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Section 1

General Cross References

RAYTHEON RAYTHEON RAYTHEON RAYTHEON

INDUSTRY DIRECT FUNCTIONAL INDUSTRY DIRECT FUNCTIONAL
TYPE REPLACEMENT REPLACEMENT TYPE REPLACEMENT REPLACEMENT
ADVFC32 RC4153 ICL7660 RC4391
ADOP0O7 oP-07 ICL7680 RC4190
ADOP27 oP-27 ICL8013 RC4200
ADOP37 OP-37 LF155 LF155

ADREFO01 REF-01 LF156 LF156

ADREF02 REF-02 LF157 LF157

AD101 LM101 LH2101 LH2101

AD558 DAC-4888 LH2108 LH2108

AD565 DAC-8565 LH2111 LH2111

AD581 REF-01 LM101 LM101

AD586 REF-02 LM111 LM111

AD8&47 RC4207 LM108 LM108

AD654 RC4152 LM124 LM124

AD707 RC4077 LM148 LM148

AD708 RC4277 LM324 LM324

AD741 RC741 LM331 RC4152
AD767 DAC-4881 LM348 LM348

AM686 RC4805 LM368-5.0 REF-02
AM6012 DAC-6012 LM368-10 REF-01
CA124 LM124 LM369 REF-01
CA324 LM324 LM607 RC4077
CA139 LM139 LM741 RC741

CA339 LM339 LM833 RC5532

CA741 RC741 LM1458 RC4558
CS3842 RC4190 LM1851 LM1851

CMP-04 LM139 LM1851 RC4145
CMP-05 RC4805 LM2900 LM2900

DAC-08 DAC-08 LM2901 LM339
DAC-10 DAC-10 LM2902 LM324
DAC-80 DAC-4881 LM3300 LM3900

DAC-100 DAC-10 LP165 LP165

DAC-312 DAC-6012 LP365 LP365

DAC0800 DAC-08 LT-1001 LT-1001

DAC0801 DAC-08 LT-1012 LT-1012

DAC0830 DAC-4888 LT-1012 RC4097
DAC-888 DAC-4888 LT-1019 REF-01
DAC1208 DAC-4881 LT-1019 REF-02
DAC1218 DAC-6012 LT-1024 RC4207
DAC1219 DAC-6012 LT-1028 OP-37
DAC1230 DAC-4881 LT-1054 RC4391
DAC8222 DAC-4881 LT-1070 RC4190
HA-OP27 OoP-07 LT-1084 RC4292
HA-OP27 opP-27 MAX400 RC4077
HA-OP37 OP-37 MAX630 RC4193

HA-3182 RC3182 MAX630 RC4190
HA-4741 RC4741 MAX634 RC4391

HA-5147 OP-47 MC1741 RC741

HSOP07 OP-07 MC1747 RC747

HSOP27 oP-27 MC3403 RC3403

HSOP37 OoP-37 MC4558 RC4558
1-2
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Cross References

General Cross References (Continued)

RAYTHEON RAYTHEON RAYTHEON RAYTHEON
INDUSTRY  DIRECT FUNCTIONAL INDUSTRY DIRECT FUNCTIONAL
TYPE REPLACEMENT  REPLACEMENT TYPE REPLACEMENT  REPLACEMENT
MC4741 RC4741 SG741 RC741
MPREFO1  REF-01 S1-9100 RC4292
MPREF02  REF-02 SSM-2134 RC5534
MPOPO07 OP-07 TA7504 RC741
MPOP27 OP-27 TA75339 LM339
MPOP37 OP-37 TL494 RC4190
MP108 LM108 TL496 RC4190
MP155 LM155 TL497 RC4190
MP156 LM156 TL510 RC4805
MP157 LM157 TSC9400 RC4151
NE5532 RC5532 TSC9401 RC4151
NE5534 RC5534 TSC9402 RC4151
OPA156 LM156 uCc1842 RC4292
OPA27 OP-27 VFC-32 RC4153
OPA37 OP-37 XR-2207 XR-2207
OP-02 RC741 XR-2208 RC4200
OP-04 RC747 XR-2211 XR-2211
OP-07 OP-07 XR-3403 RC3403
OP-14 RC4558 XR-4136 RC4136
OP-16 LF156 XR-4194 RC4194
OP-27 oP-27 XR-4195 RC4195
OP-37 OP-37 XR-5532 RC5532
OP-77 oP-77 XR-5534 RC5534
OP-97 RC4097 pA101 LM101
OP-200 RC4207, RC4277 | uA108 LM108
pA111 LM111
OP-207 RC4207
OP-227 RC4227 pA124 LM124
OP-270 RC4227 pA139 LM139
PM-108 LM108 pA148 LM148
PM-139 LM139 HA324 LM324
HA339 LM339
PM-148 LM148
PM-155 LM155 pA348 LM348
PM-156 LM156 HAT741 RC741
PM-157 LM157 pA747 RC747
PM-339 LM339
PM-348 LM348
PM-741 RC741
PM-747 RC747
RC4136 RC4136
RC4151 RC4151
RC4152 RC4152
RC4558 RC4558
RC4559 RC4559
REF-01 REF-01
REF-02 REF-02
REF-05 REF-02
REF-10 REF-01
SE5534 RC5534
SG101 LM101
SG124 LM124




Section 1

Precision Operational Amplifier Cross Reference

ANALOGDEV. RAYTHEON PACKAGE ANALOG DEV. RAYTHEON PACKAGE
AD OP-07AH *OP-07AT TO-99 AD OP-37AH/883 OP-37AT/883B  TO-99
AD OP-07AH/883 *OP-07AT/883B  TO-99 AD OP-37AQ OP-37AD CERAMIC
AD OP-07CN *OP-07CN PLASTIC AD OP-37AQ/883 OP-37AD/883B CERAMIC
AD OP-07CR *OP-07CM S0O-8 AD OP-37BH OP-37BT TO-99
AD OP-07Q/883  *OP-07D/883B CERAMIC AD OP-37BH/883 OP-37BT/883B  TO-99
AD OP-07DN *OP-07DN PLASTIC AD OP-37BQ OP-37BD CERAMIC
AD OP-07EN *OP-07EN PLASTIC AD OP-37BQ/883 OP-37BD/883B CERAMIC
AD OP-07H *OP-07T TO-99 AD OP-37CH OP-37CT TO-99
AD OP-07H/883  *OP-077/883B TO-99 AD OP-37CH/883 OP-37CT/883B TO-99
AD OP-07Q *OP-07D CERAMIC AD OP-37CQ OP-37CD CERAMIC
AD OP-07AQ *OP-07AD CERAMIC AD OP-37CQy883 OP-37CD/883B CERAMIC
AD OP-07AQ/883B *OP-07AD/883B  CERAMIC AD OP-37EN OP-37EN PLASTIC
AD OP-37FN OP-37FN PLASTIC
AD OP-27AH OP-27AT TO-99 AD OP-37GN OP-37GN PLASTIC
AD OP-27AH/883 OP-27AT/883B TO-99
AD OP-27AQ OP-27AD CERAMIC AD707AQ *RC4077FD CERAMIC
AD OP-27AQ/883 OP-27AD/883B CERAMIC AD707CH *RM4077AT TO-99
AD OP-27BH OP-27BT TO-99 AD707CH/883 *RM4077AT/883B TO-99
AD OP-27BH/883 OP-27BT/883B TO-99 AD707CQ *RM4077AD CERAMIC
AD OP-27BQ OP-27BD CERAMIC AD707CQ/883 *RM4077AD/883B CERAMIC
AD OP-27BQ/883 OP-27BD/883B CERAMIC AD707JN *RC4077FN PLASTIC
AD OP-27CH oP-27CT TO-99 AD707JR *RC4077FM S0-8
AD OP-27CH/883 OP-27CT/883B TO-99 AD707KN *RC4077EN PLASTIC
AD OP-27CQ OP-27CD CERAMIC AD707KR *RC4077EM SO-8
AD OP-27CQ/883 OP-27CD/883B  CERAMIC AD707SH *RC4077AT TO-99
AD OP-27EN OP-27EN PLASTIC AD707SH/883B *RC4077AT/883B TO-99
AD OP-27FN OP-27FN PLASTIC AD707SQ *RC4077AD CERAMIC
AD OP-27GN OP-27GN PLASTIC AD707SQ/883 *RC4077AD/883B CERAMIC
AD707TH *RC4077AT TO-99
AD OP-37AE OP-37AL LCC AD707TH/883B “RC4077AT/883B TO-99
AD OP-37AE/883 OP-37AL/883B LCC AD707TQ *RC4077AD CERAMIC
AD OP-37AH OP-37AT TO-99 AD707TQ/883 *RC4077AD/883B CERAMIC
BURR BROWN  RAYTHEON PACKAGE BURR BROWN RAYTHEON PACKAGE
OPA27AJ/883 *OP-27AT/883B  TO-99 OPA37AJ *OP-37AT TO-99
OPA27BJ/883 *OP-27BT/883B  TO-99 OPA37AJ/883 *OP-37AT/883B TO-99
OPA27CJ *OP-27CT/883B  TO-99 OPA37AZ *OP-37AD CERAMIC
OPA27AJ *OP-27AT TO-99 OPA37AZ/883 *OP-37AD/883B CERAMIC
OPA27AZ *OP-27AD CERAMIC OPA37BJ *OP-37BT TO-99
OPA27BJ *OP-27BT TO-99 OPA37BJ/883 *OP-37BT/883B TO-99
OPA27BZ *OP-27BD CERAMIC OPA37BZ *OP-37BD CERAMIC
OPA27CJ *OP-27CT TO-99 OPA37BZ/883 *OP37-BD/883B CERAMIC
OPA27CZ *OP-27CD CERAMIC OPA37CJ *OP-37CT TO-99
OPA27EP *OP-27EN PLASTIC OPA37CJ/883 *OP-37CT/883B TO-99
OPA27FP *OP-27FN PLASTIC OPA37CJ/883 *OP-37CD/883B CERAMIC
OPA27GP *OP-27GN PLASTIC OPA37CZ *OP-37CD CERAMIC
OPA27GU *OP-27GM SO-8 OPA37EP *OP-37EN PLASTIC
OPA27GZ *OP-27GD CERAMIC OPA37FP *OP-37FN PLASTIC
OPA27AZ/883 *OP-27AD/883B  CERAMIC OPA37GP *OP-37GN PLASTIC
OPA27B2/883 *OP-278BD/883B  CERAMIC OPA37GU *OP-27GM S0-8
OPA27CZ/883 *OP-27CD/883B CERAMIC

* Denotes functionally equivalent types.
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Cross References

Precision Operational Amplifier Cross Reference (Continued)

LTC RAYTHEON PACKAGE LTC RAYTHEON PACKAGE
OP-07AH OP-07AT TO-99 LM108AH LM108AT TO-99
OP-07AH/883B OP-07AT/883B TO-99 LM108AH/883B LM108AT/883B TO-99
OP-07AJ8 OP-07AD CERAMIC LM108AJ8/883B  LM108AD/883B CERAMIC
OP-07AJ8/883B  OP-07AD/883B CERAMIC LM108H LM108T TO-99
OP-07CN8 OP-07CN PLASTIC LM108H/883B LM108T/883B TO-99
OP-07CS8 OP-07CM SO-8 LM108J8/883B LM108D/883B CERAMIC
OP-07EN8 OP-07EN PLASTIC
OP-07H OP-07T TO-99 LT1001ACH LT-1001ACT TO-99
OP-07H/883B OP-07T/883B TO-99 LT1001ACN8 LT-1001ACN PLASTIC
OP-07J8 OP-07D CERAMIC LT1001AMH/883B LT-1001AMT/883B TO-99
OP-07J8/883B OP-07D/883B CERAMIC LT1001AMJ8 LT-1001AMD CERAMIC
LT1001AMJ8/883 LT-1001AMD/883B CERAMIC
OP-27AH OP-27AT TO-99 LT1001CH LT-1001CT TO-99
OP-27AH/883B OP-27AT/883B TO-99 LT1001CN8 LT-1001CN PLASTIC
OP-27AJ8 OP-27AD CERAMIC LT1001CS8 LT-1001CM SO-8
OP-27AJ8/883B  OP-27AD/883B CERAMIC LT1001MH LT-1001MT TO-99
OP-27CH OP-27CT TO-99 LT1001MH/883B  LT-1001MT/883B TO-99
0OP-27CH/883B OP-27CT/883B TO-99 LT1001MJ8 LT-1001MD CERAMIC
DP-27CJ8 OP-27CD CERAMIC LT1001MJ8/883B LT-1001MD/883B CERAMIC
9P-27CJ8/883B  OP-27CD/883B CERAMIC
(JP-27EN8 OP-27EN PLASTIC OP-227EN *RC4227FN PLASTIC
DP-27GN8 OP-27GN PLASTIC OP-227GN *RC4227GN PLASTIC
OP-227AJ *RM4227BD CERAMIC
OP-37AH OP-37AT TO-99 OP-227AJ/883B *RM4227BD/883B CERAMIC
OP-37AH/883B OP-37AT/883B TO-99
CF-37AJ8 OP-37AD CERAMIC
(37-37AJ8/883B  OP-37AD/883B CERAMIC
OP-37CH OP-37CT TO-99
OP-37CH/883B OP-37CT/883B TO-99
OP-37CJ8 OP-37CD CERAMIC
OP-37CJ8/883B  OP-37CD/883B CERAMIC
OP-37EN8 OP-37EN PLASTIC
OP-37GN8 OP-37GN PLASTIC
*Denotes functionally equivalent types.
NOTE: LTC OP-227 contains two die in a 14-pin package.
Raytheon's 4227 is a monolithic IC in an 8-pin package.
Raytheon 15



Section 1

Precision Operational Amplifier Cross Reference (Continued)

PMI RAYTHEON PACKAGE PMI RAYTHEON PACKAGE
OPO7AJ OP-07AT TO-99 OP77AJ OP-77AT TO-99
OP07AJ/883 OP-07AT/883B TO-99 OP77AJ/883 OP-77AT/883B TO-99
OP07AZ OP-07AD CERAMIC OP77AZ OP-77AD CERAMIC
OP07AZ/883 OP-07AD/883B CERAMIC OP77AZ/883 OP-77AD/883B CERAMIC
OP0O7CP OP-07CN PLASTIC OoP77BJ OP-77BT TO-99
OPO7CS OP-07CM SO-8 OP77BJ/883 OP-77BT/883B TO-99
OPO7DP OP-07DN PLASTIC OP77BRC/883 OP-77BL/883B LCC .
OPO7DS OP-07DM SO-8 OP77BZ OP-77BD CERAMIC
OPO7EP OP-07EN PLASTIC OP77B2/883 OP-77BD/883B CERAMIC
OP07J OP-07T TO-99 OP77EP OP-77EN PLASTIC
0OP07J/883 OP-07T7/883B TO-99 OP77FP OP-77FN PLASTIC
OP07RC/883 OP-07L/883B LCC OP77FS OP-77FM SO-8
OP07Z OP-07D CERAMIC OP77GP OP-77GN PLASTIC
OP072/883 OP-07D/883B CERAMIC OP77GS OP-77GM SO-8
OP27AJ OP-27AT TO-99 PM108AZ LM108AD CERAMIC
OP27AJ/883 OP-27AT/883B TO-99 PM108AZ/883 LM108AD/883B CERAMIC
OP27AZ OP-27AD CERAMIC PM108AJ LM108AT TO-99
OP27AZ/883 OP-27AD/883B CERAMIC PM108AJ/883 LM108AT/883B TO-99
OP27BJ OP-27BT TO-99 PM108ARC LM108AL LCC
OP27BJ/883 OP-27BT/883B TO-99 PM108ARC/883 LM108AL/883B LCC
OP27BRC/883 OP-27BL/883B LCC PM108DZ LM108D CERAMIC
OP27BZ OP-27BD CERAMIC PM108Dz/883 LM108D/883B CERAMIC
OP27B2/883 OP-27BD/883B CERAMIC PM108J LM108T TO-99
OP27CJ OP-27CT TO-99 PM108J/883 LM108T/883B TO-99
OP27CJ/883 OP-27CT/883B TO-99
oP27C2 OP-27CD CERAMIC PM2108AQ LH2108AD CERAMIC
OP27C2/883 OP-27CD/883B CERAMIC PM2108AQ/883 LH2108AD/883B CERAMIC
OP27EP OP-27EN PLASTIC PM2108Q LH2108D CERAMIC
OP27FP OP-27FN PLASTIC PM2108Q/883  LH2108D/883B CERAMIC
OP27FS OP-27FM SO-8
OP27GS OP-27GM SO-8 OP207AY/883 *RM4207BD/883B CERAMIC
OP27GP OP-27GN PLASTIC OP207AY *RM4207BD CERAMIC
OP37AJ OP-37AT TO-99 OP227AY *RM4227BD CERAMIC
OP37AJ/883 OP-37AT/883B TO-99 OP227AY/883 *RM4227BD/883B CERAMIC
OP37AZ OP-37AD CERAMIC OP227BY/883 *RM4227BD/883B CERAMIC
OP37AZ/883 OP-37AD/883B CERAMIC OP227GY *RC4227GN PLASTIC
OP37BJ OP-37BT TO-99
OP37BJ/883 OP-37BT/883B TO-99
OP37BRC/883 OP-37BL/883B LCC
0oP37BZ OP-37BD CERAMIC
OP37BZ/883 OP-37BD/883B CERAMIC
OP37CJ OP-37CT TO-99
OP37CJ/883 OP-37CT/883B TO-99
OP37C2 OP-37CD CERAMIC
OP37CZ/883 OP-37CD/883B CERAMIC
OP37EP OP-37EN PLASTIC
OP37FP OP-37FN PLASTIC * Denotes functionally equivalent types.
NOTE: PMI"s OP207/227 contains two die in a 14-pin package.
Raytheon's 4207/4227 is a monolithic IC in an 8-pin package.
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Cross References

General Purpose Operational Amplifier Cross Reference

Raytheon | PMI FSC AMD Motorola National | RCA Signetics | T.L

LH2101A LH2101A LH2101A LH2101A

LH2111 LH2111 LH2111

LM101A HA101A LM101A | LM101A LM101A | CA101A | LM101A

LM111 HA111 LM111 LM111 LM111 CA111 LM111

LM124 pA124 LM124 LM124 LM124 CA124 LM124 LM124

LM139 PM139 | pA139 LM139 | LM139 LM139 CA139 LM139 LM139

LM148 PM148 HA148 LM148 LM148 LM148

LM301A uA301A | LM301A | LM301A LM301A | CA301A | LM301A LM301A

LM324 nA324 LM324 LM324 LM324 CA324 LM324 LM324

LM339 PM339 | nA339 LM339 |LM339 LM339 CA3339 LM339 LM339

LM348 ‘HA348 LM348 LM348 - LM348 LM348

LM2900 pnA2900 LM2900

1.M3900 pA3300 LM3200 LM3900

RC3403A pnA3403 MC3403 MC3403

RC4136 OP-09 pnA4136 RC4136

RC4156 pA148* MC4741 LM348* LM348*

RC4157 nA148/ MC4741* LM348* LM348*
348*

RC4558 uA4558 MC4558 RC4558

RC4559 nA4558* MC4558* RC4559

RC4741N MC3-4741-5

RM4741D MC1-4741-2

RC5532 NE5532 NE5532

RC5532A NE5532A | NE5532A

RC5534 NE5534 NES534

RC5534A NE5534A | NES534A

RC741 OP-02 HA741 MC1741 LM741 CA741 CA741

RC747 OP-04 HA747 MC1747 LM747 CA747 CA747

RC747S OP-04 HA747 LM747

*Functional Equivalent



Section 1

Data Conversion Cross Reference

Analog Micro-
Raythen PMI AMD Motorola | NSC Devices Power Datel
DAC-08AD DAC-08AQ | AMDAC-08AQ | MC1408L8 | DAC-08AQ | AD-1508- MP-7523* | DAC-IC8BC*
9D
DAC-08D DAC-08Q AMDAC-08Q DAC-08Q AD-1508- MP-7523* | DAC-IC8BC*
9D
DAC-08ED DAC-08EQ | AMDAC-08EQ DAC-08EQ | AD-1408- MP-7523* | DAC-IC8UP*
8D
DAC-08EN DAC-08EP | AMDAC-08EN DAC-08EP DAC-IC8UP*
DAC-08CN DAC-08CP | AMDAC-08CN | MC1408P6| DAC-08CP DAC-IC8UP*
DAC-10BD DAC-10BX DAC-1020. | AD7520/ MP-7520/ | DAC- HF10BMM*
LD* 30/33* 30/33*
DAC-10CD DAC-10CX DAC-1021/ | AD7520/ MP-7520/ | DAC- HF10BMM*
221LDs* 30/33* 30/33*
DAC-10FD DAC-10FX DAC-1020 | AD7520/ MP-7520 | DAC- HF10BMC*
LCN* 30/33* 30/33*
DAC-10GD DAC-10GX DAC-1021/ | AD7520/ MP-7520/ | DAC-HF10BMC*
22LCN* 30/33* 30/33*
DAC- 6012AMD AM6012ADM DAC-1220 | AD6012ADM| MP-7531/ | DAC-HF12BMM*
LD* 41*
DAC-6012MD | DAC-312 BR*| AM6012DM DAC-1221/ | AD6012DM | MP-7531/ | DAC- HF12BMM*
22LD* 41*
DAC- 6012ACN AM6012ADC DAC-1220 | AD6012ADC | MP-7531/ | DAC- HF12BMC*
LCN* 41*
DAC-6012CN | DAC-312FR* | AM6012DC DAC-1221/ | AD6012DC | MP-7531/ | DAC- HF12BMC*
22LCN* 41*
DAC-8565DS* MC3412L DAC-1208 | AD565JD/
AD-I" BIN
DAC-8565JS* MC3412L DAC-1280 | AD565JD/
HCD-I* BIN
DAC-8565SS* DAC-1280 | AD565SD/
HCD-I* BIN

*Functional Equivalent
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Cross References

Special Functions Cross Reference

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 XR2207
XR2211 XR2211
RC4444 MC3416
*Functional Equivalent
Voltage Regulator and Voltage Reference Cross Reference
Raytheon | EXAR Maxim T.l. Analog Devices | Motorola NSC
REF-01 REF-01 MP-5501 AD581* MC1504AU10* LH0070-0*
REF-01A REF-01A MP-5501A | AD581* LH0070-1*
REF-01C REF-01C MP-5501C | AD581* MC1404U10* LH0070-2*
REF-01D REF-01D MP-5501D | AD581* MC1404U10*
REF-01E REF-01E MP-5501E | AD581*
REF-01H REF-01H MP-5501H | AD581* MC1404AU10*
REF-02 REF-02 MP-5502 MC1504AU5* LM136-5.0"
REF-02A REF-02A MP-5502A LM136A-5.0"
REF-02C REF-02C MP-5502C MC1404U5* LM336-5.0*
REF-02D REF-02D MP-5502D MC1404U5* LM336-5.0*
REF-02E REF-02E MP-5502E LM336A-5.0*
REF-02H REF-02H MP-5502H MC1404AU5*
RC4190 MAX630*
RC4193 MAX630*
RC4391 MAX634*
RC4194 XR4194CN
RC4195 XR4195CP MC1468/ LM325/326*
MC1568*
*Functional Equivalent
Raytheeon 19
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SECTION 2

PropucT SELECTION GUIDE

Precision Operational Amplifiers

Input Offset Voltage Selection Table by Package Type
(+25°C limits, in microvolts )

Leadless Metal
Part Plastic Ceramic Chip Can
Type Dip (N) SOIC (M) Dip (D) Carrier (L) TO-99 (T)
RC4077 +10 +25 +10 +10 +10
RC4097 +15 +25 +15 15
RC4207* 75 175
RC4227* 75 175
RC4277* +30 +30
OP-07 175 175 125 125 +25
OP-27 +25 125 +25 +25 125
OP-37 125 125 +25 +25 125
OP-47 +25 +25 +25 +25 125
OP-77 125 160 +25 +25 +25
LT1001 125 +25 +15 +15 +15
LT-1012 150 +35
LM108 +500 +500 +500
LH2108* +500 +500 +500

* Dual



Section 2

Precision Operational Amplifiers

Electrical Characteristics (min/max except *)
Type Description V, TCV, [ 1 CMRR Gain
6B | wvrd | ed | ok (dB) | (ViuV)
RC4077A Ultra Low V¢ 10 0.3 1.5 +2.0 120 5
RC4077E 25 0.3 1.5 +2.0 120 5 1.67
RC4077F 60 0.6 2.8 +2.8 116 2 1.67
RM4077A 10 0.3 1.5 +1.5 120 5 1.67
RC4097A Low i, 15 03 0.1 0.1 120 1.0 0.6
RC4097E Low Power 25 0.6 0.1 +0.1 120 1.0 0.6
RC4097F 60 1.2 0.15 +0.15 110 0.6 0.6
RV4097E 25 0.6 0.1 +0.1 120 1.0 0.6
RV4097F 60 1.2 0.15 +0.15 110 0.6 0.6
RM4097A 15 0.3 0.1 +0.1 120 1.0 0.6
RC4207F Dual Low Noise 75 1.3 5 5 100 04 6.67
RC4207G 150 0.7* 10 +10 94 0.25 8.0
RM4207B 75 1.3 5 15 100 0.4 6.67
RC4227F Dual Low Noise 75 1.3 10 +15 104 0.5 6.67
RC4227G 150 0.4* 15 +25 100 0.4 8.0
RM4227B 75 1.3 10 +15 104 0.5 6.67
RC4277E Dual Low V, 30 03 03 3.0 120 50 | 55
RC4277F 75 1.0 5.0 5.0 110 25 55
RV4277E 30 0.3 3.0 +3.0 120 5.0 55
RV4277F 75 1.0 5.0 5.0 110 25 55
RM427A 30 0.3 3.0 +3.0 120 5.0 55
LH2108A Low Noise 500 5.0 0.2 +2.0 96 04 0.4
LH2108 2000 15 0.2 +2.0 85 .025 0.4
LM108A 500 5.0 0.2 $2.0 96 .04 0.4
LM108 2000 15 0.2 +2.0 85 .025 0.4
LT1001AM Uttra Low Vo 15 0.6 20 2.0 114 045 | 25
LT1001AC 25 0.6 2.0 +2.0 114 0.45 25
LT1001C 60 1.0 3.8 +4.0 110 0.4 2.67
LT1001M 60 1.0 3.8 +4.0 110 0.4 2.67
LT1012C Low I, 50 15 0.15 $0.15 110 0.2 0.6
LT1012M Low Power 35 1.5 0.1 +0.1 114 0.3 0.6
OP-07A Low V¢ 25 0.6 2.0 +2.0 110 03 4.0
OP-07 75 1.3 2.8 +3.0 110 0.2 4.0
OP-07E 75 1.3 38 4.0 106 0.2 4.0
OP-07C 150 1.8 6.0 +7.0 100 0.12 5.0
OP-07D 150 25 6.0 +12 94 0.12 5.0
OP-27A Ultra-Low Noise 25 0.6 35 +40 114 1.0 4.67
OP-27B 60 1.3 50 155 106 1.0 4.67
OP-27C 100 1.8 75 +80 100 0.7 5.67
OP-27E 25 0.6 35 +40 114 1.0 4.67
OP-27F 60 1.3 50 55 106 1.0 4.67
OP-27G 100 1.8 75 +80 100 0.7 5.67
OP-37A Decompensated 25 0.6 35 +40 114 1.0 467
OP-37B (AC Stable With 60 1.3 50 155 106 1.0 4.67
OP-37C AV, 25) 100 1.8 75 +80 100 0.7 5.67
OP-37E 25 0.6 35 +40 114 1.0 4.67
OP-37F 60 13 50 155 106 1.0 4.67
OP-37G 100 1.8 75 +80 100 0.7 5.67
OP-47A Decompensated 25 0.6 35 +40 114 1.0 4.67
OP-47B (AC Stable With 60 1.3 50 55 106 1.0 4.67
OP-47C AV, 2400) 100 1.8 75 +80 100 0.7 5.67
OP-47E 25 0.6 35 +40 114 1.0 4.67
OP-47F 60 1.3 50 155 106 1.0 467
OP-47G 100 1.8 75 80 100 0.7 5.67
OP-77A Low V¢ 25 0.3 1.5 +2.0 120 5.0 2.0
OP-77B 60 0.6 2.8 +2.8 116 2.0 2.0
OP-77E 25 0.3 15 +2.0 120 5.0 2.0
OP-77F 60 0.6 2.8 +2.8 116 20 2.0
OP-77G 100 1.2 2.8 12.8 116 2.0 2.0
2-2 Raytheon
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Section 2

Audio and General Purpose Operational Amplifiers
Single Operational Amplifiers

Maximum Input Typ!
Specifications @ 25°C | Unity | Typ.
Offset | Offset | Bias | Gain | Slew Available Packages
Voltage | Current|Current| BW Rate | Temp?
Type Description (mV) (nA) | (nA) | (MHz) [ (V/uS)|Range| D |L |[M| N| T
LM101A | General Purpose with Improved 2.0 10 75 1.0 05 M X X
LM301A Input Characteristics 75 50 250 1.0 0.5 C X
RC741 General Purpose, Internal Comp| 6.0 200 500 1.0 0.5 C X X | X
RC5534 High Performance, Low Noise 4.0 300 1500 10 13 C X
RM5534 2.0 200 800 10 13 M X X
RC5534A3 4.0 300 1500 10 13 C X
RM5534A3 2.0 200 800 10 13 M X X
LF156 JFET Input M XX X
Notes:
1. Gain bandwidth product for 5534/A series and closed loop bandwidth for OP series.
2. Operating Temperature Range: M = -55°Cto +125°C; C = 0°C to +70°C.
3. RM/RC5534A guarantees maximum input noise specification.
Dual Operational Amplifiers
Maximum Input Typ'
Specifications @ 25°C | Unity | Typ.
Offset | Offset | Bias | Gain | Slew Available Packages
Voltage | Current|Current| BW Rate | Temp?
Type Description (mV) (nA) | (nA) [(MHz) | (V/uS){Range| DL |M| N | T
LH2101A | High Performance 2 10 75 10 X
RC747 Dual 741 6 200 500 1 05 (o] X
RM747 5 200 500 1 0.5 M X X
RC4558 Wideband 741 6 200 500 3 1 C X| X
RM4558 5 200 500 3 1 M X X
RC4559 High Performance 6 100 250 4@3) 12(15)] C X] X
RM4559 5 100 250 4(3) |2(1,5)] M X X
RC5532 High Performance, Low Noise 4 150 800 10 8 C X
RM5532 2 100 400 10 8 M X X
RC5532A3 4 150 800 10 8 C X
RM5532A3 2 100 400 10 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.

