by monitoring battery and output voltages and

currents (eff=(Vout)(lout)/(VeaT) (IiN) X 100%).

If the efficiency is poor, go back to (1) and start

over. If the ripple is excessive, then increase the

output filter capacitor value or start over.

o

Timing

The oscillator creates a square wave using a
method similar to the 555 timer I.C., with a current
steering flip-flop controlled by two voltage sensing
comparators. The capacitor Cx is charged by a

Raytheen

current source until its voltage reaches the 1.78V
threshold (see Figure 3). The first comparator
then sets the flip-flop and a negative current
source discharges Cx. The second comparator
trips at 0.62V, resetting the flip-flop, and the
voltage ramps up again, starting another cycle.
The output transistor cannot turn on unless the Cx
voltage is ramping down.

The turn off delay of Q1 must be taken into
account when operating at frequencies greater
than 50kHz (Figure 2). The 4191/92/93 was de-
signed for maximum efficiency at low input voltages
commonly found in battery applications. Q1 was
designed to saturate in order for the inductor to
charge to the full input voltage. As aresuit, Q1 has
afixed 5.0uS turn off delay, which has the effect of
increasing the On/Off duty cycle as the oscillator
frequency is increased.
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Another consideration is the frequency response
of the feedback network. The output RC intro-
duces a lag into the feedback signal which may
cause excessive output ripple or erratic switching.
If this problem occurs it can be cured by connect-
ing a 100pF to 1000pF capacitor in parallel with the
feedback resistor (R3 in Figure 2).

Inductors

Efficiency and load regulation will improve if a
quality high Q inductor is used. A ferrite pot core
is recommended; the wind-yourself type with an
air gap adjustable by washers or spacers is very
useful for bread boarding prototypes. Care must
be taken to choose a permeable enough core to
handle the magnetic flux produced at Imay; if the
core saturates then efficiency and output current
capability are severely degraded and excessive
current will flow through the switch transistor. An
isolated AC current probe for an oscilloscope is an
excellent tool for saturation problems; with it the
inductor current can be monitored for nonlinearity
at the peaks (a sign of saturation).

Low Battery Detector

An open collector signal transistor Q2 with com-
parator C2 provide the designer with a method of
signaling a display or computer whenever the
battery voltage falls below a programmed level.
This level is determined by the +1.31V reference
level and by the selection of two external resistors
according to the equation:

Vi = VREF(% + 1)

When the battery voltage drops below this thres-
hold Q2 will turn on and sink over 600uA typically.
The low battery detector circuitry may also be
used for other, less conventional applications (see
Figures 18 and 19).

Bias Current Shutdown

The control current for the reference is externally
set by a resistor from the I pin to the battery. This
current can vary from 1.0uA to 50 uA without
affecting the operation of the I.C. Interrupting this
current will disable the entire circuit, causing the
output voltage to go to zero volts for step down
applications, and reducing the supply current to
less than 1.0uA.

Automatic shutdown of the 4193 can be achieved
using the circuit of Figure 13.

A resistor is placed from the Ig pin to ground,
creating a voltage divider. When the voltage at the
Ic pin is less than 1.2V, the 4193 will turn off. This
scheme should only be used in limited tem-
perature range applications since the “turn off”
voltage at the I pin has a temperature coefficient
of -4.0mV/°C. At 25°C, typically 250nA is the
minimum current required by the I pin to sustain
operation. A 5.0uA voltage divider works well
taking into account the sustaining current of
250nA and a threshold voltage of 0.4V at turn off.
As an example, if 3.0V is to be the turn off voltage,
then R9 = 1.1/4.75uA and R1 = (3.0 - 1.1)5.0uA or
about 240k} and 390k} respectively. The tempco
at the top of the divider will be -4.0mV (R1 +
R9)/R9 or -10.5mV/°C an acceptable number for
many applications.

Vear

R5

4191/92/93

85-01651A

5 +Vs

+

VBAT =— @

K R1:: 4191/92/93
»—6 Ic
| GND

RO 4
85-01652A

Figure 12. Low Battery Detector
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Figure 13. Simple Automatic Shutdown
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Another method of automatic shutdown without
temperature limitations is the use of a zener diode
in series with the I pin and set resistor. When the
battery voltage falls below Vz+ 1.2V the circuit will
start to shut down. With this connection and the
low battery detector, the application can be de-
signed to signal a display when the battery voltage
has dropped to the first programmed level, then
shut itself off as the battery reaches the zener
threshold.

The set current can also be turned off by forcing
the Ig pin to 0.4V or less using an external
transistor or mechanical switch. An example of
this is shown in Figure 14.

In this circuit an external control voltage is used to
determine the operating state of the 4193. If the
control voltage V¢ is a logic 1 at the input of the
4025 (CMOS Triple NOR Gate), the voltage at the
Ic pin will be less than 0.5V forcing the 4193 off
(< 0.1pA Icc) both the 2N2222 and 2N2907 will be
off insuring long shelf for the battery since less
than 1.0uA is drawn by the circuit.

When V¢ goes to alogic 0, 2.0xA is forced into the
Ic pin thru the 2.2M( resistor and the NOR gate,
and at the same time the 2N2222 and 2N2907 turn
on, connecting the battery to the load.

As long as V¢ remains low the circuit will regulate
the output to 5.0V. This type of circuit is used to
back up the main supply voltage when line
interruptions occur, a particularly useful feature
when using volatile memory systems.

Typical Step-Up Application

Figure 15 shows a common application: a circuit
to extend the lifetime of a 9.0V battery. The
regulator remains in its quiescent state (drawing
only 150uA) until the battery voltage decays
below 75V, at which time it will start to switch and
regulate the output at 70V until the battery falls
below 2.4V.

If this circuit operates at its typical efficiency of
80%, with an output current of 10mA, at 5.0V
battery voltage, then the average input current will
be Iin = (VouT x IL) + (VBAT X €f) or (7.0V x 10mA)
+(5.0V x 0.8) = 17.5mA

. frvv\
iﬂsm 1.0mH
_L_ 22M 6l

VW

Voyr = 5.0V
O
I3 €L,
L
‘ miml

ig

[ S PSR |

aoi/ee VR
s
& J. 13K
12 =
" '
h:]jnzzzz

85-01653A

Figure 14. Battery Back-Up Circuit
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1Ng14 Vour=9.0V
9.0Vt02.4V out=9.
M . By To7.0v
v R1 {5  1.0mH I3 +| o
BAT = ™ sl +Vs Lx R3S =
WA—lc nod T o
= /! -
AAA— 1], BR 4191/92/93 Ves 7
R2* GND LBD
910K R5* 4 8 S R4
260K Cx Low 32K
30pF Battery J
Optional = = Detector 3 s0n65n

Figure 15. Typical Application: 9.0V Battery Life Extender

Bootstrapped Operation

In step-up applications, power to the 4193 can
be derived from the output voltage by con-
riecting the +Vg pin and the top of R1 to the
output voltage (Figure 16).

One requirement is that the battery voltage
must be greater than 3.5V when the circuit is
energized or else there is not enough voltage at
pin 5 to start up the I.C. The big advantage of this
circuit is the ability to operate down to a terminal
battery voltage of 1.0V.

3.5Vto9.0v Lx 1N914
.‘ | Vour=9.0v
4 R1 5 10mH f3 ]
v T 1AMA [ C+Vs Lx R3 +| o
BAT Wy >
= 1 4191/92/93 ; TKS T
= AAA—e—LBR Vrg
R2 GND Cx LBD =
910K SR
Z:i‘gK Jj 'chx ? %: 13K
Low
— - ]_:pr Battery -_-_L

Detector
65-01655A

Figure 16. Bootstrapped Operation

Buck-Boost Application

A disadvantage of the standard step-up and
step-down circuits is the limitation of the input
voltage range; for a step-up circuit, the battery
voltage must always be less than the programmed
output voltage, and for a step-down circuit, the
battery voltage must always be greater than the
output voltage. The following circuit (Figure 17)
eliminates this disadvantage, allowing a battery
voltage above the programmed output voltage to
decay to well below the output voltage.

11-18

The circuit operation is similar to the step-up
circuit operation, except that both terminals of the
inductor are connected to switch transistors. This
switching method allows the inductor to be dis-
connected from the battery during the time the
inductor is being discharged. A new discharge
path is provided by D1, allowing the inductor to
be referenced to ground and independent of the
battery voltage. The efficiency of this circuit will
be reduced to 55-60% by losses in the extra switch
transistor and diode. Efficiency can be improved
by choosing transistors with low saturation volt-
ages and by using Schottky diodes..
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Figure 17. Buck Boost Circuit (Vgar > or < Vour)

Voltage Dependent Oscillator

The 4193's ability to supply load current at low
battery voltages depends on the inductor value
and the oscillator frequency. Low values of induc-
tance or a low oscillator frequency will cause a
higher peak inductor current and therefore in-
crease the load current capability. A large inductor
current is not necessarily best, however, because
the large amount of energy delivered with each
cycle will cause a large voltage ripple at the
output, especially at high input voltages. This
tradeoff between load current capability and out-
put ripple can be improved with the circuit connec-
tion shown in Figure 18. This circuit uses the low
battery detector to sense for a low battery voltage
condition and will decrease the oscillator fre-
quency after a pre-programmed threshold is
reached.

The threshold is programmed exactly as the
normal low battery detector connection:

R2
VT = VRer(gs 1)

When the battery voltage reaches this threshold
the comparator will turn on the open collector
transistor at pin 8, effectively putting C2in parallel

Raytheoon

with Cx. This added capacitance will reduce the
oscillator frequency according to the following
equation:

Fo~ 214%106
0= "¢cx+C2

Where Cis in pF and Fg is in Hz.

Component values for a typical application might
be R2 = 330k}, R5 = 150k}, Cx = 50pF, and
C2 = 100pF. These values would set the threshold
voitage at 41V and change the operating fre-
quency from 43kHz to 16kHz. Note that this
technique may be used for step-up, step-down, or
inverting applications.

+Vgar Lx 1N914 +Vour
° 2 O

ke

=

A
Vv

1 4191/92/83

Figure 18. Step-Up Regulator With
Voitage Dependent Oscillator

Short Circuit Protection

One disadvantage of the simple application cir-
cuits is their lack of short circuit protection,
especially for the step-up circuit, which has avery
low resistance path for current flow from the input
to the output. A current limiting circuit which
senses the output voltage and shuts down the
4193 if the output voltage drops too low can be
built using the low battery detector circuitry. The
low battery detector is connected to sense the
output voltage and will shut off the oscillator by
forcing pin 2 jow if the output voltage drops.
Figure 19 shows a schematic of a step-down
regulator with this connection.
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Figure 19. Step-Down Regulator With Short Circuit Protection

R3 and R4 set the output voltage, as in the circuit
of Figure 3. Choose resistor values so R2=R3 and
R4 = R5, and make R6 25 to 35 times higher than
R5. When the output is shorted, the open collector
transistor at pin 8 will force pin 2 low and shut off
the oscillator and therefore shut off the external
switch transistor. The regulator will then remain in
alow current off condition until power is removed
and reapplied. C2 provides momentary current to
ensure proper start up. This scheme will not work
with the simple step-up regulator, but will work
with the boost-buck converter, providing short
circuit protection in both step-up and step-down
modes.

Inductoriess Inverter

The 4193 can be used as a low cost inverting
power supply for applications where line and

11-20

load regulation are not critical. The circuit, which
is low cost because no external inductor is
required, provides a simple inversion of the
battery voltage; that is, -Vout = +Vg. Diode
voltages and transistor Vgars will reduce the
output voltage, however. The circuit (Figure 20)
operates as follows: Veg is tied low so the
oscillator continuously switches the output tran-
sistors. When the internal transistor is on then Q1
is on, and C1 charges through D2. When the
internal transistor is off Q1 is off and Q2 is on; Q2
discharges C1 into C2 through D1, effectively
reversing the terminals of C1 and charging C2toa
voltage more negative than ground. Poor load
regulation can be improved by adding a minimum
load.
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47K T _I_

65018214

Figure 20. Inductoriess inverter

Transformer Coupled Regulator

One advantage of using a switching regulator to
convert DC voltages is that a transformer may be
used to transfer energy, providing complete elec-
trical isolation from input to output. Figure 21
shows a simplified conceptual diagram of a push-
pull circuit using two RC4193s. The feedback
regulating portion of the circuit is not shown for
simplicity.

Square Inverted
Wave [T [0 1 Square
Input N Wave
npu P ag v

I+Vsu
I I

+

Vour (Isolated)
1 .

65-01837A

Figure 21. Transformer Coupled Regulator
(Simplified Drawing)

Raytheen

The square wave input is inverted and the two
signals turn on and off the switching transistors.
The opposite phase of these signals ensures that
one transistor is always off while the other is on.
This on-off push-pull action draws current from
the center tap of the transformer primary, con-
verting the DC input voltage into an alternating
magnetic field which is coupled over to the
transformer secondary. Current induced in the
secondary is converted back to DC by the full
wave diode rectifier and is filtered by the large
output capacitor. There is no connection from
input to output through ground or the transformer,
so the output is completely isolated electrically.

A complete schematic of the transformer appli-
cation is shown in Figure 22. The feedback control
circuitry, consisting of a zener diode, an optically
isolated variable resistor, some resistors and a
capacitor, and the gating circuitry internal to the
4193 provides a method of controlling and regu-
lating the output voltage while keeping the output
electrically isolated.

11-21




4191/2/3

Micro-Power
Switching Regulators

e 4K
A
Square Wave Input 2K Vaar
10kH2 to 40kHz vy
s $ax |s 5 B 2
[0 e M | m o 2
Cx 1c1 C WA VWA—]ic 2
Wiap 491/82/88 o\ 44 Yonp  M191/92/83
Vep Lx Lx 7
7 B~ = s 7
10
tovear D! "D:%
N
203 T 0 vf(ﬂm)
0K E solal
3 10K 1.04F (5.0V with Values Given)
+
o 2204F
P s -
aw B 5:::¥:,
Vel "T" °
CLMB00O
D1, D2 = Schottky MBR140P
360
1[- 85-01661A

Figure 22. Isolated Push-Pull Transformer Coupled Regulator

The square wave input is applied to the timing pin
(Cx) of IC-2, synchronizing the internal oscillator
frequency with the square wave. The square wave
is inverted by the low battery detection circuit of
IC-1, and the inverted waveform synchronizes
IC-1's oscillator. This out of phase synchroniza-
tion ensures that the open collector switching
transistors will never conduct simultaneously.

Schottky diodes are used in the rectifier to reduce
efficiency losses caused by high diode voltage.
Silicon diodes may also be used.

The CLM6000 optically isolated resistor uses light
as a transfer medium, avoiding any electrical
continuity in the feedback circuit. The feedback
control works as follows: The 21V zener diode
fixes the voltage at the top of a voltage divider. The
voltage divider consists of a 6.8K resistor and the
variable resistor in the CLM6000. The output of
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the voltage divider is connected to the feedback
inputs of the two 4193s. If the output voltage
decreases, then the LED in the CLM6000 emits
less light, increasing the value of the variable
resistor. 'As the value of the variable resistor
increases, the output of the voltage divider de-
creases, reducing the voltage at the feedback
inputs of the 4193s. The internal comparators
sense that the feedback voltage is less than the
internal 1.3V reference voltage and therefore in-
crease the on time of the switch transistors. This
increase in on time causes more energy to be
delivered to the output, increasing the output
voltage. The total effect is for the output voltage to
remain at a value at which the feedback voltage
equals 1.3V. The component values shown will
regulate the output at 5.0V; other values of output
voltage can be realized by adjusting the value of
the 6.8K resistor.
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The circuit will supply at least 50mA of output
current with efficiency of up to 75%, and with
ripple, load, and line regulation of less than
100mV. An RC555 may be used to supply the
square wave input.

4391/4193 + Power Supply

A positive and negative dual tracking power
supply using a step up 4193 and an inverting 4391
is shown in Figure 23. The inductor and capacitor
values were chosen to achieve the highest prac-
tical output currents from a +12V battery, as it
decays, while keeping the output voltage ripple
under 100mVpp at £15V output. The circuit may be
adapted to other voltages and currents, but note
that the 4193 is step-up, so Vgyt must be greater
than Vgar.

The output voltages may simultaneously be
trimmed by adjusting a single resistor value (R3 or

R4), because the reference for the negative output
is derived from +Voyrt. This connection also
allows the output voltages to track each other with
changes in temperature and line voltage.

The timing capacitors are set up exactly as in the
voltage dependent oscillator application of Figure
18. The values of R2, R5, C6, and C4 that are given
were chosen to optimize for the +12V battery
conditions, setting the threshold for oscillator
frequency change at Vgar = +8.5V.

As given, this power supply is capable of deliver-
ing +45mA and -15mA with regulation, until the
battery decays below 5.0V.

For information on adjusting the 4391 to meet a
specific application refer to the Raytheon 4391
data sheet.

*‘VBAI
~loyr = ~15mA (12V Nominal) 02 +loyr = 45mA
~Vour 500uH N914 our
ctI Vegr ’I c2
1504F I +1.25V A1 - ) 3 3304F
>
= T7 6 Y ™ol | 3 Z(DpFT :»1?;(1
VRee  +Vs $ +Vs X
‘; o $ 100K 1 o !
a
| enp )
s " 80 L8R | = I Cx  LBD LBR b3
< 100K 3 -Lz I = 2 _E 1 9
|1§§F IA;F =
To+Vour 1 1%5»( 1 -
=7 =+ +VouT = VRer (—+l)
[ T4 .
= - B 1-Vout! = +Vour| 1)
R6
85-018578
Figure 23. RC4391/RC4193 Power Supply (+15.0V With Values Given)
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Definition of Terms

Switch Leakage Current (Ico) The leakage cur-
rent of the switching transistor in the off condition
with 24V applied to pin 3. Ico is measured into
pin 3.

Low Battery Bias Current (1) The hysteresis
current into pin 1 for proper low battery indicator
operation (nominally 0.7uA).

Capacitor Charging Current (Icx) The current
into (or out of) pin 2. This is the Cx timing current
(nominally 5.4uA).

Feedback Input Current (Irg) The current drawn
by the feedback input (pin 7). This current must be
taken into account when designing the feedback
network.

Capacitor Threshold Voltage (V1x) The voltage
applied to the Cx pin (pin 2) for which Icx changes
direction.

Supply Voltage (+Vs) The voltage applied to pin 5.
This voltage may not be the same as battery
voltage.

Peak Inductor Current (Ipax) The maximum cur-
rent through the inductor when switching at full
duty cycle.

Reference Voltage (Vger) The output of the band-
gap reference. This voltage is internal and cannot
be directly measured. Other chip references are
not specified.

Supply Current (Is) The current into pin 5. Switch
currents and bias currents are specified separately.

Disabled Supply Current (Isp) The current into
pin 5 after reference set current (Ic) has been
reduced to 10nA.

Switch Current (isw) The current into pin 3. In
typical operation this is also the inductor current.
Efficiency (ef) The ratio of load power to input
power.

Load Regulation (L;) The ratio of incremental
change in output voltage (AVp) to the output
voltage design value (Vo) as output current is
varied over its specified range.
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Oscillator Frequency (Fp) The frequency of the
internal oscillator. Fg is set by selection of timing
capacitor Cy.

Reference Set Current (Ic) The input current to
the reference (pin 6) which will result in normal
operations.

Feedback Divider Current () the DC current
flowing through R3 and R4.

Background Information

During the past several years there have been
various switching regulator ICs introduced by
many manufacturers, all of which attended to the
same market, namely controllers for use in power
supplies delivering greater than 10W of DC power.
Raytheon felt there was another area which could
use a switching regulator to even more advantage,
the area of battery powered equipment. Battery
powered systems have problems peculiar unto
themselves: changes in supply voltage, space
considerations, battery life and usually cost. The
4193 was designed with each of these in mind.

The 4193 was partitioned to work in an eight pin
package, making it 48% smaller than other con-
trollers which go into 14 and 16 pin packages.
Battery powered applications require the load as
seen by the battery to be as small as possible to
extend battery life. To this end, the quiescent
current of the 4193 is 15 to 100 times less than
controllers designed for nonbattery applications.
At the same time the switch transistor can sink
100mA to 0.4V, comparable to or better than
higher powered controllers. As an example, the
4193 configured in the step-up mode can supply
5.0V at 40mA output with an input of 3.0V.

Cost is usually a primary consideration in battery
powered systems. The 4193, guaranteed to work
down to 2.4V, can save the designer and end user
money as well because battery costs decrease as
the number of cells needed goes down.



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Dual Tracking
Voltage Regulators

Raytheon

RC4194

Features

B Simultaneously adjustable outputs with one
resistor to +42V

B toad current — *200mA with 0.04% load
regulation

® nternal thermal shutdown at T; = +175°C

m External balance for +Vg unbalancing

| 3W power dissipation

Description

The RM4194 and RC4194 are dual polarity tracking
regulators designed to provide balanced or un-
balanced positive and negative output voltages
at currents to 200mA. A single external resistor

- Schematic Diagram

adjustment can be used to change both outputs
between the limits of £50mV and +42V.

These devices are designed for local “on-card”
regulation, eliminating distribution problems
associated with single-point regulation. To
simplify application the regulators require a
minimum number of external parts.

The device is available in three package types
to accommodate various power requirements.
The TK (TO-66) power package can dissipate
up to 3W at Tp = +25°C. The DC 14-pin dual
in-line will dissipate up to 1W and the DB 14-pin
dual in-line will dissipate up to 625mW.
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s g )
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> - » $ ~Vour
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RC4194 Dual Tracking Voltage Regulators
L

Connection information

9-Lead 14-Lead
TK (TO-66) Package DB and DC Dual In-Line Package
(Top View) (Top View)
) \J
-Vs (Case) +Vg our E E Ws
+Vour GND
G Ne [2 13 NC
Comp+ 06 00 Rser l: j
® Q comp+ 3] [12] onp
Bal ® @ Ro
Bal E E Rser
Comp- ~Vour
Comp- E E Ro
85-00199A NC E E NG
-Vs E E -Vour
65-00200A
Functional Block Diagram Mask Pattern
-Comp
4194 v +Comp
-vs§
+VouIE Eivs -Vg Bal { tVo +Vo
!
ne[z] S Euc
+COMP] 3

104R
Thermal p °
Shutdown

—

65-01775A

Die Size: 99 x 69 mils
Min. Pad Dimension: 4 x 4 mils

65-00207A
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Dual Tracking Voltage Regulators

| —

Absolute Maximum Ratings
Supply Voltage (Vmax) to Ground

RCA194 .....coviiiiiiiiiiiiinnnns +35V

RM4194 ... +45V
Supply Input to Output Voltage Differential

RC4A194 ........oiiiiiiiiiiiiiennn, 135V

RM4194 ... . i +45V
Load Current

DBPackage ............cooiiunnnn. 100mA

DCPackage .........covvennnnnnnns 150mA

TKPackage ........ccoovievevnnnnne 250mA
Operating Junction Temperature Range

RC4194 .........covvvinnnnn 0°C to +125°C

RM4194 ................ .. -55°C to +150°C
Storage Temperature

Range ........ccoevnvvnnn -65°C to +150°C
Lead Soldering Temperature

(10SeC) .ovviniiriiiiiiannnnenn. +300°C

Electrical Characteristics (+5 < Vourt < Vmax; I = £1mA; RM4184: -55°C < T; < +126°C;
RC4194: 0°C < T; < +70°C unless otherwise specified)

RC/RM4194
Parameters Test Conditions Min | Typ | Max Units
Line Regulation AVs = 0.1Viy 004 [ 01 %Vout
Load Regulation . 4194TK:. I <200mA, Vg X Iy
Output Voltage Drift 4194DC: || < 100mA 0.002 | 0.004 (MA)
With Temperature +Vg = £(Vg + SV
.Positive Output 0.002 | 0.015 %/°C
Negative Output 0.003 | 0.015 %/°C
Supply Current' (Positive) Vg = tVmax, Vo = 0V, I = 0mA +0.8 | +25 mA
Supply Current' (Negative) Vg = tVpmax, Vo = 0V, I = OmA -18 | -40 mA
Supply Voltage RIS 95 =4 v
RC4194 +95 +35
Qutput Voltage Scale Factor Rser = 71.5k02, Tj = +25°C 238 | 25 | 262 ka/V
RM4194: Rger = 71.5k02 0.05 +42
Output Voltage Range v
RCA4194: Rggr = 71.5k2 0.05 +32
Qutput Voltage Tracking 04 | 20 %
Ripple Rejection f=120Hz, Tj = +25°C 70 dB
Input-Output Voltage Differential I, = 50mA, Tj = +25°C 30 v
Shart Circuit Current Vg = +30V, Tj = +25°C 300 mA
Output Noise Voltage ?‘; ?l;‘H7z“t|; y&;éwv 250 uVRMs
Internal Thermal Shutdown 175 °C

Notes: 1. The current drain will increase by 50uA/Voyr 0N positive side and 100pA/Voyt on negative side.
2. The specifications above apply for the given junction temperatures since puise test conditions are used.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions ot sale.No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheen
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RC4194 Dual Tracking Voltage Regulators
—

Thermal Characteristics Ordering Information
9-Lead Operating
14Lead | 14-Lead T0-66 Part Number Package Temperature Range
Plastic 0IP |Ceramic DIP | Metal Can RC41940B Plastic 0°C to +70°C
Max. Junction Temp.| 125°C 175°C 150°C RC4194DC Ceramic 0°C to +70°C
Max. Py Ta<50°C | 468mW | 1042mW | 2381mw RCA194TK 1066 0°Cto +70°C
" - RM4194DC Ceramic -55°C to +125°C
Therm. Res. 6. — [ eCw | meiw RM4194DC/8838* | Ceramic | -55°Cto+125°C
Therm. Res. 64 160°C/W | 120°C/W | 42°C/W RM4194TK T0-66 -55°C to +125°C
For Ty > 50°C 6.25mW | 8.38mW (23.81mwW
Derate at per°C | per°C per °C *MIL-STD-883, Level B Processing

Typical Electrical Data

Ripple Rejection Load Regulation vs. Output Current
150 ”| 006
130 =005
£
g 10 B0M4 —1—
s s = +125°C
£ Z 0,
2 L] Vo = 215V 2
€ 0N ! ) "
= N -} / B "
E 5% AN E 001 — Tj=+25°C
Peet”] [=4
% é £ g p= §
10 8 001
10 100 1K 10K 100K 0 20 40 60 80 100 120 140 160 180 200
Frequency (Hz) Gutput Current (mAj

Output Voltage Tracking vs. Temperature

08
= 06
i -
& 04 /
g 7
z 02 ~
: —T|
0
b 5—1——‘"
-~
04 |4 g
c
-06 g
40 40 -2 0 +20 +40 +60 +80 +100 +120 +140

Junction Temperature (°C)

A =% Tracking of Output Voltage
B = T.C. for Positive Regulator
C = T.C. for Negative Regulator
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Dual Tracking Voltage Regulators RC4194

1H
Typical Applications

Unbalanced Output Voltage — Comparator Application
001uF J- . +Vour
I 9 9——O To Additional Comparators
. | L 4y
+Vs c v < T ul
o Vs + +Vout :, Ra I
RMAI84 BAL|—¢ (Typically 38 RM710s)
-Vs
-Vs <
Rg _C-_GND Ro -Vour | $Re -Vour = -6V
— 0
PASAK < To Additional Comparators
VWA —- <Ro R
" = 47uF
1 - Ro (ke2) = 25 (-Vour)
001uF < = Adjust Rg for -Voyr = -6V (15k01)
65-00205 Re1 = Rez = 20k11 (see schematic)
1+Vouri = |-Vour! er 0
Ra = = when |+Vouyl > -Vouti
Rg = = when |+Vourl < |-Vour|
For +Vguyr = 12 when -Voyr = 6V
Ra= o
Rg = 20k}
High Output Application
2N4905 or equiv. ° ..Rfcl
0.1uF
- 1 3
L ! 2N2297 or equiv.
+Vg 40 = o +Vour
AAA GND C+
O~ VWA _ +Vs +Vour A
Ll G0uF
4194 .
Vs a0 -
o A I Vs Ry c- Rg -Vour i 0 -Vour
== 60uF
0.14F 71.5 I
Ro +
2N2297 or equiv. -[ =
et = Load Regulation
. k 10mV @ 2.5A
Rsc
Ro (k€2) = 2.5|Vo|
2N4914 or equiv.
07.
*Rgg = ——
% e
Note: C ion and bypass capaci ions should be close as possible to the 4194.
**Optional usage — not as critical as -Vp bypass capacitors.
85-00208A

Raytheon 11-29



RC4194 Dual Tracking Voltage Regulators

Typical Applications (Continued)
Balanced Output Voltage — Op Amp Application

001uF +Vour = +15V
I 4 9—0 To Additional Op Amps

4

4.TuF*

Cc+ +Vour

+Vs O—ﬁ +Vg -
RM4104 O (Typically 180 7413)
-Vs O~ Vs
Rs  C- GND Rp  -Vour
71.5€ RS o To Additional Op Amps
b3 - ~Vour = -15V
1 L az,p YU
L +
Ly
0014F A -

Ro (k) = 2.5 Vour

85-00204A

Digitally Controllied Dual 200mA Voltage Regulator

O +Vg = +25V

0.014F

+Vour =4 IpR1

—I—o +Vour (0 to +19.92V)
+
10uF

OPTIONAL TRACKING

Binary inputs
ABJUSTMENT

Adjust R2 for -19.92V at -Voyr with all “1s" at binary inputs,

then optionally adjust R3 for +19.92V at +Voyr H R3
/ RCAIB4TK 00K 3

@

7
( BAL A 100K
\ 1
[ Vo- -0
—
65-01725A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Fixed =15V

Raytheon

Dual Tracking Voltage Regulator

RC4195

Features

m +15V operational amplifier power at reduced
cost and component density

® Thermal shutdown at T; = +175°C in addition
to short circuit protection

® Output currents to 100mA

B May be used as single output regulator with
up to +50V output

m Available in TO-66, TO-99 and 8-Pin Plastic
Mini-DIP

m No external frequency compensation required

Schematic Diagram

Description

‘The RC/RM4195 is a dual polarity tracking
regulator designed to provide balanced positive
and negative 15V output voltages at currents
up to 100mA. This device is designed for local
“on-card” regulation, eliminating distribution prob-
lems associated with single point regulation. The
regulator is intended for ease of application. Only
two external components are required for oper-
ation (two 10uF bypass capacitors).

The device is available in three package types
to accommodate various applications requiring
economy, high power dissipation, and reduced
component density.

+Vg

Ground
@

Comp-
3

®

Comp+
© T

Balance
| ° ®

>

1 -15V

$——o0 Output
(&)

<
<
<

oa&—- ‘ RI1 <
o [, ™
o528 an 012 Q

Sﬁ

-Vs

*Pin numbers are for 8-pin packages

)

65-1097A
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Fixed =15V

RC4195 Dual Tracking Voltage Regulator
Connection Information
TO-66 TO-99 8-Lead
Metal Can Metal Can Plastic Dual In-Line
(Top View) (Top ylew) (Top View)
+Vs
-Vs (Case) +Vs Py
NC NC ] s
Comp+ +15Vour 7] +15vour
6] Bal
GND Bal
Comp-: -15Vout 5 |-1Bvour
Mask Pattern Functional Block Diagram
+15Vgyr +15Vgyr Bal  -15Vgyr

4195
-15Vgyr J '
+Comp E: E +Vs
+Vg
-Vg
GND E Z'HSVouv
Comp+ | Comp- $ 70
GND <
Die Size: 49 x 74 mils S 143K
Min. Pad Dimensions: 4 x 4 mils ~Comp E B Bal
Ordering Information 7~ g 1
Operating Vs |_T_ E-‘*‘VOUT
Part Number Package Temperature Range
RC4195NB Plastic 0°C to +70°C
RC4195T T0-99 0°C to +70°C
RC4195TK T0-99 0°C to +70°C Pin out for dual in-line package shown. 65-00089A
RM4195T T0-99 -55°C to +125°C
RM4195T/883B* T0-99 -55°C to +125°C
RM4195TK T0-66 -55°C to +125°C
"MIL-STD-883, Level B Processing
11-32 Raytheen




Fixed =15V

Dual Tracking Voltage Regulator RC4195

—

Absolute Maximum Ratings Thermal Characteristics

Supply Voltage (+Vg) to Ground ........ +30V 8-Lead 9-Lead

Load Current 8-Lead 1099 T0-66
TKPACKage ...ovvuveeervnneennnnns 150mA Plastic DIP| Metal Can | Metal Can

o T and N3 PaCKagﬁ_ .......... R ...... 100mA Max. Junction Temp| 125°C 175°C 150°C
perating Junction Temperature Range
RCA195 .evovnreennnennnns 0°Cto+12soc | MaxPoTa<%0°C | 468mW | 656mW | 2381mW
RM4195 .................. -55°C to +150°C Therm. Res. a,¢ — | s0°crw | 7°Crw

Storage Temperature Therm. Res. o 160°C/W | 190°C/W | 42°C/W
Range .......cocevueennn. -65°C to +150°C orm. 76s. %o

Lead Soldering Temperature For Ta >50°C 6.25mW | 526mW | 23.81mW
(10S€C) +vvnuenrerenreinannenns +300°c | Derateat per°C | per°C | per°C

Electrical Characteristics (I_ = *1mA, Vg =+20V, C_= 10uF
RM4195: -55°C < T; < +125°C; RC4195: 0°C < T;<+70°C unless otherwise specified)'

RC/RM4195
Parameters Test Conditions Min Typ Max Units
Line Regulation Vg = +18V to £30V 2 20 mvV
Load Regulation I, = TmA to 100mA 5 30 mv
(T’;‘ggér‘;‘t’lﬂ‘rige Drift With 0005 | 0015 | %/°C
Supply Current Vg = 230V, I = 0mA +15 +4.0 mA
Supply Voltage 18 30
OQutput Voltage Tj=+25°C 14.5 15.0 155 v
Output Voltage Tracking +50 +300 mvV
Ripple Rejection f=120Hz, Tj = +25°C 7% dB
Input-Output Voltage Differential I = 50mA 3 v
Short Circuit Current Tj=+25°C 220 mA
Output Voltage Noise T = +25°C, f = 100Hz to 10kHz 60 uVRMS
Internal Thermal Shutdown 175 °C

Notes: 1. The specifications above apply for the given junction temperature since pulse test conditions are used.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the

terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale.No
ation as to application or use or that the circuits are either ticensed or free from patent infringement is intended or implied. Raytheon

reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Fixed =15V
RC4195 Dual Tracking Voltage Regulator
_

Typical Performance Characteristics

Output Load Regulation Standby Current Drain
T T T 25
s 0 i~ RM4195; -55°C to +150°C
—_— RC4195: 0°C
g ) I~ = 20 [—{AM4195 55°C
y h— E
K — T 15 25°C
s ¢ e g 125°C
£ [ Reayes 0°C 10 +125°C1 ~ s
% 8 g 10
2
10 3
8 1 | Vs= 218V i 05 :
Tj =‘ Ta . H g
14 0
0 20 0 60 80 100 ® 18 20 2 24 2% 28 30 3
Load Current (mA} input Voltage (V)
Regulator Dropout Voltage Power Dissipation
90— 25 1000
) Vg - v ] I [ | ] ] i
= i Postive Regulator Ta = RC4195: 0°C 20 \ 80 =
s 30 i i Ta = RM4195: -55°C — ) N %
is et ; L o0 E
= ) s 1 s
$3 gt = : g
1 : L . ] N =
= et o | € 1w ® NN 400 =
ol e F N 2
£ . — \l < 05 2005
= C4195: 0°C to +125°C - Negative Regulator | § i
o L_BM4195: -55°C 10 +150°C L1 ] |3 ) B
0 20 ] 60 80 100 <75 50 -25 0 425 +50 +75 +100 +125
Load Current (mA) Ambient Temperature [°C)
Maximum Current Capability Ripple Rejection
20 TT% 0 '
\ \ T a_| ™ )V! -10
z 160 \ X Package \p\ackage =2 i
£ RN =% Negative Regulator
[ =]
§ 120 \ = s 40
- 2
§ & N 7 N N g ﬁ Positive Regul
3 Package \\ h = P
g 1 ~ = -70 7
T % Heatsink —— H T ¢
|| =—No Heatsin| . i
0 - I‘nfinilelHeatsipk Ja 32 3
-1
0 20 40 60 80 10 12 14 16 100 1.0K 10K 100K 1.0M
Input/Output Voltage Differential {V) Frequency (Hz)
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Fixed =15V

Dual Tracking Voltage Regulator RC4195
Typical Applications
Balanced Output (Vg = £15V) Positive Single Supply (+15V < Vg < +50V)
Vg = +50V at 100mA
+53V to +60V s o 0 vy
+18V to +30V +15V at 100mA t]_
+vs Wof— nes Bal 104
L 104 ] :
4% I Vs e Vo =
18V 10 -30V = 15V at 100mA
O———-Vs GND -Vo = ) :; R1
R > 15K
Z - <
J_ EXN: Vg = +15V(1+ )
-4 4 (Vg + 3V) < Viy < 60V S R
= = <
65-0100A 1’L 35K
= 65-0101A
High Output Current
2N4905 or Equiv. *Rsc
v K
AL
__]: I LA I
4 - p—o0 +Vg = +15V
Vs o AN d +Vs  GND C+ Vo -
== 60uF
s T
47 =
Vs AN -Vs c- Vo T 0 Vg = -15V
L 0.1uF I 60uF
nNz97 orEquiv. | T =
\ Load Reguiation
10mV @ 2.5A
*Rs¢ 2N4914 or Equiv.
.Rsc = %S% 65-0102A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Inverting
Switching Regulator

Raytheon

RC4391

Features

8 Converts a positive voltage into a negative
voltage

® Specifically designed for low power applica-
tions, including batteries

B Adjustable output voltage

® High switch current capability

® Low quiescent supply current — 175A typical

® Eight pin mini dual in-line package

8 |ow battery detection circuitry

® High efficiency — 70% typical

Description

Raytheon's micropower inverting switching regu-
lator, RC/RM4391, is a monolithic low power
switching regulator specifically designed for low
power inverting applications. The RC4391 con-
tains an internal 1.25V bandgap voltage reference,
switch transistor, comparator, free running oscil-
lator, and low battery detection circuitry. These
components are interconnected to minimize the
number of external components required in
typical inverting applications (see Figure 2). The
RC4391 requires an inductor, diode, timing capac-
itor, and an R2, R1 network to achieve a negative
output voltage. The RC4391 allows the designer
flexibility in designing unconventional applica-
tions such as replacing the internal bandgap
reference with an external or system reference,
or using the low battery detection comparator
and transistor as voltage level detectors or for
signal generation.

A typical application would combine the RC4391
with the RC4193 micropower switching regulator
to convert a single input voltage into a 12V
or +15V op amp power supply. The single
voltage can be from a battery, bridge rectifier
or existing +5.0V bus on card for this application
(see Figure 7).

Absolute Maximum Ratings

Internal Power Dissipation ........... 500mwW
Supply Voltage (Without External

Series Pass Transistor) ....... +30V-|Vourt!
Storage Temperature

Range ................... -65°C to +150°C
Operating Temperature Range

RM4391 .................. -585°C to +125°C

RvV4391 ... ... ............. -40°C to +85°C

RC4391 ..................... 0°C to +70°C
Switch Current (Isw) .....ov..... 375mA peak

Die Size: 69 x 50 mils ssotstin
Min. Pad Dimensions: 4 x 4 mils

Functional Block Diagram

65016104
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RC4391 Inverting Switching Regulator

B

Thermal Characteristics Ordering Information
8-Lead 8-Lead Operating
Plastic DiP | Cersmic DIP Part Number Package Temperature Range
Max. Junction Temp. 125°C 175°C RC4391DE Ceramic 0°C to +70°C
Max. Pp Ta < 50°C 468mW SBmW RC4391NB Plastic 0°C to +70°C
e | - Teow| [N |G| S
Therm. Res. bua 160°C/W_ | 150°C/W RM4391DE Ceramic | -55°C to +125°C
For Tp > 50°C Derate at 6.25mwW 8.33mwW RM4391DE/883B* | Ceramic -55°C to +125°C
per °C per °C *MIL-STD-883, Level B Processing

Connection Information

8-Lead
Dual In-Line Package
(Top View) Pin Function
e 1 Low Battery Resistor (LBR)

E: 3 2 Low Battery Detector (LBD)
3 Timing Capacitor (Cx)

E 3 4 Ground
5 External Inductor (Lx)

E E 6 +Supply Voltage (+Vs)
7 +1.25V Reference Voitage (VRer)

E . 8 Feedback Voltage (Vg)

65016124

Cautionary Note: Care must be taken not to exceed the maximum current rating of the switch transistor. Select the inductor value
and timing capacitor value carefully, and when prototyping, start with low input voltages first.

Electrical Characteristics (Circuit of Figure 2, Vg = +6.0V, Ta = +25° C uniess otherwise noted)

RC4391
Parameter Symbol | Condition Min Typ Max Units
Vg = +4.0V, 170 250
No External Loads
Supply Current | A
upply Lurren S [Vs=+25v, %0 | 50 #
No External Loads
VouT nom = -5.0V 535 | -50 -4.65
Output Voltage V v
utput Voltage OUT 00T nom = 15V 1585 | <15 | 1415
Vout nom = -5.0V,
Cx = 150pF, 15 30
Line Regulation Vs = +58V to +15V % Vour
VouT nom = =15V,
Cx = 150pF, 1.0 20
Vg = +5.8V to +15V
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Inverting Switching Regulator RC4391
—

Electrical Characteristics (Continued)
(Circuit of Figure 2, Vs = +6.0V over the full operating temperature range unless otherwise noted)

RC4391
Parameter Symboi | Condition Min Tvp Max Units
Vour pom = -5.0,
gx = 3505)F,v\vls = %45\)4/ 0.2 04
= t
Load Regulation Loap = P 7o fom % Vout
Vout pom = -15V,
Cx = 350pF, Vs = +4.5V, 0.07 0.14
Proap = OmW to 75mwW
Reference Voltage VRer 118 125 132 Vv
Switch Current lsw Pin5=55V 75 100 mA
Switch Leakage Current Ico Pin 5= -24v 0.01 50 uA
Timing Pin Current lcx Pin3=0V 6.0 10 14 uA
LBD Leakage Current Pin1=15V, Pin2=6.0V 0.01 50 uA
LBD on Current Pin1=11V. Pin2=04V 210 600 A
LBR Bias Current Pin 1=15V 0.7 uA
Electrical Characteristics (Continued)
(Circuit of Figure 2, Vg = +6.0V, T = +25°C unless otherwise noted)
RC4391
Parameter Symbol | Condition Min Typ Max Units
Supply Voltage +Vg +4.0 +30-Vourl| V
Supply Current M Vg = +25V 300 500 uh
Reference Voltage VREF 113 1.25 1.36 v
VouT nom = -5.0V -55 | -50 -45
Output Volt v v
utput Voltage T I U nom = ~T5V 65 | 55| -135
VouT nom = -5.0V,
Cx = 150pF, 20 40
. Vg = +5.8V to +15V
Line Regulation %V
9 VouT nom = -15V, Lo
Cx =150pF, 15 3.0
Vg = +5.8V to +15V
Vour nom = -5.0V,
Cx = 350pF, Vg = +4.5V, 0.2 0.5
PLoap = OmW to 50mW
Load Regulation Loap = OmW to S0m % Vout
VouT nom = -15V,
Cx = 350pF, Vg = +4.5V, 0.2 06
Proap = OmW to 50mW
Switch Leakage Current Ico Pin 5 = -24V 01 30 uA

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become partof the

terms and condmons of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
ion as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon

reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4391

Inverting Switching Regulator

S

Principles of Operation

The basic switching inverter circuit is the building
block on which the complete inverting application
is based.

A simplified diagram of the voltage inverter
circuit with ideal components and no feedback
circuitry is shown in Figure 1. When the switch S
is closed, charging current from the battery flows
through the inductor L, which builds up a
magnetic field, increasing as the switch is held
closed. When the switch is opened, the magnetic
field collapses, and the energy stored in the
magnetic field is converted into a current which
flows through the inductor in the same direction
as the charging current. Because there is no
path for this current to flow through the switch,
the current must flow through the diode to charge
the capacitor C. The key to the inversion is the
ability of the inductor to become a source when
the charging current is removed.

The equation V = (L) (di/dt) gives the maximum
possible voltage across the inductor; in the actual
application, feedback circuitry and the output
capacitor will decrease the output voltage to a
regulated fixed value.

A complete schematic for the standard inverting
application is shown in Figure 2. The ideal switch

in the simplified diagram is replaced by the PNP
transistor switch between pins 5 and 6. Cr func-
tions as the output filter capacitor, and D1 and
Lx replace D and L.

When power is first applied, the ground sensing
comparator (Pin 8) compares the output voitage
to the +1.25V voltage reference. Because Cf is
initially discharged a positive voltage is applied
to the comparator, and the output of the com-
parator gates the squarewave oscillator. This
gated squarewave signal turns on, then off, the
PNP output transistor. This turning on and off
of the output transistor performs the same func-
tion as opening and closing the ideal switch
in the simplified diagram,; i.e., it stores energy
in the inductor during the on time and releases
it into the capacitor during the off time.

65-01601A

Figure 1. Simplified Voltage Inverter

65-01602A

L]

CF
100.F T+

b-Vour

Parts -5.0v -1V
List Output Output
L R1= 00k2 | 900k
":]91‘4 R2 = 75k 75k
| Cx = 150pF 150pF
Lx = | 1.0mH Dale TE3 Q4 TA|

For high performance applications,
use larger values C1, C3, and
power Schottky for D1.

lllv-ﬁ:’_*‘ .

Figure 2. 4391 Standard Application Circuit
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RC4391

e

The comparator will continue to gate the oscillator
to the switch transistor until enough energy
has been stored in the output capacitor to make
the comparator input voltage decrease to less
than QV. The voltage applied to the comparator
is set by the output voltage, the reference
voltage, and the ratio of R1 to R2.

Design Equations

The inductor value and timing capacitor value
must be carfully tailored to the ripple, input
voltage range, output voltage, switch transistor
maximum current, and output load current re-
quirements of the application. The key to the
problem is to select the correct inductor value
to meet the load current requirement, without
selecting values of Cx and Lx that cause excessive
inductor current (which may saturate the inductor
or burn up the switch transistor). Following are
design equations to help select values for Cyx
and Lx under the most difficult conditions, where
the absolute value of the output voitage is greater
than the supply voitage (|VouTt| > +Vs).

3.0 x 108

Fo(Hz)
Select an operating frequency and calculate a
value for Cx from equation (1).

(+Vs - Vsw)?
(louT(avg) (8-0)(fo){IVouT! +Vp)

(1) Cx(pF) =

2) Lx (Henries) =

where L = Inductor value in Henrys
fo = Switching frequency
Vsw = Satauration voltage of switching
transistor
Vp = Diode voltage

Then find a value for Lx based on the minimum
supply voltage to be applied.