Package Codes:

D = Ceramic DIP

L = Leadless Chip Carrier
M = Plastic SOIC

N = Plastic DIP

T = Metal Can (TO-99)

2-4




Product Selection Guide

Audio and General Purpose Operational Amplifiers
Quad Operational Amplifiers

Maximum Input Typ
Specifications @ 25°C | Unity | Typ.
Offset | Offset | Bias | Gain | Slew Available Packages
Voltage |Current|Current| BW Rate | Temp'
Type Description (mvV) (nA) | (nA) | (MHz) | (V/uS)|Range | D |L{M| N|T
RM4741 741 General Purpose 3 30 200 35 1.6 M X
RC4741 5 50 300 35 1.6 C X
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 X
LM348 Low Power 741 6 50 200 1 0.5 C X
LM3900 Current Mode, Single Supply —_ — 200 25 |+5/-20f C X
RC3403A | Ground Sensing 6 50 500 1.2 C X
RC4136 741 General Purpose 6 200 500 3 1 (&7 X1l X
RM4136 4 150 400 3 15 M X
RC4156 High Performance 5 50 300 35 1.6 C
(2.8) | (1.3) X| X
RM4156 3 30 200 35 1.6 M X
(2.8) | (1.3)
RC4157 High Speed, Decompensated 5 50 300 [19(15)|8(65)| C X
RM4157 3 30 200 |19(15)| 8(6.5) M X
Notes:
1. Operating Temperature Range: M =-55°C to +125°C; C = 0°C to +70°C.
( ) Denotes guaranteed specification.
Comparators
Maximum Input
Specifications @ 25°C Voltage Output
Offset Bias | Offset | Gain | Max |Leakage | Available Packages
Voltage | Current |Current| (V/mV | Sat. | Current
Type Description (mV) (nA) (nA) Typ) |Voltage [(NATyp) | DL M | N| T
LH2111 Dual Precision Voltage 3.0 10 100 200 1.5V 0.2 X
LM111 Low Input Current 3.0 10 100 200 1.5V 0.2 X | X X
LM139 Quad Single Supply 5.0 100 25 200 0.40 0.1 X
LM339 Quad Single Supply 5.0 250 50 200 0.40 0.1 XX
LP165 Programmable 3.0 50 20 500 0.40 2 X X
RC4805 | Precision High Speed 0.6 1800 20 15 0.40 — X
RM4805 0.6 1800 150 20 0.40 — X X
RM4805A 0.25 1200 80 20 0.40 — X X
RC4805E 0.25 1200 80 20 0.40 — X
Raytheeon 25
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Voliage References
Typical Typical | Input

Nominal | Typical AV oy Typical Typical Load Voltage

Voltage | Tempco | Temp. | OverTemp.| Line Reg.| Load Reg.| Current| Range
Device Out (ppm/°C) | Range (%) (%/Volt) (%/mA) (mA) | (Voltage) |
REF-01A 10.00 3.0 Mil .06 .006 .005 15 12t0 40
REF-01 10.00 10.0 Mil .18 .006 .006 15 1210 40
REF-01C 10.00 20.0 Comm 14 .009 .006 15 1210 40
REF-01D 10.00 70.0 Comm .49 .012 .009 15 1210 40
REF-01E 10.00 3.0 Comm .02 .006 .005 15 12 to 40
REF-01H 10.00 10.0 Comm .07 .006 .006 15 121040
REF-02A 5.00 3.0 Mil .06 .006 .005 15 71040
REF-02 5.00 10.0 Mil .18 .006 .006 15 71040
REF-02C 5.00 20.0 Comm 14 .009 .006 15 71040
REF-02D 5.00 70.0 Comm .49 .012 .009 15 71040
REF-02E 5.00 3.0 Comm .02 .006 .005 15 71040
REF-02H 5.00 10.0 Comm .07 .006 .006 15 71040

Other Standard Linear Products

D/A Converters Ground Fault Interrupters

DAC-08, 8-Bit Current Output LM1851, industry Alternate Source

DAC-10, 10-Bit Current Output RC4143/4144, Standard GF!|

DAC-4881, 12-Bit Complete RC4145, Low Power GFI

DAC-4888, 8-Bit Complete

DAC-8565, 12-Bit with Reference Special Functions

RC4200, Analog Multiplier

V/F Converters RC4444, Cross-Point Array

RC4151, Basic 100 kHz RC4447, Pin-Diode Driver

RC4152, Low-Drift 100 kHz RM3182, ARINC Bus Driver

RC4153, Precision 250 kHz XR-2207, Voltage-Controlled Oscillator

XR-2211, FSK Demodulator

Voltage Regulators

RC4190, Low Power Switcher

RC4191/92/93, Low Power Switcher

RC4194, Dual Tracking Linear

RC4195, Dual Tracking Linear

RC4292, Negative Input

RC4391, Inverting Switcher
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Quality & Reliability

SECTION 3

QuaLity & RELIABILITY

Quality is the measure of a device’s confor-
mance to its specifications, and reliability is the
measure of the device’s performance over time.
The approach to maintaining and improving
them must be systematic, because every phase
of the manufacturing process has an impact on
the final product.

Reliability Concepts

Reliability is a measure 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 curve shown
in Figure 1.

Wearout
Failure

Random
Failures

Infant
Mortality

Failure Rate

Time 65-02057A

Figure 1. Fallure vs. Time

As a device is manufactured, there are numer-
ous random potential failure mechanisms built
in. These potential failure mechanisms 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 eliminate the
suspect devices from the production lot. The
tests described in Tables 1, 2, 3, and 4 are
designed to screen out infant mortality defects
which normally arise from manufacturing
processes.

The period of Random Failure represents 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 phe-
nomenon that existed at the time of manufac-
ture.



Section 3

The infant mortality and random failures peri-
ods can be described through a series of
mathematical equations and probability calcula-
tions. The probability of having a failure at a
specific point in time can be expressed by the
equation:

— a-xt
Po=¢e

where:
x = the failure rate (failures per unit time)
t=time

During the infant mortality period, “x” is chang-
ing rapidly and does not become 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 expres-
sion:

MTBF = —m ——
Failure Rate

Since the data for the failure rate calculations is
derived from a sample of devices from a pro-
duction lot, a confidence level number is usu-
ally stated for the failure rate. A 60% confi-
dence level (CL) has become a common
number. The confidence level is demonstrated
by the distribution curve shown in Figure 2.

Frequency

! : : 90% CL

x Failure Rate 65-02058A

Figure 2. Frequency vs. Failure Rate

The failure rate “x” is calculated by using a Chi
square (x?) distribution through the equation:
_ xx. 2r+2)
x= 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 critical in determining an accurate failure rate
number. If only device failures at room or
operating temperatures were counted, it would
take a large number of failures over a long
period of time to g:ther sufficient data. There-
fore, accelerated test methods using elevated
temperatures are used. Temperature will
accelerate the failures in a device and the
increase can be expressed in a form of the
Arrhenius equation which states that the
reaction rate increases exponentially with
temperature.

-E
R=R.e —
" kT
where:
R =reaction rate as a function of time and
temperature

R, = constant related to temperature
T = Kelvin temperature
E = activation energy (electron volts)

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

Reliability Program

The quality and reliability activity at Raytheon is
a thorough and continuous activity. It starts
with the initial design concepts and carries
through to the finished product .

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

Raytheon has established several RA Qualifi-
cation 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
Plastic Process Monitor 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.



Section 3

(1) The specific parameters to be included for tests in each subgroup shall be as specified in the applicable acquisition docu-
ment. Where no parameters have been identified in a particular subgroup or test within a subgroup, no group A testing is

Table I. Group A Electrical Tests for Class B Devices.("

Subgroups?
Quality/Accept No. = 116/0 A®

Subgroup 1
Static tests at 25°C

Subgroup 2
Static tests at maximum rated operating temperature

Subgroup 3 )
Static tests at minimum rated operating temperature

Subgroup 4
Dynamic tests at 25°C

Subgroup 5
Dynamic tests at maximum rated operating temperature

Subgroup 6
Dynamic tests at minimum rated operating temperature

Subgroup 7
Functional tests at 25°C

Subgroup 8A
Functional tests at maximum rated operating temperatures

Subgroup 8B
Functional tests at minimum rated operating temperatures

Subgroup 8
Switching tests at 25°C

Subgroup 10
Switching tests at maximum rated operating temperature

Subgroup 11
Switching tests at minimum rated operating temperature

required for that subgroup or test to satisfy group A requirements.

(2) The applicable tests required for group A testing (see 1/) may be conducted individually or combined into sets of tests,

subgroups (as defined in Table I.), or sets of subgroups.
(3) The sample plan (quantity and accept number) for each test shall be 116/0.

{4) If any device in the sample fails any parameter in the test, subgroup, or set of tests/subgroups being sampled, each and
every additional device in the (sub)lot represented by the sample shall be tested on the same test set-up for all parameters in
that test, subgroup, or set of tests/subgroups for which the sample was selected, and all failed devices shall be removed from

the (sub)lot for final acceptance of that test, subgroup, or set of tests/subgroups, as applicable.

Raytheon
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Table 2 Group B Tests for Class B (?

Mil-Std-883 Quantity/
Test (Accept No.)
Method Condition or LTPD
Subgroup 2
a. Resistance to solvents 2015 4(0)
Subgroup 3
a. Solderability®) 2022 | Soldering temperature of 245 5°C 10
or
2003
Subgroup 4
a. Internal visual and 2014 1 device
mechanical (no failures)
Subgroup 5
a. Bond strengtht® 2011
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

(1) Post burn-in electrical reject devices from the same inspection lot may be used for all subgroups when end-point measure-
ments are not required.

(2) Subgroups 1, 6, 7, and 8 have been deleted from this table. For convenience, the remaining subgroups will not be
renumbered.

(3) Resistance to solvents testing required only on devices using inks or paints as the marking or contrast medium.

(4) All devices 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 applies to the number of leads inspectad except in no case shall less
than 3 devices be used to provide the number of leads required.

(5) Unless otherwise specified, the LTPD sample size for condition C or D is the number of bond pulls selected from a
minimum n umber of 4 devices, and for condition F or H is the number of dice (not bonds) (see Method 2011).

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 electrical As specified in the applicable device
parameters specification
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Table 4. Group D (Package Related Tests)

1. Fine
2. Gross
c. Visual examination

In accordance with visual criteria of
Method 1009

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 B, (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 In accordance with 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
¢. Constant acceleration 2001 Test condition E minimum (see 3),
Y, orientation only
d. Seal 1014 As applicable
1. Fine
2. Gross
e. Visual examination (note 7)
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

3-6
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Table 4. Group D (Package Related Tests) (Continued)

Mil-Std-883 Quantity/
Test (Accept No.)
Method Condition or LTPD
Subgroup 6 (1"
a. Internal water-vapor 1018 5,000 ppm maximum water content 3(0) or 5(1)
content at 100°C (note 8)
Subgroup 7"
a. Adhesion of lead 2025 15
finish (8.10)
Subgroup 8
a. Lid torque " 2024 5(0)

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

(2) For leadless chip carrier packaged only, use test condition D. For leaded chip carrier packages, use condition B1. For pin
grid array and other rigid leads use Method 2038.

(3) Seal test (subgroup 2b) need be performed only on packages having leads exiting through a glass seal.

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

(5) Lead bend stress initial conditioning is not required for leadless chip carrier packages.

(6) End-point electrical parameters are performed after moisture resistance and prior to seal test.

(7) Visual examination shall be in accordance with Method 1010 or 1011.

(8) Test three devices; if one fails, test two additional devices with no failures. At the manufacturers option, if the initial test
sample (i.e., 3 or 5 devices) fails a second complete sample may be tested at an alternate laboratory that has been issued
suitability 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 5 additional devices from the same lot.

(9) The adhesion of lead finish test shall not apply fo leadless chip carrier packages.

(10) LTPD based on number of leads.
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Table 5. Qual Plan for Hermetic Packages Devices (V?)®)

Test

Conditions Per Mil-Std-883

Quantity

Accept No.

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

245 15°C

Condition C and record bond pull strength

15
1
15
77

0
0

Group C
Subgroup 1
Operational Life
(168, 250, 500,
1000, 2000)
Electrical Test
(25°C dc)
(2 date codes,
77 samples each)
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-hour point will be 77.

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

77

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 B,

Condition B
Condition A
Condition B Min.

25

25

(1) The above group B, C, D are run completely, if the product (package and die) has no history.
(2) If the package is pre-qualified, then only Group C, Subgroups 1 and 2, and Group D, Subgroup 4 are conducted.

(3) If the product is not JAN or 883 compliant, then 168-hour pre-burn in is not performed to screen out infant mortality prior to

Group C test.
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Table 6. Qualification Plan for Plastic Package Devices

Sample | Accep

Test Test Conditions Purpose of Test Size No.
Operating Temperature 125°C Accelerated Life 100 1
Life Time 2000 hrs.

Electrical Test at 168 hrs.,

500 hrs., 1000 hrs., 2000 hrs.
Bias — per spec requirements
NOTE: Samples from this test will continue for 2000 and 3000 hrs. evaluation.

Steam Pressure 15 Ibs. Package integrity and 55 1
Pressure Temperature 120°C moisture resistance
Time 96 hrs.

Electrical Test at 48 hrs.,
(no metal deterioration),
96 hrs., 144 hrs., 250 hrs.,

500 hrs.

NOTE: Bake and retest electrical rejects for engineering evaluation and data.
85°C/85% RH | Temperature 85°C Accelerated life corrosion 100 1

Humidity 85% resistance

Time 250 hrs.

(no metal deterioration)
Electrical Test at 160 hrs.,
250 hrs., 500 hrs., 1000 hrs.,

2000 hrs.

NOTE: Bake and retest electrical rejects for engineering evaluation and data.
Storage Life | Temperature 150°C Determine the effect of high 32 0

Time 144 hrs. temperature storage

Bias — None

Electrical Test at 144 hrs.,

500 hrs.
Temperature | Temperature -55°C to +85°C Determine the resistance to 32 0
Cycle No. Cycles 100 high and low temperatures

Electrical Test 25°C, 70°C
Moisture Temperature -10°C to +65°C Package integrity to moisture,| 32 0
(10 Day) Humidify 90% RH lead corrosion, etc.

Time 240 hrs.

Electrical Test at 240 hrs.
Visual Inspection of Leads

Solderability | Per 883, Method 2003 To determine the solderability| 15 0
of the lead finish
Lead Fatigue | Per 883, Method 2004 To determine the physical 15 0
Condition B resistance to lead bending
fatigue
External Visual 10-30X Magnification To evaluate pnysical construc{ 15 0

tion and processing results
to package and lead frame

*2 date codes of 50 each
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Lab Facilities

Raytheon maintains a fully equipped laboratory
to conduct its reliability, failure analysis, and en-
vironmental testing. The typical types of tests
that are performed by this facility include:

» QCI Groups A, B, C and D environment re
quirements

Destructive Physical Aanalysis

SEM Analysis

Microprobe Analysis

X-ray Dispersion Analysis

Biased 85/85 and Steam Pressure Pot (PCT)
Highly Accelerated Stress Testing (HAST)
Reliability Analysis

Electrical DC and Functional Testing

Plastic Package Device Monitor

Raytheon is a major supplier of standard and
ASIC products in plastic packages. The linear
devices are available in a variety of plastic
packages such as DIPs, SOICs, and LCCs.
Significant investments have been made in
both the technology and manufacture of high-
reliability, low-stress plastic encapsulated
packages.

In addition to quality control check point inspec-
tion at every assembly step, reliability process
monitoring (see Table 7) is performed.

The autoclave (steam pressure) test deter-
mines the package’s moisture resistance in the
shortest possible time, allowing immediate
corrective action where necessary, thus ensur-
ing the long-term reliability of the products.

All products are100% electrically tested and
visually screened followed by sample testing
for electrical, visual and mechanical defects to
determine the outgoing PPM defect rate. With
a quality goal of 200 ppm or less, Raytheon’s
devices have failure rates well below the
industry standards.

Table 7. Typical Plastic Process

Monitor Tests

Test Purpose of Test

Autoclave  To evaluate the resistance of

(steam moisture penetration of the pack-

pressure) age and the effects of moisture on
the chip under accelerated condi-
tions of 15 pounds of steam pres-
sure at 120°C.

Biased To evaluate the operational life and

85°C/85%  resistance to moisture penetration

RH of the chip and the plastic package
under the accelerated conditions
of 85°C and 85% relative humidity.

Operating  To evaluate the operational field

Life life of the device under acceler-
ated conditions of 125°C.

Resistance To determine that the brand mark-

to Solvents  ings will not become illegible on
the package parts when subjected
to the solvents and test per Mil-
Std-883C, Method 2015.

Solderability Per Method 2004 of Mil-Std-883.

External To determine the physical con-

Visual struction and processing results
to the package and lead frame at
30X magnification.

Lead To determine the physical

Fatigue resistance to lead bending fatigue
per Condition B, Method 2004,
of Mil-Std-883.

Thermal To determine that the device can

Shock survive exposure to rapid changes

in temperature from -55°C to
+125°C per Condition B of
Method 1011 of Mil-Std-883.
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Figure 5. Linear Plastic Flow Chart

Major Programs

Raytheon is involved in major programs which
require and support a high level of quality and
reliability expertise in the design, manufacture
and control of our products.

The commercial programs address such mar-
ket segments as computers and automotive.

Raytheon

These markets are a driving force within Ray-
theon’s commercial product quality and reliabil-
ity controls.

The most significant military program is JAN
38510 which requires a Defense Electronics
Supply Center (DESC) certification of our fabri-
cation and manufacturing lines. The JAN
military specifications and Mil-1-45208 form the
foundation of our QA system, thereby benefit-
ting all products — JAN, 883 compliant,Source
Control Drawings (SCD), and commercial.

Additional key military oriented programs
include Raytheon’s 883 compliant, DESC
Standard Military Drawings (SMD) and SCDs.

An extensive statistical process control pro-
gram has been initiated which includes wafer
fabrication processing, quality assurance
monitors, assembly monitors, environmental
screening and electrical testing.

Internal Audit Program

Raytheon has an internal audit program which
requires the auditing of all product processing
and control systems. This audit verifies confor-
mance to manufacturing and quality procedures
identifying areas needing improvement and
enhancement.

Process Monitors

Extensive process monitors in fab, assembly

and electrical test are a critical part of Ray-

theon’s quality program.

Product Improvement Program
PPM)

The product improvement committee oversees

and documents status of the Product Improve-

ment Program.

Raytheon’s acceptance goal is zero defects. In
order to meet this goal, the product improve-
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ment program evaluates visual, mechanical
and electrical properties, and takes the neces-
sary corrective action to reduce the defect
density of the outgoing product.

Reliability Monitor

The Reliability Monitor Program monitors, on a
continuing basis, the reliability of all IC prod-
ucts in hermetic and plastic packages. (For
plastic package reliability monitor refer to Table
7.) This program requires that periodically
several different part types from each microcir-
cuit technology group as detailed in Appendix E
of Mil-M-38510 be evaluated to the Mil-Std-883
Test Method 5005 Groups A, B, C and D test
requirements. The data generated from this
program provides a basic library of reliability
information on many product types and can be
used to provide Quality Conformance Inspec-
tion (QCI) data to meet a customers specific
group test data requirements.

Military Programs
JAN-MIL-M-38510

Raytheon’s foremost commitment is to the JAN
MIL-M-38510 program which is administered
by the Defense Electronics Supply Center
(DESC) and the Defense Logistics Agency
(DLA) of the Department of Defense. We
maintain DESC certified wafer fabrication,
assembly and test facilities which allow us to
provide an extensive number of JAN QPL
device types.

The JAN 38510 program is designed to provide
a consistently high reliability hermetic product
manufactured to a standard process flow and
quality/reliability program as defined in Mil-M-
38510, Mil-Std-976 and Mil-Std-883 and the
resulting baselines.

A JAN device is identified and branded with a
unique part number as shown in Figure 7 and
Table 8. The device is also branded with our
manufacturers designating symbol (CRP or

RP), logo (RAY or R), the sealing cycle date
code, country of origin, a two-digit fab quarter
code (indicating year and quarter in which die
fabrication was completed) and the applicable
electrostatic discharge sensitivity identifier.

A current listing of Raytheon’s JAN 38510 QPL
devices may be obtained by contacting the
nearest Raytheon Field Sales Office.

883 Compliant

The 883 compliant program offers hermetic
products assembled and tested to the require-
ments of paragraph 1.2.1 of Mil-Std-883 for
class B devices. With Raytheon as the qualify-
ing activity and off-shore assembly permissibie
these devices are as close as one can get to
JAN 38510 reliability using a standard process
flow (see Figure 6).

Raytheon’s 883 compliant program is comple-
mented by our active participation in DESC's
Standard Military Drawing (SMD) program.

A current listing of our 883 compliant devices
which includes those DESC SMDs for which
Raytheon is an approved source of supply may
be obtained by contacting the nearest Ray-
theon Field Sale Office.

Lead Finish

Raytheon offers three lead finishes — solder
dipped, gold and matte tin plate (non-JAN
only). The preferred and recommended lead
finish is solder which is tin plated prior to dip-
ping. The gold finish is applied over nickel
plate.

Raytheon is offering a solder lead finish that will
meet the solderability requirements of MIL-M-
38510, WS6536E and DOD-STD-2000. Our
customers must state in either their purchase
order or SCD which solderability specification is
applicable.
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38510
JAN Class B CI:?s B
USA Buiit Assembly
Asssembly
1
Internal ‘
Visual Burndn
M2010 Cond B M1015
STA Bake Post-Burn
M1008 Cond C Elec Parameters
24-Hrs + 150°C Per APP Device
Serles
l @ 25°C + PDA
Temp Cycle }
M1010 Cond C
10 Cycles Final Electrical
-65°C t0 -150°C +2n;°c, -ssg,
; +125°C
Constant ;
Acceleration
M2001 Y Axis Only Fine Leak
Per Pkg Reg M1014A or B
l Gross Leak
M1014C
External Visual }
External visual
l M2009
Pre Burn-in ‘
Elec Parametors
Per Device Spec oci Sample

Figure 6. Screening for JAN and
883 Compliant Devices

JM38510/XXXXXYYY
LThe Lead Finish
A = Solder Dipped"
C = Gold Plate
© X = Any lead finish above
L is acceptable®®
The Package Outline Letter/

Number (see Table 9)

——The Screening Level S, B

The Device Number on the
Slash Sheet

The Slash Sheet Number

Hor/

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

Mil-M-38510

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

(1) Preferred lead finish

(2) Finish letter "X" will not be marked on the device or
its packaging. It is for stating lead finishes A & C are
considered interchangeable without preference.

Figure 7. Mil-M-38510 Part Marking

Raytheon 313



Section 3

Table 8. JAN Package Codes

38510
Outline 38510
Letter/ Type
Number | Designation | Description

A F-1 14-lead, 1/4 x 1/4 Cerpak

B F-3 14-lead, 3/16 x 1/4 Cerpak

C D-1 14-lead, 1/4 x 3/4 Cerdip

D* F-2 14-lead, 1/4 x 3/8 Cerpak

E D-2 16-lead, 1/4 x 7/8 Cerdip

F F-5 16-lead, 1/4 x 7/8 Cerpak

G A-1 8-lead, TO-99 can

H F-4 10-lead, 1/4 x 1/4 Cerpak
i A-2 10-lead, TO-100 can

J D-3 24-lead, 1/2 x 1-1/4 Cerdip

K F-6 24-lead, 3/8 x 5/8 Flatpak

L D-9 24-lead, 1/4 x 1-1/4 Cerdip

M* A-3 12-lead, TO-101 can

P D-4 8-lead, 1/4 x 3/8 Cerdip

Q D-5 40-lead, 2 x 5/8 DIP

R D-8 20-lead, 1/4 x 1-1/16 Sidebraze DIP
S F-9 20-lead, 1/4 x 1/2 Cerpak

\ D-6 18-lead, 1/4 x 5/16 Cerdip

w* D-7 22-lead, 3/8 x 5/16 DIP

2 C-2 20-terminal, 3/8 x 3/8 Chip carrier
3 C-4 28-terminal, 1/2 x 1/2 Chip carrier

*Consult your nearest Field Sales Office
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SECTION 4

OPERATIONAL AMPLIFIERS

DEFINITIONS

Average Input Bias Current Driit (TC;g)

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

TCig = IB@T1)-ls@ Ty
T -Te
Where T(y) and T(2) are the upper and lower
limits of the specified temperature range.

Average Input Offset Current Drift (TCgs)

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@ T
TH-T

TCios =

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

Average Input Offset Voitage Drift (TCyos)

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

Vos @ Ty - Vos @ Ty
TC =
vos Ty~ Te)
Where T(1) and T(2) 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 (%ﬂ_))
Vo)
Where Vp(1) and Vo) are the independent and
dependent amplifier output voltages.

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

Ving) = ViNeg) )
0s @ Vingt) - Vos @ Vinge)

Where VN(1) and VN2 are the upper and lower
limits of the input common mode voltage range.

CMRR = 20LOG1g <V

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).
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DEFINITIONS (Continued)

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 (IN)

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

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 (los)

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
center of the output swing range, expressed
in millivolts or microvolts (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 (MQ or G(Q).

Vi - Veg)
lB@V)-ls@ V)
Where V(1) and V() 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 (MQ).

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 (V/mV).

Ay = o) - Vop)
v

Vos(1) - Vos(2)
Where Vp(1) and Vo(2) 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 Vpg 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 Vpgs that can be produced using
the specified external offset adjustment circuit,
expressed in millivolts (mV).

Open Loop Output Resistance (Ro)

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).
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DEFINITIONS (Continued)

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 ampilifier, 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).

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) )
PSRR = 20LOG
10 (VOS @ VS(1) -Vos @ VS(2)

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 signal 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).
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Section 4

RC4077

RC4077 Series
Precision
Operational
Amplifiers

Features

B Ultra-low Vo — 10 pV max

B Ultra low V¢ drift — 0.1 uV/°C max (B grade
only)

H Outstanding gain linearity

B High gain — 5000 V/mV min

B High CMRR — 120 dB min

H High PSRR - 110 dB min

M Low noise — 0.3 pV, (0.1 to 10 Hz)

B Low input bias current — 2.0 nA max

H Low power consumption — 50 mW max

H Replaces OP-07, OP-77, 725, 108, 741 types

Description
The RC4077 is an advanced, uitra-high per-

formance precision bipolar operational amplifier.

Its high precision performance results from two
innovative and unconventional manufacturing
steps, plus careful circuit layout and design.
Thin-film resistor technology and a novel
method of digital offset nulling are the key
steps. A low £10 pV offset voltage is delivered
via a patented, proprietary V¢ nulling adjust-
ment. Devices retain this low offset through the
stability and accuracy of Si-Cr thin-film
resistors.For appiications needing the lowest
input offset voltage drift with temperature (TC
V), the “B” grade has a worst-case specifica-
tion of just 0.1 uv/°C.

Designed to upgrade OP-07 and other low-I,
bipolar precision types, the RC4077 has a well-
balanced, mutually supporting set of input
specifications. Low V¢, low I, and high open-
loop gain combine to raise the performance
level of many instrumentation, low-ievel signal
conditioning, and data conversion applications.
PSRR, CMRR, drift, and noise levels also
support high precision operation.

The RC4077 is available in LCC, SO-8 (small
outline), TO-99 can, plastic mini-DIP and
ceramic mini-DIP packages, and can be or-
dered with Mil-Std-883 Level B processing.

a4 Raytheon



RC4077 Operational Amplifiers

Connection Information Ordering information
Operating
8-Lead 8-Lead Plastic Part Number Package| Temperature
TO-99 Metal Can Dual In-Line SO-8 Range
(Top View) (Top View) RC4077AN N 0°Cto +70°C
RC4077EN N 0°Cto +70°C
] i E RC4077FN N 0°Cto +70°C
@ @ lz 7] RC4077EM M 0°C to +70°C
(3] 6] RC4077FM M 0°Cto +70°C
@ } O (4] S RV4077ET T -25°C to +85°C
() @ RV4077FT T -25°C to +485°C
O) RV4077ED D -25°C to +85°C
RV4077FD D -25°C to +85°C
65-03205A
RM4077AT T -65°Cto +125°C
RM4077AT/883B T -55°C to +125°C
8-Lead RM4077AD D -55°C to +125°C
Dual In-Line Package RM4077AD/883B D -55°C to +125°C
(Top View) RM4077AL/883B L |-55°Cto+125°C
s Pin Function RM4077BT T -55°C to +125°C
a o 8] 1 Vg Trim RM4077BT/883B T |-55°Cto+125°C
2 -lnput RM4077BD D -55°C to +125°C
R E 3 +input RM4077BD/883B D |-55°Cto+125°C
4 -V RM4077BL/883B L -55°C to +125°C
B 6] 5 NC
6 Output Notes: ) .
E E 7 4V /883B suffix denotes Mil-Std-883, Level B processing
8 V S Irim N = 8-lead plastic DIP
08 D = 8 lead ceramic DIP
65032064 T = 8-lead metal can (TO-99)
L = 20-pad leadless chip carrier
2?{-2:(’\/:;3:): M= 8-I::g plastic SOI(?
Contact a Raytheon sales office or representative for
Pin Function ordering information on special package/temperature
2 Vg Trim range combinations.
5 -Input
7  +input
10 -V,
15  Output
17 +Vg
20 Vyg Trim
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Section 4 RC4077
Absolute Maximum Ratings Mask Pattern
Supply Voltage ........cccvvveevervccrinncnencencnnanns 22V
INput VORAGE™ ....cuveeeercnerecnreeccnentinenenes 122V 8 7 6
Differential Input Voltage ..........cccoeemeennnnnne. 30V
Internal Power Dissipation** ................. 500 mW
Output Short Circuit Duration .............. Indefinite
Storage Temperature
(ST 14 Vo[- T -65°C to +150°C
Operating Temperature Range 1
RM4077A.......ooeeeeerreeeeene -55°C to +125°C
RV4077A,E,F (Hermetic)........ -25°C to +85°C
RC4077A,E,F (Plastic) .............. 0°C to +70°C
Lead Soldering Temperature
(SO-8, 10 SEC) ..covverrerrrirnerecniesrene +260°C 2 3 a
(DIP, LCC, TO-99; 60 sec)...........e.u... +300°C
*For supply voltages less than +22V, the absolute maxi- Die Size: 75 x 78 mils 65-03218A
mum input voltage is equal to the supply voltage. Min Pad Dimensions: 4 x 4 mils
**Observe package thermal characteristics.
Thermal Characteristics
8-Lead 8-Lead 8-Lead 8-Lead
20-Pad Ceramic TO-99 Small Plastic
LCC DIP Metal Can Outline DIP
Max. Junction Temp. 175°C 175°C 175°C 125°C 125°C
Max. P, T, <50°C 925 mW 833 mW 658 mW 300 mW 468 mW
Therm. Res 0, 37°CwW 45°C/W 50°C/W - -
Therm. Res. 6,, 105°C/W 150°C/W 190°C/W 240°C/W 160°C/W
For T, >50°C Derate at |7.0 mW/°’C | 8.33 mW/°C | 526 mW/°C |4.17 mW/°'C | 6.25 mW/'C




RC4077

Operational Amplifiers

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

4077A/B/E 4077F

Parameters Test Conditions Min Typ Max Min Typ Max | Units
RC/RM4077A 4.0 10

Input Offset Voltage® RM40778B 7.0 15 20 60 nv
RC4077E 15 25

Long Term V¢ Stability’ 0.2 0.4 nV/Mo

Input Offset Current 0.1 1.5 0.1 2.8 nA

Input Bias Current +03 2.0 +1.0 2.8 nA

Input Noise Voltage® 0.1 Hzto 10 Hz 0.35 0.6 035 065 pv
Fo=10Hz 10.3 18 103 20

Input Noise Voltage Density® Fo =100 Hz 10 13 10 135 nV
F, = 1000 Hz 96 11 96 115| +Hz

Input Noise Current® 0.1 Hz to 10 Hz 14 30 14 35 PA,,
Fo=10Hz 0.32 0.8 0.32 0.9

Input Noise Current Density® F, =100 Hz 0.14 0.23 0.14 0.27 pA
F, = 1000 Hz 012 047 012 o18| Az

Input Resistance (Diff Mode)? 30 80 20 60 MQ

Input Resistance (Com. Mode) 200 200 GQ

Input Voltage Range* +13 +14 +13 +14 v

Common Mode Rejection Ratio Vew=111V 120 140 116 130 dB

Power Supply Rejection Ratio V, = 3.0V to £8.0V 110 125 110 125 dB

Large Signal Voltage Gain R 22kQ, V, =110V | 5000 12,000 2000 8000 VimV
R 210kQ +13  +135 +13  +135

Output Voltage Swing R 22kQ +125 113 +125 13 \"
R 21kQ 12 +125 12 +125

Slew Rate R 22kQ 0.1 0.3 0.1 0.3 VS

Closed Loop Bandwidth? Ay =+1.0 04 0.8 04 0.8 MHz

Open Loop Output Resistance Vo=0,l,=0 60 60 Q

Power Consumption Vs =115V,R = 35 50 35 50 mw
V,=13.0V,R = 35 45 35 45| mw

Notes:

1. Long Term Input Offset Voltage Stability refers to the averaged trend line of V¢ vs. Time over extended periods after the
first 30 days of operation. Excluding the initial hour of operation, changes in V,; during the first 30 operating days are

typically 2.5 pV.
2. Guaranteed by design.

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power. The RC/RM4077A/RM40778 grades are tested fully warmed up.
4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power.

5. Sample tested.

Raytheon



Section 4

RC4077

Electrical Characteristics (Vg = 15V, -25'C < T, < +85°C for hermetic packages, 0°C < T, < +70°C for plastic

packages unless otherwise noted)

4077A/E 4077F
Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage RC4077A 7.0 24
RC4077EN,EM 10 40 ny
RC4077FN,FM 25 90
RV4077ET,ED 10 45
RV4077FT,FD 30 100
Average Input Offset RC4077A/E 0.1 0.3 0.2 06 | uvrc
Voltage Drift!
Input Offset Current 0.8 22 1.0 45 nA
Average Input Offset 5.0 +40 5.0 185 | pArC
Current Drift*2
Input Bias Current 24  14.0 2.4 6.0 nA
Average Input Bias Current +8.0 +40 +15 60 | pArC
Drift?
Input Voltage Range +13  +135 +13  $135 v
Common Mode Rejection Ratio V=110V 120 130 110 120 dB
Power Supply Rejection Ratio Vs =13.0Vto 18V 110 115 106 115 dB
Large Signal Voltage Gain R 22kQ, V,=+10V | 2000 6000 1000 4000 V/imV
Maximum Output Voltage Swing | R >2kQ +12 +13 +12 +13 v
Power Consumption R = 40 60 40 60 mwW
Notes:
1. 100% tested for Grade A/E, sample tested for Grade F.
2. Sample tested.



RC4077 Operational Amplifiers

Electrical Characteristics (Vg = £15V, -65'C < T, < +125°C unless otherwise noted)

RM4077A/B

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage RM4077A 20 40 uv

RM4077B 10 25
Average Input Offset RM4077A 0.1 0.3 uvrc
Voltage Drift! RM4077B 0.05 0.1
Input Offset Current 0.8 22 nA
Average Input Offset +0.5 +25 pArC
Current Drift?
Input Bias Current 2.4 +4.0 nA
Average Input Bias Current +0.8 125 pArC
Drift?
Input Voltage Range +13 +13.5 v
Common Mode Rejection Ratio ch =10V 120 130 dB
Power Supply Rejection Ratio V, = 4.0V to +16.5V 110 115 dB
Large Signal Voltage Gain R 22kQ, V, =+10V 2000 6000 V/imV
Maximum Output Voltage Swing | R, 22kQ +12 +13 \"
Power Consumption R = 40 60 mW

Notes:
1. 100% tested for Grade A/E/B, sample tested for Grade F.
2. Sample tested.
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Section 4

RC4077

Offset Voltage Adjustment

The input offset voltage of the RC4077, and its
drift with temperature, are permanently trimmed
at wafer test to a low level. However, if further
adjustment of V4 is necessary, nulling with a
10K or 20K potentiometer will not degrade drift
with temperature. Trimming to a value other than
zero creates a drift of (V,4/300) uv/°C, e.g., if
V,s is adjusted to 300 pV, the change in drift will
be 1 uV/°C. The adjustment range with a 10K or
20K potentiometer is approximately 4.0 mV. If
less adjustment range is needed, the sensitivity
and resolution of the nulling can be improved by
using a smaller pot in conjunction with fixed
resistors. The example on the next page has an
approximate null range of £100 uV.

Unless proper care is exercised, thermocouple
effects caused by temperature gradients across
dissimilar metals at the contacts to the input
terminals, can exceed the inherent drift of the
amplifier. Air currents over device leads should
be minimized, package leads should be short,
and the two input leads should be as close
together as possible and maintained at the same
temperature.

RC4077 series units may be inserted directly
into OP-07, OP-05, 725, 108A or 101A sockets
with or without removal of external frequency
compensation or nulling components. The
RC4077 can also be used in 741 applications
provided that the nulling circuitry is removed.

The voltage follower is an ideal example illus-
trating the overall excellence of the RC4077.
The contributing error terms are due to offset
voltage, input bias current, voltage gain, com-
mon-mode and power-supply rejections. Worst-
case summation of guaranteed specifications is
tabulated below.

+12to +18V

——() Output

-10to +10V

Input
-10 to +10V
-12to -18V

65-03820

Large Signal Voltage Follower With
0.00063% Worst-Case Accuracy Error

Output Accuracy
RM4077A RV4077F RM4077A RV4077F

Error 25°C Max 25°C Max -55 to +125°C Max | -25 to +85°C Max

(nv) (1v) (nv) (nV)
Offset Voltage 10 60 40 100
Bias Current 15 28 40 60
CMRR 20 32 20 60
PSRR 18 18 18 30
Voltage Gain 7 8 8 20
Worst Case Sum 70 146 126 270
Percent of Full Scale .00035% .00073% .00063% .0013%

(=20V)
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RC4077 Operational Amplifiers

Vin

3

-1N +10V z v \n ov
1 4 ]
1 > T

T —

\
| Ta =+25°C
RL=2kQ ™
| Vs =h5V aw § 15V %
8
Vour Vour
RC4077 Open-Loop Gain Linearity Typical Precision Op Amp Gain Linearity

-15V

1 A
—VVv

Vo = 1000 Vos

* Resistors must have low
thermoelectric potential 65-03821

Test Circuit for Offset Voltage and

Improved Sensitivity Adjustment
Its Drift With Temperature P ty Adj

510Q 0.1 uF

100

- 2kQ

- 43K 22puF Scope
+ x1

Ry =1 MQ
47 N
Device il + - I
Under Test 100 k2 T ke
— —ANW—1

24.3K —i— - -

0.1 uF
The device under test should be warmed up

for 3 mins and shielded from air currents. 65-03823

0.1 Hz to 10 Hz Noise Test Circuit (peak-to-peak noise measured in 10 -sec intervals)
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RC4207

Operational Amplifiers

RC4207
Precision
Monolithic
Dual
Operational
Amplifier

Features

Low noise 0.1 Hz to 10 Hz — 0.35 uVpp
Ultra-low Vpogs — 75 uV max

Ultra-low Vgg drift — 1.3 uV/°C max

Long term stability — 0.2 uV/Mo

Dual precision in 8-pin format

Fits 4558, 1558 sockets

Industry standard pinout

Low input and offset current — £5 nA max
High gain — 400 V/mV min

Description

Designed for low level signal conditioning and
instrumentation applications, the 4207 is a pre-
cision dual amplifier combining excellent dc input
specifications with low input noise characteristics.
Ultra low offset voltage, low drift, high CMRR,
and low input bias currents serve to reduce input
related errors to less than 0.01% in a typical high
gain instrumentation amplifier system (Av = 1000).
The 4207 contains two separate amplifiers with a
high degree of isolation between them; each is
complete, requiring no external compensation
capacitors or offset nulling potentiometers. The

Raytheon

inherent Vpg is typically less than 150 uV, resulting
in superior temperature drift, and this low initial
offset is further reduced by “Zener-zap” nulling
when the wafers are tested.

Advanced thin film and nitride dielectric process-
ing allows the 4207 to achieve its high perfor-
mance and small size (the 4207 is offered in
8-lead DIPs). The 4207 fits the industry standard
8-lead op amp pin-out.

Connection Information

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

[=1
L=]

[=1 [~]
&
=] L

=
L]

65-01782A

Pin Function

Output A

Input A Inverting
Input A Non-Inverting
-Vg

Input B Non-inverting
Input B Inverting
Output B

+Vsg

0O ~NOOTHA WN =
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Section 4 RC4207
Ordering Information Thermal Characteristics
Operating 8-Lead 8-Lead
Part Number Package Temperature Ceramic Plastic
Range DIP DIP
RC4207FN N 0°C to +70°C Max. Junction Temp. 175°C 125°C
RC4207GN N 0'Clo+70°C Max. Pp Tp <50°C 833mW | 468 mW
RV4207FD D -25°C to +85°C Therm. Res. 6,c 45°C/W —
RV4207GD D -25°C to +85°C
RM4207BD D -55°C to +125°C
RM4207BD/883B* D -55°C to +125°C Mask Pattern
*Mil-Std-883, Levei B processing
D = 8-lead ceramic DIP 7 6 5
N = 8-lead plastic DIP
Contact your sales representative for other package/
temperature range combinations.
Absolute Maximum Ratings 8 4
Supply VOHaGe ......cccvvviiumeerineneereseneeiens 18V
Input Voltage™ ........ccocevivenicenciccecneenne +18V
Differential Input Voltage........c.ccevvevvrnercunnns 30V
Internal Power Dissipation™ ................. 500 mW
Output Short Circuit Duration .............. Indefinite 1 2 3
Storage Temperature
Range ....ccooverveincecrerctninne -65°C to +150°C 65-02685A
Operating Temperature Range
RM4207B .....ccceveeeecrerenene -55°C to +125°C
RCA207F/G ..vereeereerreeeererinens 0°Cto +70°C Die Size: 115 x 90 mils
RVA207F/G ....ovvevrrrvererennees -25°C to +85°C Min. Pad Dimenslons: 4 x 4 mils
Lead Soldering Temperature
{1071 R +300°C

*For supply voltages less than +18V, the absolute maxi-
mum input voltage is equal to the supply voltage.
**Observe package thermal characteristics.
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RC4207

Operational Amplifiers

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

42078
Parameters Test Conditions Min Typ Max Units
Input Offset Voltage' 50 200 uV
Average Input Offset Voltage Drift? 0.3 1.3 uV/°C
Input Offset Current +6.0 +15 nA
Average Input Offset Current Drift 8.0 pA/°C
Input Bias Current +6.0 +15 nA
Average Input Bias Current Drift 13 pA/°C
Input Voltage Range +10 +13.5 v
Common Mode Rejection Ratio Vom = £10V 94 120 dB
Power Supply Rejection Ratio Vg = 4.0V to =16.5V 94 115 dB
Large Signal Voltage Gain R >2.0kQ), Vg = £10V 200 400 V/mV
Maximum Output Voltage Swing R > 2.0k +11 +12.6 v
Power Consumption R == 150 240 mw

Notes: 1.

Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds
after application of power.
2. This parameter is tested on a sample basis only.

Electrical Characteristics (v, = +15V, -25°C to +85°C for hermetic packages, 0°C < T, < +70°C
for plastic packages unless otherwise noted)

4207F 42076
Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage 45 150 85 250 uV
Average Input Offset o
Voltage Drift? 0.3 1.3 0.7 uV/eC
Input Offset Current +20 | *10 +16 | £15 nA
Average Input Offset °
Current Drift 80 12 PA/°C
Input Bias Current +20 | +10 +30 | 15 nA
Average Input Bias o
Current Drift 13 18 pA/°C
Input Voltage Range +10 | £13.5 +10 | 135 v
common Mode Rejection | v\, +10v % | 120 ® | 106 dB
atio
Fower Supply Rejection |y - +40v to +16.5V o | 115 @ | 100 dB
Large Signal Voltage Gain RL > 2.0k, Vg = =10V 200 450 75 400 V/mV
paximum Output Voltage | g, -5 gkey 11 | +126 11| +126 v
wing
Power Consumption R == 150 240 150 240 | mW
Raytheon 4-15



Section 4 RC4207
Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted)
Parameters Test Conditions Wi 42?;:”: x| Wi 4:,%6 Max Units
Input Offset Voltage® 30 75 60 150 | wuV
Long Term Vgg Stability’ 0.2 0.5 uV/Mo
Input Offset Current 05| £5 +2 | 10| nA
Input Bias Current +05 | £5 +2 | £10 | nA
Input Noise Voltage 0.1Hz to 10Hz 0.35 0.35 uVpp
fo = 10Hz 10.3 10.3
Input Noise Voltage Density fo = 100Hz 10 10 nv
fo = 1000Hz 9.6 9.6 VHz
Input Noise Current 0.1Hz to 10Hz 14 14 PAp-p
fo = 10Hz 0.32 0.32
Input Noise Current Density fo = 100Hz 0.14 0.14 pA
fo = 1000Hz 0.12 0.12 VHz
input Resistance (Diff. Mode) 60 31 Mo
Input Resistance (Com. Mode) 200 120 GO
Input Voltage Range* +11 | £14 +11 | £14 v
Common Mode Rejection Ratio Vem = 211V 100 | 126 94 110 dB
Power Supply Rejection Ratio Vs = +4.0V to +16.5V 100 | 110 94 104 dB
Large Signal Voltage Gain RL = 2kq, Vg = =10V 400 | 600 250 | 400 Vimv
Vo =+1.0V,R =1k, | 200 | 400 100 | 200
Vs = +4.0V
RL = 10kQ +125 | +13 +125| +13
Output Voltage Swing R. =2k +12 | +12.8 +12 | £12.8 v
R = 1kQ +11 | £12 +11 | +12
Slewing Rate R =2kQ 0.1 0.3 0.1 0.3 V/uS
Closed Loop Bandwidth AycL =+1.0 15 1.5 MHz
Open Loop Output Resistance Vo=01p=0 60 60 O
. Vg =+15V,R == 150 | 200 160 | 240
Power Consumption mw
Vg = +4.0V, R = = 35 50 48 64
Crosstalk 126 | 155 126 | 155 dB
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 Vpg during the first 30
operating days are typically 2.5uV.

2. Guaranteed by design.

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

after application of power.

4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first

removing power.

4-16
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RC4207 Operational Amplifiers

Typical Performance Characteristics

Offset Voltage vs. Temperature

o +15V
= s -+
2 75[R:1000
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g % 4207F
5 1 42078 |
=] s . 7
] —
]
3 <
2 g
= g
0 8
-50 0 +50 +100
Temperature (°C)
Input Bias Current vs. Differential Input Voltage Input Bias Current vs. Temperature
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Section 4

RC4207

Typical Performance Characteristics (Continued)

PSRR (dB)

Open Loop Gain (dB}

Maximum Undistorted Output vs. Frequency

Output Voltage Peak-to-Peak (Volts)

4-18

28
24

Frequency (Hz)

PSRR vs. Frequency Open Loop Gain vs. Supply Voltage
120 1000 T T
L] a2
Ta-+25°C )
90 = oo
N 3
% g w
70 g
o N < S 0 <
g g
50 N 3 0 J2
0.1 1.0 10 100 1K 10K 0 +5 £10 +15 +20
Frequency (Hz) Power Supply Voltage (Voits)
Closed Loop Response for
2 Open Loop Frequency Response Various Gain Configurations
| T
Vs = +15V Vs = +15V
Ta=+25°C 80 - Ta=+25°C
% g
= 60
4 a 4
5
:a 20
0 K 0 3
: Ts:
-40 8 -20 8
01 1 10 100 1K 10K 100K 1M 10M 0 100 1K 10K 100K 1M 10M

Frequency (Hz)

Output Voltage vs. Load Resistance

BRLL 2 T
Vg = £15V | Vg =+15V
Ta=+425°C TI] Ta=+425°C
\ 5 B ViN = £10mV ’:Bls—n'leTsllg‘q':
e
\ s =1 T [[[1l]
= Nepative Swing
A
£ . Z
N
5
]
\ ; 5 ’
[Th : 0 i
1 10 100 1K 0.1 10 10
Frequency (kHz) Load Resistor to Ground (k)
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RC4207 Operational Amplifiers

Typical Performance Characteristics (Continued)

Power Consumption vs. Supply Voltage Output Short Circuit Current vs. Time
e & T T 1
+— = 1. Vi (Pin 3) = -10mV, Vg = +15V
—1Ta = +25°C E 2. Vi (Pin 3) = +10mV, Vg = -15V
- s wf
Z 100 s N
£ 7 ._% 40 \\ 1
s S
S 10—t = ~
g F ‘g 30 2 <
[ g 5 Vg = +15V 2
{ g o Ta=+25°C 8
1 2 20 L 3
0 20 40 60 0 1 2 3 4
Total Supply Voitage, +Vs to -Vg (Volts) Time from Output Being Shorted (Minutes}

Typical Applications

Adjustment-Free Precision Summing Amplifier

Ra
10K
R1 AAA
10K VWA
Vi O———AWA—+t
R2
b +15V
V2 O——AMA———4
R3 2INLs .
v 10K Y, 4201 —O Vo
3O WA—— 3
14
RS
2.5K -1y
- 65-00381A
High Stability Thermocouple Amplifier Precision Absolute Value Circuit
R1 R3 R3 R4 RS
10K 10K 10K
Sensing a A— - AA—
Junction R1 15V 5V
vy 10K D1
+10V Vo
Reference —O
Junction Oto+10V
02 -15v

65-00383A
65-00382A

Raytheon 4-19



»
n
o
v VoB
® (U]
] ] o
!-Ampluieva 1
T
I | |
| = P
| \, — '
| s} | |
I | : |
| | . I
1
I I | I
l I ] (s
I | | —0
|
-In A ' 200 at a2y 3603 20 I | |
@ O 2 2 c3 —
| oy m]! L_r 5pF s 1 ni8 ‘ : |-—Dﬂ”
o] “ n | e
T = o Sl L
I TG +on on »—ﬁ:ss I i I
| a3 |as ] . o
Q1 I l I
I ) ‘L(“j“sx“ I - I |
| a2y Ny a2y E"l | a7s _'l I
| x A A A A ! '
Re$ A7 Re. Re R10 R26 |
I ',‘.‘,1( ’,‘;: x ?:: 2003 200 % 50 180 K ' e 944 ' l
- . [ — L
v 6502660C

wesbelq onewayos

¥ uonoes

L02voH



RC4227

Operational Amplifiers

RC4227
Precision
Monolithic Dual
Operational
Amplifier

Features
H Very low noise
Spectral noise density — 3.0 nV/VHz
1/f noise corner frequency — 2.7 Hz
B Very low V¢ drift
0.2 uV/Me; 0.2 uV/°C
M High gain — 500 V/mV
M High output drive capability — 10V into 1K
load
M High slew rate — 2.7 V/uS typ
H Wide gain bandwidth product — 8 MHz typ
M High common mode rejection ratio — 104 dB
M Low input offset voltage — 75 pVv
W Low frequency noise — 0.08 uV, 0.1 Hz to
10 Hz typ
B Low input offset current — 2.5 nA typ
H Standard dual 8-lead pinout

Description

The 4227, a dual version of 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 compensated for excellent phase
margin (70°) in a unity gain configuration.
Digital nulling techniques performed at wafer
sort make it feasible to guarantee temperature
stable input offset voltages as low as 75 uv
max. Input bias current cancellation techniques
are used to obtain 55 nA max. input bias
currents.

In addition to providing superior performance
for audio frequency range applications, the
4227 design uniquely addresses the needs of
the instrumentation designer. Power supply
rejection and common mode rejection are both
in excess of 120 dB. A phase margin of 70" at
unity gain guards against peaking (and ringing)
in low gain feedback circuits. Stable operation
can be obtained with capacitive loads up to
2000 pF.! The drift performance is, in fact, so
good that the system designer must be cau-
tioned that stray thermoelectric voltages gener-
ated by dissimilar metals at the contacts to the
input terminals are enough to degrade its
performance. For this reason it is also impor-
tant to keep both input terminals at the same
relative temperature.

The performance of the 4227 is achieved
through the usage of precision amplkifier
design techniques coupled with a process that
combines nitride transistors and capacitors
with precision thin-film resistors. The die size
savings of nitride capacitors and thin film
resistors allow the 4227 to be offered in an 8-
pin minidip package and fit the industry stan-
dard dual op amp pinout.