_ Vs - Vsw
®) MAX = G007 o)

Check and see if the maximum inductor current
(Imax) is greater than the 375mA rating of the
switch transistor. If Ipmax is too high, then an
external switch transistor must be used in place
of Q1.

As an alternative to using the design equations,
the following process can be used to optimize
circuit performance.

1140

1. Select an operating frequency based on effi-
ciency and capacitor size requirements (fre-
quencies from 10kHz to 50kHz are typical).

2. Build the circuit and apply the worst case
conditions to it, i.e., the lowest battery voltage
and the highest load current at the desired
output voltage.

3. Adjust the inductor value down until the
desired output voltage is achieved, then go
a little lower (approximately 15%) to cover
_manufacturing tolerances.

4. Check the output voltage with an oscillo-
scope for ripple, at high supply voltages,
at voltages as high as are expected. Also
check for efficiency by monitoring supply
and output voltages and currents (eff = (Vour)
(lout)/(+Vs)(Isy) x 100%).

5. If the efficiency is poor, go back to (1) and
start over. If the ripple is excessive, then
increase the output filter capacitor value or
start over.

Timing

The oscillator creates a squarewave using a
method similar to the 555 timer IC, with a current
steering flip-flop controlled by two voltage sensing
comparators. The value of the timing capacitor is
set according to the following equation:

3.0x 108
Cx

The squarewave output of the oscillator is internal
and cannot be directly measured, but is equal
in frequency to the triangle waveform measurable
at pin 3. The switch transistor is normally on
when the triangle waveform is ramping up and
off when ramping down. Capacitor selection de-
pends on the application; higher operating fre-
quencies will reduce the output voltage ripple
while trading off efficiency and load regulation.
Keep the capacitor lead length short.

fop(Hz) =

Inductors

Efficiency and load regulation will improve if a
quality high Q inductor is used. A ferrite pot core
is recommended; the wind-yourself type with an
air gap adjustable by washers or spacers is very
useful for bread boarding prototypes. Care must
be taken to choose a permeable enough core to
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Inverting Switching Regulator

handle the magnetic flux produced at Imax; if the
core saturates then efficiency and output current
capability are severely degraded and excessive
current will flow through the switch transistor. An
isolated AC current probe for an oscilloscope is
an excellent tool for saturation problems; with
it the inductor current can be monitored for
nonlinearity at the peaks (a sign of saturation).

Low Battery Detector

An open collector signal transistor Q2 with com-
parator C2 provides the designer with a method
of signaling a display or computer whenever the
battery voltage falls below a programmed level.
This level is determined by the +1.25V reference
level and by the selection of two external resistors
according to the equation:

VTH = VREF (‘E%*L 1)

+Vg

65016514

Figure 3. Low Battery Detector

When the battery voltage drops below this thres-
hold Q2 will turn on and sink over 600uA typically.
The low battery detector circuitry may also be
used for other, less conventional applications.

Device Shutdown

The entire device may be shut down to an
extremely low current non-operating condition
by disconnecting the ground (pin 4). This can
be easily done by putting an NPN transistor in
series with the ground pin and switching it with
an external signal. This switch will not affect the

Raytheeon

efficiency of operation, but will add to and in-
crease the reference voltage by an amount equai
to the saturation voltage of the transistor used.

External Switch Transistors

Figure 4 is a schematic of an inverting power
supply using an external PNP switch transistor.
Supply voltage is applied to the IC via the 1kQ2
resistor; when the internal switch transistor is
turned on current through the 50() resistor is
also drawn through the 1k(} resistor, creating
avoltage drop from base to emitter of the external
switch transistor. This drop turns on the external
transistor. In place of the standard 1N914 diode
a Schottky diode is used to increase efficiency.

R1

Molomla"A'A' R
0 T I Vour
S
4’ =
mu;ﬂ?
8] 71 6] s L
Vrg VeRer Vs L
>
L] 3500
LBR 18D G, oND | |
T T 108 Vour = (veer) (1)
«T 1
= = 85020524

Figure 4. High Current, High Efficiency Supply

Another external transistor circuit is shown in
Figure 5. This circuit uses an NPN transistor
in place of the PNP of Figure 4. Use of the
NPN allows for a greater switch current capa-
bility but reduces efficiency. An optional zener
diode allows for higher input voltages than the
4391 can tolerate alone. Note than even though
the addition of the zener raises the maximum
allowable supply voltage, it does not alter the
maximum change of supply voltage, which equals
the maximum supply voltage minus the minimum
supply voltage (AV = 30V - 4.0V = 26V). So,
with a 10V zener diode, the supply voltage range
will be 14V to 40V.
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+
e

Figure 5. High Voltage/High Power
Appilication Circuit

Voltage Dependent Oscillator

The 4391’s ability to supply load current at low
battery voltages depends on the inductor value
and the oscillator frequency. Low values of induc-
tance or a low oscillator frequency will cause a
higher peak inductor current and therefore in-
crease the load current capability. A large inductor
current is not necessarily best, however, because
the large amount of energy delivered with each
cycle will cause a large voltage ripple at the
output, especially at high input voltages. This
tradeoff between load current capability and out-
put ripple can be improved with the circuit con-
nection shown in Figure 6. This circuit uses the
low battery detector to sense for a low battery
voltage condition and will decrease the oscillator
frequency after a pre-programmed threshold is
reached.

The threshold is programmed exactly as the
normal low battery detector connection:
- Veer(B2) -
VTH VREF(Rs 1
When the battery voltage reaches this threshold
the comparator will turn on the open collector
transistor at pin 2, effectively putting Cy in parallel

11-42

Figure 6. Voltage Dependent Oscillator

with Cx. This added capacitance will reduce the
oscillator frequency according to the following
equation:

Fo. 30x10°
0% Ci+Cy

Dual Tracking Power Supply

A schematic of a power supply that will provide
positive and negative voltages from a single
battery is shown in Figure 7. The circuit uses
a 4391 to generate a negative voltage and uses
a 4193 to generate a positive voltage. The resistor
values given will set the outputs at +15V. Both
output voltages can be adjusted simultaneously
by changing a single resistor value, but note
that, because the 4193 is in a step-up mode,
the battery voltage must always be less than
the programmed positive output voltage. The
inductor and timing capacitor values shown were
chosen to optimize circuit performance for the
following application specifications:

Vourt = 15V

Vgar = +12V

VpaT Range = +12V to +5V

lout = +45mA and -15mA

Output ripple less than 100mV,_p

Efficiency = 75%

The output power levels shown above represent
the highest practical power levels using the in-
ternal switch transistors. Higher power supplies

Raytheen
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+Vg
-loyt = -15mA D1 (12V Nominal) 7 D2 +lgur = 45mA
Vour INg14 T 500H 914 our
. rrm . —
c1 VREF o
L1
150uF I+ Lw 20 +1.25V a1 a 3 I 3304F
=  S10K t ™ 200pF Sm=
T 5 z § 5 3 T 115K
= L Vi +V $ +Vs Lx
8 X REF S 4 : 100K 6 Ic Vel 7
Ve 4391 GND j- 4 GND 4193

3 e cx o 1eR | = Cx  LBD _ LBR b3
< > 11K

> 100K 3 .Lg ‘1 - 2 J_B 1 ﬂL

C6 C4 .
l 150pF 100pF =
To+Vour 1 1 w
TI =5 +Vour = VaEF(__ +1)
60pF IaopF Ra

R
1-Voutl = +Vour(—7 )
R6

85-016578

Figure 7. RC4391/RC4193 Power Supply (+15.0V With Values Given)

will probably have to use external switch tran-
sistors to avoid overheating and drawing exces-
sive switch current.

The timing capacitors are set up as in the voltage
dependent oscillator application (Figure 6), so
that the operating frequency will decrease at
low battery voltages, thus allowing a greater
load current capability. The values of R2, RS,
C4, and C6 were chosen to optimize for the
+12V to +5V battery conditions, setting the thres-
hold for frequency change at +8.5V. For more
information on designing with the RC4193, refer
to the RC4191/2/3 data sheet.

-15v +1.31V +15V
Ground—\ [ Output [ Ref Out \—+12V Input Output
o ¢ o

(B]=] ’/ouo
o oo 030 0} g
ot RTOMRS/ R[S RATM
oCmo DU []u[ﬁ] i
o ©0 0000 O o
RO o
=]
& @ o L2
° o0 o O o
oo [Jo ocs
o0 0o O
RS ©

\_ / 65-02054A
Drill Out Drilt Out

Figure 8. Dual Power Supply PC Layout
(Component Side View)

Raylheen

Figure 9. Dual Power Supply
Component Placement Diagram
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Inverting Switching Regulator RC4391
]
Troubleshooting Chart for Circuit of Figure 2

Symptom Possible Problems

Device draws excessive current when Excessive supply voltage. Leakage or short

power is applied. on pin 3.

Excessive current pulses during normal Operating frequency too low. Excessive supply

operation (motorboating) or voltage. Inadequate VRrer bypass. Inadequate

excessive output ripple. output filtering.

Slightly positive output voltage no Feedback loop disconnected (R1, R2). Pin 5§

current pulses. disconnected. Supply voltage too low. Bad
rectifier diode. Bad grounding.

Excessively negative output voltage. Feedback loop disconnected (R1, R2).

Poor load regulation and/or poor efficiency. Bad rectifier diode. Excessive inductor

resistance. Excessive switch resistance. Opera-
ting frequency too high. Inductor saturating.
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RC4391 Inverting Switching Regulator

Typical Performance Characteristics

Power vs. Ripple Power vs. Duty Cycle
125 50
100 fop = 10kHz 45
L1 ™ fop = 10kHz
£ £ 4 \
= _ S
g 5 |t 0P = 20kHz 5 % \\\
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0 © 25 L 1 8
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RC555/556 Timers
Time delay or free running squarewave oscillators
with precision accuracy operation.

RC4200 Analog Multiplier
Performs analog computer operations with volt-
ages and currents.

RC4260 Synchronous Detector
Amplifier with phase reversal under control of
external logic.

Section 12
Special
Functions

RC4444 Crosspoint Array
SCR matrix for telephone switching applications.

RV4143 Ground Fault Interrupter
Controls a relay in AC outlet safety devices.

XR-2207 Voltage Controlled Oscillator
Frequency programmable sawtooth or square-
wave oscillator for FSK generation.

XR-2211 PLL
Phase-locked loop designed for FSK demodulators.
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Timer

Rayiheon

RC555

Features

® Timing from microseconds through hours

8 Operates in both astable and monostable
modes

8 Adjustable duty cycle

| Qutput drives TTL

® High current output can source or sink 200mA

B Temperature stability of 0.005%/°C

B Normally on and normally off output

Schematic Diagram

Description

The RC/RM555 monolithic timing circuit is a
highly stable controller capable of producing
accurate time delays or oscillation. In the time
delay mode, delay time is precisely controlled
by only two external parts: a resistor and a
capacitor. For operation as an oscillator, both
the free running frequency and the duty cycle
are accurately controlled by two external resistors
and a capacitor.

Terminals are provided for triggering and resetting.
The circuit will trigger and reset on falling wave-
forms. The output can source or sink up to
200mA or drive TTL circuits.

Vs o
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Threshold

Og\l

S|
g

(6

Control Voltage
—0 6]

Tigger o
2

‘t RS
o 10K
1 Q13 Q14
015
Reset Q10

: Q12
)

> Qutput
$e — o
02
ld
TN
S | " A .-'4)21
$ 5k LIK

25

P

Discharge 1
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an 016}—J Q17
GND .
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=
©
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m 100
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||l—<

65 007068

12-2 65-1085A



RC555 Timer
]}

Connection Information

8-Lead 8-Lead
Dual In-Line Package TO-99 Metal Can
(Top View) (Top View)
Py \J Pin Function
E 3 1 Ground
2 Trigger
3 Output
E E] 4 Reset
5 Control Voltage
E E 6 Threshold
7 Discharge
E E 8 +Vg
Thermal Characteristics Mask Pattern
8lead | 8lead | 8-Lead 5 4
Plastic | Ceramic T0-99
niP DIP | Metal Can 6
Max. Junction Temp. | 125°C | 175°C | 15°C 7 3
Max. Pp Ta <50°C | 468mW | 833mW | 658mW
Therm. Res. 6,¢ — 45°C/W | 50°C/W 2
Therm. Res. 6,4 160°C/W | 150°C/W | 190°C/W
For Tp > 50°C 6.25mW | 8.33mW [ 5.26mwW
Derate at per°C | per°C | per°C . 65-00705A
8 1
7 : Die Size: 56 x 53 mils
orde"ng Information Min. Pad Dimensions: 4 x 4 mils
Operating
Part Number Package Temperature Range .
g, P ! Absolute Maximum Ratings
RC555DE Ceramic 0°C to +70°C
RC555NB Plastic 0°C to +70°C Supply Voltage .............ccooiaen. +18V
RC555T T0-99 0°C to +70°C Storage Temperature
RV555NB Plastic ~40°C to +85°C Range ................... -65°C to +150°C
Operating Temperature Range
RM555DE Ceramic | -55°Cto +125°C RC555 «.'eeeeiininnnnnnns 0°C to +70°C
RMSS55DE/8838* | Ceramic | -55°C to +125°C RVB55 . ..eevneveinnnnnnns -40°C to +85°C
RMS55T 10-99 -55°Cto +125°C RMS555 .. ...ooeiennnn.. -55°C to +125°C
RMS55T/8638 0% ~55°Cto +125°C Lead Soldering Temperature
“MIL-STD-883, Level B Processing (B0SEC) ...ovviiiiiiiii i +300°C

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheon 12-3



Timer RC555
L.

Electrical Characteristics (Vg = +5V to +15V and Ta = +25°C unless otherwise noted)

RM555 RV/RCS555
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
Supply Voltage 45 8 |45 16 v
Vs=+5V, R == 30 | 50 40 | 60
Supply Current" Vg=+15V R, == 0| © 0| 5] mA
Low State
Timing Error?
Initial Accuracy Ra. R = 1k to 100k2 05 20 1.0 %
Vs Temperature C=01uF 30 100 50 ppm/°C
Vs Supply Voltage 005 | 02 01 %/V
Threshold Voltage 2/3 2/3 x Vg
. Vg = +15V 48 | 50 | 52 5.0
Trigger Voltage v
Vg = +5V 145 | 167 | 19 1.67
Trigger Current 05 0.5 uhA
Reset Voltage 04 | 07 10 (04 | 07 1.0 v
Reset Current 0.1 01 mA
Threshold Current? 01 | 025 01 [ 025 A
Vg = +15V 96 10 104 | 90 10 1
Control Voitage Level s v
Vg = +5V 29 [ 333 | 38 |26 | 333 | 40
Vg = +15V, Igink = 10mA 01 | 015 01 | 025
Ising = 50mA 04 | 05 04 | 075
lsink = 100mA 20 | 22 20 | 25
Output Voltage Drop {Low) - v
Ising = 200mA 25 25
VS = +5V, Igink = 8BmA 01 0.25
Isink = SMA 025 | 0.35
Isouce = 200mA
Vg = +15V 125 125
Output Voltage Drop (High) Isource = 100mA v
Vg = +15V 13 | 133 1275 | 133
Vg = +5V 30 33 275 | 33
Rise Time of Output 100 100 nS
Fall Time of Qutput 100 100 nS

Notes: 1. Suppiy current when output high typically 1mA less.
2. Tested at Vg = +5V and Vg = +15V.
3. This will determine the maximum value of Ry + Rg. For +15V operation, the maximum total R = 20MQ}.

124 Raytheen



RC555 Timer

Typical Performance Characteristics

Minimum Pulse Width Required for Triggering Supply Current vs. Supply Voltage
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]

Typical Performance Characteristics (Continued)

RC555

Delay Time vs. Supply Voltage
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RC555 Timer

Typical Applications

Missing Pulse Detector

With the RC/RM555 connected as shown, the +Vs (+5V to +15V)
timing cycle will be continuously reset by the
input pulse train. A change in frequency, or a Ru ]_4 Ra 2
missing pulse, allows the timing cycle to go to 4 8
completion and change the output level. For 3 7

. ! Qutput 595 L
proper operation the time delay should be set 5 6] (=
slightly longer than the normal time between 2 l

pulses. 0014F

r ]

Input

65-00716A

Figure 1. Missing Pulse Detector

Monostable Operation

In this mode, the timer functions as a one-shot. Vs sV to +5y)
The external capacitor is initially held discharged Reset O~ ———
by a transistor internal to the timer. Applying a RL T
negative trigger pulse to Pin 2 sets the flip-flop, 1=, 8
driving the output high and releasing the short- 556 1 1
circuit across the external capacitor. The voltage
across the capacitor increases with time constant
r = RAC to 2/3 Vg, where the comparator resets
the flip-flop and discharges the external capacitor.
The output is now in the low state.

o

>

A
A4

@~

Output

-
.|H|I—]

0.014F  gs00710n

Circuit triggering takes place when the negative-
going trigger pulse reaches 1/3 Vg and the circuit Time Delay vs. Ra, Rg and C
stays in the output high state until the set time 100 T 7 7 v
elapses. The time the output remains in the high (Ra+FRg) “L/ / /
state is 1.1RAC and can be determined by the 10 0k 7 7
graph. A negative pulse applied to Pin 4 (reset) A“/ /
during the timing cycle will discharge the external 7
capacitor and start the cycle over again beginning
on the positive-going edge of the reset pulse. If
reset. function is not used, Pin 4 should be

. . 001 /
connected to Vg to avoid false resetting. /’ /' /

Capacitance (uf)

10 100 1 10 100 1 10
uS uS mS mS mS S S
Time Delay

Figure 2. Monostable Operation
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Typical Applications (Continued)

RC555

Free Running Operation (Astable)

With the circuit connected as shown, it will
trigger itself and free run as a multivibrator. The
external capacitor charges through Rp and Rp
and discharges through Rg only. Thus the duty
cycle is set by the ratio of these two resistors,
and the capacitor charges and discharges be-
tween 1/3 Vg and 2/3 Vg. Charge and discharge
times, and therefore frequency, are independent
of supply voltage. The free running frequency
versus Ra, Rg and C is shown in the graph.

Free Running Frequency vs. Ry, Rg and C

Capacitance (..F}

+Vs (+5V 10 +15V) f

555 RB:
6

I |_ch

vV

65-007188

100

IOKN
1

N

01 N

NN
N

0.01}— (Ra + 2Rp) \

0.001

0.1 1 10 100 1 10
Hz Hz Hz Hz kHz kHz

Free Running Frequency

Figure 3. Free Running Operation
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Rayiheon

Dual Timer

RC556

Features

8 Timing from microseconds through hours

® Operates in both astable and monostable
modes

B Adjustable duty cycle

8 OQutput drives TTL

B High current output can source or sink 200mA

® Temperature stability of 0.005%/°C

® Normally on and normally off output

Description

The RC556 dual monolithic timing circuit is a
highly stable controller capable of producing
accurate time delays or oscillation. In the time
delay mode, delay time is precisely controlled
by only two external parts: a resistor and a
capacitor. For operation as an oscillator, both
the free running frequency and the duty cycle
are accurately controlled by two external resistors
and a capacitor.

Terminals are provided for triggering and reset-
ting. The circuit will trigger and reset on falling
waveforms. The output can source or sink up
to 200mA or drive TTL circuits.

Mask Pattern

65-00719A

6 7 8
80 x 76 mils

Die Size:

Min. Pad Dimensions: 4 x 4 mils
Schematic Diagram (1/2 Shown)
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ldd
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$ RS 1 1
5 in | Y R
013 a1 {5 WA
o 012 at5 ) ) 020 hud »
N .—.@m s
Reset L/
(410) Q10 '\018
Discharge 1 $he ¢ Ris
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o l 100
T e
Raylheon 65-1086A 12-9



RC556 Dual Timer
L. |

Connection Information Absolute Maximum Ratings
14-Lead Supply Voltage ................ ... ... +18V
Dual In-Line Package Storage Temperature

(Top View) Range ................... -65°C to +150°C

Operating Temperature Range
° B RC556 .........ccvvvvvvnnnn. 0°C to +70°C
RM556 .......ccccvnnnne. -55°C to +125°C
RV556 ...ovvvviiennnnnn.. -40°C to +85°C

Lead Soldering Temperature

(B0SEC) v'vvviiri i +300°C

Thermal Characteristics

micizisiziols
AEEEEEE

14-Lead 14-Lead
Plastic DIP | Ceramic DIP
Max. Junction Temp. 125°C 175°C
Max. Py Ta <50°C 468mW 1042mwW
65-00830A Therm. Res. 8¢ — 60°C/W
Pin Function Therm. Res. 64 160°C/W 120°C/W
1 Discharge A
2 Threshold A For Tp > 50°C Derate at 6.25mwW 8.38mwW
3 Control A per°C per °C
4 Reset A
5 Output A . .
6 Trigger A Ordering Information
7 Ground Operating
8 Trigger B Part Number Package Temperature Range
b upuB RC55608 Plastic |  0°Ct0+70°C
1 Control B RC556DC Ceramic 0°C to +70°C
12 Threshold B RvV556DB Plastic -40°C to +85°C
o DichargeB RMS56DC Ceramic | -55°Cto +125°C
S RM556DC/883B™ | Ceramic -55°C to +125°C

*MIL-STD-883, Level B Processing

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Dual Timer

RC556

Electrical Characteristics (Vs = +5V to +15V and T = +25°C unless otherwise noted)

RMS556 RC/RVS56
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
Supply Voltage 45 18 | 45 16 v
Vg=+5V, R == 30 | 50 40 | 6.0
Supply Current! Vg=+15V, R == 10 1 10 14 mA
Low State
Timing Error? (Free Running)
Initial Accuracy Ra. Rp = 2k() to 100k 15 225 %
Vg Temperature C=01uF 90 150 ppm/°C
Vg Supply Voltage 0.15 0.2 %IV
Timing Error? (Monostable)
Initial Accuracy Ra, Rg = 2k to 100k} 05 15 0.75 %
Vs Temperature C=01uF 30 100 50 ppm/°C]
Vg Supply Voltage 005 | 02 0.1 %IV
Threshold Voltage 2/3 213 x Vs
. Vs = +15V 48 | 50 | 52 5.0
Trigger Voltage v
Vg = +5V 145 | 167 | 19 167
Trigger Current 05 0.5 uA
Reset Voltage 04 0.7 10 [ 04 07 1.0 v
Reset Current 01 01 mA
Threshold Current? 003 [ 01 003 | 01 uA
Vg = +15V 9.6 10 | 104 | 9.0 10 "
Control Voltage Level )
Vg = +5V 29 |1 333 | 38 26 | 333 | 40
Vs = +15V, Igink = 10mA 01 | 015 01 | 025
Ising = 50mA 04 05 04 | 075
Ising = 100mA 20 | 225 20 | 275
Output Voltage Drop (Low) SINK v
Isink = 200mA 25 25
Vs = +5V, Igink = 8mA 01 0.25
Ising = SMA 025 | 035

Notes: 1. Supply current when output high typically 2mA less.