By decoupling the load capacitance with a series resistor
of 50 or more, load capacitances larger than 2000 pF can
be accommodated.
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Section 4 RC4227
Connection Information Absolute Maximum Ratings
Supply Voltage .........ccceuvevereecnercnennecnnnenes 18V
8-Lead INPUt VORAGE™ ....eovveeerenreerenraenrnessesenseenne 118V
Dual In-Line Package Differential INput VOAge ..........o..eerrrrerer. 0.7V
(Top View) Internal Power Dissipation** ................. 658 mW
Output Short Circuit Duration .............. Indefinite
E ¢ Storage Temperature
Range .....ccocceemreerreerrenenennenne -65°C to +150°C
E A :;_'I Operating Temperature Range
A RM4227B..........ccccovveeeernnn. -55°C to +125°C
E 3 RV4227F/G........covueeverereerennnne -25°C to +85°C
RCA4227F/G ......coeeeeeeeecrerreene 0°Cto +70°C
Lead Soldering Temperature
[ B (B0 SBC) cvveemmeeeeeereeeeeeeeseesemsssseemssen +300°C

O NOOD WN =

65-01782A

Pin Function

Output A

Input A Inverting
Input A Non-Inverting
-Vg
Input B Non-Inverting
Input B Inverting
OQutput B

+Vg

Ordering Information

*For supply voltages less than +18V, the absolute maxi-
mum input voltage is equal to the supply voltage.
**Observe package thermal characteristics.

Thermal Characteristics

8-Lead 8-Lead
Ceramic DIP | Plastic DIP
Max. Junction Temp. 175°C 125°C
Max. Pp Ta <50°C 833 mW 468 mW
Therm. Res. 6;¢ 45°C/W —

Mask Pattern

Operating
Part Number Package Temperature
Range

RC4227FN N 0°C to +70°C

RC4227GN N 0°Cto +70°C
RV4227FD D -25°C to +85°C
RV4227GD D -25°C to +85°C
RM4227BD D -55°C to +125°C
RM4227BD/883B* D -55°C to +125°C

*Mil-Std-883, Level B processing

D = 8-lead ceramic DIP
N = 8-lead plastic DIP

Contact your sales representative for other package/
temperature range combinations.

4-22
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Die Size: 115 x 90 mils
Min. Pad Dimensions: 4 x 4 mils
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RC4227 Operational Amplifiers

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

4227B/F 42216
Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage® 20 75 30 150 wV
Voltage Sty 03 04 WMo
Input Offset Current +25 | 10 +5 +15 nA
Input Bias Current +5 +15 +75 | £25 nA
Input Noise Voltage 0.1Hz to 10Hz 0.08 0.08 wVp-p
fo = 10Hz 38 38
Input Noise Voltage Density | fy = 30Hz 33 33 nv
fo = 1000Hz 3.2 3.2 VHzZ
fg = 10Hz 1.7 17
Input Noise Current Density | fg = 30Hz 1.0 1.0 pA
fo = 1000Hz 0.4 0.4 VHz
'(Bf’f‘f“ ,\F,‘Iffa'g)mnce 5.0 40 Mo
:’(}%Lr‘r‘].R“ﬁi'jé?”ce 25 20 GO
Input Voltage Range? +11 | £12.3 +11 | +12.3 v
22,'253.?)?, ode Vo = 11V 104 | 123 100 | 120 6B
Egjwegt’lg‘]‘%‘;'{l ; Vs = +4.0V to +16.5V 104 | 120 100 | 118 dB
R = 2.0k, Vg = 10V 500 | 1000 400 | 800
Large Signal Voltage Gain R = 1.0k, Vg = £10V 400 800 300 600 V/mV
Vo = £1.0V, Vg = +4.0V 250 | 500 200 | 400
RL = 1.0k
) RL = 2.0k +12 | +13.8 +12 | +13.8
Output Voltage Swing v
RL = 1k +11 | £12 +11 | £12
Slew Rate R = 2.0k 1.5 2.7 1.5 2.7 V/uS
Gain Bandwidth Product 5.0 8.0 5.0 8.0 MHz
Spen Loop Qutput Vo=0,1p=0 70 70 0
Power Consumption R == 160 200 180 240 mwW
Crosstalk 126 155 126 155 dB

Notes: 1. Long Term Input Offset Voltage Stability refers to the average trend line of Vgg 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 2.5 uV.

2. Guaranteed by design.

3. Input Offset Voltage measurements are performed by automated test equipment approximately .5 seconds
after application of power.
Caution: The input protection diodes do not allow the device to be removed or inserted into the circuit
without first removing power.
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Section 4 RC4227

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

42218

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage' : 50 200 uV
Average Input Offset Voltage Drift? 0.3 1.3 wV/eC
Input Offset Current +10 +35 nA
Input Bias Current +15 +45 nA
Input Voltage Range +10 +11.5 v
Common Mode Rejection Ratio Veum = £10V 100 119 dB
Power Supply Rejection Ratio Vg = #4V to +16.5V 100 114 dB
Large Signal Voltage Gain R > 2.0k(), Vg = +10V 350 650 V/mv
Output Voltage Swing R > 2.0k +11 +13.2 v
Power Consumption R == 200 280 mW

Notes: 1. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds
after application of power.
2. This parameter is tested on a sample basis only.

Electrical Characteristics (v, = +15V, -25°C to +85°C for hermetic packages, 0°C < T, < +70°C
for plastic packages unless otherwise noted)

4227F 42216

Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage 40 150 85 250 uV
Average Input Offset o
Voltage Drift 0.3 1.3 0.4 uV/°C
Input Offset Current +8 +15 +10 | +35 nA
Input Bias Current +10 +30 +15 | 45 nA
Input Voltage Range +10 | +11.8 +10 | +11.8 v
cormon Mode Rejection |y, - +10v 100 | 121 % | 118 a8
power Supply Relection |y - 14 to +16.5V 100 | 116 @ | 114 dB
Large Signal Voltage Gain RL > 2.0k, Vg = £10V 350 700 250 500 V/mV
Output Voltage Swing RL > 2.0k +11 | 135 +11 | +135 Vv
Power Consumption RL=w 180 240 200 280 | mwW
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RC4227 Operational Amplifiers

Typical Periormance Characteristics

0.1Hz to 10Hz Noise Test Circuit (1/2 Shown)

0.14F
100K
10
—AAA—
43k 2wF
Scope
x1
294F R = 1M
Voltage Gain
1K 25000
= <
- - - - 65-00003A
0.1Hz to 10Hz Peak-to-Peak Noise i
Tester Frequency Response Open Loop Gain vs. Frequency
100 130
%0 ¥ 2 = 110
\
80 [ g )
g 70 = 1
= 8
8 6 g 50
Test Time of 10 Sec Further =
50 | Limits Low Frequency (< 0.1Hz) = 3
Gain < <
LT . |
30 ‘I } 3 10 3
0.01 0.1 10 10 100 1 10 100 1K 10K 100K 1M 10M 100M
Frequency (Hz) Frequency (Hz)
Slew Rate, Gain Bandwidth Product,
Gain, Phase Shift vs. Frequency Phase Margin vs. Temperature
2% , 80 r T 10
20 ¢ L] . g O oM - _
~ Vs = +15V Sx i =
N cain S Tg = +25°C _ 28 Vs = +15V g =
@ o & k=]
15 0 g 2" [oow 5
g 1 \\ phase w £ 50 <
= rgin =2 8§ £
= N - 700 \ £ 4 H
] 5 N w 160 & & P, g
3 a i
s =
0 u\\ 180 & ;’ 3 = 7 £
-5 ‘ \ 200 < j}"f <
-10 \ 220 s 2 1 6
1 10 100 75 50 -5 0 25 50 75 100 125
Frequency (MHz) . Temperature (°C) se-oooora
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Section 4 RC4227

Typical Performance Characteristics (Continued)

Supply Current vs. Supply Voltage Maximum Output Swing vs. Resistive Load
10 18
. 1] T
1 Positive
Swing H
= 8 = L
E Ta= +125°Cl‘ et g 12 P A k
= = 10 v
g H et g 8 Negative
3 - 400 > Swin
S TA= 4250t | |t L // . 9
H — g A
@ 4 — e Vg = +15V
- 5 2 Ta=+25°C TT§
Ta=-55°C § 0 il
2 2 | T[]l
5 15 25 35 45 0.1 10 10
Total Supp! I
otal Supaly Voltage {Vots) Load Resistance (k)
Short Circuit Current vs. Time Open Loop Voltage Gain vs. Supply Voltage
60 — 25
Vg = +15V
\ Ti = +25°C_~ Ta=+25°C
= 50 20 R = 2.0
= N Iso+ i /‘/n 1.0ka
e SCtt) = L=
£ 215 -
S £ /
=
§ 30 Is(-) §' 1.0 i
£ g /
=} =3
s 2 < S 05 < <
]§ g
10 2 0 2
0 1 2 3 4 5 0 10 20 30 ) 50
Time From Output Shorted to Ground (Minutes) Total Supply Voitage (Volts)
Maximum Undistorted Output vs. Frequency Common Mode Input Range vs. Supply Voltage
28 16
3 il
£ | | 12
2 Vs =15V £
g 2 Th= +25°C 5} Ta = +125°C
.;: 16 % ¢
g e 0 Ta=-565°C
S 1 2 A=
¥ £ 4 Ta=+25°C
a8 . E g |
z < E Ta = +125°C <
~ [=} A= 6
L : -2 )
0 3 -16 2
1K 10K 100K ™ 10M 0 +5 £10 +15 +20
Frequency (Hz) Supply Voltage (Volts)
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RC4227

Operational Amplifiers

Typical Performance Characteristics (Continued)

10

Hz)
2}

Voltage Noise (nV/

A Comparison of Op Amp
4227 Voltage Noise vs. Frequency Voltage Noise Spectrums
~TTTTIT 100 T
BEil
11 S 741
N Vs = +15V = L RS
= o = <
N Ta=+25°C SN 1UF Corner np
\. ; 4
]_..— pRfiny = ™ Low Noise
g 10 Audio
[ 2 ~10p Amp
@® S 1 =
L 1/F Corner = 2.7Hz £ L HHE1/F Corner
T £ ]
: T s Comrzie L I
s Instrumentation Range, to DC| Audio Range to 20kHz H
8 1 [T T rrswwnl k)
1 10 100 1000 1 10 100 1000
Hz
Frequency (Hz) Frequency (Hz)
Current Noise vs. Frequency
TR
A\EK E
E 100 l 500K . E
K [
= = =
g 10 i, - [eno? - (130nV)2] % EEEEE
= —+ " 2500Kx100 . FHH
=
g <
1/F Corner 140Hz §
01 L
10 100 1K 10K
Frequency (Hz)
Raytheon
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RCA4277

Operational Amplifiers

RC4277

Dual Precision
Operational
Amplifiers

Features

H High dc precision

B Very low V¢ — 30 uV max

M Very low V¢ drift — 0.3 pV/°"C max

H High open-loop gain — 5M min

W High CMRR — 120 dB min

H High PSRR — 110 db min

H Low noise — 0.35 uvp_p (0.1 to 10 Hz)

H Low bias current — 4.0 nA max

B Low power consumption — 120 mW max

Description

The RC4277 provides the highest precision
available in a dual bipolar operational amplifier.
A monolithic dual version of the RC4077, the
RC4277 is designed to replace OP-207,
LT1002, OP-07 and OP-77 type amplifiers in
applications requiring high PC board layout
density. The RC4277 has a well-balanced,
mutually supporting set of input specifications.
Low Vg, low I, high open-loop gain, and
excellent matching characteristics combine to
raise the performance level of many instrumen-
tation, low-level signal conditioning, and data
conversion applications. PSRR, CMRR, V ¢

Raytheon

drift, and noise levels also support high preci-
sion operation.

The high performance of the RC4277 results
from two innovative and unconventional manu-
facturing steps, plus careful circuit layout and
design. The key steps are SiCr thin-film resis-
tor deposition and post-package trimming of
the input offset voltage characteristic. The low
130 pV max V¢ specification is maintained in
high-volume production by way of the post-
package trim procedure, where internal resis-
tors are trimmed through the device input leads
at the final test operation. Devices retain this
low offset through the stability and accuracy of
the trimmed thin-film resistors.

The RC4277 is available in 8-lead plastic and
ceramic DIPs, and can be ordered with Mil-
Std-883 Level B processing.

Connection Information

8-Lead
Dual In-Line Package
(Top View)
Pin Function
[1] 8] 1 outputa
2 -InputA
3 +inputA
RIVASANE S
—T 5 +lnputB
[3 6] 6 -inputB
7 OutputB
E El 8 +Vg

65-01782A
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Section 4

RC4277

Ordering Information

Thermal Characteristics

Operating 8-Lead 8-Lead

Part Number Package | Temperature Ceramic Plastic
Range DIP DIP
RC4277EN N 0°Cto +70°C Max. Junction Temp. +175°C +125°C
RC4277FN N 0 CC'° +70°C Max. P, T, <50°C 833mwW | 468 mwW
RV4277ED D -25°C to +85°C .
RV4277FD D -25°C 10 +85°C Therm. Res 6, 45'C/W —
RM4277AD D 55°C 1o +125°C Therm. Res. 6, 150°C/W | 160°C/W
RM4277AD/883B D -55°C to +125°C For T, >50°C Derate at | 8.33 mW/°C | 6.25 mW/"C
Notes:

/883B suffix denotes Mil-Std-883, Level B processing
N = 8-lead plastic DIP

D = 8 lead ceramic DIP

Contact a Raytheon sales office or representative for
ordering information on special package/temperature
range combinations.

Absolute Maximum Ratings

Supply VORAGE ......ocveveeererreerereererereesnenees 18V
Input Voltage™ ........ccccoueverievcncrcccnncnnnnne +18V
Differential Input Voltage...........c.ccccevenenneee. 30V
Internal Power Dissipation* ................. 500 mwW
Output Short Circuit Duration .............. Indefinite
Storage Temperature

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

RMA4277 .....eeiiieceees -55°C to +125°C

RVA4277 ...t -25°C to +85°C

RCA4277 ... 0°Cto +70°C
Lead Soldering Temperature

(60 SEC) ..cereeerreneeneencennarneesenesersereseenns +300°C

*For supply voltages less than +18V, the absolute maxi-
mum input voltage is equal to the supply voltage.
**Observe maximum power dissipation vs. ambient
temperature in the table of Thermal Characteristics.

Mask Pattern

654241

Die Size: mils
Min Pad Dimensions: 4 x 4 mils
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RC4277

Operational Amplifiers

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

RC4277A/E RC4277F
Parameters Test Conditions Min Typ Max| Min Typ Max | Units
Input Offset Voltage® 12 30 30 75 uv
Long Term V¢ Stability* 0.3 0.3 uV/Mo
Input Offset Current 05 3.0 0.5 5.0 nA
Input Bias Current 0.5 3.0 +05 50| nA
Input Noise Voltage 0.1 Hzto 10 Hz 0.35 0.35 u,,
F, =10 Hz 10.3 10.3
Input Noise Voltage Density | F, = 100 Hz 10 10 nVAHz
Fo =1000 Hz 9.6 9.6
Input Noise Current 0.1Hzto 10 Hz 14 14 PA,,
Fo=10Hz 0.32 0.32
Input Noise Current Density Fo =100 Hz 0.14 0.14 nVAHz
Fo = 1000 Hz 0.12 0.12
Input Voltage Range* 11 +14 +11 +14 \"
Common Mode Rejection Ratiq V,, =+11V 120 132 110 126 dB
Power Supply Rejection Ratio | Vg = +4V to +16.5V 120 132 110 126 dB
Large Signal Voltage Gain R 22kQ, V,=%10V | 5000 7000 2500 5000 v/imv
R 2 10kQ +125 13 +125 +13
Output Voltage Swing R 22kQ +12  +128 12 +12.8 \"
R 21kQ +11 +12 +11 +12
Slewing Rate R 22kQ 0.1 0.3 0.1 0.3 ViusS
Closed Loop Bandwidth Ay =+1.0 1.5 15 MHz
Open Loop Output Resistance | V=0, 1,=0 60 60 Q
Power Consumption Vg=15V,R = 140 165 140 165 | mW
Crosstalk 126 155 126 155 dB
Notes:

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

typically 2.5 p.
2. Guaranteed by design.

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

tion of power.

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

Raytheon
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Section 4 RC4277
Electrical Characteristics (v, = +15V, -55°C < T, < +125°C unless otherwise noted)
4277A

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage' 25 60 nv
Average Input Offset Voltage Drift? 0.1 0.3 uvrc
Input Offset Current 15 5.0 nA
Average Input Offset Current Drift 5.0 20 pA/°C
Input Bias Current +1.5 5.0 nA
Average Input Bias Current Drift 5.0 20 pA/°’C
Input Voltage range +10 +13.5 \"
Common Mode Rejection Ratio Vo =10V 120 128 dB
Power Supply Rejection Ratio Vg=14Vio 165V 120 128 dB
Large Signal Voltage Gain R, >2kQ,V,=%10V | 3000 5000 V/imv
Maximum Output Voltage Swing R >2kQ 1 +12.6 v
Power Consumption R = 150 200 mwW

Notes:

1. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica

tion of power.

2. This parameter is tested on a sample basis only.

Electrical Characteristics (v, = +15V, -25°C to +85°C for hermetic packages, 0°C < T, <

+70°C for plastic packages unless otherwise noted)

4277E 4277F

Parameters Test Conditions Min Typ Max |Min Typ Max | Units
Input Offset Voltage 0°C<T,<+70°C 20 44 50 120 uv

-256°C<T,<+85°C 20 48 50 135 uv
Average Input Offset 01 03 0.3 1.0 |pvrCc
Voltage Drift?
Input Offset Current 15 50 1.5 5.0 nA
Input Bias Current +1.5 150 +1.5 5.0 nA
Input Voltage Range +10 135 +10 135 Vv
Common Mode Rejection Veu =10V 120 110 124 dB
Ratio
Power Supply Rejection Vg =14V to +16.5V 120 110 124 dB
Ratio
Large Signal Voltage Gain R >2kQ, V,=+10V | 3000 5000 1500 4000 VimV
Maximum Output Voltage R, >2kQ 11 +126 11 126 \"
Swing
Power Consumption R =0 150 200 150 200 | mW

4-32
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RCA4277 Operational Amplifiers

Typical Applications

R4 R1
R1 10K

A
10K VWV Sensing
Vi O—AN—¢ Junction
R2
10K

v2 Reference
Junction -

R3
10K

Vi O—MN—

654233

65-4232
High Stability Thermocouple Amplifier
AdJustment-Free Precision
Summary Amplifier

R3 R4 RS

10K 10K 10K
R1
Ve 10K

o—MWWWV—

*1o0v

—O Vour
oV to +10V

65-4334

Precision Absolute Value Circuit
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LM108A/LH2108A

Operational Amplifiers

LM108A/LH2108A
Precision
Operational
Amplifiers

Features

® Low input bias current — 2nA

B Low input offset current — 200pA
®m Low input offset voltage — 500uV
m Low input offset drift — 5u\V/°C

® Wide supply range — +3V to £20V
B Low supply current — 0.6mA

Connection Information (Top Views)

m High PSRR — 96dB
@ High CMRR — 96dB
@ Mil-Std-883B available

Description

These operational amplifiers feature low input
bias current combined with the advantages of
bipolar transistor construction; input offset
voltages and currents are kept low over a wide
range of temperature and supply voltage.
Raytheon’s superbeta bipolar manufacturing
process includes extra treatment at epitaxial
growth to ensure low input voltage noise.

The LH2108 consists of two LM108 ICs in one
16-lead DIP. The “A’ versions meet tighter elec-
trical specifications than the plain versions. All
types are available with 883B miilitary screening.

TO-99 Can

20-Pad LCC
3 2 1 201

65-02658A

8-Lead DIP 16-Lead DIP
\J
P [ 6]
o oG 5
3 14
[ 3]
i olls &
6 1
o 0 8 < B
B3 0]
65-00364A E E
Pin Function Pin Function Pin Function
1 Comp 1 4V (A) 9 4V (B)
2 -lnput 2 Comp(A) 10 Comp (B)
3  +Input 3 Comp(A) 11 Comp (B)
4 -V, 4 -lnput(A) 12 -Input (B)
5 NC 5 +lnput(A) 13  +Input (B)
6 Output 6 -V, 14 NC
7 4V 7 NC 15 NC
8 Comp 8 Output(B) 16 Output(A)

Raytheon

9 10 11 12 13
65-00363A 65-02657A
Pin  Function Pin Function Pin Function
1 Comp 1 NC 11 NC
2 -lnput 2 Comp 12 NC
3  +Input 3 NC 13 NC
4 -V 4 NC 14 NC
5 NC 5  -Input 15 Output
6  Output 6 NC 16 NC
7 4V 7  +input 17 4V,
8 Comp 8 NC 18 NC
9 NC 19 NC
10 -Vg 20 Comp
4-35



Section 4

LM108A/LH2108A

Ordering Information Mask Pattern
Operating
Part Number Package | Temperature
Range Comp +Vg
LM108L L -565°C to +125°C
LM108AL L -55°C to +125°C
LM108D D -55°C to +125°C
LM108AD D -55°C to +125°C
LM108T T -55°C to +125°C Out
LM108AT T -55°C to +125°C
LH2108D D -55°C to +125°C
LH2108AD/883B D -55°C to +125°C
Notes:
/883B suffix denotes Mil-Std-883, Level B processing
D = 16 lead ceramic DIP (LH2108)
D = 8-lead ceramic DIP (LM108) 65-02659A
T = 8-lead metal can TO-99
L = 20-pad leadless chip carrier
Contact a Raytheon sales office or representative for Die Size: 104 x 61 mils
ordering information on special package/temperature ) .
range combinations. Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings
Supply VORAQE .....covvreererrcenrcreccicreesnens 20V
Differential Input Current” .........c.cccuu. +10 mA
Input Voltage™ .......c.cocvrevinnreiicnicriniines +15V
Output Short Circuit........ccceeeeveerennn. Continuous
Operating Temperature
Range ....ccceccrevceveeniricennne -55°C to +125°C
Storage Temperature
Range .......cceevmrcercncnnenane -65°C to +150°C
Lead Soldering Temperature
(60 SEC) e +300°C
*The inputs are shunted with back-to-back diodes for
overvoltage protection. Therefore, if a differential input
voltage in excess of 1V is applied between the inputs,
excessive current will flow, unless some limiting resis-
tance is provided.
**For supply voltages less than +15V, the absolute
maximum input voltage is equal to the supply voltage.
Thermal Characteristics
8-Lead 8-Lead 16-Lead 20-Lead
TO-99 Ceramic Ceramic LCC
Metal Can DIP DIP
Max. Junction Temp. 175°C 175°C 175°C 175°C
Max. P, T, <50°C 658 mw 833 mwW 1042 mW 925 mw
Therm. Res 9 50°C/W 45°C/W 60°C/W 37°C/W
Therm. Res. 0, 190°C/W 150°C/W 120°C/W 105°C/W
For T, >50°C Derate at 5.26 mW/°C 8.33 mW/°C 8.38 mW/°C 7.0 mW/rC
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LM108A/LH2108A

Operational Amplifiers

Electrical Characteristics (+5v <V, <420V and T, = +25°C unless otherwise noted

LM108A/LH2108A LM108/LH2108
Parameters Test Conditions Min Typ Max Min Tp Max | Units
Input Offset Voltage 0.3 0.5 0.7 2.0 mV
Input Offset Current 0.05 0.2 0.05 0.2 nA
Input Bias Current 0.8 2.0 0.8 2.0 nA
Input Resistance’ 30 70 30 70 MQ
Vs =15V,
Large Signal Voltage Gain Vour =10V, 80 300 50 300 V/imV
R 210kQ
Supply Current Each Amplifier 0.3 0.6 0.3 0.6 mA

Electrical Characteristics 15V <V, <120V; -55°C < T, < +125°C unless otherwise noted)

LM108A/LH2108A LM108/LH2108
Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage 0.4 1.0 1.0 3.0 mV
Average Input Offset Voltage Drift? 1.0 5.0 3.0 15 | pvrC
Input Offset Current 0.1 0.4 0.1 04 nA
Average Input Offset Current Drift? 0.5 25 0.5 25 pArC
Input Bias Current 1.0 3.0 1.0 3.0 nA
Vs =15V,
Large Signal Voltage Gain Vo =10V, 40 200 25 200 V/imV
R 210kQ
Output Voltage Swing R 210kQ +16 +18 +16 +18 v
Vs =320V
Input Voltage Range Vg =15V +13.5 +13.5 v
Common Mode Rejection Ratio Veu =135 96 110 85 100 dB
Vs =315V
Power Supply Rejection Ratio V, =15V to 120V 96 110 80 96 dB
Supply Current Each Amplifier 0.6 0.6 mA
Notes: 1. Guaranteed by input bias current specification.
2. Sample tested
Raytheon 437



Section 4

LM108A/LH2108A

Typical Applications

The LM108 series has very low input offset and
bias currents; the user is cautioned that printed
circuit board leakages can produce significant
errors, especially at high board temperatures.
Careful attention to board layout and cleaning

Offset Adjustment for Non-Inverting Amplifiers

RS
+VS ~AAA~
! )
K 4
R3 20
50K
2 b—0 Output
Vs 100
- avg (B2
— Range AVS( o
Input 0o RS
Gain =1+ (R4+R2

65-02652A

Offset Adjustment for Differential Amplifiers

R2
—MWA—
R1
2
VAVAV - 6
Inputs R1 3 LMi08A —0 Output

R6
5K gy ~R3+Re

R = R5\( Rt
g Range =Vs (m) (R1+R3)

65-02654A

Offset Adjustment for Inverting Amplifiers

R3
AVAVAV
R4
Input o——AAA—¢
s —O Output
R5
50K ¢

=+vg ( B2
Range = Vg ( m)

65-02650A

4-38

procedure is required to achieve the LM108A's
rated performance. It is suggested that board
leakage be minimized by encircling the input
pins with a guard ring maintained at a potential
close to that of the inputs. The guard ring
should be driven by a low impedance source
such as an amplifier's output or ground.

Standard Compensation Circuit

R2

R1

-ViN

_RIC
= RivRz
*Bandwidth and slew rate are Ci = Load Capacitance
proportional to 1/Cr.

65-02653A

Alternate* Frequency Compensation

R1 R2

-ViN ©

p——0 Output

65-02655A

Cs
I100pF

“Improves rejection of power supply noise by a factor of 10.
**Bandwidth and slew rate are proportional to 1/Csg.

Feedforward Compensation
c2
5pF
It
11}
R1

10K
Input O—-AAA-

b—o Output

65-02651A

Raytheon
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Section 4

LT-1001

LT-1001 Series
Precision
Operational
Amplifiers

Features

B Ultra-low V4 — 15 pV max

@ Ultra-low V¢ drift — 0.6 uV/°"C max
B Low input bias current — 2 nA max

® High CMRR — 114 dB min

B High PSRR — 110 dB min

B Low noise — 0.3 pV_ (0.1 to 10 Hz)
B Low power dissipation — 75 mW max
High gain linearity

i@ LCC, SO-8, DIP and can packages

Description

Designed for low level signal conditicning,
instrumentation, and data conversion applica-
tions, the LT-1001 is a precision amplifier
combining excellent dc input specifications with
low input voltage noise. Advanced circuit de-
sign, wafer processing, and test methods all
contribute to these well-balanced, mutually
supporting input characteristics.

The circuit design uses special low-noise
transistor geometries and careful thermal layout
to achieve exceptionally low noise and linear

gain characteristics. A patented, proprietary
test method which includes digital V¢ nulling
after packaging as well as at wafer test tight-
ens the distribution of this parameter such that
the highest grade, the LT-1001AM, is specified
at £15 pV maximum. This low V¢ , along with
extra-low power dissipation (which reduces
warm-up drift), set the LT-1001 apart from
similar precision op amp types.

Ordering Information

Operating
Part Number Package | Temperature
Range
LT-1001ACN N 0°Cto +70°C
LT-1001CN N 0°Cto +70°C
LT-1001ACM M 0°Cto +70°C
LT-1001CM M 0°Cto +70°C
LT-1001MT T -565°C 10 +125°C
LT-1001AMT/883B T -55°C to +125°C
LT-1001MD D -55°C to +125°C
LT-1001AMD/883B D -55°C to +125°C
LT-1001ML L -65°C to +125°C
LT-1001AML/883B L -65°C to +125°C
Notes:

/883B suffix denotes Mil-Std-883, Level B processing
N = 8-lead plastic DIP

D = 8 lead ceramic DIP

T = 8-lead metal can (TO-99)

L = 20-pad leadless chip carrier

M = 8-lead plastic SOIC

Contact a Raytheon sales office or representative for
ordering information on special packagetemperature
range combinations.
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LT-1C01

GOperational Amplifiers

Connection Information

Absolute Maximum Ratings

Supply VORAGE ....ccoverveeeerencreeeeee e 122V
8-Lead 8-Lead Input Voltage™ .........ccceomvuereemirmeeniceenennee 122V
TO-99 Metal Can Dual In-Line Package Differential Input Voltage.............ccccoeuuueeeee. 30V
(Top View) (Top View) Internal Power plsglpatlon_"* ................. 500 mW
Output Short Circuit Duration .............. Indefinite
n o v Storage Temperature
1 8] RANGE +ovvvvrosoerrs e 65°C to +150°C
E 7] Operatmg Temperature Range . .
M SUFfiX ..eeeiieieieeeereceeeee -55°C to +125°C
B EI C SUFfiX ceeevererereeeereee e 0°C to +70°C
Lead Soldering Temperature
0 E (SO-8; 10 SEC) wcuerueveenereenrrreenereeraene +260°C
Lead Soldering Temperature
" (DIP, LCC, TO-99; 60 SEC)....ccoveumeneee +300°C
*For supply vc')tllages less tlhan :22\/' the absolute maxi-
mum input voltage is equal to the supply voltage.
D:;‘;T:irr: :sstg:-B P:n ::/un.‘]:,tr::,‘n "Obser?/e packgge theqrma! charactt?r?sﬁcs. o
os
(Top View) 2  -Input
3  +Input
6o £ A Mask Pattern
2] 7] 5 NC
K 6] g ?\‘/"p”‘ 8 7 6
(4] 5] 8 Vo Trim
65-02666A
20-Pad LCC
(Top View)
1
Pin Function
2 Vg Trim
5 -input
7  +Input
10 .Vs 2 3 4 65-03218A
15 Output
17+, Die Size: 75 x 78 mils
20 V, Trim Min. Pad Dimensions: 4 x 4 mils
Thermal Characteristics
8-Lead 8-Lead 8-Lead 8-Lead
20-Pad Ceramic TO-99 Small Plastic
LCC DIP Metal Can Outline DIP
Max. Junction Temp. 175°C 175°C 175°C 125°C 125°C
Max. P, T, <50°C 925 mW 833 mW 658 mW 300 mW 468 mW
Therm. Res 6, 37°CwW 45°C/W 50°C/W - -
Therm. Res.8,, 105°C/W 150°C/W 190°C/W 240°CW 160°C/W
For T, >50°C Derate at| 7.0 mW/"C | 8.33 mW/C| 526 mW/'C | 417 mW/'C | 6.25 mW/C

Raytheon
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Section 4 LT-1001
Electrical Characteristics (Vs = 15V and Ta = +25°C unless otherwise noted)
Parameters Test Conditions LT-10017 LT1001M/C Units
Min | Typ | Max | Min | Typ | Max

Input Offset Voltage' 521881 ﬁg"/ 8838 Z'g e 18| 60| av

'\;g;ggzeg:’agﬁpt;ﬁ Offset 02 | 10 02 | 15 | uWMo

Input Offset Current 0.3 2.0 04 3.8 nA

Input Bias Current 0.5 | +2.0 +1.0| X4.0f nA

Input Noise Voltage? 0.1 Hzto 10 Hz 035 | 0.6 035 | 06 | uVpp
fo=10Hz 103 | 18 103 | 18

Input Noise Voltage Density? 5 fo = 100 Hz 10 13 10 13 |_nv_
fo = 1000 Hz 96 | M 96 | 11| VHz

Input Noise Current? 0.1 Hz to 10 Hz 14 30 14 30 | pApp
fo=10Hz 032 | 08 032 | 08

Input Noise Current Density® fo =100 Hz 014 | 0.23 014 ] 023 PpA
fo = 1000 Hz 012 | 017 012 | 017 | VHz

Input Resistance (Diff. Mode)? 30 100 15 80 MQ

Input Resistance (Com. Mode) 200 200 GQ

Input Volitage Range +13 | *14 13 | *+14 v

Common Mode Rejection Ratio Vom = 213V 14 | 126 110 | 126 dB

Power Supply Rejection Ratio Vg =13V to +18V 110 123 106 123 dB

Large Signal Voltage Gain RL=2kih Vo= 712V 450 | 2000 400 | 2900 V/mv
RL =1k, Vo =10V | 300 | 1000 250 | 1000

Output Voltage Swing R =2k 13 | +14 13 | 14 v
RL=1kQ +12 | 135 +12 | =135

Slew Rate RL =2k 01 0.3 0.1 0.3 V/uS

Unity Gain Bandwidth AycL = +1.0 04 | 08 04 | 08 MHz

Open Loop Output Resistance Vo=0,l1p=0 60 60 Q0

Power Consumption Voo 21N R, == 0 75 0 80 mwW
Vg=23V,R = 40 | 60 40 | 80

Offset Adjustment Range Rp =20 kQ +4.0 +4.0 mV

Notes:

1.Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application
of power. LT1001AM/883B and LT-1001AC grades in hermetic packages are measured after the device is fully warmed up.
2. This parameter is tested on a sample basis only.

3. This parameter is guaranteed by design.

4.Long Term Input Offset Voltage Stability refers to the average trend line of V,,; vs. Time over extended periods after the first
30 days of operation. Excluding the initial hour of operation, changes in V,,¢ during the first 30 operating days are typically

25 puVv.

5.10 Hz input noise voltage density is sample tested on every lot. Devices 100% tested at 10 Hz are available on request.

4-42
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LT-1001

Operational Amplifiers

Electrical Characteristics (Vs = +15V and -55°C < T < +125°C uniess otherwise noted)

Parameters Test Conditions LT-1001AM/8838 LT-001M Units
Min | Typ | Max | Min | Typ | Max
Input Offset Voltage' 25 60 45 160 uVv
Average Input Offset Voltage Drift
Without External Trim? 0.2 0.6 0.3 1.0 | pV/°C
With External Trim? Rp =20 kQ 0.2 0.6 0.3 1.0
Input Offset Current 0.8 4.0 12 76 nA
Average Input Offset Current Drift? 5.0 25 8.0 50 |pA/°C
Input Bias Current +1.0 | 4.0 15| £80 nA
Average Input Bias Current Drift? 8.0 25 13 50 | pA/°C
Input Voltage Range +13 | +13.5 +13 | £13.5 Vv
Common Mode Rejection Ratio Vom = £13V 110 123 106 123 dB
Power Supply Rejection Ratio Vg = +3.0V to =18V 104 117 100 17 dB
Large Signal Voltage Gain RL=2kQ, 300 | 600 200 | 600 V/mV
Vo =10V
Output Voltage Swing RL=2kO +125| =13 +12 | *13 \
Power Consumption R = 60 90 60 100 | mW
See notes on page 3.
Electrical Characteristics (Vs = +15V and 0°C < T < +70°C unless otherwise noted)
Parameters Test Conditions - LriomAc - LT-1001C Units
Min | Typ | Max | Min | Typ | Max
Input Offset Voltage' 20 60 30 110 uV
Average Input Offset Voltage Drift
Without External Trim? 0.2 0.6 0.3 1.0 | pV/°C
With External Trim? Rp =20 kQ) 0.2 0.6 0.3 1.0
Input Offset Current 0.5 3.5 16 8.0 nA
Average Input Offset Current Drift? 8.0 35 12 50 | pA/°C
Input Bias Current +0.7 | £3.5 +1.0 | £55| nA
Average Input Bias Current Drift? 13 35 18 50 | pA/°C
Input Voltage Range +13 | £13.5 +13 | £13.5 \Y
Common Mode Rejection Ratio Vom = 213V 110 123 106 | 120 dB
Power Supply Rejection Ratio Vg = £3.0V to £18V 106 120 103 120 dB
Large Signal Voltage Gain RL =2kQ, 300 | 600 250 | 600 V/mV
Vp =10V
Output Voltage Swing RL=2kO +125| £135 +12.5| £13.5 \Y
Power Consumption RL = 60 85 60 90 mW
See notes on page 3.
4-43
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Section 4

LT-1001

Applications Information

The LT-1001 series units may be inserted directly
into OP-07, OP-05, 725, 108A or 101A sockets
with or without removal of external frequency
compensation or nulling components. The
LT-1001 can also be used in 741 applications pro-
vided that the nulling circuitry is removed.

Unless proper care is exercised, thermocouple
effects caused by temperature gradients across

Typical Applications

dissimilar metals at the contacts to the input
terminals, can exceed the inherent drift of the
amplifier. Air currents over device leads should
be minimized, package leads should be short,
and the two input leads should be as close
together as possible and maintained at the same
temperature.

Input bias currents may flow either into or out of
the input terminals, depending on the value of

los.

R2 <
10002*

\4

p——O0 Vo

Vo = 1000 Vos

65-03787A

*Resistors must have low thermoelectric potential.

Test Circuit for Offset Voltage and Its
Drift With Temperature

1 Meg®

AAA

+15V

VWV

R plat.3)

1.2k :: 1k(1=0°C
<

Output
O Oto 10V =
010 100°C
Linearity(4)
Trim

Offset Trim(4)

(1) Ultronix 105A wirewound
= (2) 1% film

(3) Platinum RTD 118MF (Rosemount, Inc.)

(4) Trim sequence:
trim offset (0°C = 1000.0(}),

trim linearity (35°C = 1138.7(2),

trim gain (100°C = 1392.6(1).

65-03788A

Repeat until all three points are fixed with +0.025°C.

Linearized Platinum Resistance Thermometer
With +0.025°C Accuracy Over 0 to 100°C

Raytheon



LT-1001

Operational Amplifiers

Offset Voltage Adjustment

The input offset voltage of the LT-1001, and its
drift with temperature, are permanently trimmed
at wafer test to a low level. However, if further
adjustment of Vg is necessary, nulling with a
10k or 20k potentiometer will not degrade drift
with temperature. Trimming to a value other

e.g,, if Vog is adjusted to 300 nV, the change in

drift will be 1 uV/°C. The adjustment range with

mate null range of £100 uV.

than zero creates a drift of (Vpg/300) uV/°C,

input
o

O
-15v 65-03789A

Improved Sensitivity Adjustment

0.1 uF
1L
" Voltage Gain = 50,000
AAA—
100 k()
100
- 2k
LT-1001 AV ) ¢ - 4.3k 22 uF
+ LT-1001
Scope « 1
Device 4.7 uF ) Rin = 1 M)
Under 100k 2.2 uF
Test —NVN—@ M 110k
= '-._-L —_ . I
= =, 1r
24.3k 0.1 uF

(1) Peak-to-peak noise is measured in a 10-second interval
(2) The device under test should be warmed up for
3 mii and shielded from air

65-03790A

0.1 Hz to 10 Hz Noise Test Circuit

a 10k or 20k pot is approximately 4.0 mV. If less
adjustment range is needed, the sensitivity and
resolution of the nulling can be improved by
using a smaller pot in conjunction with fixed
resistors. The example below has an approxi-
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LT-1001

Typical Applications (Continued)

3
300

001 4F  g—AAA- 2N3866
/ 330 LN
Rin < $ T onases
Input 1k $ T S«
O—AA—¢
‘}_ﬁ 3900
2N3904

Non-Inverting
Input

Inverting
Input

—O +15V

1uF

0——-"1_

0.5

y +| 22 ,F Tantalum
2N4440 1_

Output

TUSONIX # 519«3188

| Ry |
AAA

"'7"7

*Adjust for best squarewave at output.

Full Power
Bandwidth 8 MHz

DC Stabilized — 1000 V/uS Op Amp

+5V

‘; 39.20 1%

:4.99k 1%

Positive feedback to one of the nulling terminals creates
5u to 20 uV of hysteresis. Input offset voltage is typicaily
changed by less than 5 .V due to the feedback.

5k 5%

Output
2N3904

65-03792A

Microvolt Comparator With TTL Output

4-46
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100 pF

0

65-03791A

100 pF
-

J
1
500k 1%

LT-1001

500k 1%

p—0 Output

1V/uA

65-03793A

Photodiode Amplifier



LT-1001 Operational Amplifiers

Typical Applications (Continued)

R CI
5K 2N3685 ch 71&4
Vin O—MW— >——K2N2219
0to (V-+1V) P
10k
11
L1
1000 pF ‘
_Vin
O lout= ¢~
65-03794A
Precision Current Source
_ Vv
V4 = 210 35V | lour=

65-03795A

Precision Current Sink
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LT-1012

Operational Amplifiers

LT-1012
Low-Power
Precision
Operational
Amplifiers

Features

B Low input bias current

+25°C, 100 pA max

-55°C to +125°C, 600 pA max

Low input offset voltage — 35uV max
Low Vg drift — 1.5 uV/°C max

Low supply current — 600 pA max
High gain — 300 V/mV min

High CMRR — 114 dB min

High PSRR — 114 dB min

Low noise — 0.5 pr_p (0.1 to 10 Hz)

Description

The LT-1012 is an instrumentation-type opera-
tional amplifier that combines the low input bias
currents of a FET-type op amp with the low
noise and low input offset voltage drift of a
precision bipolar op amp. For a similar device
with yet tighter specifications, refer to the

RC4097 Data Sheet. The LT-1012 can improve
the performance of a wide range of precision
operational amplifier applications, including
reference circuits, thermocouple amplifiers,
charge integrators, sample-and-hold circuits,
data conversion circuits, log amplifiers, and
differential instrumentation amplifiers.

The superior performance of the LT-1012 is a
result of advanced design and processing
techniques, including post-package trimming of
the input offset voltage, and superbeta process-
ing of the input transistors. Picoampere input
bias currents are maintained over the full
military temperature range through the use of
bias current cancellation techniques in the
design of the input stage. The entire spectrum
of input parameters, such as CMRR and
PSRR, are specified very tightly so as to sup-
port the low I and low V4 in maintaining
overall system accuracy.

The LT-1012 is a direct replacement for indus-
try-standard LT-1012 types except for lacking
the over-compensation function at pin 5 (the
LT-1012 is internally compensated for unity-
gain stability).

The LT-1012 is available in plastic DIPs or TO-
99 metal cans. The devices are specified over
both commercial and military temperature
ranges, and can be ordered with Mil-Std-883
processing.
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Section 4 LT-1012
Ordering Information Connection Information
Operating 8-Lead 8-Lead
Part Number Package| Temperature TO-99 Metal Can Dual In-Line Package
Range (Top View) (Top View)
LT-1012CT T 0°C 1o +70°C | o v
LT-1012CN N 0°C to +70°C [1] B
LT-1012MT T |-55°Cto+125°C © @ 2 ﬁ_l
LT-1012MT/883B T |-55°Cto +125°C @) } (6)
G 6]
Notes: (3) @
/883B suffix denotes Mil-Std-883, Level B processing @ E E
N = 8-lead plastic DIP
T = 8-lead metal can (TO-99)
Contact a Raytheon sales office or representative for 65-032054 65-03206A
ordering information on special package/temperature
range combinations. P:n Cu?:::"n
2 -lrolsput
Absolute Maximum Ratings 3 et
Supply VOIRAQE ....coceeurrreerecereeerereecereesereeans 22V 5 NG
Input VOAge™ .......c.ccveeerrinnecriseae 122V 6 Output
Differential Input Voltage...........ccccoen.n.... 0.7V 7 WV
Internal Power Dissipation** ................. 500 mW 8 V. Trim
Output Short Circuit Duration .............. Indefinite 08
Storage Temperature
Range .......ccvveriernnneennnenenns -65°C to +150°C
Operating Temperature Range Mask Pattern
M SUffiX ...eereerercrrrercenienne -55°C to +125°C
O] G 0°C to +70°C 8 7
Lead Soldering Temperature
(60 SEC) ..currrerirnrenreereee e +300°C 6
*For supply voltages less than +22V, the absolute maxi-
mum input voltage is equal to the supply voltage.
**Observe package thermal characteristics.
. 1
Thermal Characteristics
8-Lead 8-Lead
TO-99 Plastic 4
Metal Can DIP ) 3
Max. Junction Temp. +175°C +125°C
P.T ° wW 4 w Die Size: 75 x 78 mils 66-4238
Max. Py T, <50°C 658 m 8 m Min. Pad Dimensions: 4 x 4 mils
Therm. Res 0 507°C/W —
Therm. Res. 6,, 190°C/W | 160°C/W

For T, <50°C Derate at|5.26 mW/"C | 6.25 mW/"C
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LT-1012

Operational Amplifiers

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

LT-1012M LT-1012C
Parameters Test Conditions Min Typ Max | Min Typ Max | Units
Input Offset Voltage® 70 35 10 50 uv
See Note 2 20 90 25 120
Long Term Input Offset 0.2 0.2 uV/Mo
Voltage Stability*>
Input Offset Current 20 100 20 150 PA
See Note 2 30 150 30 200
Input Bias Current +20 +100 +20 +150 | pA
See Note 2 +30 +150 +30 +200
Input Noise Voltage® 0.1 Hzto 10 Hz 05 0.5 MV,
Input Noise Voltage Density3# Fo=10Hz 17 30 17 30 nv
Fo =100 Hz 14 22 14 22 | VHz
Input Noise Current® 0.1 Hzto 10 Hz 20 20 fANHz
Input Voltage Range +13 14 13 +14 \'
Common Mode Rejection Ratio Ve =+13V 114 130 110 126 dB
Power Supply Rejection Ratio Vg =13V to 18V 114 130 110 126 dB
Large Signal Voltage Gain R 210kQ, V, =212V 300 2000 200 1500 VimV
R 22kQ, V, =10V 200 1000 120 1200
Output Voltage Swing R >2kQ +13 +14 +13 114 \"
Slew Rate R, 22kQ 01 03 01 03 ViuS
Unity Gain Bandwidth A =+1.0 04 08 04 038 MHz
Supply Current See Note 2 400 600 400 600 HA
Notes:

1.

(S AN

o

Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power. LT-1012M grade is measured after the device is fully warmed up.

. These specifications apply for £2.5V < V <420V and -13V <V, < +13V (at V, = +15V).
. This parameter is tested on a sample basis only.
. This parameter is guaranteed by design.

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

first 30 days of operation. Excluding the initial hour of operation, changes in V during the first 30 operating days are

typically 2.5 pV.

10 Hz input noise voltage density is sample tested on every lot. Devices 100% tested at 10 Hz are available on request.

Raytheon
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Section 4 LT-1012

Electrical Characteristics (v, = +15V,0°C<T, <+70°C for LT-1012C and -55°C < T, <
+125°C for LT-1012M unless otherwise noted)

LT-1012M LT-1012C
Parameters Test Conditions Min Typ Max | Min Typ Max | Units
Input Offset Voltage' 30 180 20 120 uv
See Note 2 40 250 30 200
Average Input Offset Valiage Drift 02 15 02 15 | uvrC
Input Offset Current 30 250 20 230 pA
See Note 2 70 350 40 300
Average Input Offset Current Drift® 03 25 03 25 | pAC
Input Bias Current +80 +600 +35 +230| PpA
See Note 2 +150 +800 +50 +300
Average Input Bias Current Drift? 0.6 6.0 03 25 | pA°C
Input Voltage Range +13 +13 v
Common Mode Rejection Ratio Vg =13V 108 126 108 126 dB
Power Supply Rejection Ratio Vg =13V to £18V 108 126 108 126 daB
Large Signal Voltage Gain R 210kQ, Vg, =+12V 150 1000 150 1500 V/imV
R, 22kQ, Vg, =+10V 100 600 100 800
Output Voltage Swing R >10kQ +13 114 +13 114 \"
Supply Current R, =0 450 800 450 800 | pA

Notes:

1. Input offset voltage measurements are performed by automatic test equipment approximately 0.5 seconds after the appli
cation of power. The LT-1012M grade is tested fully warmed up.

2. These specifications apply for +3V < V, < 20V and -13V <V, < 13V (at Vg = £15V).

3. This parameter is tested on a sample basis only.
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LT-1012

Operational Amplifiers

Applications Information

The LT-1012 units may be inserted directly into
OP-07, OP-05, 725, 108A or 101A sockets with
or without removal of external frequency com-
pensation or nulling components. The LT-1012
can also be used in 741 applications provided
that the nulling circuitry is removed.

Unless proper care is exercised, thermocouple
effects caused by temperature gradients across
dissimilar metals at the contacts to the input
terminals, can exceed the inherent drift of the
amplifier. Air currents over device leads should
be minimized, package leads should be short,
and the two input leads should be as close
together as possible and maintained at the
same temperature.

Input bias currents may flow either into or out of
the input terminals, depending on the value of
lys- In high-source impedance applications, the
pc board layout includes guard rings and must

Unity-Gain Follower
—AMW—

———
—~———

-

i

LT-1012
+
1

Inverting Amplifier
O—MWAV——WAV—

J 2

--——
-t
)

+

LT-1012 —O0

be well cleaned of solder flux. Teflon sockets
may aid in keeping leakage currents low.

R1
50K*

R S
100 Q*
R3
50K* -15V
— Vou., = 1000 v°s

* Resistors must have low thermoelectric potential.

65-3787

Test Circuit for Offset Voltage and Its
Drift With Temperature

Non-Inverting Ampliler

A el —0
o——3
TO-99 Mini-DIP

Bottom View  Bottom View

Guard Ring Layout and Connections
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Section 4

LT-1012
0.1 pF
1l
L Voltage Gain = 50,000
100 100 kQ
- 2kQ
LT-1012 - 43kQ  224F Scope
|+ LT-1012 x1
4.7 UF + RN =1MQ
Device I 22 uF
Under Test 100 kQ ) 110kQ
— — L AMN—
it
24.3 kQ: 1] — —
0.1 uF =
= 653790
1. Peak-to-peak noise is measued in a 10-second interval.
2. The device under test should be warmed up for 3 minutes and shielded from air currents.
0.1 Hz to 10 Hz Noise Test Circuit
Typical Applications

124K** 5.1K

VanV, WA sy
L 3.
10K** LT-1004
Input O— M 12v
—MA— =
15.7K**
w g 1

=15V

* Tel. labs, type Q81
** 1% Film resistor
Q1 = 2N2979

4-54

Output

Low bias current and offset voltage of the LT-1012 allow 4.5 decades
of voltage input logging.

Logarithmic Amplifier

Raytheon



LT-1012 Operational Amplifiers
Typical Applications (Continued)
10K*
‘V‘V"
Sox
9 NI
|
1N4148 10 pF
10K’ 4 I G l !
= } 300 pF 5V
1000 pF
N\
LM318A —O0
+ 4 Output
1N4148 (4)
<
ok 18V
<
10K ?
W
* 1% Metal film
Full power bandwith = 2 MHz
Slew rate = 50V/ uS
* 1% Metal film Settling (10V step) = 12 S 10 0.01%
Bias current dc = 30 pA
Slew rate @ 100V/uS Offset drift = 0.3 uV/°C
Settling = 5 1S to 0.1%/10V step Offset voltage = 30 uV
Offset voltage = 30 LV
Bias current = 30 pA
Fast Precision Inverters oz
Raytheon 4-55
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OP-07

Operational Amplifiers

OP-07 Series
Instrumentation
Grade
Operational
Amplifier

Features

M Low noise 0.1 Hzto 10 Hz —0.35 uV |

B Ultra-low Vo — 10 pV

M Ultra-low V¢ drift — 0.2 uv/°C

M Fits 725, 108A, 741, and AD510 sockets
M Long term stability — 0.2 pV/Month

M Low input bias current — +1 nA

H High CMRR — 126 dB

M Wide input voltage range — +14V

H Wide supply voltage range — 13V to 22V

Description

The OP-07 ampilifier series is designed for
precision low level signal conditioning where
ultra low V¢ and TCV ¢ are required along
with very low bias currents. Internal compensa-
tion eliminates the need for external compo-
nents. Novel circuit design and tight process
controls are used to obtain very low values of
Vos Vos is further reduced by a computer
controlled digital nulling techniques at test. Low
frequency noise is minimized. Internal biasing
techniques reduce external bias and offset
currents to values in the order of +1 nA over the
military temperature range. OP-07s are direct
replacements for the 108A, 714, 725 and 5507.
They can replace chopper stabilized amplifiers
in many applications.

Raytheon

Connection Information

8-Lead 8-Lead
TO-99 Metal Can Dual In-Line Package
(Top View) (Top View)
‘ —
i ° B
B 7]
E &
[ 5]
65-03205A 65-03206A
8-Lead Plastic
Dual In-Line SO-8 P:" Cungt!on
(Top View) os 1M
2 -Input
G © 8] 3  +input
2 4 v
6 Output
(2 3] 7 4V )
65-02666A 8 Vg Trim
20-Pad LCC
(Top View)
Pin Function
2 Vo Trim
5 -Input
7  +input
10 -V
15 Output
17 +V,
20 Vg Trim
4-57



Section 4

OP-07

Ordering Information

Operating
Part Number Package Temperature
Range
OP-07CT T 0°Cto +70°C
OP-07DT T 0°C to +70°C
OP-07ET T 0°Cto +70°C
OP-07CD D 0°C to +70°C
OP-07DD D 0°Cto +70°C
OP-07ED D 0°Cto +70°C
OP-07CN N 0°C to +70°C
OP-07DN N 0°Cto +70°C
OP-07EN N 0°C to +70°C
OP-07CM M 0°Cto +70°C
OP-07DM M 0°Cto +70°C
OP-07EM M 0°C to +70°C
OP-07T T -55°C to +125°C
OP-07T/883B T -55°C to +125°C
OP-07AT T -55°C to +125°C
OP-07AT/883B T -55°C to +125°C
OP-07D D -55°C to +125°C
OP-07D/883B D -55°C to +125°C
OP-07AD D -55°C to +125°C
OP-07AD/883B D -55°C to +125°C
OP-07L L -55°C to +125°C
OP-07L/883B L -55°C to +125°C
OP-07AL L -55°C to +125°C
OP-07AL/883B L -55°C to +125°C

Notes:

/883B suffix denotes Mil-Std-883, Level B processing
N = 8-lead plastic DIP

D = 8 lead ceramic DIP

T = 8-lead metal can (TO-99)

L = 20-pad leadless chip carrier

M = 8-lead plastic SOIC

Contact a Raytheon sales office or representative for
ordering information on special packagetemperature
range combinations.

Thermal Characteristics

Absolute Maximum Ratings
Supply Voltage .........ccvevvecmmneccivrncnirecnnae
Input Voltage™ .......cceevveereecvreeccennnecerennns
Differential Input Voltage..........ccccorevrieennneee
Internal Power Dissipation** ..
Output Short Circuit Duration
Storage Temperature

Range .......ccevverniiniiicnnenene,
Operating Temperature Range
OP-07A ... -65°C to +125°C
OP-07E/C/D ..o 0°C to +70°C
Lead Soldering Temperature
(SO-8; 10 SEC) wevevevvererruereeerreerarsreneenns +260°C
(DIP, LCC, TO-99; 60 s€C)......ccueune-e. +300°C

*For supply voltages less than +22V, the absolute maxi-
mum input voltage is equal to the supply voltage.
**Observe package thermal characteristics.