2. Tested at Vg = +5V and Vg = +15V.

3. This wili determine the maximum value of R, + Rg. For +15V operation, the maximum total R = 20M().
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RC556 Dual Timer
|

Electrical Characteristics (Continued) (Vg=+5V to+15V and Ta = +25° C unless otherwise noted)

RM556 RC/RV556
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
IsouRce = 200mA
Vg = +15V 125 125
Output Voltage Drop (High) Isource = 100mA v
Vg = +15V 13 | 133 12751 133
Vg = +5V 30 | 33 275 ¢ 33
Rise Time of Output 100 100 nS
Fall Time of Output 100 100 nS
Matching Characteristics Between
Each Section
Initial Timing Accuracy 0.3 0.6 0.5 10 %
Vs Temperature +10 +10 ppm/°C
VsSupply Voitage 01 0.2 0.2 05| %/V
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Dual Timer RC556

Typical Performance Characteristics

Supply Current vs. Supply Voltage

Minimum Pulse Width Required for Triggering (Each Section)
12 17 2 l
10 A A 10 R
3 A= -55°C _ +25°C
= Ll g $125°C
g 08 Th= +25°C 4 E 8 * —
= 1 A 5 ><>//
8 06 Th=+125°C E ¢ ——
] /7 3 =
E 04 7l / -E 4 4/4/
E YV / 2 =
E 02 / F 2 g
224 : :
0 2 0 8
0 01 02 03 04 5 10 15
Lowest Voitage Level of Trigger Pulse (x Vg) Supply Voltage (V)

High Output Voltage vs. Output Source Current Low Output Voitage vs. Output Sink Current

20 T 1
18—Ta -55:°C'r — Vs = +5V P
18T, - 2sec T -
14 —t
s o1 LI 10 <G £
E 4o Ta= +125°C L1 % |'125 =72
= 3 11
.08 £
£ 06 0.1
04
o 5V Vg < +15V é =11 &
.. 8
0 1 I IL 3 0.01 I l I 2
10 10 10 10 10 100
Isounce (mA) Ik (mA}

Low Output Voltage vs. Output Sink Current Low Output Voltage vs. Output Sink Current

10 H 10
Vg = +10V H :\,Sg:mv
+125°C
10 S = 10 £ +125°C:
E _55°C z e ks
3 I 2 -55°C =
0.1 01
A é 17 §
== % 001 I 3
10 10 100 10 10 100
Igin (mA) Tamx (mA)
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RC556 Dual Timer

L ]
Typical Performance Characteristics (Continued)

Output Propagation Delay vs. Output Propagation Delay vs.
Voltage Level of Trigger Pulse Voltage Level of Trigger Pulse
1200 T 7T 20 v v 71 oo
Ta=+25°C p Vs = +15V +125° 0] .y
1000 77 1000 +70°C N 4
z z +25°C
< 0 Vs = +5.0V / < 800 fo C\ y’/ /
S g g 550N /// /
£ 600 . F 600 ) 7 /
s, vy /\z = 0V, +15V 3
g a0 A g w = g 4
< Brd & -V
200 F 200 ]
8 g
0 8 0 8
0 01 02 03 0 01 02 03
Lowest Voltage Level of Trigger Pulse (x V) Lowest Voitage Level of Trigger Puise (x Vg)
Discharge Transistor (Pin 1, 13) Discharge Transistor (Pin 1, 13)
Voltage vs. Sink Current Voltage vs. Sink Current
1000 1000 : =
Vs = +15V +123°C Vg = +5.0ViIE—LHh S
+25°C T I +125°C i Bun
oS B S
N N
2 400 N 2 40 111y ‘
a 11 a
z =
E Py £ -
5 10 2 5 10 g -
> > —1
g
10 H vol L LU H
001 01 10 10 100 001 0.1 10 10 100
Ik {mA) Pin 1,13 Ik (mA) Pin 1, 13
Delay Time vs. Supply Voltage Delay Time vs. Temperature
1015 1015
1010 « 1010
™ E
E =
£
= 1.005 \ - gmos
S 100 A _— B 1000
L] = B —
£ 0995 Eogs
S =
=
0990 H 0.990 K
8 8
0985 3 0985 3
0 +5 +10 +15 +20 <75 -50 -25 0 +25 +50 +75 +100 +125
Supply Voltage (V) Temperature (°C)
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Dual Timer

RC556

Basic Operational Modes

Monostable Operation

In this mode the timer functions as a one-shot.
The external capacitor is initially held discharged
by a transistor internal to the timer. Applying
a negative trigger pulse to Pin 2 sets the flip-
flop, driving the output high and releasing the
short-circuit across the external capacitor. The
voltage across the capacitor increases with time
constant r = R4C to 2/3 Vs, where the comparator
resets the flip-flop and discharges the external
capacitor. The output is now in the low state.

Circuit triggering takes place when the negative-
going trigger pulse reaches 1/3 Vg and the circuit
stays in the output high state until the set time
elapses. The time the output remains in the high
state is 1.1RAC and can be determined by the
graph. A negative pulse applied to Pin 4 (reset)
during the timing cycle will discharge the external
capacitor and start the cycle over again beginning
on the positive-going edge of the reset pulse.
If reset function is not used, Pin 4 should be
connected to Vg to avoid false resetting.

Ws Vo +1sw §

Reset O = = ~ >
+V, b:
i S CCS
Trigger Discharge
O—v
T
Output zRC/RM556 Threshold jEC

_l_ 0.014F Control
= I Voltage

Gtormd -

Time Delay vs. Ry, Rg and C
v

(Ra + Rg) ~

AN
NN

0.1

/)
0011
0,001 /

Capacitance («F)

NN
N\
\

10 100 1 10 100 1
¥ uS  ms mS S S
Time Delay

Figure 1. Monostable Operation

Free Running Operation (Astable)

With the circuit connected as shown in Figure 2,
it will trigger itself and free run as a multivibrator.
The external capacitor charges through Ra and
Rg and discharges through Rg only. Thus the
duty cycle is set by the ratio of these two resistors,

and the capacitor charges and discharges be-
tween 1/3 Vg and 2/3 Vs. Charge and discharge
times, and therefore frequency, are independent
of supply voltage. The free running frequency
versus Ra, Rg and C is shown in the graph.

+Vs (+5V 1o +15V)

Reset 1
4& | +Vg :: Ra
RLS 9
Discharge

12RC/AMSS6 2R

Output Threshold ¢
I - C

= Trigger :_[

Ground

Free Running Frequency vs. Ra, Rg and C

100
10 \ \\\ 1k
10k!
ER \\\>,&%:\\
% 0.1 \QM \\\\\\\
T INONNN Y
0.001 (RHIZRH) \\\\\ \§
0.1 1 10 100 1 10 100
Hz Hz Hz Hz kHz kHz kHz

Free Running Frequency

Figure 2. Free Running Operation
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

Analog Multiplier RC4200

Raytheon

Features

8 High accuracy
Non-linearity — 0.1% maximum
Temperature coefficient — 0.005%/° C maximum
® Multiple functions
Multiply, divide square, square root, RMS-to-DC
conversion, AGC, and modulate/demodulate
8 Wide bandwidth — 4MHz
& Signal-to-noise ratio — 94dB

Description

The Raytheon RC4200 is the industry’s first
integrated circuit multiplier to have complete
compensation for nonlinearity, the primary source
of error and distortion. This is also the first
IC multiplier to have three on-board operational
amplifiers designed specifically for use in multi-
plier logging circuits. These specially designed
amplifiers are frequency compensated for opti-
mum AC response in a logging circuit, the heart of
a multiplier, and can therefore provide superior
AC response in comparison to other analog
multipliers.

Schematic Diagram

Versatility is unprecedented; this is the first IC
multiplier that can be used in a wide variety of
applications without sacrificing accuracy. Four-
quadrant multiplication, two-quadrant division,
square-rooting, squaring and RMS conversion
can all be easily implemented with predictable
accuracy. The nonlinearity compensation is not
justtrimmed at a single temperature, it is designed
to provide compensation over the full temperature
range. This nonlinearity compensation combined
with the low gain and offset drift inherent in
a well designed monolithic chip provides a very
low accuracy tempco.

The excellent linearity and versatility were
achieved through circuit design rather than
special grading or trimming, and therefore unit
cost is very low. Analog multipliers can now be
used in applications where price was previously
an inhibiting factor.

The Raytheon RC4200 is ideal for use in low
distortion audio modulation circuits, voltage-
controlled active filters, and precision oscillators.

61

GND O—

Q112

511
R106

@

V5O

m
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RC4200

Analog Multiplier

e

Connection Information

Absolute Maximum Ratings

8-Lead Supply Voltage ........cooeiiniiin -22V
DE g edaNB Internal Power Dissipation ........... 500mW
Dual ! I‘_’." Pack InputCurrent ...t -5mA
ua '1'_' m\7 ackage Storage Temperature Range
(Top View) RM4200/4200A ........... -65°C to +150°C
Pin Function RV4200/4200A ............ -55°C to +125°C
E E 1 I RC4200/4200A ........... -55°C to +125°C
2 Vos2 Operating Temperature Range
3 -Vs RM4200/4200A ........... -55°C to +125°C
[Z zl 4 13 (Output) RV4200/4200A ............. -40°C to +85°C
5 l4 RC4200/4200A .............. 0°C to +70°C
E 5 6 GND
; I‘:OS‘ Thermal Characteristics
(4] 5 8-Lead 8-Lead
Plastic DIP | Ceramic DIP
Max. Junction Temp. 125°C 175°C
Max. Pp Tp <50°C 468mW 833mW
Therm. Res. 6,c — 45°C/W
Mask Pattern Therm. Res. 68 160°C/W | 150°C/W
For Ta > 50°C Derate at 6.25mW 8.33mW
7 6 per°C per °C
g VLS e g _
_'J\ ?:WT Ordering Information
‘—_Lg__.'] = “‘\kﬁf Operating
E/ \] Part Number Package Temperature Range
Ee==a RC42000E Ceramic | 0°C1o +70°C
;_F,@ I !‘ =T RC4200ADE Ceramic | 0°Cto+70°C
==V L5 LW:’;-‘:L‘ RCA200NB Plastic 0°C to +70°C
1 S (e RC4200ANB Plastic 0°C to +70°C
2 3 4 RV4200NB Plastic -40°C to +85°C
RV4200ANB Plastic -40°C to +85°C
RV4200DE Ceramic -40°C to +85°C
RV4200ADE Ceramic -40°C to +85°C
Die Size: 78 x 66 mils _ RM4200DE Ceramic | -55°Cto+125°C
Min. Pad Dimensions: 4 x 4 mils RM4200ADE Ceramic -55°C to +125°C
Raythoon 12-17



Analog Multiplier

RC4200
—

Electrical Characteristics (Over Operating Temperature Range, Vs = ~15V unless otherwise noted)

4200A 4200
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Current Range (i1, I and 1) (Note 1) 1.0 1000 | 1.0 1000 | wA
Total Error as Multiplier Ta = +25°C
Untrimmed +2.0 +30| %
With External Trim (Note 2) +0.2 +05 %
Versus Temperature +0.005 +0.005 %1°C
Versus Supply (-9 to -18V) +0.1 +0.1 %IV
. . 50uA < l1p4 < 250uA,
Nonlinearity Tp = 255G +0.1 3| %
ly=1lp =g = 150uA,
Input Offset Voltage Tp = +25°C +5.0 +10 | mV
; I =1y = lg = 150uA,
Input Bias Current Ta = +25°C 300 500 | nA
Average Input Offset L R
Voltage Drift ly=lp=lg = 150uA +50 +100 | uV/°C
Output Current Range (i3) (Note 3) 1.0 1000 | 1.0 1000 | wA
Frequency Response, -3dB point 4.0 40 MHz
Supply Voltage -18 | -15 [ 90| -18| -15 [ -90 v
1= = lg = 150uA,
Supply Current Th = +25°C 40 40 | mA
Notes: 1. 'The input circuits tend to become unstable at I, l2, l4 <50uA and linearity decreases when |,, I3, 14 > 250uA (eq. @ Iy = I, = 500uA,

non-linearity error =~ 0.5%).

2. Refer to Figure 6 for example.
3

. These specifications apply with output (I3) connected to an op amp summing junction. If desired, the output (i3) at pin 4 can be
used to drive a resistive load directly. The resistive load should be less than 700(} and must be pulied up to a positive supply

such that the voltage on pin 4 stays within a range of 0 to +5V.

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raytheen
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RC4200

Analog Multiplier

’

Functional Description

The RC4200 multiplier is designed to multiply
two input currents (I and I) and to divide by a
third input current (l4). The output is also in the
form of a current (I3). A simplified circuit diagram
is shown in Figure 1. The nominal relationship
between the three inputs and the output is:

I3 = — (M

The three input currents must be positive and
restricted to a range of 1uA to 1mA. These
currents go into the muitiplier chip at op-amp
summing junctions which are nominally at zero
volts. Therefore, an input voltage can be easily
converted to an input current by a series resistor.
Any number of currents may be summed at the
inputs. Depending on the application, the output
current can be converted to a voltage by an
external op amp or used directly. This capability
of combining input currents and voltages in
various combinations provides great versatility
in application.

Inside the multiplier chip, the three op amps
make the collector currents of transistors Qf,
Q2, and Q4 equal to their respective input currents
(11, 12, and l4). These op amps are designed
with current-source outputs and are phase-
compensated for optimum frequency response

12 §4200 Multiplier hy

Figure 1. Functional Diagram

Raytheon

as a multiplier. Power drain of the op amps
was minimized to prevent the introduction of
undesired thermal gradients on the chip. The
three op amps operate on a single supply voltage
(nominally -15V) and total quiescent current drain
is less than 4mA. These special op amps provide
significantly improved performance in compari-
son to 741-type op amps.

The actual multiplication is done within the tog-
antilog configuration of the Q1-Q4 transistor
array. These four transistors, with associated
proprietary circuitry, were specially designed to
precisely implement the relationship

kT IcN
V = —1in &— 2
BEN = 7 Ton (2)

Previous multiplier designs have suffered from
an additional undesired linear term in the above
equation; the collector current times the emitter
resistance. This Icre term introduces a parabolic
nonlinearity even with matched transistors.
Raytheon has developed a unique and proprietary
means of inherently compensating for this un-
desired Icrg term. Furthermore, this Raytheon-
developed circuit technique compensates linearity
error over temperature changes. The nonlinearity
versus temperature is significantly improved over
earlier designs.

From equation (2) and by assuming equal tran-
sistor junction temperatures, summing base-to-
emitter voltage drops around the transistor array
yields:

E[m'—‘: 2 gk, "‘]zo @)
q Is1 Is2 Is3 Isq

This equation reduces to:

Il _ ls1ls2 @)

The ratio of reverse saturation currents, lsls2/
Is3ls4, depends on the transistor matching. In a
monolithic multiplier this matching is easily
achieved and the ratio is very close to unity,
typically 1.0 £1%. The final result is the desired
relationship:
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Analog Multiplier

I3= — (5)

The inherent linearity and gain stability combined
with low cost and versatility makes this new
circuit ideal for a wide range of nonlinear
functions.

Basic Circuits
Current Multiplier/Divider

The basic design criteria for all circuit config-
urations using the 4200 multiplier is contained
in equation (1):

. 141
ie. |3 = l.z_
lg

The current-product-balance equation restates
this as: :

l1l2 = I3lq (6)

)
:3@
s

RC4200
Multiplier

TR
L,

12
2
L

T I

'VS -

Figure 2

Dynamic Range and Stability

The precision dynamic range for the 4200 is from
+50uA to +250uA inputs for |4, I and |y Stability
and accuracy degrade if this range is exceeded.

To improve the stability for input currents less
than 50uA, filter circuits (RgCs) are added to each
input (see Figure 3).

12-20

Ve R 3 5 Ry V;
—
Rs h , lg Rs
“T L] soam | T
= Multiplier =
Vy R 1
Rs J
Cs 2
T o
pe T
-Vs é
= Vs
Amplifier Aq is used to convert the I3 current
to an output voltage.
Multiplier: V, = constant # 0
Divider: Vy = constant # 0

Figure 3

Voltage Multiplier/Divider

Ry RC4200
L] multptier

= V, 2
4 R4
Ve Vy_ VoV, L <%

RiRz RoRsy ~ ] L
_VS -

VXV}[ RoRg4
Vz RiR2

For a multiplier circuit V; = VR = constant

VgRoR4
R1R2

For a divider circuit Vy =Vggr = constant
RoR4

Solving for Vg: Vg =
Vyx

Therefore: Vg = v K whereK =
r4

Therefore: Vg = VxVy K where K =

VrR1R2

Figure 4




RC4200

Analog Multiplier

ECEIIIINNNNNNNNNNN_——_—————

Extended Range

The input and output voltage ranges can be
extended to include 0 and negative voltage signals
by adding bias currents. The RsCg filter circuits
are eliminated when the input and biasing re-
sistors are selected to limit the respective currents
to 50uA min. and 250uA max.

Extended Range Multiplier

+ VRer

Vx AAA
(input) M

RC4200
vy Multiplier
(input) R2
AAA
VWA

Vo

Ro (output)

AAA .
VWA

II|-|~ o1 .”-lw =4l

-Vs - +Vs

Figure 5

Resistors R, and Ry, extend the range of the V
and Vy inputs by picking values such that:

I1(min.) = M'n_‘).+_vﬂﬂ = 50uA,

=3 R,

and ly(max.) = Mg‘f‘—"') + Y;—EF = 2504A;
a

also la(min.) = ER".‘Z'"_) +l’§E_F = 50A,

and Ip(max.) = Mg‘:_"Hl’;_EL = 2504A.

Resistor R supplies bias current for I3 which
allows the output to go negative.

Resistors Rcx and Rcy permit equation (6) to
balance, i.e.:

Raythoon

Ve o Veer), (Y . Veer). (Yo, Veer |, Ve W) (e
Ry Ry Ro Rp Ro  Rc Rex  Rey Rg

VoY | VuVaer

RiR  RiRy RzR, RaRp

VoVaer . VuVher + Vy VRer

RoRy RexRy ReyRa

VyVrer | Veee?

Vrer®

+
ReRy

Cross-Product Cancellation

Cross-products are a result of the V,Vrer and
VyVRger terms. To the extent that:

R1Rb= chRd and RzRa = Rcde,
cross-product cancellation will occur.

Arithmetic Offset Cancellation

The offset caused by the Vreg? term will cancel to

the extent that: RaRp = RcRg, and the result is:
VuVy _ VoVRer
RiRz  RoRq

or Vo = VxVy K

RgR
where K = m
Resistor Values
Inputs:
Vy(min.) < Vy < Vy(max.)
AVy = Vx(max.) - Vx(min.)
Vy(min.) < Vy < Vy(max.)
AVy = Vy(max.) - Vy(min.)
Vger = Constant (+7V to +18V)

-_Vo
K=y,

(Design Requirement)

Ry = AV AVy

= = __VRer
200uA ' Re 200pA Ra

250uA

AV VRer
250uA AV, - 200uA Vi(max.)

Ra =

AVyVREF
Z50uA AV, - 200uA V,(max.)

RaR R

Rp= Vo AV K
160uA

Rp =

12-21



Analog Multiplier

RC4200

h

Multiplying Circuit Offset Adjust

R7 = R11 = R14 = 1000}

Re = Rio = 1000 VS

.05
- Vs
Ri4 = 100Q2 30
Rg = R1l|Ra
R12=RaliRp

Riz = ROHRcHch”Rcy

10K < Rs5 = Rg = R1g < 50K

R S Re <
Ry 1 8 5 |
Vx {input) O—p—AAA- == ==
Iy 1
+Vg

RC4200
Multiplier

XOS

+VReF
1: Ry +Vs
1 100Ry  Rig
- R20 Zos
Rz &g "
_Vs

Ri7-Rzg can be used to help cancel
crossproduct errors caused by resistor

1. Set all trimmer pots to OV on the wiper.

Vy (input)
product mis-match (see Appendix 1).
4 Ro
== MWy Vo (output)
E "
= RC5534
oEE”
= WF SR
’b Ri6 Vos
Aug M
bt Vs
Procedure:

2. Connect V, input to ground. Put in a full scale square wave on Vy input. Adjust Xos(Rs)
for no square wave on Vg output (adjust for 0 feedthrough).

3. Connect Vy input to ground. Put in a full scale square wave on V, input. Adjust Yog(Rg)
for no square wave on Vg output (adjust for 0 feedthrough).

4. Connect Vy and Vy to ground. Adjust Vos(R1g) for OV on Vg output.

Figure 6
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RC4200 Analog Multiplier

”

Extended Range Divider error tolerable in the output offset, i.e., with
a 10V F.S. output, 0.1% resistor cross-product
Ve match will give 0.1% x 10V = 10mV untrimmable
output offset voltage.
A <€ € < < R
3 1: " A:ij{v it 2% 2 Resistor Values
oA 8 5 Yol Inputs:
(ln\:)t)t) I-'—b m -
(input) Vy(min.) < Vx < Vx(max.)
-_‘—_7 RCA4200 AVy = Vy(max.) - Vx(min.)
T | Mubtiptier Vg(min.) < V; < Vy(max.)
_,1 AV, = Vz(max.) - Vz(min.)
I
’ v VRer = Constant (+7V to +18V)
2 4 Ro (output)
=] > "":VS Outputs:
T 6 I3
Vo= ‘EL_&.. ACss3d Vo(min.) < Vg < Vo(max.)
Fap = % AVg = Vg(max.) - Vg(min.)
VoV, . .
K = ——*= (Design Requirement
Figure 7 Vx (Design Req )
As with the extended range multiplier, resistors Ro = Vo - _Veer _ AV,
Raz and R,o are added to cancel the cross-product 750uA’ b 250uA’ 4 200uA
error caused by the biasing resistors, i.e.,
R. = AVoVREF
(L+ Vo, Vo, Vaer\ (Veer). (Vo Veer) ((Yz, Veer ¢~ "750pA AVg - 700uA Vo(max.)
Ry Ry Raz R,y Ry Ry Rc Ry Ry
Ry = AV, VRer
VeVaer |, VoVaer 1 YoVaer o Vage? | VoVs | VoVaer | VaVeer ) Vaee® 250uA AV, - 200pA Vz(max.
R T Fgf e Ralo RoR RoRy AR RAG WA AVz - 200u Va(max.)
To cancel cross-product and arithmetic offset: Ra= Eﬁﬂi Raz = Bﬁ-ﬂi Rao =BoRyg
b b Ro
RaoRb = RoRd, RazRb = RaR¢ and RaRp = RcRd
and the result is: "

VxVRer - VoV,
RRp  RoR4

or Vo = Vy/Vy K

VrerRoR4

where K = RiRo

NOTE: It is necessary to match the resistor
cross-products above to within the amount of

Raytheen 12-23



RC4200

Divider Circuit with Offset Adjustment

Analog Multiplier

+VRer
Rag 3Ry Rax  Re Rq
Ry R4
Vx (input) 0— _8_ ’5_ ~0 V; (input)
[0 | Ry +Vs
+Vg  Vy (offset) J %Rﬂ 2o
R
Xos RsI W + 1 RC4200 A 8 Veloten
i Ry i 16| Multiplier __]__
Vs =
- =1
L
+Vs
Rig  R21=Rp 2 4 Ro
Yos R1g Q=M MWA- | — ——— — — P . — —o Vg (output)
Rz “9_%_ I by = 1y
-Vs = - Vs =
= 1w
Rao =
R R +Vs
Rig-Roy can be used i Rgtoh up e
Cancel gai aror e 1 eciot poduet ks LA
mis-match (see Appendix 1). Ris Vo (offset)
L %
General Example: Two-Quad Divider
< = = <
10K = Rs = Rig = Ry7 < 50K V0=K\\;x , K=k, VRgr = +Vg = +15V
R7 + Rg = R1[|RallRaz!|Rao z
vV -10 = Vy < +10, therefore AV, = 20
R 20_237 0 <V, <+10, therefore AV, = 10
’ =10 = Vo < +10, therefore AVg = 20
Re = Rp Ro = 26.7K R = 333K
R0~ 100 x R4 Rp = 60K Rs, Ry3, R17 = 10K
_ R4 = 50K R7, Ri5= 1K
Ry1=20K Re = 37.5K Rg, Ry = 20K
R12 = 100K Rq = 300K Re, Rg, Ryg = 300K
Ra = 187.5K Rig = 4.7M
Ri4 + R15 = RolIRc Raz = 31.25K Rq2 = 100K
Vg Rao = 133K
Rie ~30715
Figure 8
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RC4200

Analog Multiplier

Divider Circuit Offset Adjustment Procedure
1. Set each trimmer pot to OV on the wiper.