Mask Pattern

Die Size: 75 x 78 mils
Min . Pad Dimensions: 4 x 4 mils

8-Lead 8-Lead 8-Lead 8-Lead
20-Pad Ceramic TO-99 Small Plastic
LCC DIP Metal Can Outline DIP

Max. Junction Temp. 175°C 175°C 175°C 125°C 125°C
Max. P, T, <50°C 925 mW 833 mW 658 mW 300 mwW 468 mW
Therm. Res 6, 37°C/W 45°C/W 50°C/W - -
Therm. Res. 6,, 105°C/W 150°C/W 190°C/W 240°C/W 160°C/W
For T, >50°C Derate at |7.0 mW/'C | 8.33 mW/'C | 5.26 mW/'C |4.17 mW/C | 6.25 mW/"C

4-58
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OP-07

Operational Amplifiers

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

0P-07A oP-07
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage' 10 25 30 75 uV
bgﬁg;:’s’;‘a'tj’}ﬁi’;ﬂﬁset 02 | 10 02 | 10 | wviMo
Input Offset Current 03 | 20 04 28 nA
Input Bias Current +0.7 | 2.0 +1.0 | £30( nA
Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 035 | 06 | wVpp
fo = 10Hz 103 | 18 103 | 18 W
input Noise Voltage Density? fo = 100Hz 10 13 10 13 N
fo = 1000Hz 96 1 96 11
Input Noise Current? 0.1Hz to 10Hz 14 1 30 14 | 30 | pApp
fo = 10Hz 0.32 | 0.80 032 | 0.80 oA
Input Noise Current Density? fo = 100Hz 0.14 | 0.23 0.14 | 0.23 _\/PT—Z_
fo = 1000Hz 012 | 0.17 012 | 0.17
Input Resistance (Diff. Mode)? 30 80 20 60 M
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 RL = 2kQ, Vo = £10V 300 | 500 200 | 500 VimV
Large Signal Voltage Gain® U2 o0m v gy | 150 | 500 150 | 500
RL = 10k +125| +13 +125 | +13
Output Voltage Swing RL = 2kn +12 | £12.8 +12 | +12.8 v
' R, = 1k +105 | +12 +105 | +12
Slew Rate RL =2k 01 | 03 01 | 03 V/uS
Unity Gain Bandwidth AycL =+1.0 0.8 0.8 MHz
Open Loop Output Resistance Vo=0,lp=0 60 60 Q
i Vg = £15V 7% | 120 %120
Power Consumption mwW
Vg = £3V 40 | 60 40 | 6.0
Offset Adjustment Range Rp = 20kQ +4.0 +4.0 mv
Notes:

1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power. OP-07A is tested fully warmed up.
2. This parameter is tested on a sample basis only.

3. Guaranteed but not tested.

4.Long Term Input Offset Voltage Stability refers to the average trend line of V¢ vs. Time over extended periods after the first
30 days of operation. Excluding the initial hour of operation, changes in V¢ during the first 30 operating days are typically

25 uV.

Raytheon
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Section 4 OP-07
Electrical Characteristics (Continued)
0P-O7E 0pP07C 0P07D
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' 30| 75 60 | 150 60 | 150 | wuV
I\-/?J?tggT: %Talgﬁg;gfset 03| 15 04 120 05 | 30 {uV/Mo
Input Offset Current 05| 38 08 | 6.0 08 | 60| nA
Input Bias Current +1.2| +40 +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 1051 20 105] 20 "
Input Noise Voltage Density2 | fo = 100Hz 10 | 13 10.2 | 135 102 | 135 —\/H—_Z~
fo = 1000Hz 96 | 11 98 | 115 98 | 11.5
input Noise Current? 0.1Hz to 10Hz 141 30 15|35 15 | 35 | pApp
fo = 10Hz 032] 08 035( 09 035] 09 oA
Input Noise Current Density2 | fg = 100Hz 0.14 { 0.23 0.15 1027 0151027 7——5
fo = 1000Hz 0.1210.17 0.13 [ 0.18 0.13]0.18
'('[‘)‘I’f‘f" ,{;‘:ﬂ;‘f”ce 15 | 50 80 | 33 70 | 31 Mo
:‘é%‘r‘!‘]ﬁ&zijg“ce 160 120 120 GO
Input Voltage Range +13| 14 +13 | +14 +13 | +14 v
ggj’:cmug’r‘] ode Vow = +13V 106 | 123 100 | 120 o | 110 dB
E‘;ﬂg{'g“’%‘;‘: ; Vs=+30Vto+8v | o4 | 107 % | 104 % | 104 dB
Large Signal Voltage Gain | R_ =2k, Vo =+10V | 200 | 500 120 | 400 120 | 400
_ TR =500 V/my
Large Signal Voltage Gain® V(L) _ 05V Vs = 430V 150 | 500 100 | 400 400
RL = 10k +12.5 +13 +12 | 13 +12 | £13
Output Voltage Swing R =2kQ +12 [£12.8 +11.5(+12.8 +11.5|+12.8 v
RL= 1k +10.5 £12 +12
Slew Rate RL =2k 01]03 01103 0103 V/uS
Unity Gain Bandwidth AycL = +1.0 0.8 0.8 0.8 MHz
ggfgult_%%gistance Vo=0.lp=0 60 60 60 @
. Vg = +15V 75 | 120 80 | 150 80 | 150
Power Consumption mw
Vs = +30v 40 | 60 40 | 80 40 | 80
Offset Adjustment Range Rp =20k 2 +4.0 +40 +4.0 mvV

See footnotes on page 3.
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OP-07 Operational Amplifiers

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

0P07A 0P-07

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voitage' 25 60 60 200 | wVv
Average Input Offset Voltage Drift

Without External Trim? 02 | 06 0.3 1.3 .

With External Trim? Ry = 20k 02 | 06 03 | 13 wvI°e
input Offset Current 08 | 40 1.2 56 nA
Average Input Offset Current Drift? 5.0 25 8.0 50 |pA/°C
Input Bias Current +1.0 | 40 +20 | £6.0 | 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 Vem = 213V 106 | 123 106 | 123 dB
Power Supply Rejection Ratio Vg = 3.0V to +18V 94 106 94 106 dB
Large Signal Voltage Gain RL = 2kq, Vo = 210V 200 | 400 150 | 400 VimV
Output Voltage Swing RL=2k0 +12 | £126 +12 | +126 v

Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds
after application of power.
2. This parameter is tested on a sample basis only.
3. Guaranteed but not tested.
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Section 4 OP-07

Electrical Characteristics (Continued)

(Vg =%15V and 0°C < T < +70°C uniess otherwise noted)

0P-07E 0P07C 0P-07D
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage' 45 | 130 85 | 250 85 | 2501 wV
Average Input Offset
Voltage Drift
Without External Trim? 03 | 13 05 | 18 071 25 VIoC
With External Trim? Rp = 20k 03] 13 04 [ 16 07 | 25"

Input Offset Current 09 | 53 1.6 | 8.0 16| 80| nA
Average Input Offset °
Current Drift 80 | 35 12 | 50 12 | 50 | pA/°C
Input Bias Current +15|155 +2.2 (9.0 +30| 14| nA
Average Input Bias °
Current Drift 13 | 3 18 | 50 18 | 50 | pA/°C
Input Voltage Range +13|+135 +13 (#1356 +13 |+13.5 v
Common Mode _
Rejection Ratio Vom = +13V 103 | 123 97 | 120 94 | 106 dB
Power Supply _
Rejection Ratio Vs = £3.0V to +18V 90 | 104 86 | 100 86 | 100 dB
Large Signal Voltage Gain | R, =>2kQ, Vo =+10V | 180 | 450 100 | 400 100 | 400 Vimv
Output Voltage Swing R, = 2kQ +12|£126 +11 |+126 +11 |+12.6 v

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

of power.

2. This parameter is tested on a sample basis only.
3. Guaranteed but not tested.
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OP-07

Operational Amplifiers

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 pur-
pose of the zeners is to short out resistors R1,
2R1, 4R1, or 8R1 by forcing a high reverse cur-
rent 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 (Rg) is a small
increment AR Vosg can be written as:

Rc+ ARg _ ARc
-——"—RC VTin 1+ _RC

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

Vos=VTin

+Vg O-
(B4)
2z
[ ——
(B2) (Bo) $om
<>
O——yq
s (B3)
W»
o—
5
2R
) 3
$he R22
< ¢
1L—o o—=e
S S
b3 R3Q
:, R3 :,
+
o—Km Q2
INPUTS
o

AR
VOS:"VT'ﬁ’Q"
C
For Figure 1 R2 + R3 > 8R1, thus
Vog =~ -V R 7-BgBoB1) (Bp=1
0s Tm( 3B2B1) (Bo=1)

or:
R1
Vos=Vigsrms (1+BeBaB1)  (Bo=0)

where B3B»B+ is a binary number which cor-
responds to the state of zener diodes Z1, Z2 and
Z3 as per Figure 1.

. —2.6mV (7 - B3BoB)R1

AVos(25°C
0s(25°C) 8R1 + R2+ R3

(Bo = 1.0)

Bn = 1.0 for Z,, unshorted.
Bn = 0 for Z, shorted.

B1B2B3 = Binary number with values from 0 to 7.

2.6mV (1 + B3ByB1)R1
R2 + R3

AVps(25°C) = (Bo=0)

65-00365A

Figure 1. Digital Nulling Network
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OP-07

Typical Performance Characteristics

Untrimmed Offset Voltage vs. Temperature

Trimmed Offset Voltage vs. Temperature

30

s NV 7 N R oc
3 Vg = +15V Vos 1o <5.0uV at +25°C
§ 75| R = 1000 y i’ Nuiling Pot = 20k} 3/
7 1. OP-07A |
3 OP-07C -% 2.0P-07E T 4/
3 N soporc I/ A
: = OP-07E_~op.07 £ N\ ¢ / A
9 P - 9 4 4 1 4
° e S /
H ~— 3 ol — AN AW/
S 2 OP-07A s NO N \1[/
& o
2 ~ £ 3
3 2 F’
0 8 < 0 I E
-50 0 +50 +100 -50 o +50 +100

Temperature (°C)

Input Bias Current vs. Differential Input Voitage

Temperature (°C)

Input Bias Current vs. Temperature

2 " [AT Vowel =10V 1ol = 20nA 0P-07A) | ]~ ¥ ! o
< DIFF| = 1. Bl = 1 | -
E +20 < 3.0nA (OP-07) 20 g ~ — Vg = +15V
E <7.0nA (OP-07C) 7 ::: 3
3 +0 -0 £ E
8 < ; é 2 0P-07C
@ 9 0 3 - — op-07 T——
2 3 P IN(_OP-07E ——
£ 0 - +0 £ 3 oP-07a |~
£ < Vs=+15V | | o £ 1 ~ —
$ _20 Ta=+25°C 1+20 § ~— s
£ 1y H %
: £
5 F T T e o -
-30 -20 -10 0 +10 +20 +30 -50 0 +50 100
Differential Input Voltage (V) 65-03209A Temperature (°C)
Input Offset Current vs. Temperature CMRR vs. Frequency
130
25 T T I q m ’ ‘[
Vg = £15V 120 % OP-07H
< 20 oP-07C \
z 110 N X
o N
g 15 g 100 !
I~ P \
8 “\_ OP-07 s
1.0 NN
& N_or-07C o % NN
5 ~
g OP-07E AN
£ 05 — < - <
OP-07A |~ " 5 N U
0 | 3 60 i
-50 0 +50 +100 1.0 10 100 1K 10K 100K
Temperature (°C) Frequency (Hz)
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Operational Amplifiers

Typical Performance Characteristics (Continued)

120

PSRR vs. Frequency

110

Ty

Ta=+25°C

JRAGLLE
OP-07

T
OP-07C | "\

100

PSRR (dB)

70

60

5-03213A

0.1

1.0 10 100 1K

-
=]
=

Frequency (Hz)

Open Loop Frequency Response

120

|
Vg = £15V

Ta=+25°C

40

Open Loop Gain (dB)

65-00374A

0.1 1 10
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28
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m Undistorted Output vs. Frequency

! T T

24

1 Vg = £15V

20

Ta=+25°C []]

16

12

Output Voltage Peak-to-Peak (V)

N

65-00376A

10 100

-
x

Frequency (kHz)

Raytheon

Open Loop Gain (V/mV)

Open Loop Gain (dB)

Output Swing (Volits)

g

g

3
S

'y
8

60

20

-20

10 100 1K

Open Loop Gain vs. Supply Voltage

I I
—Ta=+25°C

65-00373A

0 +5

*10 +15

I+
8

Power Supply Voltage (V)

Closed Loop Response for
Various Gain Configurations

T
Vg = +15V
Ta=+25°C

L
65-00375A
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Typical Performance Characteristics (Continued)

Output Short Circuit Current vs. Time

Power Consumption vs. Supply Voltage

1000 —r—F—+—+ 35 T T T T T
= I 1. Vi (Pin 3) = -10mV, Vo = +15V
_ L 7, -+25°C ,‘E: \ 2.Vin (Pin 3) = +10mV, Vo = -15V
g — 30
E 100 = E \
€ o
g = s | 2N
-4 g =
2 15} 2
a 10 § P —
% l" @ 20 1
g g2 |[_vs=+sv
8 g Ta=+25°C
1 ) 15 L
0 20 40 60 0 1 2 3 4

Total Supply Voltage, +Vs to -Vs (V) Time From Output Being Shorted (Minutes)
Typical Applications

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

‘EF‘ 17)?(
AA A
nggle R1 AAA
Vin R1 BIAS +15V 10K
VWA —_— R3 Vi
3K 2 R2
Vo 10K
v
o 2
HIGH SLEW RATE R3
4 " AMPLIFIER V30— ] —O0 Vo

-15v
-15V

Vo =-ViN 2—'1: + Ipias RF

- 65-03214A

65-03215A

High Stability Thermocouple Amplifier* Precision Absolute Value Circuit*

R3

R1

R3 R4 RS
10K 10K 10K
SENSING A AMA- AA- AAA-
JUNCTION
+15V
O
\/
REFEREN%E 3 __OO
JUNCTIO 0to +10V

3 4

=
N

65-03217A

- 65-03216A

*Pin outs shown for metal can packages
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Schematic Diagram

+Vg _ ) _ _
m °
R2a° R28"
8K NULL NULL K ct g R7
75pF :b 18K
R1A S R1B
42K p: $ax
| Qis
R9
D7 Ds '-r\f)’::‘ly'_‘ 259 outpuT
+INPUT as Q3 Q6 Q4 m (g
()] Cl
O—AAA—< —C3 2 R10
- 65pF
R3 Q1 D27 30pF P D17 Q16 25
500
RS
021 D23 D26 3K Q20
-inpur D22 D24 D25 o
)
O—AAA Ve r-(m Q8
N i
500 R6 R8
D13 aK 1K
| 0]
-vs
@< . :

*R2A and R2B are electronically adjusted during factory test for minimum Vgs.
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oP-27

OP-27

Low Noise
Operational
Amplifier

Features
A Very low noise
Spectral noise density — 3.0 nV/ Hz
1/f noise corner frequency — 2.7 Hz
Very low V4 drift
0.2 yV/Mo
0.2pvrc
® High gain —1.8x 106 V/V
® High output drive capability — +12V into
600 load
@ High slew rate —2.8 V/uS
B Wide gain bandwidth product — 8 MHz
B Good common mode rejection ratio —
126 dB
B Low input offset voltage — 10 pV
& Minimum low frequency noise — 0.08 pV_,
0.1 Hzto 10 Hz
H Low input bias and offset currents — 10 nA

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 voitage, low input offset temperature

coefficient, and low input bias currents. These
features are all available in a device which is
internally compensated for excellent phase
margin (70°) in a unity gain configuration.

Digital nulling techniques performed at wafer
sort make it feasible to guarantee temperature
stable input offset voltages as low as 25 pV.
Input bias current cancellation techniques are
used to obtain 10 nA input bias currents.

The OP-27 design uniquely addresses the
needs of the instrumentation designer. Power
supply rejection and common mode rejection
are both in excess of 120 dB. A phase margin
of 70° at unity gain guards against peaking
(and ringing) in low gain feedback circuits.
Stable operation can be obtained with capaci-
tive loads up to 2000 pF*. 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 metal at the contacts to the input
terminals are enough to degrade its perform-
ance. For this reason it is also important to
keep both input terminals at the same relative
temperature.

The OP-27 is available in LCC, SO-8 (small-
outline), TO-99 can, plastic mini-DIP and
ceramic mini-DIP packages, and can be or-
dered with Mil-Std-883 Level B processing.

*By decoupling the load capacitance with a series resistor
of 50 or more, load capacitances larger than 2000 pF
can be accommodated.
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Connection Information

8-Lead TO-99 8-Lead Plastic
Metal Can Dual In-Line SO
(Top View) (Top View)
o
= 7]
= 7]
@ 5]
8-Lead
Dual In-Line~ Package
(Top\\ilew) Pin Function
° 1 Vps Trim
E 3 2 -Input
N 7 3  +input
C ] 4 -Vg
G <] 5 NC
6 Output
E 5] 7 +Vg
8 VOS Trim

Pin
2
5
7
10
15
17
20

Ordering Information

Operating
Part Number Package Temperature
Range
OP-27EN N 0°Cto +70°C
OP-27FN N 0°Cto+70°C
OP-27GN N 0°Cto+70°C
OP-27EM M 0°Cto+70°C
OP-27FM M 0°Cto +70°C
OP-27GM M 0°'Cto+70°C
OP-27ED D -25°C to +85°C
OP-27FD D -25°C to +85°C
OP-27GD D -25°C to +85°C
OP-27ET T -25°Cto +85°C
OP-27FT T -25°C to +85°C
OP-27GT T -25°Cto +85°C
OP-27AD D -55°Cto +125°C
OP-27AD/883 D -65°Cto +125°C
OP-27BD D -55°Cto +125°C
OP-27BD/883 D -55°Cto +125°C
OP-27CD D -55°Cto +125°C
OP-27CD/883 D -565°Cto +125°C
OP-27AT T -55°Cto +125°C
OP-27AT/883 T -65°Cto +125°C
OP-27BT T -55°Cto +125°C
OP-27BT/883 T -65°C to +125°C
OP-27CT T -55°Cto +125°C
OP-27CT1/883 T -55°Cto +125°C
OP-27AL/883 L -55°C to +125°C
OP-27BL/883 L -55°C to +125°C
Notes:

Function
Vos Trim
-Input
+Input
-Vg
Output
+VS

Vos Trim

/883B suifix denotes Mil-Std-883, Leve! B processing
N = 8-lead plastic DIP

D = 8 lead ceramic DIP

T = 8-lead metal can (TO-99)

L = 20-pad leadless chip carrier

M = 8-lead plastic SOIC

Contact a Raytheon sales office or representative for
ordering information on special package/temperature
range combinations.
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Absolute Maximum Ratings Mask Pattern
Supply Voltage........c.ccoeeueeeeennrcncceneneininennne 22V
Input Voltage™ ........ccccceecvververcnnecneninecneee. +22V 7 6
Differential Input Voltage ..........c.ccceueuenceee. 0.7v
Internal Power Dissipation** ................. 658 mwW
Output Short Circuit Duration .............. Indefinite
Storage Temperature
Range ......ccocevereecinrnsnennensenens -65°C to +150°C
Operating Temperature Range
OP-27A/B/C ......coneeeerecrcrennes -55°C to +125°C
OP-27E/F/G (Hermetic)............. -25°C to +85°C
OP-27E/F/G (Plastic)..........co...... 0°Cto +70°C
Lead Soldering Temperature
(SO-8, 10 SEC) -.eeeuuenernerenrcceneeeenneene +260°C 2 a
(DIP, LCC, TO-99; 60 SEC) .....cecevreenee. +300°C
65-01540A
*For supply voltages less than +22V, the absolute maximum i Qione 76 x .
input voltage is equal o the supply voltage. Die Size: 75 x 80 _mlls. ,
**Observe package thermal characteristics. Min. Pad Dimensions: 4 > 4 mils
Thermal Characteristics
8-Lead 8-Lead 8-Lead 8-Lead
Small Ceramic TO-99 20-Pad Plastic
Outline DiP Metal Can LCC DIP
Max. Junction Temp. 125°C 175°C 175°C 175°C 125°C
Max. P, T, <50°C 300 mwW 833 mW 658 mW 925 mW 468 mW
Therm. Res 6, — 45°C/W 50°C/W 37°C/W —_
Therm. Res. 6, 240°CW 150°C/'W 190°C/W 105°C/W 160°C/W
For T, >50°C Derate at| 4.17 mW/°'C | 8.33 mW/'C |5.26 mW/'C (7.0 mW/°C | 6.25 mW/C
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OP-27 Operational Amplifiers

Electrical Characteristics (v, =+15vandT, = +25:C unless otherwise noted)

OP-27A/E OP-27B/F OP-27C/G
Parameters Test Conditions Min Typ Max] Min Typ Max] Min Typ Max | Units
Input Offset Voltage® 10 25 20 60 30 100 HV
Long Term Input Offset 02 1.0 03 15 04 20 | uWMo
Voltage Stability'*
Input Offset Current 70 35 9.0 50 12 75 nA
Input Bias Current 10 40 +12 155 115 180 nA
Input Noise Voltage? 0.1 Hzto 10 Hz 0.08 0.18 0.08 0.18 0.09 025] pv
F,=10 Hz 35 55 35 55 38 8.0
Input Noise Voltage F,=30 Hz 3.1 45 31 45 33 56 nv
Density? F,= 1000 Hz 30 38 30 38 32 45 Tz
F,=10 Hz 1.7 40 1.7 40 1.7
Input Noise Current F,=30Hz 1.0 23 1.0 23 1.0 pPA
Density? F,=1000 Hz 064 06 04 06 04 06| Hz
Input Resistance 1.5 6.0 12 50 08 4.0 M
(Diff. Mode)*
Input Resistance 3.0 25 2.0 G
(Com. Mode)
Input Voltage Range?® +11 +123 +11 $123 +11 %123 "
Common Mode Vey = 11V 114 126 106 123 100 120 dB
Rejection Ratio
Power Supply V, 4V to 18V 100 120 120 120 94 118 dB
Rejection Ratio
R 22k,V ,=110V| 1000 1800 1000 1800 700 15C0
Large Signal Voltage Gain| R _>1kQ,V, =110V | 800 1500 800 1500 1500 VimV
Vo =21V, V =14V* | 250 700 250 700 200 500
R 22k, +12 1138 +12 +13.8 +11.5 +13.5
Output Voltage Swing R_x2600, 11 112 11 12 1 112 v
Slew Rate* R 22k, 1.7 28 1.7 28 1.7 28 Vs
Gain Bandwidth Product* 50 8.0 50 80 50 80 MHz
Open Loop Output Vo=0,1,= 70 70 70 Q
Resistance
Power Consumption 90 140 90 140 100 170 mw
Offset Adjustment Range Hp =10k 14.0 +4.0 4.0 mvV
Notes:

1.Long Term Input Cffset Voltage Supply refers to the average trend line of V¢ vs. Time over extended periods after the first
30 days of operation. Excluding the initial hour of operation, changes in V  during the first 30 operating days are typically
2.5uVv.

2. This parameter is tested on a sample basis only.

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 remeved or inserted into the circuit without first removing power.

4, Parameter is guaranteed but not tested.

5. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application
of power.
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Electrical Characteristics (Vg = £15V, -55°C <T, < +125°C unless otherwise noted)

OP-27A OP-27B OP-27C
Parameters Test Conditions Min Typ Max| Min Typ Max| Min Typ Max | Units
Input Offset Voitage' 30 60 50 200 70 300 uv
Average Input Offset 02 0.6 03 13 04 18 uvrc
Voltage Drift?
Input Offset Current 15 50 2 85 30 135 nA
Input Bias Current 120 160 128 195 35 $150 nA
Input Voltage Range +10.3 £11.5 +10.3 £11.5 +10.2 +11.5 v
Common Mode V,, =10V 108 122 100 119 94 116 dB
Rejection Ratio
Power Supply V, 4.5V to 18V 96 116 94 114 86 110 dB
Rejection Ratio
Large Signal Voltage Gain | R 22k, V =10V | 600 1200 500 1000 300 800 vimv
Output Voltage Swing R 22k +11.5 +13.5 +11 $13.2 +10.5 +13 v

Electrical Characteristics (Vg = £15V, -25°C <T, < +85°C for hermetic package types, 0°C < T, < +70°C for
plastic packages unless otherwise noted)

|  OP-27E OP-27F OP-27G

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

Input Offset Voltage' 20 50 40 140 5§55 220 pv

Average Input Offset 02 0.6 03 13 04 18 uvrc

Voltage Drift?

Input Offset Current ' 10 50 14 85 20 135 nA

Input Bias Current 10 40 +12 155 25 1150 nA

Input Voltage Range +10.5 +11.8 +10.5 +11.8 +10.5 £11.8 \"

Common Mode V, =10V 110 124 102 121 96 118 dB

Rejection Ratio

Power Supply V, 4.5V to 18V 97 118 96 116 90 114 dB

Rejection Ratio

Large Signal Voltage Gain | R, >2k,V ,=+10V | 750 1500 700 1300 450 1000 V/imV

Output Voltage Swing R >2k +11.7 £13.6 +11.4 +13.5 11 $133 v
Notes:

1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power.

2. T.V,s performance is guaranteed unnulled or when nulled with R, = 8.0k t0 20 k.
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Typical Performance Characteristics

0.1Hz to 10Hz Noise Test Circuit

0.1uF
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r
100K
——AN——0
10K
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b AA- 43K 224F
SCOPE
4.7uF X1
00K | 2. Rin = IM
q ok VOLTAGE GAIN
24.3K [ — = 50.000
1 0.1uF
= - - - - 65-00003A
0.1Hz to 10Hz Peak-to-Peak Noise
Tester Frequency Response Open Loop Gain vs. Frequency
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Typical Performance Characteristics (Continued)

Supply Current vs. sl‘pply Voltage Maximum Outpul SWing vs. Resistive Load
5 -+ 18
l 16 L L
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’g‘ 4 - " Swing L
3 - +125° 2 12} ot Tt
E T = +125°C__ Lt =
€ 10 s
E e 50 G
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;& == 8 4
N , : USECAlg
| Ta=+25°C § 0 A g
1 3 2 [ TTTITTS
5 15 25 35 a5 0.1 1.0 10
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Short Circuit Current vs. Time Open Loop Voltage Gain vs. Supply Voltage
60 T 2
Vg = ° 157\/ s T
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50 = 20 = R = 2K
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Typical Performance Characteristics (Continued)

Voltage Noise (nV/\/Hz)

Current Noise (pA/\/Hz)

Hz)

Voltage Noise (nV/

A Comparison of Op Amp
OP-27 Voltage Noise vs. Frequency Voltage Noise Spectrums
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Typical Performance Characteristics (Continued)

Change in Input Offset Voitage (uV)

Input Offset Current (nA)

Power Supply Rejection Ratio (dB)
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OP-27 Operational Amplifiers

Typical Performance Characteristics (Continued)

OP-27 0.1Hz to 10Hz Peak-to-Peak Noise
Vertical Scale 50nV/Division

?ot:lall Signal Overshoot vs. Capacitive Load Recorder S 16 Divisions/Min

OP-27 50nV/Div
8 0.1Hz to 10Hz —-16 D
— Noise Minute
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60 g
§ “© X PR 0 P G o N
7 Vg=+15V ——
20 |/ ViN = 100mV
/ Ay =+10 é
0 [ [ [ 1z
[ 500 1000 1500 2000 2500 £
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Vs 27K
(') 2 8 'A'A
0-—— -

7 b
ineuT | OP-27 §_oouteur L 21K
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65-00029A 65-00028A

Large Signal Transient Response

Ry
AAA
WA

o

v, ) i#op_ o 2.8V/u8
o—

When Rs < 1001} and the input is driven
with a fast, large signal pulse (= 1.0V),
the output waveform will look as shown.