2. Connect V, (input) to ground. Put a DC
voltage of approximately 2V, (max.) DC on
the V, (input) with an AC (squarewave is
easiest) voltage of 4V, (max.) peak-to-peak
superimposed on it. Adjust Xos(Rs) for zero
feedthrough. (No AC at V)

Vz (max.)

" "FH:H:H’T’
4

o

3. Connect Vy (input to V; (input) and put in
the 4V, (max.) DC with an AC of approxi-
mately 20mV less than V, (max.).

Adijust Z,g(R13) for zero feedthrough.

V, (max.)

%V, (max.}

y +

=10mV

4. Return Vy (input) to ground and connect
V; (max.) DC on V; (input). Adjust output
Vos(Ry7) for Vg =

5. Connect Vy (input) to V; (input) and put
in V, (max.) DC. (The output will equal K.)
Decrease the input slowly until the output
(Vg = K) deviates beyond the desired accuracy.
Adjust Z,s to bring it back into tolerance
and return to Step 4. Continue Steps 4 and 5
until V; reduces to the lowest value desired.

NOTE: As the input to Vyx and V; gets closer
to zero (an illegal state) the system noise will
predominate so much that an integrating volt-
meter will be very helpful.

Raytheon

Square Root Circuit Vg = N\/Vy

T+Vnes
« > 3
Rad SR Rci: 3R
Ri 8 5 R
AA AA
;—~v < W
X ] la
(input}
I L RCA200
= | Multiplier
1
l2
2 78 UV VA BN
L] Bl *Vs Vo
- I3 s (output)
-Vs = |
Rao = Vg
——AVV
ViVeer | Veer’ | VoVeer | Vo' |, VoVeer , VoVer Vrer®
RiR, RaRy  RuRy RRe  RR ARy RRy

1f RyRy = ReRy and RyoRyRoRy + RaoRoRcRa = ReRgRoRs
Vo VxViee

VaerRoRs
Then = orVp = V,Kwhere K= ————
Rofe  RWR, 0 RiR,

and Vg = N\VV  where N = /K
0 < Vy <V, (max) and Vg (max) = Nv/Vy (max)

Vo . .
N = Design Requirement
\/Vx( gn Req )

R, = Vo{max)?
17 T75.ANE
v
g
_ o . VREF
Ro = Re = 155,A
Vo(max)
Rg= —me—"
4" T50uA
R - Vp(max)
30~ TI254A
Ry = Vo(max)
0" T225.A
Figure 9
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Analog Multiplier RC4200

—

Square Root Circuit Offset Adjust

T +VRer
Ra Rp Rc Rg
Ry R4
Vy (input) _8. .5_
Iy la
+Vs
Rg Py 7
Xos | Rs 1 *+—| RC4200
Ry [1uF | Multiplier
_vs
= =1
3
+V PO
Ris Riz=Rp ‘ 2 4 Ro
YosRiq +t-————- e — Vo (output)
R M [
Ris 9‘{ 3
-Vs ::L 13 —_LB +Vs
= Vg =
= AuF -
L5
Rag = Vs
+Vg
Ryg-Ry7 can be used in place Rz R
of Ry to help reduce linearity R13Vos
error caused by resistor product Ry
mis-match (see Appendix 1). JL Vg

10K = R5 = R13 < 50K

R7 = 100()
Vs
Rg = Ry 0%
Rs = R1lIRallRao
Rg = Ry
R10 = RollRc
Rn = 10002
V.
Ri2 =Ry —13 .

Procedure
1. Set both trimmer pots to OV on the wiper.

2. Put in a full scale (0 to Vx(max.)) squarewave on V, input. Adjust Xox(Rs) for proper
peak-to-peak amplitude on Vg output. (Scaling adjust)

3. Connect Vi input to ground. Adjust Vos(R13) for OV on Vg output.

Figure 10

12-26



Analog Muitiplier

RC4200
{5

Squaring Circuits Vg = K V,?

r*VREF
Ra Rp Rc 2Ry
Yy Ri 8 15
(input) — prm—
I la
7
=< | Rc4200
Multiplier
Rq 1
l2
2 4 Ro _ Vo
—_-_':_1 -— (output)
- 3 |3
= +Vs
Rex -Vs
RC5534

= v

Vil , 2VaVeer | Veer® _ VoVeer | Veer? | VxVRer

R¢? RiRy Ra? RoRd RcRd RcxRa
if Rq? = RgRq and R1Ra = 2RcxRyg

RoRg
VrerR+?

2
VoVRer _ Ve oy = KV,2 where K =

RoRg R+?
Vy(min.) € Vy < Vy(max.) AVy = Vx(max.) - Vx(min.)

then

K= Yo (Design Requirement)

V2
_ AV
Ri= 200:A
R. = AVyVREF
3" 250uA AV, - 200uA Vx(max.)
_ VRer
Rd = 250uA
__Rd
Rc = R
- R1Ra
Rex= Ry
Ro - AVeK
0" F60uA
Figure 11
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Analog Multiplier

R

Squaring Circuits Offset Adjust

10K < Ryg, R11 =< 50K
Rsg, R15 = 10041

Rg, Ry4 = 1oon$
Rs, Rg = R1||Ra
Ri16 = RolIRclIRex

Procedure
1. Set both trimmer pots to OV on the wiper.

T +VRer
Rag SRy Re Ry
R Ry = +Vg
) 1 8 5 100Rg R
Vi (input) — — - ’ éRmzns
Iy lg T
Rg -Vs
Rs 7 =
™ 1uF RC4200 Rr-R be used t
— Al 1 i7-H10 Can be us 0
- ; Multiplier cancel all linearity errors
Ry Y caused by input offsets
and resistor product
E‘ mis-match (see Appendix 1).
Re Ro
va—l—z L Vo (output)
= 1uF |
- LT B .
Rex = Vs =
Vs Ry R
VosRi3
Ris 1uF v
Vs J_; °

2. Putin a fuli scale (V) squarewave on Vy input. Adjust Zos(R1g) for uniform output.
3. Connect Vy input to ground. Adjust Vos(R11) for OV on Vg output.

Figure 12
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RC4200

[
Appendix 1 — System Errors

There are four types of accuracy errors which
effect overall system performance. They are:

1

2.

3.

4.

Nonlinearity — Incremental deviation from
absolute accuracy.(1)

Scaling Error — Linear deviation from absolute
accuracy.

Output Offset — Constant deviation from
absolute accuracy.

Feedthrough(2) — Crossproduct errors caused
by input offsets and external circuit limitations.

The nonlinearity error in the transfer function of
the 4200 is £0.1% max. (10.03% max. for 4200A).

ie.,l3= '}—"‘2 +0.1% F.S.(4)

The other system errors are caused by voitage
offsets on the inputs of the 4200 and can be as
high as +3.0% (+2.0% for 4200A).

ie, Vo= VVy RoRa +3.0% F.S.(3)(4)

Analog Multiplier

Errors caused by input offsets.

Ry [V, . 1

Vo = %[Jz Yt‘v_z‘vyvosx + VxVosy + VoVos; + V&s}‘ﬁiy)]
Vy Feedthrough

Vy Feedthrough

Scaling Error
Output Offset Error

Systems errors can be greatly reduced by ex
ternally trimming the input offset voltages of
the 4200. (+0.3% F.S. for 4200 and +0.1% F.S.
for 4200A.)

V: RiRz
Ry Ry
V,("—‘VVV____7 5.__'4/W_°V1
Iy I4
8
L1 ncaz00
= | Multiplier
Rz 1
Vy O—AA———
12
2 4 Ro v
L - 0
- 3
|
Vs = Ideal Op-Amp
= Vos =
Figure 13

Notes: 1. The input circuits tend to become unstable at

Iy, 12, 14 < 50uA and linearity decreases when |y,
lp, l4>250uA (e.g., @ |4 = 12 = 500uA nonlinearity
error = 0.5%).

2. This section will not deal with feedthrough
which is proportional to frequency of operation
and caused by stray capacitance and/or band-
width limitations. (Refer to Figure 21.)

3. Notincluding resistor tolerance or output offset
on the op amp.

4. For50uA <y, I, Iy < 250uA.

Raytheen

Ry Ry

Vx O—W—l 5 AM—0 V;
100R4
Re 8 —Vv\-—’% Zos
Yos RC4200
Muitiplier

Rz

Vy o AAA——1

R 2 4 Ro
Yos Vo

-Vs = Ideal Op-Amp
= Vos=0

if, Xos = Vosx: Yos = Vosy, Zos = ~Vosz:

en o~ Y B9 som e

Figure 14. 4200 With Input Offset Adjustment
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Analog Multiplier

RC4200

Extended Range Circuit Errors

The extended range configurations have a dis-
advantage in that additional accuracy errors may
be introduced by resistor product mis-matching.

Multiplier (Figure 6)

An error in resistor product matching will cause
an equivalent feedthrough or output offset error:

1. RyRp = RexRg ta,
V feedthrough (Vy = 0) = taVy

2. R2Ra = ReyRq 8,
Vy feedthrough (Vy = 0) = £8V,,

3. RaRp =RcRq v,
Vp offset (Vy = Vy = 0) = £yVRer*

“Output offset errors can always be trimmed out
with the output op amp offset adjust, Vg (Ryg).

Reducing Mis-Match Errors

You need not run out and buy .01% resistors
to reduce resistor product mis-match errors. Here
are a couple of ways to squeeze maximum
accuracy out of the extended range multiplier
(Figure 6) using 1% resistors.

Method #1

Vx feedthrough, for example, occurs when
Vy = 0 and Vpgy # 0. This V feedthrough
will equal + VyVqsy. Also, if Vos, # 0, there
is a Vy feedthrough equal to + V,Vgs,. A
resistor-product error of a will cause a Vy
feedthrough of + aVy. Likewise, Vy feed-
througherrorsare: £ VyVosy, £ VyVoszand =
BVy.

Total feedthrough =

£V Vosy = VyVosx £ aVy £ BV, + (Vy + V) Vosz

By carefully adjusting Xos(Rs), Yos(R9) and
Zos(R2p) this equation can be made to very
nearly equal zero and the feedthrough error
will practically disappear.

A residual offset will probably remain which
can be trimmed out with Vgog(R1g) at the
output op amp.
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Method #2

Notice that the ratios of RyRy : RcxRg and
R2Ra : ReyRg are both dependent on Rg,
also that R4, Ry, Rz and Ry, are all functions
of the maximum input requirements. By
designing a multiplier for the same input
ranges on both Vy and Vy then Ry = Ry, Rey =
Rey and Ry = Rp. (Note: It is acceptable to
design a four quadrant multiplier and use
only two quadrants of it.)

Select Ry to be 1% or 2% below (or above)
the calculated value. This will cause o and 8
to both be positive (or negative) by nearly
the same amount. Now the effective value
of Rq can be trimmed with an offset adjust-
ment Zy5(R2g) on pin 5.

This technique will cause: 1) a slight gain
error which can be compensated for with
the Rg value, and 2) an output offset error
that can be trimmed out with Vog(R1g) On
the output op amp.

Extended Range Divider (Figure 8)

The only crossproduct error of interest is the
V; feedthrough (Vx = 0 and Vggx # 0) which
is easily adjusted with Xos(Rs).

Resistor product mis-match will cause scaling
errors (gain) that could be a problem for very
low values of V,. Adjustments to Yos(R1g) can
be made to improve the high gain accuracy.

Square Root and Squaring (Figures 10 and 12)

These circuits are functions of single variables
so feedthrough, as such, is not a consideration.
Crossproduct errors will effect incremental accur-
acy that can be corrected with Yo5(R14) or
Zos(R10)-
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Analog Multiplier

P

Appendix 2 — Applications
Design Considerations for RMS-to-DC Circuits
Average Value
Consider Vi, = Asinwt. By definition,
=2, Iy
Vavg =</, 5 Vindt

Where T = Period

w = 2rf
_2m
_
Uk A ~
4 g 4 .
/  / "
/ Y4 .
LY [\ t
0 I T
2

Vavg = % .1.0 ]2—‘ Asinwt dt
T

=2A11 2
=5 [ wCOSwt]O

- 22 _os(m) + cos(0)

m
2
" 2
Avg. Value of Asinwt is - A

RMS Value
Again consider Vi, = Asinwt

/1 T
Vrms = VVavGg = T 'IO [Vin]? dt

Vims for Asinwt:

Vims =V _I'OlAzsinzwt dt

—|=

therefore the rms value of Asinwt becomes:

A
Vims = \/‘2~

RMS Value for Rectified Sine Wave

Consider Vin =|A sin wt|, a rectified wave. To solve,
integrate over each half cycle.

. 1,7
ie. ?'0 Vin2 dt =

1

T
—[1'02 AsinZot dt +

T
T I

T
2

This is the same as 1—.1'0T AsinZwt dt

(—Asinwt)zdt]

s0, |Asinwt|ims = Asinwtyms

Practical Consideration: |Asinwt| has high-order
harmonies; Asinwt does not. Therefore, non-ideal
integrator may cause different errors for two
approaches:

1%

< <l

~1/1 1
.’0 (5— ECOSZwt)dt

NI

i
=%
— N
I~ NI
N~—| B

. T
e sin 2 wt)o

N

NP:

Lowpass
vm n

(a)

V O Vo = Vinrms

IValf?

Vinl v,
X Absolute 0 ] Lowpass o N
Vin— "Value . ilter l Vo= VAvg Vin®

implies Vg = \JAvg {|Vin[?}
Vo = VAvg Vi

Figure 15
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e

I+VREF
100K 100K 60K 167K 300K 100K 100K 300K
100K |
Vin 00— 8 5 8 5 200K
i 13.3K
2.2uF
7§ heazoo [ [ S 7| RC4200
50K§ Multiplier o Multiplier
= x =] VX
0k | =, &
50K o 4 250K* 60K o 4 44 4K
:'VW—J Vout
= T = | e
T L
= we LR 7
=~ 455K +Vg
10K 15K
*Determines scale factor (K) for X2 function 1 =3 10K
**Determines scale factor (K) for /X function Vs
= 100
+Vs = +VRer = +15V =
-Vg = -15V _.:L -Vs

Figure 16. RMS to DC Converter Vou; = v/ | Vin?

Amplitude Modulator with A.G.C. (Figure 17)

In_ many AC modulator applications unwanted
output modulation is caused by variations in
carrier input amplitude. The. versatility of the
RC4200 multiplier can be utilized to eliminate this
undesired fluctuation. The extended range muiti-
plier circuit (Figure 5) shows an output amplitude
inversely proportional to the reference voltage
VREF-

VXV}: RoRqg

he- Vo= Vrer R1R2

By making Vger proportional to Vy (where Vy is
the carrier input) such that:

VREF = Vi = f(IVyl),

Then the denominator becomes a variable value
that automatically provides constant gain, such
that the modulating input (Vy) modulates the
carrier (Vy) with a fixed scale factor even though
the carrier varies in amplitude.

12-32

If Viy is made proportional to the average value
of Asinwt (i.e., 2A/m) and scaled by a value of
/2 then:

Vy=A
and if. Vx = Modulating input (V)
and: Vy = Carrier input (Asinwt)
RoRqg
RiR2
The resistor scaling is determined by the dynamic
range of the carrier variation and modulating
input.

then: Vg =K Vp sinwt where K =

The resistor values are solved, as with the other
extended range circuits, in terms of the input
voltages.

Input voltages:
Moduiation Voltage (Vp): 0 < V) < Vi (max.)
Carrier (Vy: Vy = Asinwt
Carrier amplitude fluctuation (AA):
A(min.) sinwt < Vy < A(max.) sin{lwt
Dynamic Range (N): A(max.)/A(min.)
A(max.) = V4(max.) and A(min.) = Viy(min.)

Raytheon
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Analog Multiplier

<£
Ra< <2Ra
M 1 > > R;
(I 1 8 5.5
+Vs
3wk Rum 7
A—AM- >
<
ok 0 AuF i RC4200 $h
-Vs = | Multiplier
Vy = -
Asinwt Ra 1 AAA-
. 44156 Vo=
N VM Siflwt
.uFII " <E| +Vs
<
13 e = T 30K
Vs = [—w—o 10K
<
a7
I -
30K 30K 15K Cr =
Rs AA AAA M
30K VWA SIZ VWA i . _
R VR, AAA . -
WA N3 INg14 2R3 WA VAT Vh= 7 AVG|Asinwt| = A
N { [N H
44156 74156 65-01866A
= *Ril1Ra1{RailRo
IN914

Figure 17. Amplitude Modulator with A.G.C.

The maximum and minimum values for Iy and lo

lead to:
ly(max.) = Vy(max.) + Vy(max.) = 250uA
a
Iy(min.) = m = 50pA V(min.) =0
a
Ip(max.) = A(max.) + Vh(max.) _ 2504A
R2 Ra
Ip(min,) = ~HMIN) _ o A
Ra
For a dynamic range of N, where
_ A(max.)
A(min.) !
These equations combine to yield:
R, = Vx(max.) A(max.)
17 B-N)50LA " 2 (5 - N)50uA '
_ A(min.) _ ., RiR2
Ra 50uA and Rg = K _Ra

Raylhoon

Example #1

Vy = Asinwt 2.5V < A < 10V, therefore N = 4
0V < Vi < 10V, therefore Vy(max.) = 10V
K =1, therefore Vg = Vp sinwt

Ro = —Aég"::') - % = 200K
Ra= —% :326%\%: 50K
Ro = K R’;':z =1 200'(5(’)"(200'( = 800K
Example #2

Vy = Asinwt 3 < A <6, therefore N = 2
0V <V = 8V, therefore Vy(max.) = 8V
K = .2, therefore Vg = .2Vyysinwt

so:

R1 =53.3K, R2 = 40K

R, = 60K and Rg = 7.11K




Analog Multiplier

RC4200

Inputs
V.0
]
Vxo- v _E

RC4200

Multiplier

Figure 18. First Quadrant Multiplier/Divider

Limited Range, First Quadrant Applications

Thermal Symmetry

The following circuit has the advantage that
cross-product errors are due only to input offsets
and nonlinearity error is slightly less for lower
input currents.

The circuit also has no standby current to add
to the noise content although the signal-to-noise
ratio worsens at very low input currents (1-5uA)
due to the noise current of the input stages.

The R¢Cq filter circuits are added to each input
to improve the stability for input currents below
S50uA.

Caution

The bandpass drops off significantly
for lower currents (<50uA) and non-
symmetrical rise and fall times can

THERMAL  Vgg) [7] [ 7] Vosi
SYMMETRY ——cooeeeind -
une  -vg [3] (6] GND
oUTPUT I3 [T 5] g

The scale factor is sensitive to temperature
gradients across the chip in the lateral direc-
tion. Where possible, the package should
be oriented such that sources generating
temperature gradients are located physically
on the line of thermal symmetry. This will
minimize scale-factor error due to thermal
gradients.

cause second harmonic distortion.
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RC4200 Analog Multiplier

Vx

20.AAC 8 5_250uADC T T
. — v V2
1501.A DC i 1H! Tl

7
] 4200

vy 250uA DC —1_
2

Vo

Relative Output {dB)

|||.1

.
g0
=

*Peak-to-Peak = Frequency (Hz)

Vy o ZUADC B 5 B0ADC
7 g
1= i A
* 1
o 2AAC T H LI TN
150uA DC 2 TN
2 4 s B, i
=
] Yo =
= 3 3
V= 1
0 W@ 1 w0 1 i 0
*Peak-to-Peak — Frequency (Hz)
v, o 250uADC 8 5 83.4uA AC"
* — —167,ADC  °
7 =
1 4200 =
= 2
vy 250uA DC _1. 3
£
2 4 g
Wy Vo 2
= éa 6 T
-1V = (LT 1 XTI T TP T i

10 (1 10 104 10° 106 10°
Frequency (Hz)

*Peak-to-Peak
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Analog Multiplier

RC4200

AN

I
J,

N N Ny —]

RN X
NN

Q7

T N Y

\(«;‘J\\\
la, \

L

50

100

150 200 250
12 [uA)

Iy

250“?
2()0]

Gy
D
Y

=

L

50 100 150 200 2!
[N

N
N\

3

Figure 20a. Output Noise Current vs.

Input Current (4 = 250uA)

Figure 20b. Output Noise Current vs.
Input Current (I3 = 250u:A)

250
//
200 H- Multiplier Configuration v ,’
ViV,
= Vo= "% |
2 10
el
: /
2100 Vy=0
£ Vi = 10sinat_A”
Ves0 |
=50 Vy = 10sinat
1.0 10 100 1K 10K 100K
Frequency (Hz)

Figure 21. AC Feedthrough vs. Frequency

High Reliability Options

Part Type Added Screening Order Part No.
RM4200DE With MIL-STD-883 Class B processing RM4200DE/8838
RM4200ADE RM4200ADE/8838
RV4200DE With A + 3 processing® including burn-in and RV4200DE3
RC4200DE tightened AQL RC4200DE3
RV4200ADE RV4200ADE3
RC4200ADE RC4200ADE3
RV4200NB With A + 2 processing” including "Hot Rail” testing, RV4200NB2
RC4200NB burn-in and tightened AQL RC4200NB2
RV4200ANB RV4200ANB2
RC4200ANB RC4200ANB2
RV4200NB With A + 1 processing* including “Hot Rail” testing, RV4200NB1
RC4200NB and tightened AQL RC4200NB1
RV4200ANB RV4200ANB1
RC4200ANB RC4200ANB1

*Full descriptions of the process steps involved are contained in the Raytheon A + Bulletin available at your local Raytheon Sales Office
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

Synchronous
Raytheon Detector RC4260

Features Description
B 10uS switching The 4260 is a unity gain amplifier with logic
B TTL compatible switchable phase inversion. A TTL high state on
B Low distortion — .01% typical the reference (logic) input will force the amplifier
B Wide supply voltage range — to +3V typical into non-inverting operation; a TTL low state will
® Low gain differential — 1.0% maximum force inverting operation. Excellent matching be-
® On-board op amp tween inverting and non-inverting AC per-
formance is achieved through careful design and
Applications layout. Included with the phase comparator is an

uncommitted 4558 type op amp, which can be

Suppressed carrier modulation used for gain, filtering, or other applications.

B Synchronous detection

® Frequency doubling/chopping

B Precision rectification with switchable polarity
B Phase comparison

Schematic Diagram

+Vs
{10)

|
i
|
T
|
I
|
1
]
|
® | R
output | A— w2
@ |
—o
: R L o
AN ™
o | o
1 +Vg
[}
| (1) ]
|
! 0
" 4
: ? e M3 3he 3R Tk
1
T l )\
i )| wane
[}
'

Phase Comparator l
Vs
@ input
@

Raylheoon 65-1414 12-37



RC4260

Synchronous Detector

Connection Information

14-Lead

(Top View)

Dual In-Line Package

R

1

11 FEE

L B EEEE]

65-01711A

Pin Function
1 Ground
2 Op Amp Output
3 -Vs
4 NC
5 Reference Input (TTL)
6 NC
7 Amplifier input
8 Amplifier Output
9 NC
10 +Vg
11 NC
12 Op Amp +Input
13 NC
14 Op Amp -Input

Absolute Maximum Ratings

Supply Voltage
3 RMA260 .........cccovvenneannnnn.. +22V
RC4260 .......coviviiiiiiiinnnnnn. +18V
Internal Power Dissipation ........... 500mwW
2 Differential Input Voltage ................ 30V
InputVoltage .................coiuin *15v
1 Output Short Circuit to Ground .. Continuous
14 Storage Temperature
12 Range ................... -65°C to +150°C
Operating Temperature Range
RM4260 ............c.... -55°C to +125°C
RC4260 ..........covevvnnnn. 0°C to +70°C
65-01712A Lead Soldering Temperature
Die Size: 00 x 00 mils (10SEC) vvvveiiiiiiie i +300°C
in. Pad Bimension: 4 x 4 mil i e
Min. Pad Bimension: 4 x 4 mils Thermal Characteristics
. . 14-Lead 14-Lead
Ordering Information Ceramic DIP | Plastic DIP
Operating : o 5
Part Number Package Temperature Range Max. Junction Temp. LERY 125°C
RCA2600B Plastic 0°C to +70°C Max. Pp Ta <50°C 1042mW | 468mW
RC4260DC Ceramic 0°Cto +70°C Therm. Res. 8¢ 60°C/W -
RM4260DC Ceramic -55°C to +125°C Therm. Res. 6,4 120°C/W | 160°C/W
RM42600C/8838" | Ceramic | -86°Cto +125°C ForTo>50°CDerateat | 83ImW | 6.25mW
*MIL-STD-883, Level 8 Processing per °C per °C
12-38 Baylheosn



Synchronous Detector
]

Electrical Characteristics

(Vs = £15V, over full operating temperature range unless otherwise noted)

RC4260

RM4260 RC4260
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Supply Current R == 6.0 1 40 mA
0p Amp Section
Input Offset Voltage Rs < 10k 45 70 35 mv
Input Offset Current 250 | 500 250 nA
Input Bias Current 600 | 1500 600 nA
Large Signal Voltage Gain RL = 2k, Vg = =10V 25 | 100 100 V/imV
Output Voltage Swing RL =2k +10 | +13 +13 v
Common Mode Rejection Ratio Vom = 24V 70 100 100 dB
Power Supply Rejection Ratio AV =20V 76 92 92 dB
Comparator Section
Large Signal Voltage Gain Pin7=£7.5V +095| £1.0 [+1.05 VIV
Input Offset Voltage 50 12 5.0 mv
Input Resistance (Differential Mode) 10 25 25 kO
Output Voltage Swing RL = 10k +12 | +135 +135 v
Power Supply Rejection Ratio AV =10V 76 92 92 dB
Reference Input Threshold 1.25 1.25 v
Reference Input Current Pin5=2V 150 150 A
Gain Differential e = AVED 10 10 10 %
V1) + Ay :

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liabiity for inadvertent errors.
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RC4260 Synchronous Detector
—

Electrical Characteristics (vs = +15V and T = +25°C unless otherwise noted)

RM4260 RC4260
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Supply Current R == 4.0 9.0 50 10 mA
Op Amp Section
Input Offset Voltage Rs < 10k 35 5.0 35 60 | mV
Input Offset Current 75 200 75 200 | nA
Input Bias Current 175 | 500 175 | 500 | nA
Large Signal Voltage Gain Ry = 2k, Vg = £10V 50 300 20 | 300 V/imv
Output Voltage Swing R = 2k +10 | 13 +10 | %13 v
Common Mode Rejection Ratio Vom = 24V 70 100 70 100 dB
Power Supply Rejection Ratio AV =20V 76 100 76 100 aB
Slew Rate Ay = +1 038 0.8 V/uS
Unity Gain Bandwidth 30 30 MHz
Comparator Section
Large Signal Voltage Gain Pin7 =+7.5V +0.95| +£1.0 | £1.05{+0.95] +1.0 | +1.05| V/V
Input Offset Voltage 40 7.0 40 10 myV
Input Resistance 10 25 10 25 ke
Output Voltage Swing Ry = 10k +12 +12 v
Power Supply Rejection Ratio AV =10V 76 94 76 94 dB
Reference Input Threshold 1.25 1.25 v
Reference Input Current Pin5=2V 75 75 LA
Gain Differential Avist = Avien) 400 10 10 %
V(+1) T AV(-1)
Carrier Suppression VN = 2Vpp at 10kHz 50 50 dB
Slew Rate 125 1.25 V/uS
Switching Speed 10 10 uS
12-40 Raytheen




Synchronous Detector

RC4260

5

Principles of Operation

The 4260 is made up of two circuit functions: an
op amp (pins 2,12,14), which is independent, and a
synchronous detector consisting of a differential
switch (Q9,10,15,16), two differential amplifiers
(Q11,12 and Q1718), an active load (Q13,14), and
an output stage with gain. The switch selects
between the diff amps; one diff amp (Q11,12)
is inverting, the other is non-inverting. The re-
sistors R set the gain from pin 7 to 8 at unity.
When the switch changes from supplying bias
current into Q11,12 to supplying bias current
to Q1718, the gain will change from -1 to +1,
and the phase shift will change from 180° to
0°. Both diff amps feed the same active load

Typical Applications

and output stage; the amplifier that is switched
off is isolated from the active load by reverse
biased PN junctions. Aside from the switching
function, the amplifier design is similar to the
uncommitted 4558 type op amp.

Figure 1shows a balanced modulator application.
Figure 2 is a spectral plot of the output, depicting
the sine frequency, the reference frequency, the
sum of the sine and reference frequencies, and
all of the harmonics for one decade.

The reference (TTL) input is attenuated typically
50dB below the sine and sum frequencies. Best
suppression will be achieved at input amplitudes
from 1V to 10V peak-to-peak.

0.1uF
Sine
Input I +15V

A wle] of o] g or
= N +HN +Vg OUT g o
| Modulated Qutput g
Re :’ 4260 é wr
> =- _w 5
Gnd Out Vs Ref In wlk |
_‘23#57 0 IINARnRNne
= | [ lw Oz 1K 2K 3K 4K 5K 6K 7K 8K 9K 10kHz
I * ’ Frequency 85017164
3 5: E
v I~ JuuiL s
Reference Input {TTL)
Figure 1. Suppressed Carrier Modulation Figure 2. Spectral Plot (Vi = 500Hz,
TTL Ref = 1kHz)
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RC4260 Synchronous Detector

Typical Applications (Continued)

-15v 0_1;}: 0.1,F © +15V
3 1 10|

-Vs Gnd +Vs Veontrotl = 1

/\ ViN Vour
U o—s 7 4260 Out [7—0

Veontrol = 0

85017154

Figure 3. Precision Rectifier With Logic Switchable Output Polarity

+5V
<
5K ::
] s
Vin  Ref
8 Vour
Zero
Vs Gnd +Vs Center
3 1 10 =
4 onF I_ OtuF 4
-15V = +15V

65017174

Figure 4. Linear Variable Differential Transformer With Phase Sensitive Detector
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Synchronous Detector RC4260

Typical Applications (Continued)

0 rlv 0°
ey
\\
— ‘6 450
g
>
) %0°
-18 AI s 13 5
-24 ; 180 3
3 0K 100K ™ 10M K 10K 100K ™ 10M
1(H2)
Figure 5. Gain vs. Frequency Figure 6. Phase vs. Frequency
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

4 x 4 x 2 Balanced
Switching Crosspoint Array

Raytheon

RC4444

Features

® Low bidirectional Ron

® High Roffr

B Excellent matching of gates
B Low capacitance

B High rate firing

® Predictable holding current

Description

The RC4444 is a monolithic dielectrically isolated
crosspoint array arranged into a 4 x 4 x 2 matrix.
The primary application is for balanced switching
of 600} transmission lines. The ring and tip
are selected by selective biasing of the P+ and
P- gate.

Designed to replace reed relays in telephone
switchboards, it does not require a constant
gate drive to keep the SCR in the “ON” condition.
It is several orders faster, with no bouncing,
and has a much longer operating life than its
mechanical counterpart.

Schematic Diagram (1/16 Shown)

The 16 SCR pairs with the gating system are
packaged in a 24-pin dual in-line package.

The RC4444 is a monolithic pin—for—pih replace-
ment for the MC3416 and MCBH7601.

Mask Pattern

35-00704A

Die Size: 60 x 108 mils
Min. Pad Dimensions: 4 x 4 mils
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RC4444 4 x 4 x 2 Balanced Switching Crosspoint Array

Connection Information
24-Lead
Dual In-Line Package
(Top View)
[
2] Pin  Function Pin  Function
E 1 Anode Ag 13 Cathode K
2 Cathode Ky 14 Row Select P-
[ 3 Row Select P- 15 Cathode Kg
8 4 Cathode Kr 16  Anode Aq
5 P+ Column Select A 17 Anode At
[ 6 P+ Column Select B 18 Anode Ag
@ 7 P+ Column Select C 19 Anode At
8 P+ Column Select D 20 Anode Ag
[2] 9 Cathode Kg 21 Anode At
E 10 Row Select P- 22 Cathode Ky
1 Cathode Dg 23 Row Select P-
(o] 12 Anode At 24  Cathode Kt
'm
[z
Absolute Maximum Ratings Thermal Characteristics
Operating Voltage® .............cc.vvn. +25V 24-Lend 24-Load
Operating Current per Crosspoint ..... 100mA Plastic DIP | Ceramic DiP
St%rage Temperature 65°C 10 +150°C. Max. Junction Temp. 125°C 175°C
aNge ....iiiieiiiienaaen to
Operating Temperature Range Max. Pp Ta < 50°C SE5mW 1042mW
RC4444 ............cccueen. 0°C to +70°C Therm. Res. 8¢ — 60°C/W
Lez"s%ss‘;'ge""g Temperature +300°C Therm. Res. 6,4 135°C/W | 120°C/W
Notes: 1. Maximum voltage from anode to cathode. For TA >50°C Derate at 7.41mW 8.33mw
per°C per °C
Ordering Information
Operating
Part Number Package Temperature Range
RC4444R Ceramic 0°C to +70°C
RC4444PU Plastic 0°Cto +70°C

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the

terms and condmons of any subsequent sale. Raytheon’s liability shall be determined solely by |ts standard terms and conditions of sale No
on as to appli >n or use or that the circuits are either licensed or free from patent infring isi ded or ied. Ray

reserves the nght to change the circuitry and other data at any time without notice and assumes no liability for madvertem errors.
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4 x 4 x 2 Balanced Switching Crosspoint Array RC4444
L ]

Electrical Characteristics (0°C < T4 < +70°C unless otherwise noted)

Parameters Test Conditions Min Typ Max Units
Anode-Cathode Breakdown Voltage | lak = 25uA 25 v
Cathode-Anode Breakdown Voltage | Ixa = 254A 25 v
Base-Cathode Breakdown Voltage Igk = 25uA 25 v
Cathode-Base Breakdown Voltage Ikg = 25uA 25 v
Base-Emitter Breakdown Voltage lge = 25uA 25 v
Emitter-Cathode Breakdown Voltage | lgx = 25:A 25 v
OFF State Resistance Vak = 10V 100 MQ
Dynamic ON Resistance Center Current = 10mA 40 12 0
Center Current = 20mA 20 10
Holding Current 09 38 mA
Enable Current Vge = 1.5V 4.0 mA
Anode-Cathode ON Voltage lag = 10mA 10 v
lak = 20mA 11
Inhibit Voltage Vg =30V 0.3 v
Inhibit Current Vg =3.0V 0.1 mA
OFF State Capacitance Vak =0V 20 pF
Turn-ON Time 1.0 uS
i Votag arp e I
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RC4444 4 x 4 x 2 Balanced Switching Crosspoint Array

]
Typical Performance Characteristics

Anode-Cathode on Voitage vs.
Holding Current vs. Ambient Temperature Current and Temperature
20 11
——
[ —
16 — 10 — ]
&E- S~ = e
z 12 g 09T p<] =
£ 2 ,/ N <
3 /
= 08 g o8 e N
s £ -4
= 04 g 07 Ta=+70°C )
0 3 0 g
10 0 10 20 30 40 50 60 70 80 90 0 20 40 60 80 10 12 14 16 18 20
Ambient Temperature (°C) Anede-Cathede Current (mA)
Difference in Anode-Cathode on Voltage
(Between Associate Pairs of SCRs) Off-Site Capacitance vs. Anode-Cathode
vs. Anode-Cathode Current Voltage
+100 10
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) 05 —~
g 0 S 04
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4 x 4 x 2 Balanced Switching Crosspoint Array RC4444

Typical Performance Characteristics (Continued)

Feedthrough vs. Signal Frequency Test Circuit for Feedthrough vs. Frequency
r=="
-60
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-80
g LA 600
‘§ -90 S Vol wave
2 100 Lt 3600 Analyzer
s A y
£ 1o A
» /
-120 2t g
A g
-130 2
01 05 10 50 10 50 100
: Signal Frequency (kHz) :_ _} Ta = +25°C. Vi = 12dBm. Crosspoints Off.
= = = Feedthrough = 20 Logy (Vo/V))
o5.020458
Crosstalk vs. Signal Frequency Test Circuit for Crosstalk vs. Frequency
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- -80 /
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S —g‘ >
-110 oo
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PRELIMINARY
PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Raytheon

Ground Fault Interrupters

RvV4143, 4144

Features

B Direct interface to SCR

® Supply voltage derived from AC line — 26V
shunt

B Adjustable sensitivity

@ Grounded neutral detection

@ Complies with U.S. UL943

Description

The RV4143 and RV4144 are controllers for AC
outlet ground fault interrupters. These devices

Schematic Diagram

detect hazardous grounding conditions, such as
a pool of water and equipment connected to
opposite phases of the AC line, and open circuit
the line before a harmful or lethal shock occurs.

Contained internally are a 26V zener shunt regu-
lator, an op amp, and an SCR driver. With the
addition of two sense coils, a bridge rectifier,
an SCR, and a relay the 4143 or 4144 will detect
and protect against both hot wire to ground and
neutral wire to ground faults. The simple layout
and conventional design ensure ease of applica-
tion and long term reliability.

+Vg
6
9 —0
R4
87K
Veg
m ® _ 18
(+13 Volts)
VReF 513, - 2 1
@ ¢ fos 19
3w 25K
< R11
Input ‘Rjﬁ 25K
@ © VWA
Noise 023 020
Filter
® —{|—¢ son 18K
06 4pF
0—t 05 k
c o o7 0% % “ !
10pF
[\") 03 013 11
R13 R12S S R14
50K 50K ¥ 4K
o BND
+ ‘L : @
0p Amp SCR
Output Trigger
@ (5) 65017468
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RV4143, 4144 Ground Fault Interrupters

Mask Pattern Connection Information
7 6
8-Lead
NB Plastic
Dual In-Line Package
8 (Top View)
- Pin Function
5| 1 Veg
5 E EI 2 Input
2 o] 3 VRger (+13V)
! 4 E :l 4 Ground
E 3 5 SCR Trigger
6 +Vg
E El 7 Op Amp Output
2 3 8 Noise Filter
65-02065A e
Die Size: 56 x 49 mils
Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings Functional Block Diagram
Supply Current ...............oovun, 18mA
Internal Power Dissipation ........... 500mwW
Storage Temperature Ce Vo Vs SCR
Range ................... -65°C to +150°C ls] f71 161 151
Operating Temperature
Range .................... -35°C to +80°C
Lead Soldering Temperature
(60Sec) .....ooiiiiiiiiiii +300°C
Ordering Information
Operating
Part Number Package Temperature Range
RV4143NB Plastic -35°C to +80°C
RV4144NB Plastic -35°C to +80°C w2
Thermal Characteristics b [=] L[] L[l
Vi n VREF GND
8-Lead (+13V)
P'as"c mP input Resistor Values
; o B a3 o
Max. Junction Temp. 125°C o ” Za0n
Max. PD TA < 500 C 468mW R2 10K 25K 65-1748A
Therm. Res. 8y¢ —
Therm. Res. 6,5 160°C/W
For Ty > 50°C Derate at 6.25mW per °C
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Ground Fault Interrupters
X

Electrical Characteristics (Is = 5mA and T = +25°C)

RV4143, 4144

Parameters Test Conditions Min Tvp Max Units
Shunt Regulator
Zener Shunt Voltage Pin6 25 26 29.2 v
Reference Voltage Pin3 125 13 14.6 v
Op Amp
Input Offset Voltage Pin2to Pin3 -3 +1 +3 mv
. Output Voltage Swing Pin7 to Pin 3 +11 +13.5 v
AC Output Voltage Ay = 500, fiy = 50kHz 50 180 mVems
Vin = 1mVaus
Resistors
R14 38 4.7 5.7
R1 RV4143 08 1.0 12
R1 RV4144 06 0.75 09 kQ
R2 RV4143 8.0 10.0 120
R2 Rv4144 20 25 30
SCR Trigger
Vou Across 4.7k 15 6 v
VoL 01
Electrical Characteristics (Is = 5mA, over the specified temperature range)
Parameters Test Conditions Min Typ Max Units
Shunt Regulator
Zener Shunt Voltage Pin 6 24 26 30 v
Reference Voltage Pin3 12 13 15
Op Amp
Input Offset Voltage Pin2toPin3 -6 +2 +6 mV
Output Voltage Swing Pin7toPin3 +10.5 +13 v
AC Output Voltage Ay =500, fjy = 50kHz 50 200 mVams
Vin = TmVams
Resistors
R14 33 47 6.1
R1 RV4143 0.7 1.0 13
R1 RV4144 0.52 0.75 0.98 kQ
R2 RV4143 70 10 13.0
R2 Rv4144 1.75 25 325
SCR Trigger
Vou Across 4.7k} 13 5
Vou 13 05 v

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part ofthe
terms and conditions of any subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringementis intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.

Raylheon
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RV4143, 4144

Ground Fault Interruptei's

L ]

Principles of Operation

The 26V shunt regulator voltage generated by the
string of zener diodes is divided into three
reference voltages: %Vg, 2Vs, and %Vs. VRer is at
¥%2Vs and is used as a reference to create an
artificial ground of +13V at the op amp non-
inverting input. Fault signals from the sense coil
are AC coupled into the input and are amplified
according to the following equation:

AV=-’;—§ +1

Where Rf equals the value of an external feed-
back resistor between pins 7 and 1.

12-52

When the output of the op amp swings above
%Vs or below %Vg the SCR trigger output will
go high and fire an external SCR.

Grounded neutral fault detection is accomplished
when a short or fault closes a magnetic path
between two sense coils. The resultant AC
coupling through the three coils (the sense coil
to the single-turn fault to the feedback coil)
closes a positive feedback path around the op
amp, and therefore the op amp oscillates. When
the peaks of the oscillation voltage exceed the
SCR trigger comparator thresholds the SCR out-
put will go high.



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Voltage-Controlled ;
Raytheon Oscillator XR-2207
Features Description

| Excellent temperature stability — 20ppm/°C

B Linear frequency sweep

@ Adjustable duty cycle — 0.1% to 99.9%

® Two or four level FSK capability

B Wide sweep range — 1000:1 min

B Logic compatible input and output levels

® Wide supply voltage range — *+4V to £13V

B Low supply sensitivity — 0.15%/V

® Wide frequency range — 0.01Hz to 1MHz

® Simultaneous triangle and squarewave outputs

Applications

m FSK generation

& Voitage and current-to-frequency conversion

@ Stable phase-locked loop

m Waveform generation triangle, sawtooth, pulse,
squarewave

® FM and sweep generation

Connection Information

14-Lead
Dual In-Line Package
(Top View)

+Vg [I‘ V
g EF | [>

Capacitor E b
!V R1 %——I
RTir_ning R2| 8

esistors RSE-— E By
L [T F| s

65-00623/

E] Triang:ﬁwave
E Squaés‘wave
[11] ias
[10] ano

Current
Qoith

The XR-2207 is a monolithic voltage-controlled
oscillator (VCO) integrated circuit featuring excel-
lent frequency stability and a wide tuning range.
The circuit provides simultaneous triangle and
squarewave outputs over a frequency range of
0.01Hz to 1MHz. It is ideally suited for FM,
FSK, and sweep or tone generation, as well
as for phase-locked loop applications.

As shown in the Schematic Diagram, the circuit
is comprised of four functional blocks: avariable-
frequency oscillator which generates the basic
periodic waveforms; four current switches actu-
ated by binary keying inputs; and buffer ampli-
fiers for both the triangle and squarewave outputs.
The internal switches transfer the oscillator
current to any of four external timing resistors
to produce four discrete frequencies which are
selected according to the binary logic levels
at the keying terminals (pins 8 and 9).

The XR-2207 has a typical drift specification
of 20ppm/°C. The oscillator frequency can be
linearly swept over a 1000:1 range with an external
control voltage, and the duty cycle of both the
triangle and the squarewave outputs can be varied
from 0.1% to 99.9% to generate stable pulse
and sawtooth waveforms.

Mask Pattern
2 1 14

13
12

3

4

5 19
10

Die Size: 85 x 80 mils
Min. Pad Dimensions: 4 x 4 mils

65-01082A

12-53



Voltage-Controlled Oscillator

XR-2207
Schematic Diagram
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Voitage-Controlled Oscillator XR-2207

Absolute Maximum Ratings Ordering Information
Supply Voltage ............c.coviinn.. +26V Operating
Storage Temperature Part Number Package Temperature Range
Range ................... -65°C to +150°C XR-2207CN Ceramic 0°C to +75°C
. XR-2207CP Plastic 0°Cto+75°C
Thermal Characteristics XR2207N Coramic 40°C 10 +85°C
14-Lead I4-Lpad XR-2207P Plastic -40°C to +85°C
Plastic DIP | Ceramic DIP XR2207M Ceramic 55°C 1o +125°C
Max. Junction Temp. 125°C 175°C XR-2207M/883B* Ceramic -55°C to +125°C
Max. Pp Ta <50°C 468mwW 1042mwW *MIL-STD-883, Level B Processing
Therm. Res. 6,¢ — 60°C/W
Therm. Res. 6,5 160°C/W 120°C/W
For Tp > 50°C Derate at 6.25mW 8.33mwW
per °C per °C

Electrical Characteristics
(Test Circuit of Figure 1, Vg = +6V, Ta = +25°C = 5000pF, R1 = R2 = R3 = R4 = 20k(}, R = 4.7k(}, Binary
inputs grounded, S1 and S2 closed unless otherwise specified)

XR-2207 XR-2207C
Parameters Test Conditions Min | Typ l Max | Min I Typ l Max | Units
General Characteristics
Supply Voltage See Typical
Single Supply Performance +80 | +12 | +26 | +80 | +12 | +26 v
Split Supplies Characteristics +4 + | +13 | 4 % | 13
Supply Current Measured at pin 1,
Single Supply S1 open (See Fig. 2) 5.0 70 5.0 8.0 mA
Split Supplies Measured at pin 1,
Positive S1 open (See Fig. 1) 5.0 7.0 50 8.0
: Measured at pin 12,
Negative $1, 2 open 4.0 6.0 40 7.0
Binary Keying Inputs
- Measured at pins 8
Switching Threshold and 9. Refer to pin 10 14 | 22 | 28 | 14 | 22 | 28 v
Input Resistance 50 5.0 kQ

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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XR-2207

Voltage-Controlled Oscillator
L .

Electrical Characteristics (Continued)

XR-2207 XR-2207C
Parameters Test Conditions Min l Typ I Max | Min l Typ I Max | Units
Oscillator Section — Frequency Characteristics
Upper Frequency Limit C = 500pF, R3 = 2k 0.5 1.0 0.5 1.0 MHz
Lower Practical Frequency C = 50uF, R3 =20 0.01 0.01 Hz
Frequency Accuracy +1.0 | £30 +10 | +5.0| %offy
Frequency Matching 0.5 05 % of fo
Frequency Stability
Vs. Temperature 0°C < Tp < +75°C 20 50 30 ppm/°C
Vs. Supply Voltage 0.15 0.15 %/V
Sweep Range M ;5‘;%‘:’{:’* 1000:1 | 3000:1 1000:1 fuify
Sweep Linearity C = 5000pF
10:1 Sweep fy = 10kHz, f_ = 1kHz 1.0 20 15 %
1000:1 Sweep fy = 100kHz, f,_ = 100Hz 5.0 5.0 %
FM Distortion +10% FM Deviation 0.1 0.1 %
ogcesie [ s | Jaw| 15| |aw| w
Impedance at Timing Pins y%agl:?d at pins 4, 75 75 a
DC Level at Timing Terminals 10 10 mvV
Output Characteristics
Triangle Qutput Measured at pin 14
Amplitude 4 6 4 6 Voo
Impedance 10 10 [0}
DC Level ?rgf:]rtiggeg to u/in 1{0 +100 +100 mV
Linearity swing ¢ 01 01 %
Squarewave Qutput Measured at pin 13, }
Amplitude S2 Closed 1 12 1 12 Voo
Saturation Voitage Referenced to pin 12 0.2 0.4 02 0.4 v
Rise Time CL < 10pF 200 200 nS
Fall Time CL < 10pF 20 20 nS
12-56 Raytheon



Voltage-Controlled Oscillator XR-2207

Typical Performance Characteristics

Typical Operating Range Frequency Accuracy vs.
for Split Supply Voitage Timing Resistance
+25 g T 7
5 Vg = +6V
Y ' 4 C = 5000pF
2 2 g 3 //
z 5 77777 E : A
s ; Typicat S0 7~
2 .0 /O%eratmg /7 g 4 P
s ange §_ 2
£ g yd
é +5 ////ﬂ - —2 ,/ <
(i & 5 g
§ 5 13
% -5 -10 15 20 K 10K 100K ™ 10M
Negative Supply (Voits} Timing Resistance (Ohms)

Recommended Timing Resistor Value vs.
Power Supply Voltage* Frequency Drift vs. Supply Voltage
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Voltage-Controlled Oscillator
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Description of Circuit Controls

Timing Capacitor (pins 2 and 3)

The oscillator frequency is inversely proportional
to the timing capacitor, C. The minimum capac-
itance value is limited by stray capacitances
and the maximum value by physical size and
leakage current considerations. Recommended
values range from 100pF to 100uF. The capacitor
should be non-polarized.

Timing Resistors (pins 4, 5, 6, and 7)

The timing resistors determine the total timing
current, |1, available to charge the timing capac-
itor. Values for timing resistors can range from
1.5k() to 2M(}; however, for optimum temperature
and power supply stability, recommended values
are 4k() to 200k(). To avoid parasitic pick up,
timing resistor leads should be kept as short
as possible. For noisy environments, unused or
deactivated timing terminals should be bypassed
to ground through 0.1uF capacitors. Otherwise,
they may be left open.

Supply Voltage (pins 1 and 12)

The XR-2207 is designed to operate over a power
supply range of +4V to £13V for split supplies,
or 8V to 26V for single supplies. At high supply
voltages, the frequency sweep range is reduced.
Performance is optimum for +6V, or 12V single
supply operation.

Binary Keying Inputs (pins 8 and 9)

The internal impedance at these pins is approxi-
mately 5k(). Keying levels are <1.4V for “zero”
and >3V for “one” logic levels referenced to
the DC voltage at pin 10.

Bias for Single Supply (pin 11)

For single supply operations, pin 11 should be
externally biased to a potential between +Vg/3V
and +Vg/2V (see Figure 1). The bias current at pin
11 is nominally 5% of the total oscillation timing
current I.

Ground (pin 10}

For split supply operation, this pin serves as
circuit ground. For single supply operation, pin
10 should be AC grounded through a 1uF bypass
capacitor. During split supply operation, aground
current of 2 It flows out of this terminal, where
IT is the total timing current.

12-58

Squarewave Output (pin 13)

The squarewave output at pin 13 is an “open-
collector” stage capable of sinking up to 20mA
of load current. Ry serves as a pull-up load
resistor for this output. Recommended values
for Ry range from 1k(} to 10k().

Triangle Output (pin 14)

The output at pin 14 is a triangle wave with a
peak swing of approximately one-half of the
total supply voltage. Pin 14 has a very low output
impedance of 10} and is internally protected
against short circuits.

Note: Triangle waveform linearity is sensitive to parasitic
coupling between the square and the triangle-wave
outputs (pins 13 and 14). In board layout or circuit
wiring care should be taken to minimize stray wiring
capacitance between these pins.

Operating Instructions

Precautions

The following precautions should be observed
when operating the XR-2207 family of integrated
circuits:

1. Pulling excessive current from the timing
terminals will adversely effect the temperature
stability of the circuit. To minimize this dis-
turbance, it is recommended that the total
current drawn from pins 4, 5, 6, and 7 be
limited to <6mA. In addition, permanent
damage to the device may occur if the total
timing current exceeds 10mA.

2. Terminals 2, 3, 4, 5, 6, and 7 have very low
internal impedance and should, therefore, be
protected from accidental shorting to ground
or the supply voltages.

3. The keying logic pulse amplitude should not
exceed the supply voltage.

Split Supply Operation

Figure 1 is the recommended circuit connection
for split supply operation. The frequency of oper-
ation is determined by the timing capacitor, C,
and the activated timing resistors (R1 through
R4). The timing resistors are activated by the
logic signals at the binary keying inputs (pins 8
and 9), as shown in Table 1. If a single timing
resistor is activated, the frequency is 1/RC.

Rayiheon



Voltage-Controlled Oscillator

XR-2207
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Figure 1. Test Circuit for Split Supply Operation

Table 1. Logic Table for Binary Keying Controis

Logic | Selected

Level | Timing

8(9| Pins | Frequency Definitions

0|0 6 f4 f, = 1/R3C, Afy = 1/R4C
0|1|6and7 | fy+afy | f,=1/R2C, Af, = 1/R1C
110 5 fp Logic Levels: 0 = Ground
1]11]| 4and5| fo+ A | Logic Levels: 1=>3V

Note: For single-supply operation, logic levels are ref-
erenced to voltage at pin 10.

Otherwise, the frequency is either 1/(R1||R2)C or
1/(R1}|R4)C.

The squarewave output is obtained at pin 13 and
has a peak-to-peak voltage swing equal to the
supply voltages. This output is an “open-collector”
type and requires an external pull-up load resistor
(nominally 5k() to the positive supply. The
triangle waveform obtained at pin 14 is centered
about ground and has a peak amplitude of +Vg/2.

The circuit operates with supply voitages ranging
from +4V to +13V. Minimum drift occurs with
+6V supplies.

Single Supply Operation

The circuit should be interconnected as shown
in Figure 2 for single supply operation. Pin 12
should be grounded, and pin 11 biased from +Vg

Raytheen

through a resistive divider to a value of bias
voltage between +Vs/3 and +Vg/2. Pin 10 is
bypassed to ground through a 0.1uF capacitor.

For single supply operation, the DC voltage at
pin 10°and the timing terminals (pins 4 through
7) are equal and approximately 0.6V above Vg,
the bias voltage at pin 11. The logic levels at
the binary keying terminals are referenced to
the voltage at pin 10.

On-Off Keying

The XR-2207 can be keyed on and off by simply
activating an open circuited timing pin. Under
certain conditions, the circuit may exhibit very
low frequency (<1Hz) residual oscillation in the
“off” state due to internal bias current. If this
effect is undesirable, it can be eliminated by
connecting a 10M(} resistor from 3 to +Vs.

Frequency Control (Sweep and FM)

The frequency of operation is controlled by vary-
ing the total timing current, |y, drawn from the
activated timing pins 4, 5, 6, or 7. The timing
current can be modulated by applying a control
voltage, Vg, to the activated timing pin through
a series resistor Rc as shown in Figure 3.

For split supply operation, a negative control
voltage, V¢, applied to the circuit of Figure 3
causes the total timing current, Iy, and the
frequency, to increase.
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XR-2207 Voltage-Controlled Oscillator
0.1uF
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s 10 13
XR-2207 Squarewave
Device Out
3.9K " Under 14 )
Test —O Tnangle'wave
51K 12 6 7 4 5 !
Wy = st SR IR ZRT SR
Figure 2 Test Circuit for Single Supply Operation
As an example, in the circuit of Figure 3, the
binary keying inputs are grounded. Therefore,
only timing pin 6 is activated.
The frequency of operation is determined by:
- = 1 [ _VcRs ]
R3Cs| (Rc)(-Vs)

.?L_o Vco—m

>
<
R3Z

Pulse and Sawtooth Operation
The duty cycle of the output waveforms can be

-Vs O

controlled by frequency shift keying at the end
of every half cycle of oscillator output. This is
accomplished by connecting one or both of the
binary keying inputs (pins 8 or 9) to the square-
wave output at pin 13. The output waveforms
can then be converted to positive or negative

Figure 3. Frequency Sweep Operation pulses and sawtooth waveforms.
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Pulse
Output +s £5-00633A

Sawtooth
Output

47K

Figure 4. Pulse and Sawtooth Generation

Figure 4 is the recommended circuit connection
for duty cycle control. Pin 8 is shorted to pin 13
so that the circuit switches between the “0,0”
and the “1,0” logic states given in Table 1. Timing
pin 5 is activated when the output is “high”,
and pin 6 is activated when the squarewave output
goes to a “low” state.

The duty cycle of the output waveforms is given
as:

R2

Duty Cycle = R2+R3

and can be varied from 0.1% to 99.9% by proper
choice of timing resistors. The frequency of
oscillation, f, is given as:

o2l 1
Cl|R2+R3

The frequency can be modulated or swept without
changing the duty cycle by connectingR2and-R3
to a common control voltage V¢ instead of to
-Vg. The sawtooth and the pulse output wave-
forms are shown in the Typical Performance
Characteristics Graphs.
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

FSK Demodulator/
Tone Decoder

Raytheon

XR-2211

Features

® Wide frequency range — 0.01Hz to 300kHz

® Wide supply voltage range — 4.5V to 20V

B DTL/TTL/ECL logic compatibility

® FSK demodulation with carrier-detector

® Wide dynamic range — 2mV to 3VRms

B Adjustable tracking range — +1% to +80%

B Excellent temperature stability — 20ppm/°C
typical

Applications

® FSK demodulation

m Data synchronization
B Tone decoding

B FM detection

B Carrier detection

Schematic Diagram

Description

The XR-2211 is a monolithic phase-locked loop
(PLL) system especially designed for data com-
munications. It is particularly well suited for FSK
modem applications, and operates over a wide
frequency range of 0.01Hz to 300kHz. It can
accommodate analog signals between 2mV and
3V, and can interface with conventional DTL,
TTL and ECL logic families. The circuit consists
of a basic PLL for tracking an input signal fre-
quency within the passband, a quadrature phase
detector which provides carrier detection, and
an FSK voltage comparator which provides FSK
demodulation. External components are used
to independently set carrier frequency, bandwidth,
and output delay.
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FSK Demodulator/Tone Decoder

Mask Pattern Connection Information
2 1 14 13 14-Lead
Dual In-Line Package
(Top View)
XR-2211 e
s ! Signal E
Preamp Timing
12 Capacitor
Input LT_ Vo E _l
11 Lock o 1 Timing
10 Bt E‘[j ERIEEN R EE
Loop
GND 4 1| Det
E Lock j (]ulpeut
CDe(ector et
omparator Int | el
¢ EK‘ Pj war
Detector
Outputs N
alse 9 N
VR O Lale] -]
65-01097A Data A FSK
Output E * FSK Comp Input
Comparator
Die Size: 103 x 80 mils o
Min. Pad Dimension: 4 x 4 mils
Functional Block Diagram
Loop Data
Filter Filter FSK
Output
o 3
FSK
FSK ® Comp
Input
vCo
Preamp ®
- Lock
| Detect
et D: Outputs
Lock Lock
Detect Detect
Filter Comp e6.008554
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FSK Demodulator/Tone Decoder XR-2211
—

Absolute Maximum Ratings Operating Temperature Range
XR-2211CN/CP .............. 0°C to +75°C
Supply_Voltage ....................... +20V XR-221IN/P oo ~40°C to +85°C
Input Signal Level .................... 3Vems XR-2211M -55°C to +125°C
Storage Temperature Lead Solderi o T """ t """
Range ............. e -65°C to +150°C e(aso S‘;c)e”"g emperature +300°C
Thermal Characteristics Ordering Information
14-Lead 14-Lead Operating
Plastic DIP | Ceramic DIP Part Number Package Temperature Range
Max. Junction Temp. 125°C 175°C XR-2211CN Ceramic 0°C to +75°C
Max. Py Tp < 50°C 268mW 1042mW XR-2211CP Plastic 0°C to +75°C
" XR-2211N Ceramic -40°C to +85°C
Therm. Res. 6,c - S0°C/wW XR-2211P Plastic | -40°C to+85°C
Therm. Res. 0, 160°C/W | 12C/w XR2211M Ceramic | -55°C to +125°C
For Tp > 50°C Derate at 6.25mwW 8.33mwW XR-2211M/883B* Ceramic -55°C to +125°C
per c per °C *MIL-STD-883, Level B Processing

Electrical Characteristics (Test Conditions +Vg = +12V, Ta = +25°C, RO = 30k(,
CO = 0.033uF. See Figure 1 for component designations.)

XR-2211/M XR-2211C
Parameters Test Conditions Min ] Typ I Max | Min I “Typ I Max | Units
General
Supply Voltage 45 20 | 45 20 v
Supply Current R0 = 10k2 40 9.0 5.0 1" mA
Oscillator
Frequency Accuracy % e:i?}i’ggcforom +1.0 | £30 +10 %
Frequency Stability
Temperature Coefficient Rl=w +20 | 50 +20 ppm/°C
- +Vg = 12 +1V 005 | 05 0.05 %/V
Power Supply Rejection Vg = 5 +05V 02 02 WV
Upper Frequency Limit gg z g[%g; 100 | 300 300 kHz
é?:;zsetnlg;actlcal Operating gg - g{i&; 0.01 0.01 Hz
Timing Resistor, RO
Operating Range 50 2000 | 5.0 2000{ ko
Recommended Range 15 100 | 15 100 | kO
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XR-2211 FSK Demodulator/Tone Decoder

Electrical Characteristics (Continued)
(Vs = +12V, Ta = +25°C, RO = 30k(}, CO = 0.033uF. See Figure 1 for component designations.)

XR-2211/M XR-2211C
Parameters Test Conditions Min | Typ | Max | Min [ Typ | Max | units
Loop Phase Detector
Peak Output Current Meas. at Pin 11 +150 | £200 | £300} £100 [ +200 | +300 | nA
Qutput Offset Current +1.0 +2.0 uA
Output Impedance 1.0 1.0 Mn
Maximum Swing Ref. to Pin 10 +40 | £5.0 +40 | 50 v
Quadrature Phase Detector
Peak Output Current Meas. at Pin 3 100 | 150 150 uA
Qutput Impedance 1.0 1.0 M
Maximum Swing " " Vop
Input Preamp
Input impedance Meas. at Pin 2 2 20 kQ
loGauss Lmitng 20 | 10 20 | |mvaus
Voltage Comparator
Input Impedance Meas. at Pins 3& 8 20 20 MQ
Input Bias Current 100 : 100 nA
Voltage Gain R = 5.1k 55 70 55 70 dB
Qutput Voltage Low Ic=3mA 300 300 mv
Output Leakage Current Vo = 12V 0.01 0.01 uA
Internal Reference
Voltage Level Meas. at Pin 10 49 53 57 | 475 ] 53 | 585 v
Output Impedance 100 100

The information contained in this data sheet has been carefully compiled; however, it shalt not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Description of Circuit Controls

Signal Input (Pin 2)
The input signal is AC coupled to this terminal.
The internal impedance at pin 2 is 20k(}. Rec-
ommended input signal level is in the range of
10mVRpms to 3Vems.

Quadrature Phase Detector Output (Pin 3)

This is the high-impedance output of the quadra-
ture phase detector, and isinternally connected to
the input of lock-detect voltage comparator. In
tone detection applications, pin 3 is connected to
ground through a parallel combination of Rp and
Cp (see Figure 1) to eliminate chatter at the
lock-detect outputs. if this tone-detect section is
not used, pin 3 can be left open circuited.

Lock-Detect Output, Q (Pin 5)

The output at pin 5 is at a “high” state when the
PLL is out of lock and goes to a “low” or
conducting state when the PLL is locked. It is an
open collector type output and requires a pull-up
resistor, R, to +Vg for proper operation. In the
“low” state it can sink up to 5mA of load current.

Lock-Detect Complement, Q (Pin 6)
The output at pin 6 is the logic complement of
the lock-detect output at pin 5. This output is

also an open collector type stage which can
sink 5mA of load current in the low or “on” state.

FSK Data Output (Pin 7)

This outputis an open collector logic stage which
requires a pull-up resistor, R, to +Vg for proper
operation. It can sink 5mA of load current. When
decoding FSK signals the FSK data output will
switch to a “high” or off state for low input
frequency, and will switch to a “low” or on state for
high input frequency. If no input signal is present,
the logic state at pin 7 is indeterminate.

FSK Comparator Input (Pin 8)

This is the. high-impedance input to the FSK
voltage comparator. Normally, an FSK post-
detection or data filter is connected between
this terminal and the PLL phase-detector output
(pin 11). This data filter is formed by Rr and Cf
of Figure 1. The threshold voltage of the com-
parator is set by the internal reference voltage,
VR, available at pin 10.

Reference Voltage, Vg (Pin 10)

This pin is internally biased at the reference
voltage level, Vg; VR = V+/2 - 650mV. The DC
voltage level at this pin forms an internal reference

Rp
470K

AAA

510K AL 1
Loop
> o-Det
& Comparator
2 — Internal
0 ——— veo Reference
1uF Input
Input I Preamp " 3
Signal co
)
- Quad onetect
L] u utputs
o-Det P

Lock
Detect Q
Comparator

65-00663A

Figure 1. Generalized Circuit Connection for FSK and Tone Detection
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FSK Demodulator/Tone Decoder

PR e

for the voltage levels at pip 3, 8, 11, and 12.
Pin 10 must be bypassed to ground with a 0.1uF
capacitor.

Loop Phase Detector Output (Pin 11)

This terminal provides a high impedance output
for the loop phase-detector. The PLL loop filter
is formed by R1 and C1 connected to pin 11
(see Figure 1). With no input signal, or with no
phase error within the PLL, the DC level at
pin 11 is very nearly equal to Vg. The peak
voltage swing available at the phase detector
output is equal to +VR.

VCO Control Input (Pin 12)

VCO free-running frequency is determined by
external timing resistor, RO, connected from this
terminal to ground. The VCO free-running fre-
quency, fg, is given by:

1
fo(Hz) = ROCO

where CO is the timing capacitor across pins 13
and 14. For optimum temperature stability RO
must be in the range of 10k} to 100k(} (see Typical
Electrical Characteristics).

This terminal is a low impedance point, and is
internally biased at a DC level equal to Vg. The
maximum timing current drawn from pin 12 must
be limited to <3mA for proper operation of the
circuit.

VCO Timing Capacitor (Pins 13 and 14)

VCO frequency is inversely proportional to the
external timing capacitor, CO, connected across
these terminals. CO must be non-polarized, and in
the range of 200pF to 10uF.

VCO Frequency Adjustment

VCO can be fine tuned by connecting a poten-
tiometer, Ry, in series with RO at pin 12 (see
Figure 2).

VCO Free-Running Frequency, fg

The XR-2211 does not have a separate VCO
output terminal. Instead, the VCO outputs are
internally connected to the phase-detector sec-
tions of the circuit. However, for setup or adjust-
ment purposes, the VCO free-running frequency
can be measured at pin 3 (with Cp disconnected)
with no input and with pin 2 shorted to pin 10.

Bayltheoon

Design Equations
See Figure 1 for Definitions of Components.

1. VCO Center Frequency, fg:

1

fo(H2) = 75¢5

2. Internal Reference Voltage, Vg (measured
at pin 10):

+
Vg = (%)— 650mV
3. Loop Lowpass Filter Time Constant, 7
7=R1C1

4. Loop Damping, &

(YA (1)
c1 4
5. Loop Tracking Bandwidth, £Af/fg:
Af/fg = RO/R1

Af/fg = RO/R1

Tracking
Bandwidth

Af—— >t Af

-

fLL fy fo fa fin

65-00664A

6. FSK Data Filter Time Constant, 7g:
7F = ReCr

7. Loop Phase Detector Conversion Gain, Ky
(Kg is the differential DC voltage across
pins 10 and 11, per unit of phase error at
phase-detector input):

(-2){(VR)
m

8. VCO Conversion Gain, KO0, is the amount of
change in VCO frequency per unit of DC
voltage change at pin 11:

Ke (in volts per radian) =

-1

KO (in Hertz per volt) = COR1VR

9. Total Loop Gain, Kt:
Kt (in radians per second per volt) = 2rK¢KO0

= 4/COR1
10. Peak Phase-Detector Current, |a:
- Vr
Ia (MA) = 25
12-67
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Applications

FSK Decoding

Figure 2 shows the basic circuit connection for
FSK decoding. With reference to Figures 1 and
2, the functions of external components are de-
fined as follows: RO and CO set the PLL center
frequency, R1 sets the system bandwidth, and
C1 sets the loop filter time constant and the loop
damping factor. Cr and Rg form a one pole
post-detection filter for the FSK data output. The
resistor Rg (= 510k(2) from pin 7 to pin 8 introduces
positive feedback across FSK comparator to facili-
tate rapid transition between output logic states.

Recommended component values for some of
the most commonly used FSK bauds are given
in Table 1.

vCo
Fine Tune

AL
Vs 51k
O—AM—

Data
Output

o9

Rg
510K

Figure 2. Circuit Connection for FSK Decoding

Table 1. Recommended Component Values
for Commonly Used FSK Bands
(See Circuit of Figure 2)

FSK Band Component Values
300Baud | CO=0.039uF Cr = 0.0054F
f; = 1070Hz C1=0.014F RO = 18k
fp=1270Hz | Ri=100ka T
300 Baud C0 = 0.0224F Cr = 0.0054F
4 = 2025Hz C1 = 0.0047,F R1 = 18kQ
fp = 2205Hz R1 = 200k

1200 Baud C0 = 0.027uF Cf = 0.0022,F
f1 = 1200Hz C1=001xF RO = 18kQ

T = 2200Hz R1 = 30k0

Design Instructions

The circuit of Figure 2 can be tailored for any
FSK decoding application by the choice of five
key circuit components; RO, R1, CO, C1 and C.
For a given set of FSK mark and space fre-
quencies, f{ and fy, these parameters can be
calculated as follows:

1. Calculate PLL center frequency, fo

_fi+fo
fo= 5
2. Choose a value of timing resistor RO to be in
the range of 10k} to 100k{}. This choice is
arbitrary. The recommended value is RO =
20k(). The final value of RO is normally fine-
tuned with the series potentiometer, Ry.

3. Calculate value of CO from Design Equation
No. 1 or from Typical Performance Charac-
teristics:

CO0 = 1/R0fg

4. Calculate R1 to give a Af equal to the mark-
space deviation:
R1 = RO [fo/(f1 - f2)]
5. Calculate C1to setloop damping. (See Design
Equation No. 4.)
Normally, { =~ 1/2 is recommended
Then: C1=C0/4for{=1/2

6. Calculate Data Filter Capacitance, Cg:
For Rr = 100k(), Rg = 510k(}, the recom-
mended value of Cr is:
3

Cr (in uF) = Baud Rate

Note: All calculated component values except RO can be
rounded off to the nearest standard value, and RO can
be varied to fine-tune center frequency through a
series potentiometer, Ry (see Figure 2).

Design Example
75 Baud FSK demodulator with mark/space fre-
quencies of 1110/1170Hz:

Step 1:  Calculate fg:
fo = (1110 + 1170) (1/2) = 1140Hz

Step 2.  Choose RO = 20k(} (18k(} fixed resistor
in series with 5k() potentiometer)

Step 3: Calculate CO from Vco Frequency vs.
Timing Capacitor: CO = 0.044uF

Step 4: Calculate R1: R1=R0 (2240/60) = 380k(}

Step 5: Calculate C1: C1=C0/4 = 0.011uF

Note: All values except RO can be rounded off to nearest
standard value.
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FSK Demodulator/Tone Decoder

FSK Decoding With Carrier Detect

The lock-detect section of the XR-2211 can be
used as a carrier detect option for FSK decoding.
The recommended circuit connection for this
application is shown in Figure 3. The open-
collector lock-detect output, pin 6, is shorted to
the data output (pin 7). Thus, the data output will
be disabled at “low” state, until there is a carrier
within the detection band of the PLL, and the pin 6
output goes “high” to enable the data output.

present within the detection band of the PLL,
the logic state at these outputs becomes reversed
for the duration of the input tone. Each logic
output can sink 5mA of load current.

Both logic outputs at pins 5 and 6 are open-
collector type stages, and require external pull-
up resistors R 1 and R 2 as shown in Figure 4.

vCo
Fine Tune

5.00men

Note. Data output 15 “low™ when no carrier IS present

veo
MM Fune Tune
0
Rx
Co
Al *
p m
= 1}
c 4
Ws
S
Logic
L Q O Logic
itput
oo §° I ot L

Figure 3. External Connectors for FSK
Demodulation With Carrier Detect Capability

The minimum value of the lock-detect filter
capacitance Cp is inversely proportional to the
capture range, +Afc. This is the range of incoming
frequencies over which the loop can acquire
lock and is always less than the tracking range.
It is further limited by C1. For most applications,
Afe < Af/2. For Rp = 470k(), the approximate
minimum value of Cp can be determined by:

Cp(uF) = 16/capture range in Hz

With values of Cp that are too small, chatter can
be observed on the lock-detect output as an
incoming signal frequency approaches the cap-
ture bandwidth. Excessively large values of Cp
will slow the response time of the lock-detect
output.

Tone Detection

Figure 4 shows the generalized circuit connection
for tone detection. The logic outputs, Q and Q
at pins 5 and 6 are normally at “high” and
“low” logic states, respectively. When a tone is

w

Figure 4. Circuit Connection for Tone Detection

With reference to Figures 1 and 4, the function
of the external circuit components can be ex-
plained as follows: RO and CO set VCO center
frequency, R1 sets the detection bandwidth, C1
sets the lowpass-loop filter time constant and
the loop damping factor, and Ry and R 2 are the
respective pull-up resistors for the Q and Q logic
outputs.

Design Instructions

The circuit of Figure 4 can be optimized for any

tone-detection application by the choice of five

key circuit components: RO, R1, C0, C1, and Cp.

For a given input tone frequency, fg, these

parameters are calculated as follows:

1. Choose RO to be in the range of 15k} to
100k(2. This choice is arbitrary.

2. Calculate CO0 to set center frequency, fg equal
to fs: CO = 1/R0fg.

3. Calculate R1 to set bandwidth *Af (see
Design Equation No. 5): ‘R1 = RO(fp/Af)

Note: The total detection bandwidth covers the frequency
range of fo  Af.
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4. Calculate value of Ct1 for a given loop
damping factor:

C1=Co/1672

Normally ¢ = 1/2 is optimum for most tone-
detector applications, giving C1 = 0.25 CO.

Increasing C1improves the out-of-band signal
rejection, but increases the PLL capture time.

5. Calculate value of filter capacitor Cp. To
avoid chatter at the logic output, with Rp =
470k}, Cp must be:

Cp(uF) = (16/capture range in Hz)

Increasing Cp slows the logic output response
time.

Design Examples
Tone detector with a detection band of 1kHz
+20Hz:

Step 1:  Choose RO = 20k() (18k() in series with
5k} potentiometer).

Step 2: Choose CO for fg = 1kHz: CO = 0.05uF.

Step 3:  Calculate R1: R1=(R0) (1000/20) = 1MA).

Step 4. Calculate C1: for { = 1/2, C1 = 0.25uF,
CO0 = 0.013uF.

Step 5:  Calculate Cp: Cp = 16/38 = 0.42uF.

Step 6:  Fine tune the center frequency with the

5k} potentiometer, Ry.

Linear FM Detection

The XR-2211 can be used as a linear FM de-
tector for a wide range of analog communications
and telemetry applications. The recommended
circuit connection for the application is shown

12-70

in Figure 5. The demodulated output is taken
from the loop phase detector output (pin 11),
through a post detection filter made up of R
and Cr, and an external buffer amplifier. This
buffer amplifier is necessary because of the high
impedance output at pin 11. Normally, a non-
inverting unity gain op amp can be used as a
buffer amplifier, as shown in Figure 5.

. © A2 0.1uF
14 4
é

Note: See section on Design Equations for Component Values.

Figure 5. Linear FM Detector Using XR-2211
and an External Op Amp

The FM detector gain, i.e., the output voltage
change per unit of FM deviation, can be given as:

Vout = R1 VR/100 RO Volts/% deviation

where Vg is the internal reference voltage. For the
choice of external components R1, RO, Cp, C1
and Cf, see the section on Design Equations.
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Typical Performance Characteristics

FSK Demodulator/Tone Decoder

Supply Current (mA)

RO (k)

Typical Supply Current vs.
+Vg (Logic Outputs Open Circuited)

RO = 5ka2
! Py
5 ’///// RO > 1(1”(—'_
T <
| !
0 2

4 6 8 10 12 14 16 18 20 22 24
Supply Voltage, +Vs [Volts)

VCO Frequency vs. Timing Capacitor
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65-00660A

VCO Frequency vs. Timing Resistor
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Typical Center Frequency Drift vs. Temperature
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Section 13

Ordering Information

& Packages

Package Descriptions

CJ 14-Pin Ceramic Flatpak

D 14,16, 18, 20, 24 or 40-Pin Ceramic DIP
DB 14-Pin Plastic DIP

DC 14-Pin Ceramic DIP

DE 8-Pin Ceramic DIP

H 8 or 10-Pin Metal Can

J  14-Pin Ceramic DIP

M 8 or 14-Pin Micro DIP

1341

N  Plastic DIP

NB 8-Pin Plastic DIP

P Plastic DIP

PU 24-Pin Plastic DIP

R  24-Pin Ceramic DIP

T 8, or 10-Pin Metal Can
TK 9-Pin TO-66 Metal Can



Section 13

Ordering Information & Packages

LM Series LM 148 J  /883B
Prefix——-r ’
Basic Part Type
Package Type
Optional Processing to MIL-STD-883, Level B
Raytheon Series RC 4151 DE /883B
Temperature Range.
RC 0°Cto +70°C
RM -55°C to +125°C
Basic Part Type
Package Type
Optional Processing to MIL-STD-883, Level B
DAC Series
DAC- 6012 D M /883B

Digital to Analog Converter
Basic Part Type

Maximum 4-digits

A
Preﬁx—_-[— ] /‘{

Electrical
See Data Sheet

Package Type
D Ceramic
P Plastic

k Temperature
C 0°Cto+70°C
M -55°C to +125°C

Optional Processing to MIL-STD-883, Level B J

HA Series HA 1 4781 2
Prefix

T ] u
Package Type

1 14-Pin Ceramic DIP
3 14-Pin Plastic DIP

Basic Part Type

Temperature Range

2 -55°Cto +125°C

5 0°Cto +70°C

8 -55°Cto+125°C
(MIL-STD-883, Level B)

XR Series XR
Prefix

2207 CN

Basic Part Type

Package and Temperature Range
M Ceramic -55°C to +125°C
CN Ceramic 0°C to +75°C

CP Plastic 0°C to +75°C

Approved Assembly Plants & Brand Codes

“0" MLV,
Raytheon Semiconductor, 490 E. Middlefield
Road, Mountain View, CA 94043

“T" TEPIC
ENSA Electronica Nayarit, S.A., Juan
Escutia No. 122 Tepic Nayarit, Mexico

“C” Epic/M
Epic Semiconductor (Phil.) Inc.
2100 Pasong Tamo Extension, Makati,
Metro Manile, Philippines

“L"N.J.R.C.
New Japan Radio, (Saga Electronics Co.,
Ltd.), 950 Tateno Mitagawa-Machi
Kanzaki-Gun Saga Pref. Fakuoka, Japan

“P” SDPI
Semiconductor Devices (PHIL.) Inc.
GMTFM Compound, Tagoig, Rizal
PO. Box 7438
Air Mail Exchange Office, MIA, Philippines

“F” Talent Electronics Corp., 3rd Floor No. 2,
Lane 49, Chung HSIAQO E. Road Section 4,
Taipel, Taiwan, R.O.C.
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Ordering Information & Packages Section 13

8-Lead
Plastic Dual-In Line
Inches Millimeters
Dimension Min. Max. Min. Max.
A 115 125 292 317
B 015 .021 0.38 0.53
C .030 .070 0.76 1.78
D .010 015 0.25 .38
E -360 .400 9.14 | 10.16
F .240 .260 6.09 .60
fo—F—| G 290 | 310 | 737 | 787
H 090 110 2.9 279
J 120 135 3.05 343
K 140 .165 3.56 418
G L .020 .030 0.51 0.75
M 025 050 0.64 127
| [P DA\ N 005 0.13
P 0° 15° 0° 15°
65-011928
8-Lead
Ceramic
Dual-in-Line
Inches Mitlimeters
Dimension Min. Max. Min. Max.
A .200 508
B 014 023 0.36 0.58
[4 030 .070 0.76 1.78
D 008 015 0.20 0.38
E -390 991
F 220 310 5.59 7.87
fo— G 290 320 | 737 | 813
H .100 BSC 2.54 BSC
J 125 .200 3.18 5.08
K 150 381
G‘—‘ L 015 060 0.38 1.52
M 045 114
- N .005 0.13
—*{ P D’\\ P 0° 15° 0° 15°
65-012038
14-Lead
Plastic Dual In-Line
Inches Miilimeters
mimimiaialnlsl Dimension | Min. Max. Min. Max.
7 1 A 115 125 | 202 3.18
’C B__|018 022 | 046 0.56
c .038 .053 0.015 0.021
14 D 010 015 | 025 0.38
J SN N g B - E 745 755 |18.92 19.18
N [ - e M F [ 280 | 622 6.40
. e F G [.2% 310 | 737 787
= H 100BSC | 2.5485C
A J 120 135 | 305 343
I—L i A K 135 43
‘ﬂ— K L 015 035 38 0.89
- M .065 085 165 2.16
L A d L L 6 N__ 005 013
8 _,‘ ‘__ b ] e . B | P 0 B | 0 150
65-011948

13-3 Raytheon



Section 13

Ordering Information & Packages
|

14-Lead
Ceramic Dual In-Line
Inches Millimeters
7 1 Dimension | Min. Max. Min. Max.
A 200 08
8|04 023 | 036 58
o “ C__ 1030 070_| 076 78
oo D00 015_[ 020 038
N =] | ] M £ 185 19.94
F__ | 220 310 | 559 781
E le— F—&] G| 2% 320 | 7497 813
H__| 100BSC 54BSC
Al | I 20 | 3.18 508
r. ¥ K [.150 81
J K L 015 060 | 0.38 _ 152
6 " 098 249
005 013
8 »I . ¢ —~lr o P 0 & o 15
65-012048
14-Lead
Ceramic Fiat Package
L |«-H 8 Inches Millimeters
= Dimension | Min. Max. Min. Max.
T 1 U == A 030 085 0.76 2.16
1 o M B__ |00 019 | 025 048
. c_ |.003 006 | 0.08 0.15
i 7 8 D 280 71
[pp—— E_ | 240 %0 | 6.10 5.60
LN F 280 737
~ G| 05085¢ T2785C
F—— 4 H_|.008 015 | 0.0 0.38
#%:E = ORI o S+ L
J E_.I_J c 010 040 .25 1.02
AK L T005 Ko
M| .004 10
N 30° %0° | 30° %0°
65-012078
16-Lead
Ceramic Dual-in-Line
) ] Inches Millimi
Dimension | Min. Max. H‘mx.
A 200 508
B |.014 023 | 36 58
9 16 C__ |00 070 [ 76 1.78
OO oy 008 015 | 20 38
N — - [~ M 3 840 2134
F_ 220 310 | 550 787
o E ‘_lFl_’ G .20 320 | 7.37 8.13
A H__|.100BSC 54BSC
4 T \ J__|.125 200 | 3.18 508
¥ K K 150 .81
J L [.015 060 | .38 152
t | 4 ~— 6 — ) 080 203
i \ N |.005 13
B->|<— '—’lH}"— le—C ‘4 l=-P D"\ P 0° % | 0° 5°
65-012088
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Ordering Information & Packages

Section 13
.|

18-Lead
Ceramic Dual In-Line
oonooommrd Inches Millimeters
9 1 Dimension | Min. Wax. | Win. Max.
A ) 508 |
B | 014 03] % 58
10 18 C_ [0 070 76 1.78
S e o e D 008 015 20 .38
Now] < i |em E 940 [23.90 23.90
3 310 7
} E 6 2% 30| 737 13
H__| 100BSC 54BSC
Aty J .20 200 | 305 508
T K [i% 38
nE K L0 060 | 38 152
L M 080 | 38 2.03
; N_ | 005 13 ]
Bs e ~lHle o lec R (GRS T
65-012118
20-Lead
Ceramic Dual In-Line
0 ] Inches Millimeters
Dimension | Min. Max. in. Max.
A 200 508
B__| 014 03] 3% 58
11 20 C  1.030 070 76 1.78
TS S N N D S D .008 015 20 .38
N e — l—m E_ .93 975 | 2360 24.80
F .20 310 | 559 787
E e—F —] 6 |.2%0 320 | 737 8.13
A J_ H 300BSC 254B5C
B T e
o K L [.015 060 | .38 1.52
A & 7] 098] 3B 749
B[y oo
B _'I H |‘_ C 65-01214B
. 24-Lead
Plastic Dual In-Line
N Inches Millimaters
Dimension | Min. Max. Min. Max.
12 e A 25 572
B__|.014 023 | 036 058
c_ {030 070_| 076 1.78
13 24 D |00 015 [ 020 0.38
I_ll_ll_luL_ll_lL_ll_lL_ll_ll_lHJ E 1290 R77
N - —=i =M F__|.500 6101270 15.49
E e F ] G |50 620 149 15.75
H___|.100BSC 254BSC
A—iI 11 T T2 200 | 305 508
T K150 381
J‘ f K L |.015 075 | 038 191
L -« G —» M 098 249
b N__ 005 013
el —Hl— R R L e P 0° | 0 5
65-012008

13-5

Rayiheoon



Section 13 Ordering Information & Packages
L]

24-Lead
Ceramic Dual In-Line

OAOOOCICOOCm el Inches Millimeters
2 1 | Dimension| Min. Max. | Min. Max,
A 225 572
B_ | .014 03] 3% 58
1 2 C |00 070 | 76 1.78
Nl o e m E 1.290 3277
E__ | 500 610 [12.70 15.49
E le— F —=] G| .59 620 [14.99 15.75
H__ | .100BSC 54BSC
Al 4 A 11 J_ 120 200 | 3.05 5.08
0= T K |.150 [ 381
L K L[ 5] 8 ]
Jl ot i ~— 6 —| M 098 2.49
- T N_ | 005 13
— |~p D~ P |0° 15° | 0° 15
B - |<— _’i H I« == C / \\‘_ 65-012178
24-Lead
Ceramic Side-Brazed
Dual In-Line
Inches Millimeters
o e o o oo o W o W o W o W o W o Dimersion | Min | Max | Min | Max
" 1 A 0.200 5.08
B 0.015 | 0.023 | 038 | 058
C 0.045 | 0.060 | 1.14 | 152
1 24 [i] 0.008 | 0.012 | 0.20 | 0.31
S E 1.150 | 1.220 | 29.20 | 31.01
N =] [ - M F 0.580 | 0.610 | 7.11 | 7.87
E P —F — G 0.580 [ 0620 | 7.37 | 8.13
T — X H 0.100BSC 254B5C
Al T 1] J 0.125 18
K 0.150 05 | 5.08
JK LI —KF Ch e L 0.015 | 0.060 | 0.38 | 1.5
M 0.030 [ 0.065 | 0.76 | 1.65
— . ¢ : . N 0.005 0.13
Bl —lHi o et f—6— P Toms 0.13
65-01218B
28-Lead
Ceramic Side-Brazed
Dual In-Line
imiminisinisininioinisinisis] Inches Millimeters
" 1 Dimension| Min. Max. Min. HIX._‘
A 200 .08
B 015 021 | 038 53
15 28 C 045 060 | 1.14 52
Wl . ] 008 012 | 020 31
- f— -~ |- E_ 11380 1430 | 35.05 36.32
E P —F— F_| 5% 620 | 14.98 15.74
_ —————— L] G| 560 644 | 1473 16.36
Al } R I W | .10085C 2.54B5C
— ¥ D J 125 175 | 3.18 445
(3] . K K| .15 394
3t | L |00 070 | 076 1.78
E— Al M| 030 065 | 07 1.65
ol —lnij— c 6 —| N_ | 005 0.1
P 005 0.1
65-012238
Raytheen 13-6



Ordering Information & Packages
]

Section 13

8-Lead
Plastic Dual-in-Line
Micro-Pak
= HH Inches Millimeters
===l Dimension | Min | Typ | Max | Min [ Typ | Max
@) A 0.061{ 0.068 157] 175
B [0012[0014]0.018] 0.30] 0.35| 0.45 |
[ 0.050 127
= E]IE”EJ D [0.004] 0.006(0.010] 0.10| 0.15 | 0.25
E 0.197] 0.203 500 5.15
1 4 E J "\GP‘FﬂGI‘F F o161/ 0.165[ 0.169] 4.10] 420 | 430
AH mml.+ R 6 [0031[0.037{0.043] 0.80 | 0.95] 1.10
e
P o -—T—>| " k) H 0.059] 0.061 150 156
J 0.004/ 0.008 007 [ 020
M [0010] 0021 025 | 055
65011938
14-Lead
Plastic Dual-in-Line
Micro-Pak
Inches Millimsters
EHHHHHH Oimension [  Typ. Max. Typ. Max,
O A 0.070 1.750
B 0.018 0.450
C 0.050 1.250
. [} 0.010 0.250
EIEEE: I;IE{] E 0400 10.150
L= |= K F 0.200 5.100
[ ) E , '—-!G|<—F—4G|TJ G 0.035 0900
AR logpmppommlt 4 H 0063 1.750
1_?—?...3_._.“._..,_ = =5 J 0.006 0.150
H ~lcl " llem K 0.034 0.690
L 0.025 0.450
M 0.020 0.500
65-011958
8-Lead
Plastic Dual-in-Line
So8
11 nches Willimeters
Dimension| Min | Typ | Max | Min | Typ | Max
A [o00s3 0069 135 7 [ 175
B [0014 0.018] 0.350 0450
| 3 0050 127
! BSC BSC
L]qj D [0007 0.009] 0.190 0220
L — —| ek E 0188 0197 480 500
F 0150 0.158] 380 400
H Gle—~F G G
i i —— F ——— ’ 4.1 Hx45—>| D H
_;_ r— ! ¥ L ¥ J [0004 0.008] 0.100 | 0.200
v } K
—>|8|<—__J i ! —'”<’M L
¢l M | 0020 0.045] 0.508 1143
65-020988

137
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Section 13 ' Ordering Information & Packages
]

14-Lead
Plastic Dual-in-Line
S0O14
(1100010 Inches Wilimeters
Dimension| Min | Typ | Max | Min [ Typ | Max
A 0.053 0.069| 1.35 1.75
B 0014 0.018] 0.35 0.45
I C 0.050 127
OOUOOOL
D 0.007 0.009( 0.19 022
L—> —> |k E |03 034]855 | | 875
F 0.150 0.158| 3.80 4.00
o : -~ Gle—F—nc G !
! € J Hxd5 - b i
ff:FLDDD.DJ:LQJJ: S S S N2 S ) 22 =
f f K
API B F— —>i c r— ~J L—M L
M 0.021 0.045| 0.508 1.143
65-020998
|*—Reference Plane TO-99
+—Base and Seating Plane 8-Lead Metal Can
" Inches Millimeters
A Dimension Min. Max. Min. Max.
—{ [P e A .165 185 4.19 4.70
B 016 019 4 .48
C 016 021 41 .53
D 335 .370 8.51 9.40
E .305 335 175 8.51
F 120 .160 3.05 4.06
G .200 BSC 5.08 BSC
H 100 BSC 2.54 BSC
J .040 1.02
K 027 034 .69 86
L 027 .045 .69 1.14
M 500 750 12.70 19.05
— N 050 1.27
P .250 6.35
R 010 045 25 1.14
S 45° BSC 45° BSC
5011898

Raytheen 13-8
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TO-66
9-Lead Metal Can

[

L Rad—]

T _Liote
£ : ®
F
p————— _L © l
 —— ) @
N T ] M
: A
- Y Inches Millimeters
Dimension Min. Max. Min. Max
I 250 |30 | 635 [ 863
B .028 .04 7 863
C .360 9.14
D 620 15.748
E .300 500 7.62 12.70
F 120 160 3.05 4.06
G .230BSC 5.84BSC
H 115BSC 2.92BSC
J 050 075 1.27 90
K 142 152 3.60 86
L .145 .68
M 477 .483 2.1 12.26
N 36°Typ. 36° Typ.
958 .962 2433 | 2443
R 1.252 31.80
S .700 17.80
65-011908
TO-100
10-Lead
[<—Reference Plane Metal Can
[=—Base and Seating Plane
Inches Millimeters
Dimersion | Min Max Min Max

A A 0165 | 0185 | 419 | 470
B 0016 | 0019 | 041 | 048
C 0016 | 0021 | 041 | 053
D 033 | 0370 | 851 | 940
E 0305 | 0335 | 775 | 851
F 0120 | 0.160 | 305 | 406
G 0.230 BSC 584 BSC
n 0.115BSC 292B5C
J 0040 | 02
K 0028 | 0034 | 069 | 086
L 0029 | 0045 | 069 | 114
] 0500 | 0750 | 1270 | 19.05
- N 0.050 127
P 0.250 535
R 0010 | 0045 | 025 | 114
5 % BSC 36° BSC

65-012628

13-9 Raytheon



Raytheon Field Sales Office

Germany

RAYTHEON HALBLEITER GmbH
Thalkirchner Str. 74

D-8000 Minchen 2

Tel. 089/53 96 93

Twx. 582 242

France
RAYTHEON SEMICONDUCTOR
La Boursidiére, RN 186
F-92357 Plessis Robinson Cedex
Tel. 01-63106 76
Twx. 200389

Jochen-Klepper-Str. 76
D-2082 Uetersen

Tel. 04122/4 4950

Twx. 528 242

United Kingdom

RAYTHEON SEMICONDUCTOR
Ogilvie Road

High Wycombe,

Bucks HP123DS.

Tel. 0494/4503 27

Twx. 838 842
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