65-00030A
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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 (0.1 mV per CM/S versus 1.0
mV 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 40 dB RIAA curve as shown
in Figure 2. Note that by convention the RIAA
gain is specified at 1 kHz. With the “break
points” of the curves specified at 50,500 and 2.1
kHz respectively the entire curve is fixed by the
specified gain at 1kHz.

The circuit is designed to operate with a 3/
4000Q step-up transformer to present the opti-
mum source impedance to the amplifier for best
noise figure. The optimum source impedance is
obtained as the ratio of the spectral noise

TP-1 FERRITE
JENSEN
JE 34K-Dx
TRANSFORMER

=}
L 13.00 40000

3.00 MOVING =
COIL CARTRIDGE

120

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

voltage en to the spectral noise current i
(when e, has dimensions of nV/Hz and I has
dimensions of pAWHz and the ratio has dimen-
sions of kQ2). The circuit is designed to be
tested and adjusted independent of the trans-
former, for this purpose introduce a very low
level signal 1 mV at test point TP-1. The first
stage is a wideband stage which provides a
small amount of gain (1 + R4/R5) approxi-
mately equal to 10 dB. Low value feedback
resistors must be used to prevent additional
noise due to the spectral current noise or
excessive Johnson noise. The gain of the first
stage reduces the noise contribuition 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
network are sufficiently separated in frequency
that they may be estimated with the following
equations:

]
f1(50H2) ~—5 1763
1

fo(500Hz) = 5-R8C3

]
" 27R8C2

C4A
330

Vel
1

f3(2100Hz)

C4B 2700

C3A | R8B33K
680 AAA

W

connan] ]k

c2

10uF Re

1K

NP our

Ve

475 ¢

e

65-000318

Figure 1. RIAA Phono Preamplifier
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Midband Gain
(1.0 kHz)

I
|
i
I
|
|
1
1
Il

fo t fa f3 \

Frequency —m

fo = Low end rolloff frequency (user selected)
fy = 50Hz

fo - 500Hz 65000324
f3 = 2.1kHz

Figure 2. RIAA Phone Playback
Equalization Curve

These equations are only approximations.
Final tuning is performed with the adjustable
capacitors and potentiometers. The following
sequence can be used to adjust for the RIAA
response after injecting a low level signal into
TP-1 (transformer disconnected).
1. At 100 Hz adjust C3A for an output level
6 dB lower than the low frequency output.
2. At 1000 Hz adjust R8A for an output level
20 dB lower than the low frequency output.
3. At 21 kHz adjust C4A for an output 40 dB
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 that is
close to the optimum source impedance re-
quired by the OP-27 for best noise perform-
ance. The optimum source impedance can be
calculated as the ratio of en/in which for the
OP-27 is approximately 7000Q. Fortunately

the noise performance does not degrade ap-
preciably until the source impedance is four or
five times this optimum value and the source
impedance at the output of this transformer,
approximately 15 kQ, still provides near opti-
mum 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 ampli-
fier, not including the transformer step-up, is
unity up to about 1.5 Hz. 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 3 Hz. C2 rolls off the high
frequency response at 90 kHz giving a noise
power bandwidth of 140 kHz.

Instrumentation

The OP-27 is particularly adaptable to instru-
mentation applications. When wired into a
single op amp difference amplifier configura-
tion, the OP-27 exhibits outstanding common
mode rejection 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 8 avoids the low input impedance
characteristics 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 V2. The spectral
noise voltage increases from approximately

3 nVA/Hz to approximately 4.9 nV/YHz, 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 ratio (CMRR) with
frequency. With balanced source resistors a
CMRR of 100 dB is achieved. With a 1 kQ
source impedance imbalance CMRR is de-
graded to 80 dB at 5 kHz due to the finite

(3 GQ) input impedance.
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Figure 3. Low Impedance Microphone Preamplifier
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Voltage noise vs. source resistance for the
difference amplifier. Noise performance shown

Figure 4. A Single Op Amp IC Difference Is for Vg =215V, Tp = +25°C, and Rs = R1 + R2.

Ampilifier Using an OP-27. The Difference
Ampilifier is Connected for a Gain of 1000. Figure 5. Total Noise vs. Source Resistance
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Figure 8. Three Op Amp IC Instrumentation Amplifier

Raytheon 481



e8v

Vos
TRIM
® +Vs
| : . o
Vos < R1G R2C
TRIM $a
o 2 s anprarzgron b g 0 haz
Q 800K
S RIF 1042
< 500
= 2 L oz .
v Q7 Q2
3 RIE j‘ B Q30
3 ’\ ™~
& 2 Q1ape”’ Qi5ga” Q16
¥ on
< RID Q43 = LaN
$ 125 Vs R2¢
R8 1203
B, 21, o d 25 100K $
./—1 = AN 1 Q39
-Vs pAd Q20 Q21 Q31
[z 4 S nas
b 2
S RiC R1IBS A28 3 = S 2
S 125 3 960 -Vs
R9 4 V%U“
B, - X oz S
\ A R12<
R1A < S R2A )4
-IN BKS $ 18k - 800 2 $ A28
@ » $ 2
Ky LN ca
5°r‘ 20pF
as i} '/03 il
{—w
N r' Q1 ozRL
@ x x If'
o D1 D2
]E !! a2 y Q25 y K 3? )KOR Qx\
i |
c3
R29
80pF
r—] J
g oH
700 1200F »{‘\?m
AAA— L
wA—}
R10¢ Q37
L‘ Yo 780 2
a3 4 foaeou
R11 S
o 580 R27
T 100
Q18
v ox a9
R3 R4
300 600 65:0001C
Vs
@) o

we.sbeiq onewsyss

¥ uondss

43-d0



OP-37

Operational Amplifiers

OP-37

Low Noise
Operational
Amplifier

Features

M Very low noise
Spectral noise density — 3.0 nV/YHz

1/f noise corner frequency — 2.7 Hz

B Very low V¢ drift
0.2 pV/Month
0.2 uvrc

W High gain — 1.8 Million

W High output drive capability —+12V into
600Q load

W High slew rate —17 V/uS

B High gain bandwidth product — 63 MHz

M Good common mode rejection ratio —
126 dB

W Low input offset voltage — 10 pV

M Minimum low frequency noise — 0.08 pV
(0.1 Hz to 10 Hz)

B Low input bias and offset currents — 10 nA

B Compensated for ac stability with A, 25

Raytheon

Description

The OP-37 is designed for instrumentation
grade signal conditioning where low noise
(both spectral density and burst), wide band-
width, and high slew rate are required along
with low input offset voltage, low input offset
temperature coefficient, and low input bias
currents.. The OP-37 is a decompensated
version of the OP-27 and is ac stable in gain
configurations equal to five and higher.

Digital nulling techniques performed at wafer
sort make it feasible to guarantee temperature
stable input offset voltages as low as 25 pV.
Input bias current cancellation techniques are
used to obtain 10 nA input bias currents.

The OP-37 design uniquely addresses the
needs of the instrumentation designer. Power
supply rejection and common mode rejection
are both in excess of 120 dB. Input offset
voltage can be externally trimmed without
affecting input offset voltatge drift with tempera-
ture or time. The drift performance is, in fact, so
good that the system designer must be cau-
tioned that stray thermoelectric voltages gener-
ated by dissimilar metals at the contacts to the
input terminals are enough to degrade its per-
formance. For this reason it is also important to
keep both input terminals at the same relative
temperature.

The OP-37 is available in LCC, SO-8 (small-
outline), TO-99 can, plastic mini-DIP and ce-
ramic mini-DIP packages, and can be ordered
with Mil-Std-883 Level B processing.
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Section 4 OP-37

Connection Information Ordering Information

Operating
8-Lead 8-Lead Plastic Part Number Package Temperature
TO-99 Metal Can Dual In-Line SO-8 Range
(Top View) (Top View) OP-37EN N 0°Cto +70°C
| 71 10 8] OP-37FN N 0°Cto +70°C
T 7] OP-37GN N 0°Cto +70°C
OP-37EM M 0°Cto +70°C
(K 6] OP-37FM M 0"Cto +70°C
@ 5] OP-37GM M 0°Cto +70°C
ee-genceh OP-37ED D -25°C to +85°C
OP-37FD D -25°C to +85°C
OP-37GD D -25°C to +85°C
OP-37ET T -25°C to +85°C
OP-37FT T -25°C to +85°C
8-Lead OP-37GT T -25°C to +85°C
Dual In-Line Package
(Top View) OP-37AD D -55°C to +125°C
v, Pin Function OP-37AD/883B D -55°C to +125°C
[ ° ) 1 Vg Trim OP-37BD D -55°C to +125°C
2 -input OP-37BD/883B D -55°C to +125°C
z 7] 3 +input OP-37CD D -55°C to +125°C
4 -V OP-37CD/883B D -65°C to +125°C
E E 5 NC OP-37AT T -65°C to +125°C
6 Output OP-37AT/883B T -55°C to +125°C
[l §| 7 +Vg OP-37BT T -55°C to +125°C
8 Vg Trim OP-37BT/883B T -55°C to +125°C
65032064 OP-37CT T -55°C to +125°C
OP-37CT/883B T -65°C to +125°C
OP-37AL/883B L -55°C to +125°C
20-Pad LCC OP-37BL/883B L -55°C to +125°C
(Top View)
Notes:
Pin  Function /883B suffix denotes Mil-Std-883, Level B processing
2 Vg Trim N = 8-lead plastic DIP
5 -Input D = 8 lead ceramic DIP
7  +input T = 8-lead metal can (TO-99)
10 -V L = 20-pad leadless chip carrier
15  Output M = 8-lead plastic SOIC ] )
17 V. Contact a Raytheon sales off.lce or representative for
20 V sTrlm ordering information on special packageftemperature
08 range combinations.
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Operational Amplifiers

OP-37
Absolute Maximum Ratings
Supply Voltage........ccoceveevieciinninncincnnnnns 22V
Input Voltage* ..o, 22V
Differential Input Voltage .........c..cccceuenee. 0.7V
Internal Power Dissipation** ................. 658 mW
Output Short Circuit Duration .............. Indefinite
Storage Temperature
[SF: 1gTo L= IR -65°C to +150°C
Operating Temperature Range
OP-37A/B/C ....cccevreerereeenne -55°C to +125°C
OP-37E/F/G (Hermetic)............ -25°C to +85°C
OP-37E/F/G (Plastic).....ccccerueenen 0°C to +70°C
Lead Soldering Temperature
(SO-8, 10 SEC) -.cuveeeeerencneercereeeeneane +260°C
(DIP, LCC, TO-99; 60 S€C) ....coeeveuenene +300°C

*For supply voltages less than +22V, the absolute maximum
input voltage is equal to the supply voltage.
**Observe package thermal characteristics.

Thermal Characteristics

Mask Pattern

Die Size: 75 x 80 mils
Min. Pad Dimensions: 4 x 4 mils

8-Lead 8-Lead TO-99 8-Lead

Small Ceramic 8-Lead 20-Pad Plastic

Outline DIP Metal Can LCC DIP
Max. Junction Temp. 125°C 175°C 175°C 175°C 125°C
Max. P, T, <50°C 300 mW 833 mW 658 mW 925 mW 468 mW
Therm. Res 6, — 45°C/W 50°C/W 37°C/W —
Therm. Res. 6,, 240°C/W 150°C/W 190°C/W 105°C/W 160°C/W
For T, >50°C Derate at| 4.17 mW/°C | 8.33 mW/'C | 526 mW/C | 7.0 mW/°C | 6.25 mW/°C

Raytheon
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Section 4 OP-37

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

1___OP-37A/E OP-37B/F OP-37C/G
Parameters Test Conditions Min Typ Max [Min Typ Max| Min Typ Max | Units
Input Offset Voltage® 10 25 20 60 30 100 uv
Long Term Input Offset 02 1.0 03 15 04 20 | uVMo
Voltage Stability! 2
Input Offset Current 70 35 9.0 50 12 75 nA
Input Bias Current +10 $40 +12 155 +15 180 nA
Input Noise Voltage? 0.1 Hzto 10 Hz 0.08 0.18 0.08 0.18 009 025 | pv
F,=10 Hz 35 55 35 55 38 8.0
Input Noise Voltage F,=30Hz 31 45 3.1 45 33 56 _2!
Density? F, = 1000 Hz 30 38 30 38 32 45 | Hz
Fo=10Hz 17 40 17 40 1.7
Input Noise Current Fo=30Hz 1.0 23 10 23 1.0 pPA
Density? F, = 1000 Hz 04 06 04 06 04 06 | VHz
Input Resistance 15 6.0 12 50 08 40 MQ
(Diff. Mode)*
Input Resistance 3.0 25 2.0 GQ
(Com. Mode)
Input Voltage Range® +11 +123 +11 $12.3 +11 +123 \"
Common Mode Veu=£11V 114 126 106 123 100 120 dB
Rejection Ratio
Power Supply Vs +4Vio £18V 100 120 100 120 94 118 dB
Rejection Ratio
R 22kQ, V,=+10V | 1000 1800 1000 1800 700 1500
Large Signal Voltage Gain | R >1kQ,V, =110V | 800 1500 800 1500 1500 VimV
Vo =+1V, V= +4V4 250 700 250 700 200 500
R 22kQ +12 +13.8 +12 +13.8 +11.5 +135
Output Voltage Swing R, 2600Q 11 12 11 112 11 +12 v
Slew Rate* R >2kQ 11 17 11 17 11 17 Vs
Gain Bandwidth Product* | F,= 10 kHz 45 63 45 63 45 63 MHz
Fo=1MHz 40 40 40 MHz
Open Loop Output Vo=0,l,=0 70 70 70 Q
Resistance
Power Consumption 90 140 90 140 100 170 mwW
Offset Adjustment Range | R =10kQ +4.0 +4.0 +4.0 mV
Notes:
1. Long Term Input Offset Voltage Supply refers to the average trend line of V. vs. Time over extended periods after the first 30 days of

operation. Excluding the initial hour of operation, changes in V ¢, during the first 30 operating days are typically 2.5 pV.

This parameter is tested on a sample basis only.

. 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 but not tested.

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

s 0N
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OP-37 Operational Amplifiers

Electrical Characteristics (Vg = £15V, -55°C < T, < +125°C unless otherwise noted)

OP-37A OP-37B OP-37C
Parameters Test Conditions Min Typ Max| Min Typ Max| Min Typ Max | Units
Input Offset Voltage' 30 60 50 200 70 300 uv
Average Input Offset 02 0.6 03 13 04 18 uv/c
Voltage Drift?
Input Offset Current 15 50 22 85 30 135 nA
Input Bias Current 120 60 +28 95 +35 +150 nA
Input Voltage Range +10.3 +11.5 +10.3 +11.5 +10.2 £11.5 Vv
Common Mode Veu=110V 108 122 100 119 94 116 dB
Rejection Ratio
Power Supply Vs +4.5Vto 18V 96 116 94 114 86 110 dB
Rejection Ratio
Large Signal Voltage Gain | R >2kQ, V,=+10V| 600 1200 500 1000 300 800 V/imV
Output Voltage Swing R, 22kQ +11.5 £13.5. +11 $13.2 +10.5 +13 \"

Electrical Characteristics (Vg =115V, -25°C < T, <+85°C for hermetic package types, 0°C < T, <+70°C for
plastic package types unless otherwise noted)

OP-37E OP-37F OP-37G

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

Input Offset Voltage' 20 50 40 140 55 220 uv

Average Input Offset 02 0.6 03 1.3 04 18 uvrc

Voltage Drift? .

Input Offset Current 10 50 14 85 20 135 nA

Input Bias Current +14 160 +18 195 +25 +150 nA

Input Voltage Range +10.5 £11.8 +10.5 +11.8 +10.5 £11.8 v

Common Mode V=110V 110 124 102 121 96 118 dB

Rejection Ratio

Power Supply Vs 4.5V to £18V 97 118 9% 116 90 114 dB

Rejection Ratio :

Large Signal Voltage Gain | R 22kQ, V =110V | 750 1500 700 1300 450 1000 V/mV

Output Voltage Swing R, 22kQ +11.7 £13.6 +11.4 £135 +11 $13.3 \"
Notes:

1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power.

2. T, V,¢ performance is guaranteed unnulled or when nulled with R, = 8.0 kQ to 20 kQ.
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Typical Performance Characteristics

0.1 Hz to 10 Hz Noise Test Circuit

510Q 0.1 yF
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= 50,000 —AAN—
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243K L] ] -
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Note: All capacitor values are for non polarized capacitors only — 65-0336

0.1 Hz to 10 Hz Peak-to-Peak Noise
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Operational Ampilifiers

Typical Performance Characteristics (Continued)

Output Swing (Volts)

Open Loop Gain (V/uV)

Common Mode Range (Volts)

Maximum Output Swing vs.
Resistive Load

L

LI
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1.5 ,/ S
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£
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Typical Performance Characteristics (Continued)

A Comparison of Op Amp
Voltage Noise Spectrums

Current Noise vs. Frequency
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Operational Amplifiers

Typical Performance Characteristics (Continued)

CMRR (dB)

Input Bias Current (nA)

Open Loop Voltage Gain (V/jV)

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

Slew Rate (V/uS)
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Operationai Amplifiers

Typical 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 re-
quired by the OP-37 for best noise perform-
ance. The optimum source impedance can be
calculated as the ratio of en/in which for the
OP-37 is approximately 7000Q. Fortunately the
noise performance does not degrade apprecia-
bly until the source impedance is four or five
times this optimum value. The source imped-
ance at the output of this transformer of 15 kQ
still provides near optimum noise performance.
{A high quality audio transformer * ith a step-up
ratio of 6.7 to one is not available.j C1 rolls off
the high frequency response at 90 kHz giving a
noise power bandwidth of 140 kHz.

Instrumentation

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

The three op amp instrumentation amplifier of
Figure 4 avoids the low in put impedance
characteristics 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 V2. The spectral noise
voltage increases from approximately 3 nV/VHz
to approximately 4.9 nV/AVHz, 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 ratio (CMRRY) with frequency .
With balanced source resistors a CMRR of 100
dB is achieved. With a 1 kQ source impedance
imbalance CMRR is degraded to 80 dB at 5
kHz due to the finite (3 G€2) input impedance.

DAC Current to Voitage Converter

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

The 360Q2 resistor is required to increase the
effective gain of the OP-37 to meet the mini-
mum gain requirement for stability. The high
speed of the OP-37 allows a conversion time of
1 uS to 1/2 LSB in this circuit. in addition, the
low Vs and V. drift of the OP-37 comple-
ments the high accuracy of the DAC-10, and
the high output drive capability allows connec-
tion to demanding loads.
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Figure 1. Low Impedance Microphone Preamplifier
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Figure 2. A Single Op Amp IC Difference Amplifier Using an OP-37.
The Difference Amplifier is Connected for a Gain of 1000.
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>
— <
100K AvcL= 1000

65-0354

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

RS R8
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R10
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Trim R2 for Avct = 1000
Trim R10 for dc CMMR —
Trim R7 for minium Voyr atVem= 20 Vpp, 10 kHz -

65-0355

Figure 4. Three Op Amp IC Instrumentation Amplifier
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OP-47

Operational Amplifiers

OP-47

Low Noise,
High Slew Rate
Operational
Ampiifier

Features
M Very low noise
Spectral noise density — 3.0 nV/VHz
1/f noise corner frequency — 2.7 Hz
R Very low V drift
0.2 uV/Month
0.2 uvrC
B High gain — 1.8 million
B High output drive capability — +12V into 600Q
lead
M High slew rate — 50 V/uS
M High gain bandwidth product — 63 MHz
B Good common mode rejection ratio —126 dB
W Low input offset voltage — 10 uV
B Minimum low frequency noise —.08 uVp-p
(0.1 Hz to 10 Hz)
W Low input bias and offset currents —10 nA
W Compensated for ac stability with AVCL >400

Raytheon

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 tempera-
ture coefficient, and low input bias currents.
The OP-47 is a decompensated version of the
OP-27 and is ac stable in closed-loop gain
configurations greater than or equal to 400.

Digital nulling techniques performed at wafer
sort make it feasible to guarantee temperature
stable input offset voltages as low as 25 pV.
Input bias current cancellation techniques are
used to obtain 10 nA input bias currents.

The OP-47 design uniquely addresses the
needs of the instrumentation designer. Power
supply rejection and common mode rejection
are both in excess of 120 dB. Input offset
voltage can be externally trimmed without
affecting input offset voltage drift with tempera-
ture 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 impor-
tant to keep both input terminals at the same
relative temperature.

The OP-47 is available in LCC, SO-8 (small-
outline), TO-99 can, plastic mini-DIP and
ceramic mini-DIP packages, and can be or-
dered with Mil-Std-883 Level B processing.
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Section 4 OP-47

Connection Information Ordering Information
Operating
8-Lead 8-Lead Plastic
TO-99 Metal Can  Dual In-Line SO-8 Part Number | Package | Terperseure
(Top View) (Top View) - -
OP-47EN N 0°Cto +70°C
ale B OP-47FN N 0°C to +70°C
] 7] OP-47GN N 0°C to +70°C
OP-47EM M 0°Cto +70°C
£l 3] OP-47FM M 0°Cto +70°C
(4] 5] OP-47GM M 0°C to +70°C
65-02666A
OP-47ED D -25°C to +85°C
OP-47FD D -25°C to +85°C
OP-47GD D -25°C to +85°C
OP-47ET T -25°C to +85°C
OP-47FT T -25°C to +85°C
8-Lead OP-47GT T -25°C to +85°C
e v OP-47AD D | 55CH0+125C
Pin Function OP-47AD/883B D -55°C to +125°C
o VY vt OP-47BD D -55°C 1o +125°C
E 8] 1 Vos Trim OP-47BD/883B D -55°C to +125°C
2 -Input OP-47CD D -55°C to +125°C
B 7] 3 +Input OP-47CD/883B D -55°C to +125°C
4 Ve OP-47AT T -55°C 10 +125°C
Bl 6] 5 NC OP-47AT/8838 T -55°C o0 +125°C
n 5 8 3‘;‘"“' OP-47BT T -55°C 1o +125°C
S__. OP-47BT/883B T -55°C to +125°C
8 Vos Trim OP-47CT T -55°C to +125°C
65032064 OP-47CT/883B T -55°C to +125°C
20-Pad LCC OP-47AL/883B L -55°C to +125°C
(Top View) OP-47BL/883B L -55°C to +125°C
Pin Function Notes:
2 Vg Trim /883B suffix denotes Mil-Std-883, Level B processing
5 -Input N = 8-lead plastic DIP
7  +Input D = 8 lead ceramic DIP
10 -V T = 8-lead metal can (TO-99)
15  Output L = 20-pad leadless chip carrier
17 4V M = 8-lead plastic SOIC
20 V sTrim Contact a Raytheon sales office or representative for
os ordering information on special package/temperature
range combinations.
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OP-47

Operational Amplifiers

Absolute Maximum Ratings

Supply Voltage ......cccceeeeeeeeeeencrseececcennnes 22V
Input Voltage™ ........ceoevveereerveecneneeseeneeennenne 22V
Differential Input Voltage ........cccoeecerreenenee. 0.7v
Internal Power Dissipation** ................. 658 mW
Output Short Circuit Duration .............. Indefinite
Storage Temperature

(27 15To - St -65°C to +150°C
Operating Temperature Range

OP-47A/B/C ......ceereeeeenenee. -55°C to +125°C

OP-47E/F/G (Hermetic)........... -25°C to +85°C

OP-47E/F/G (Plastic) ................. 0°Cto +70°C
Lead Soldering Temperature

(SO-8, 10 SEC) «eeererrerreecerceeeeennenne +260°C

(DIP, LCC, TO-99; 60 seC).........cccu.... +300°C

*For supply voltages less than +22V, the absolute maxi-

Mask Pattern

Die Size: 75 x 80 mils

65-01681A
mum input voltage is equal to the supply voltage. Min Pad Dimensions: 4 x 4 mils
**Observe package thermal characteristics.
Thermal Characteristics
8-Lead 8-Lead TO-99 8-Lead
Small Ceramic 8-Lead 20-Pad Plastic
Outline DIP Metal Can LCC DIP
Max. Junction Temp. 125°C 175°C 175°C 175°C 125°C
Max. Py 'l'A <50°C 300 mwW 833 mW 658 mW 925 mW 468 mW
Therm. Res 6, — 45°C/W 50°C/W 37°C/wW —
Therm. Res. 6,, 240°C/W 150°C/W 190°C/W 105°C/W 160°C/W
For T, >50°C Derate at {4.17 mW/°'C (8.33 mW/'C | 526 mW/'C | 7.0 mW/'C | 6.25 mW/°C
Raytheon 4-99



Section 4 OP-47

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

OP-47A/E OP-47B/F -
Parameters Test Conditions Min Typ Max |Min Typ Max | Min Typ Max | Units
Input Offset Voltage® 10 25 20 60 30 100 uv
Long Term Input Offset 02 1.0 03 15 04 20 | uVMo
Voltage Stability!
Input Offset Current 70 35 9.0 50 12 75 nA
Input Bias Current +10 40 +12 155 +15 180 nA
Input Noise Voltage® 0.1 Hzto 10 Hz 0.08 0.18 0.08 0.18 009 025 | pV
Fo=10Hz 35 55 35 55 38 80
Input Noise Voltage Fo=30Hz 31 45 3.1 45 33 56 LV
Density? F, = 1000 Hz 30 38 30 38 32 45 vHz
Fo=10Hz 1.7 40 17 40 17
Input Noise Current Fo,=30Hz 1.0 23 1.0 23 1.0 pPA
Density? F, = 1000 Hz 04 06 04 06 04 06 | Az
Input Resistance 15 6.0 12 50 08 40 MQ
(Diff. Mode)*
Input Resistance 3.0 25 2.0 GQ
(Com. Mode)
Input Voltage Range® +11 $£12.3 +11 123 +11 123 Vv
Common Mode Veu=211V 114 126 106 123 100 120 dB
Rejection Ratio
Power Supply Vs +4Vto 18V 100 120 100 120 94 118 dB
Rejection Ratio
R 22kQ,V,=+10V| 1000 1800 1000 1800 700 1500
Large Signal Voltage Gain | R, > 1k, V,=+10V| 800 1500 800 1500 1500 VimV
Vo=41V,V=24V¢ | 250 700 250 700 200 500
R 22kQ +12 +13.8 +12 +13.8 +11.5 +13.5
Output Voltage Swing R, >600Q 1 12 1 +12 +11  +12 v
Slew Rate* R 22kQ 35 50 3 50 35 50 Vs
Gain Bandwidth Product* | F, =10 kHz 4 70 4 70 4 70 MHz
Fo=1MHz 45 45 45
Open Loop Output Vo=0,l,=0 70 70 70 Q
Resistance
Power Consumption 90 140 90 140 100 170 mw
Offset Adjustment Range | R =10kQ +4.0 +4.0 +4.0 mV
Notes:

1. Long Term Input Offset Voltage Supply refers to the average trend line of V.. vs. Time over extended periods after the first 30 days of
operation. Excluding the initial hour of operation, changes in V ¢ during the ﬁrst 30 operating days are typically 2.5 uV.

2. This parameter is tested on a sample basis only.

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. Parameter is guaranteed but not tested.

5. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of power.
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OP-47 Operational Amplifiers

Electrical Characteristics (v, - +15V, -55'C < T, <+125°C unless otherwise noted)

OP-47A OP-47B OP-47C
Parameters Test Conditions Min Typ Max| Min Typ Max | Min Typ Max | Units
Input Offset Voltage' 30 60 50 200 70 300 Ny
Average Input Offset 02 0.6 03 13 04 18 uvrc
Voltage Drift?
Input Offset Current 15 50 2 85 30 135 nA
Input Bias Current +20 160 128 195 135 +150 nA
Input Voltage Range +10.3 115 +10.3 £11.5 +10.2 +11.5 Vv
Common Mode Veu =10V 108 122 100 119 94 116 dB
Rejection Ratio
Power Supply Vs +4.5Vio +18V 96 116 94 114 86 110 dB
Rejection Ratio
Large Signal Voltage Gain | R, 2 2kQ, V,=+10V| 600 1200 500 1000 300 800 VimV
Output Voltage Swing R _22kQ +11.5 +13.5 +11 +13.2 +10.5 +13 v

Electrical Characteristics (v, = +15v, -25'C <T, < +85°C for hermetic package types, 0°C < T, < +70°C for
plastic package types unless otherwise noted)

OP-47E OP-47F OP-47G

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

Input Offset Voltage' 20 50 40 140 55 220 rv

Average Input Offset 02 0.6 03 13 04 18 pvrc

Voltage Drift?

Input Offset Current 10 50 14 85 20 135 nA

Input Bias Current +14 160 +18 195 125 +150 nA

Input Voltage Range +10.5 +11.8 +10.5 +11.8 +10.5 +11.8 v

Common Mode Ve =10V 110 124 102 121 96 118 dB

Rejection Ratio

Power Supply Vg = +4.5V to 18V 97 118 96 116 90 114 dB

Rejection Ratio

Large Signal Voltage Gain | R >2kQ, V, =10V | 750 1500 700 1300 450 1000 VimV

Output Voltage Swing R _22kQ +11.7 +13.6 +11.4 +135 +11 +133 v
Notes:

1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power.

2. TV, performance is guaranteed unnulled or when nulled with R, = 8.0 kQ to 20 kQ.
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Section 4 OP-47

Typical Performance Characteristics

0.1 Hz to 10 Hz Noise Test Circuit
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Operational Amplifiers

Typical Performance Characteristics (Continued)

Maximum Output Swing vs. Reslistive Load
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Typical Performance Characteristics (Continued)
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OP-47 Operational Amplifiers

Typical Performance Characteristics (Continued)

Input Offset Current vs. Temperature Open Loop Voltage Gain vs. Load Resistance
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Typical Performance Characteristics (Continued)

Load Resistance vs. Slew Rate Total Noise vs. Source Resistance
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OP-47

Operational Amplifiers

Typical 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-47 for best noise perform-
ance. The optimum source impedance can be
calculated as the ratio of e /i, which for the
OP-47 is approximately 7000Q. Fortunately
the noise performance does not degrade
appreciably until the source impedance is four
or five times this optimum value.The source
impedance at the output of this transformer, of
15 kQ, 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
response at 90 kHz giving a noise power
bandwidth of 140 kHz.

Instrumentation

The OP-47 is particularly adaptable to instru-
mentation applications. When wired into a

LowZ
Microphone =

(1500 Jensen Transformer

JE-115K-E

single op amp difference amplifier configura-
tion, the OP-47 exhibits outstanding common
mode rejection 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
characteristics 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 V2. The spectral noise voltage
increases from approximately 3 nV/vHz to
approximately 4.9 nV/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 400 for an overall gain of
1000. R7 is trimmed to optimize the common
mode rejection ratio (CMRR) with frequency.
With balanced source resistors a CMRR of
100 dB is achieved. With a 1 kQ source
impedance imbalance CMRR is degraded to
80 dB at 5 kHz due to the finite (3 GQ) input
impedance.

65-1695

Figure 1. Low Impedance Microphone Preamplifier

Raytheon
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Section 4 OP-47
R5 R8
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5K
- Trim R2 for AvcL = 10000
Trim R10 for dc CMMR —
Trim R7 for minium Voyr atVem= 20 Vpp, 10 kHz =
65-1696
Figure 2. Three Op Amp IC Instrumentation Amplifier
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Section 4 oP-77

OP"77 Se rieS Description
P re C i S i O n Designed to upgrade OP-07 and other similar

precision op amps, the OP-77 offers ultra high

O pe rati on al performance in applications requiring high gain,

- superior gain-linearity, and extremely low
Am I Ifl ers TCV,. The OP-77's outstanding gain-linearity,
p which eliminates incorrectable system nonlin-
earities common in previous precision op amps,
is achieved by an exceptional open-loop gain of
more than 10 million maintained over £10V

Features output range. The excellent TCV,, of 0.3 uV/°C
maximum, plus an extremely low power con-

W Ultra high gain — 5000 V/mV min sumption of 35 mW (which reduces warm-up
B Outstanding gain linearity drift ) significantly increases system accuracy
ift — 0.3 uV. a over temperature. These characteristics, along

W Ultra low Vo, drift 0.3 WV/C max with low V_,, low I, high CMRR, high PSRR,
W Low V, —25 pV max and low input noise levels, combine to raise the
B Low noise — 0.3 uV,_ (0.1to 10 Hz) performance level of many high-resolution
B Low power consumption — 35 mW instrumentation and data conversion systems.
W Low input offset current — 1.5 nA max Advanced circuit design and wafer processing
B High CMRR — 120 dB min are Raytheon’s added advantages in quality

. ) and reliability. A patented, proprietary V, trim-
B High PSRR — 110 dB min ming method after packaging significantly
B Replaces OP-07, 108, 725, 741 types enhances yield and availability of top grade
u (A/E) devices.

Wide range of package types
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OP-77

Operational Amplifiers

Ordering Information

Connection Information

Operating 8-Lead 8-Lead
Part Number Package Temperature TO-99 Metal Can Dual In-Line Package
Range (Top View) (Top View)
OP-77EN N 0°Cto +70°C \J
OP-77FN N 0°C 10 +70°C m® 8]
OP-77GN N 0°Cto +70°C
OP-77FM M 0°C to +70°C 2 7]
OP-77GM M 0°Cto +70°C
E g
OP-77ET T -25°C to +85°C
OP-77FT T -25°C to +85°C E 5]
OP-77ED D -25°C to +85°C
OP-77FD D -25°C to +85°C 65.03206A
OP-77AT T -55°Cto +125°C
OP-77AT/8838" T -55°Cto +125°C 8-Lead Plastic Pin Function
OP-77BT T -55°C to +1 25.0 Dual In-Line SO-8 1 Vg Trim
OP-77BT/883B* T -55°C to +125°C i 2 -Input
OP-77AD D -55°C 10 +125°C (Top View) 3 +inout
OP-77AD/883B* | D | -55°Clo+125C E)’e) A 4 _Vp(Case)
OP-77BD D -565°C to +125°C z 7] 5 N CS
OP-77BD/883B* D -55°C to +125°C
OP-77AL/883B* L -55°C to +125°C 3] 6] 6  Output
OP-77BL/883B" L -55'C to +125°C (4 5] 57; ;Vs ™
rim
Notes: o50z008A os
/883B suffix denotes Mil-Std-883, Level B processing
N = 8-lead plastic DIP 20-Pad LCC
D = 8 lead ceramic DIP (Top View)
T = 8-lead metal can (TO-99)
L = 20-pad leadless chip carrier .
M = 8-lead plastic SOIC 2  Vgyg Trim
Contact a Raytheon sales office or representative for 5 -Input
ordering information on special packagetemperature 7  +Input
range combinations.
10 -Vg
15 Output
17 +Vg
| 20 Vg Trim
9 10 11 12 13
65-02657A
Raytheon 4111



Section 4

OP-77

Absolute Maximum Ratings

Supply Voltage ......c.ccoueeverieeniisniiiniinnennns 22V
Input Voltage™ ......c.cccevvivinininicnnieccnnns 122V
Differential Input Voltage.........ccceervreeennne 30V
Internal Power Dissipation** ................. 500 mW
Output Short Circuit Duration .............. Indefinite
Storage Temperature

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

OP77AB ... -55°C to +125°C

OP77E,F,G (Hermetic) .......... -25°C to +85°C

OP77E,F,G (PlastiC) .....c.ccoeeuenee 0°Cto +70°C
Lead Soldering Temperature

TO-99, DIP, LCC (60 S€C) .....covveneuee +300°C

SO-8 (10 SEC) ccuvevueernerrerrerreesernrenenne +260°C

*For supply voltages less than +22V, the absolute maximum

Mask Pattern

65-4020

Die Size: 75 x 78 mils
Min. Pad Dimensions: 4 x 4 mils

input voltage is equal to the supply voltage.
**Observe package thermal characteristics.

Thermal Characteristics

8-Lead 8-Lead
20-Pad 8-Lead TO-99 Plastic 8-Lead
LCC Ceramic DIP | Metal Can SO Plastic DIP
Max. Junction Temp. 175°C 175°C 175°C 125°C 125°C
Max. P, T, <50°C 925 mW 833 mW 658 mW 300 mw 468 mW
Therm. Res 6, 37°C/W 45°C/W 50°C/W - -
Therm. Res. 6,, 105°CW 150°C/W 190°C/W 240°C/W 160°C/W
For T, >50°C Derate at | 7.0 mW/"C | 8.33 mW/C |5.26 mW/'C | 417 mW/C| 6.25 mW/C

4-112
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OP-77

Operational Amplifiers

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

OP-77A OP-77B
Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage® +10 125 +20 160 v
Long Term V¢ Stability' 0.2 0.2 uV/Mo
Input Offset Current +0.3 +1.5 0.3 2.8 nA
Input Bias Current +1.2 2.0 +1.2 +2.8 nA
Input Noise Voltages 0.1 Hzto 10 Hz 0.35 0.6 0.35 0.65 pr_p
Fy=10Hz 10.3 18 103 18
Input Noise Voltage Densitys Fo, =100 Hz 10 13 10 13 _nV_
F, = 1000 Hz 9.6 11 9.6 11 ] VHz
Input Noise Currents 0.1 Hzto 10 Hz 14 30 14 35 pAW
Fo=10Hz 032 08 032 08
Input Noise Current Densitys F, =100 Hz 0.14 0.23 0.14 0.23 pA
F, = 1000 Hz 012 017 012 017 | vHz
Input Resistance (Diff. Mode): 26 45 18.5 45 MQ
Input Resistance (Com. Mode) 200 200 GQ
Input Voltage Range* +13 +14 +13 +14 v
Common Mode Rejection Ratio Veu =111V 120 140 116 140 dB
Power Supply Rejection Ratio Vs =13Vto 18V 110 120 110 120 dB
Large Signal Voltage Gain R 2>2kQ, 5000 12000 2000 8000 V/imV
Vo =110V
R _210kQ, +13  +135 13 #1356
Output Voltage Swing R _22kQ, +125 +13 +125 13 v
R_21kQ, 12 1125 12 1125
Slew Rate? R 22kQ, 0.1 0.2 0.1 0.2 VS
Closed Loop Bandwidth? Ay =+1.0 0.4 0.6 0.4 0.6 MHz
Open Loop Output Resistance Vo=0,1,=0 60 60 Q
Power Consumption Vs =%15V,R = 35 60 35 60 mwW
Vs=13V,R = 20 45 2.0 45
Offset Adjustment Range R, =20kQ 3.5 13.5 mV
Notes:

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

typically 2.5 pV.
2. Guaranteed by design.

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power. The OP-77A/E grades in T, D, and L packages are tested fully warmed up.
4. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power.

5. Sample tested.

Raytheon
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Section 4 OP-77
Electrical Characteristics (v, = +15V and T, = +25°C unless otherwise noted)
OP-77E OP-77F OP-77G
Parameters Test Conditions Min Typ Max| Min Typ Max| Min Typ Max| Units
Input Offset Voltage® +10 25 20 160 50 +100 rv
Long Term Input 0.3 0.4 04 uV/Mo
Offset Voltage Stability'
Input Offset Current +03 1.5 +03 12.8 +03 128 nA
Input Bias Current +1.2 +2.0 +1.2 2.8 +1.2 128 nA
Input Noise Voitages 0.1 Hzto 10 Hz 035 0.6 0.38 0.65 0.38 0.65| pV
F, =10 Hz 103 18 105 20 105 20
Input Noise Voltage F, =100 Hz i0 13 102 135 10.2 135 nv.
Densitys F, =1000 Hz 96 11 98 115 98 11.5| +Hz
Input Noise Currents 0.1 Hzto 10 Hz 14 30 15 35 15 35 pAW
Fo =10 Hz 032 038 035 09 035 0.9
Input Noise Current Fo =100 Hz 0.14 0.23 0.15 0.27 0.15 027 pA
Densitys F, = 1000 Hz 012 0.17 0.13 0.18 013 0.18| +Hz
Input Resistance 26 45 185 45 185 45 MQ
(Diff. Mode)?
Input Resistance 200 200 200 GQ
(Com. Mode)
Input Voltage Range* +13 14 +13 114 +13 14 v
Common Mode Ve =113V 120 140 116 140 116 140 dB
Rejection Ratio
Power Supply Vg =13Vito 18V 110 123 110 123 110 123 dB
Rejection Ratio
Large Signal Voltage Gain | R 22kQ, 5000 12000 2000 6000 2000 6000 V/imV
Vo =110V
R 210kQ +13 +135 +13 135 +13 1135
Output Voltage Swing R 22kQ +125 £13 +125 $13 +125 +13 v
R 21kQ +12 1125 +12 1125 +12 +125
Slew Rate* R _22kQ 01 02 01 02 01 0.2 V/iuS
Closed-Loop Bandwidth: | A, =+1.0 04 06 04 06 04 06 MHz
Open Loop Output Vo=0,l,=0 60 60 60 Q
Resistance
Power Consumption Vs =115V,R = 35 60 35 60 35 60 mwW
Ve =13V,R = 20 45 20 45 20 45
Offset Adjustment Range | R, = 20 kQ 3.5 3.5 +3.5 mV
Notes:

1.

ar LD

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

first 30 days of operation. Excluding the initial hour of operation, changes in V¢ during the first 30 operating days are

typically 2.5 pV.
Guaranteed by design.

Sample tested.

4-114
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Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after applica-
tion of power. The OP-77A/E grades on T, D, and L packages are tested fully warmed up.
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OP-77

Operational Amplifiers

Electrical Characteristics (V= 15V, -565°C < T, < +125°C unless otherwise noted)

OP-T7A | oP-77B

Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage +25 +60 145  +120 v
Average Input Offset 0.1 0.3 0.2 0.6 uv/c
Voltage Drift!
Input Offset Current 0.8 2.2 +1.0 +45 nA
Average Input Offset 5.0 125 +5.0 50 | pArC
Current Drift?
Input Bias Current +2.4 +4.0 +24 6.0 nA
Average Input Bias 18.0 125 +15 +35 | pA/C
Current Drift?
Input Voltage Range +13  +135 +13  $135 v
Common Mode Rejection Ratio | V., =+10V 120 140 110 140 dB
Power Supply Rejection Ratio V, =13V to +8V 110 120 106 120 dB
Large Signal Voltage Gain R 22kQ, 2000 6000 1000 4000 V/imV

Vo =10V
Maximum Output Voitage R _22kQ, +12 +13 +12 +13 \'
Swing
Power Consumption R = o 40 75 40 75 mwW

Electrical Characteristics
(Vg = £15V; -25°C < T, < +85°C for T, D, and L packages; 0°C < T, < +70°C for N and M packages unless otherwise noted)

OP-77E OP-77F OP-77G
Parameters Test Conditions Min Typ Max (Min Typ Max |Min Typ Max | Units
Input Offset Voltage +10 145 120 +100 180 #100 | uV
Average Input Offset 01 03 02 06 03 12 | pvrc
Voltage Drift
Input Offset Current +0.5 +2.2 0.5 145 +05 14.5 nA
Average Input Offset +1.5 140 +1.5 185 +15 185 | pArC
Current Drift?
Input Bias Current 124 4.0 2.4 16.0 24 16.0 nA
Average Input Bias +8 140 +15 160 +15 460 | pArC
Current Drift?
Input Voltage Range +13 +135 +13 %135 +13 $135 \"
Common Mode Rejection | V=113V 120 140 110 140 110 140 dB
Ratio
Power Supply Rejection V, =+3Vto £18V 110 120 106 120 106 120 dB
Ratio
Large Signal Voltage Gain| R 22k, 2000 6000 1000 4000 1000 4000 Vimv
V, =110V
Output Voltage Swing R _22kQ +12  +13 +12  +13 +12  +13 \
Power Consumption R = o 40 75 40 75 40 75 mW
Notes:
1. 100% tested for Grade A on T, and L packages.
2. Sample tested.
Raytheon 4115



Section 4

OP-77
adad / \ R
1N ERANIVAN
=z -"?v\‘ +10V z "%W \ {'ov
\ \
| _Ta= +25°C
RL=2kQ a
| Vg=n5V a .§ AS v g
Vour Vour
OP-77 Improved Open-Loop Gain Linearity Typical Precision Op Amp Gain Linearity
R1
50k*

Vo = 1000 Vog
* Resistors must have low
thermoslectric potential 65-03821
15V 66-03822
Test Circuit for Offset Voltage and
ks Drift With Temperature Improved Sensitivity V ; Adjustment
510Q 0.1 pF
l._
—MA—
100 100K
- 2kQ
- 43K  224F Scope
+ x1
Device 4.7WF + | Rin =1MQ
2.2 pF
= A4 Under Test I 1%2 I 10K
it
2UXKS 11 = =
0.1 uF
The device under test should be warmed up
for 3 mins and shielded from air currents. — 65-03823

0.1 Hz to 10 Hz Noise Test Circuit
(peak to peak noise measured in 10 sec interval)
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OP-77 Operational Amplifiers

Typical Applications

e )

——0 Vour
0<Voyr <10V

654017

The high gain and low TCV,¢ assure accurate operation with inputs from microvolts to volts. In this circuit, the signal always
Kappears as a common-mode signal to the op amps. The OP-77E CMRR of 1 uV/V assures errors of less than 2 ppm. Y,

Precision Absolute Value Amplifier

4 ' N D

Positive Current Sink
JE} +Vs
LA/
‘ZMA 1.8kQ
O +15V R
L
p—O Vo =10V Ve 1 lo
b R2 O 200 Q
1N4579A > 3.6 kQ b 1Ars0
6.4V 5%
+5ppm/°C f v
2R m lo= |r
— “» 6.4kQ 1 >
- _| W eot v
= Ayct - 1.6 - I=1AN
65-04018 Positive Current Source
This simple bootstrapped voltage reference provides a A1
precise 10V virtually independent of changes in power W I
supply voltage, ambient temperature and output load- Q
ing. Correct zener operating current of exactly 2 mA is W 1RF520
maintained by R1, a selected 5 ppm/'C resistor, con- Ve O l 1o
nected to the regulated output. Accuracy is primarily R
determined by three factors: the 5 ppm/*C tempera- e Y
ture coefficient of D1, 1 ppm/*C ratio tracking of R2 ° m
and R3, and operational amplifier V4 errors. Vs V<oV
Vs errors, amplified by 1.6 (A, ), appear at the 0019
output and can be significant with most monolithic am-
plifiers. For example: an ordinary amplifier with TGV, These simple high current sinks require that the load
of 5 uV/'C contributes 0.8 ppm/"C of output error while float between the power supply and the sink.
the OP-77, with TCV 4 of 0.3 uVr'C, contributes but
0.05 ppm/°C of output error, thus effectively eliminat- In these circuits, OP-77's high gain, high CMRR, and
ing TCV,¢ as an error consideration. low TCV,, ¢ assure high accuracy.
_J o J
High Stability Voltage Reference Precision Current Sinks

Raytheon 4117
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RC4097

Operational Amplifiers

RC4097 Series
Low-Power,
High Precision
Operational
Amplifiers

Features
M Low input offset voltage — 15 uV max
W Low Vg drift — 0.3 uV/°C max
M Low input bias current —
+25°C, 100 pA max
-55°C to +125°C, 600 pA max
M High gain — 1000 V/mV min
M High CMRR — 120 dB min
B High PSRR 114 dB min
M Low supply current — 600 pA max
H Low noise — 0.5 qu_p (0.1 to 10 Hz)
M Replaces OP-97, LT1012

Description

The RC4097 is a micropower device that can
be used to improve the performance of a wide
range of precision operational amplifier appli-
cations. Essentially, a low-power idling current,
low I version of the popular OP-07 industry
type, the RC4097 can repiace FET-input op
amps in circuits requiring low input bias cur-
rents while realizing significant improvements
in voltage noise, Vos, and V¢ drift. The other
input specifications, such as CMRR and
PSRR, support the high level of precision
performance, allowing upgrading of many
instrumentation, low-level signal conditioning,
sample-and-hold, and data conversion applica-
tions.

The superb performance of the RC4097 is a
result of advanced design and processing
techniques, including post-package trimming of
the input offset voltage, and superbeta proc-
essing of the input transistors. Picoampere
input bias currents are maintained over the full
military temperature range through the use of
bias cancellation techniques in the design of
the input stage. The RC4097 offers lower V¢
drift, lower V¢, higher open-loop gain , and
better CMRR than industry-standard OP-97 or
LT1012 types.

The RC4097 is available in 8-lead plastic or
ceramic DIPs, TO-99 metal cans, and plastic
small outline packages. Military, industrial, and
commercial temperature ranges can be se-
lected, and Mil-Std-883B processing is avail-
able.

Raytheon 4-119



Section 4

RC4097

Connection Information

8-Lead 8-Lead Plastic
TO-99 Metal Can Dual In-Line SO-8
(Top View) (Top View)
0o 8]
2] 7]
K 6]
(4] 5]
65-02666A
65-03205A
8-Lead
Dual In-Line Package
(Top View)
o\ Pin  Function
E Bi 1 Vg Trim
2  -Input
(] 7] 3 +Input
4 -V
B 6] 5 NC
6 Output
[4] 5] 7 4V
8 Vg Trim
65-03206A

Ordering Information

Operating
Part Number Package| Temperature
Range
RC4097AN N 0°C to +70°C
RC4097EN N 0°Cto +70°C
RC4097FN N 0°C to +70°C
RC4097EM M 0°C to +70°C
RC4097FM M 0°Cto +70°C
RV4097ET T -25°C to +85°C
RV4097FT T -25°C to +85°C
RV4097ED D -25°C to +85°C
RV4097FD D -25°C to +85°C
RM4097AT T -65°C to +125°C
RM4097AT/883B T -55°C to +125°C
RM4097AD D -55°C to +125°C
RM4097AD/883B D -55°C to +125°C
Notes:

/883B suffix denotes Mil-Std-883, Level B processing
N = 8-lead plastic DIP

D = 8-lead ceramic DIP

T = 8-lead metal can (TO-99)

M = 8-lead plastic SOIC

Contact a Raytheon sales office or representative for
ordering information on special packageftemperature
range combinations.
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RC4097

Operational Amplifiers

Absolute Maximum Ratings Mask Pattern
Supply Voltage ........cccevveneveneinnicnineneees 22V
Input Voltage™ .......cccevvmiiviiveicniiiiiccnne +22V
Differential Input Voltage .........ccccceveeeeennee. 30V 8 7
Internal Power Dissipation** ................. 500 mW 6
Output Short Circuit Duration .............. Indefinite
Storage Temperature
Range .....cccceeevernerieeeceene, -65°C to +150°C
Operating Temperature Range
RM4097A......cooiecieinenne -55°C to +125°C 1
RV4097E,F (Hermetic) ........... -25°C to +85°C
RC4097A,E,F (Plastic) .............. 0°Cto +70°C
Lead Soldering Temperature 4
(SO-8, 10 SEC) wceveeenererrncereeeeneceneenen +260°C
(DIP, TO-99; 60 SEC) ..cevvureerinrecrennennne +300°C 2 3
*For supply voltages less than +22V, the absolute maxi- 654238
mum input voltage is equal to the supply voltage. Die Size: 75 x 78 miis
**Observe package thermal characteristics. Min Pad Dimensions: 4 x 4 mils

Thermal Characteristics

8-Lead 8-Lead 8-Lead 8-Lead
Ceramic TO-99 Small Plastic
DIP Metal Can Outline DIP

Max. Junction Temp. 175°C 175°C 125°C 125°C
Max. P, T, <50°C 833 mW 658 mW 300 mwW 468 mW
Therm. Res 0, 45°C/W 50°C/wW - -
Therm. Res. 6,, 150°C/W 190°C/W 240°C/W 160°C/W
For T, >50°C Derate at 8.33 mW/°C | 5.26 mW/'C | 417 mW/°C | 6.25 mW/C

4121



Section 4

RC4097

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

4097A/E 4097F

Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage® RC/RM4097A 17.0 +15 +20 +60 rv

RC4097E +15 125
Long Term V, Stability! 0.2 0.4 nVMo
Input Offset Current 30 100 30 150 pA
Input Bias Current +30  +100 +30 1150 pA
Input Noise Voltage® 0.1 Hzto 10 Hz 0.5 0.5 [T/
Input Noise Voltage Density® F,=10Hz 17 30 17 30 nV

F, = 1000 Hz 14 22 14 22 | VHz
Input Noise Current Density® Fo,=10Hz 20 20 tAanfiz
Input Resistance (Diff Mode)? 30 30 MQ
Input Voltage Range* +13 +14 +13 +14 \"
Common Mode Rejection Ratio Ve =113V 120 140 110 130 dB
Power Supply Rejection Ratio V, = 2.5V to +20V 114 128 110 128 dB
Large Signal Voltage Gain R 22kQ,V,=110V| 1000 2500 600 2500 V/mV
Output Voltage Swing R 210kQ +13 %135 +13  +135 v
Slew Rate 0.1 0.3 0.1 0.3 Vs
Closed Loop Bandwidth? Ay =+1.0 0.4 0.8 0.4 0.8 MHz
Power Consumption Vs =#15V,R = 12 18 12 18 mwW
Supply Voltage Range Operating +2.5 +20 | +25 +20 v

Notes:

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

typically 2.5 V.
2. Guaranteed by design.

tion of power. The RC/RM4097A grades are tested fully warmed up.

5. Sample tested.

4-122
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. The input protection diodes do not allow the device to be removed or inserted into the circuit without first removing power.



RC4097 Operational Amplifiers

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

4097A/E 4097F
Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage RC4097A 10 30 uv
RC4097E/F 20 55 35 115
Average Input Offset RC4097A 0.1 0.3 04 1.2 uvrc
Voltage Drift! RC4097E/F 0.2 0.6 0.4 1.2
Input Offset Current 60 250 80 500 pA
Average Input Offset 0.6 7.8 1.1 15 pA/C
Current Drift?
Input Bias Current 160  +250 +80  +500 pA
Average Input Bias Current 0.6 7.8 2.8 15 pArC
Drift?
Input Voltage Range +13  +135 +13 %135 \"
Common Mode Rejection Ratio Ve =110V 114 128 108 126 dB
Power Supply Rejection Ratio Vs = 3.0V to £20V 108 126 108 126 dB
Large Signal Voltage Gain R 22kQ, V=10V | 600 1500 400 1200 VimV
Maximum Output Voltage Swing | R, 210 kQ +12 +13 +12 +13 Vv
Power Consumption R = 14 24 14 24 mwW
Supply Voltage Range Operating +3 +20 +3 +20 \
Notes:

1. 100% tested for A Grade .
2. Sample tested.
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Section 4 RC4097

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

4097E 4097F
Parameters Test Conditions Min Typ Max Min Typ Max | Units
Input Offset Voltage 25 60 40 130 uv
Average Input Offset 0.2 0.6 0.4 1.2 uvrc
Voltage Drift!
Input Offset Current 100 600 200 750 pA
Average Input Offset 1.1 11.7 2.8 15 pArC
Current Drift?
Input Bias Current +100  +600 +200 +750 pA
Average Input Bias Current 1.1 11.7 2.8 15 pAsC
Drift?
Input Voltage Range +13  +135 +13 #1356 \
Commion Mode Rejection Ratio V=110V 114 128 108 126 dB
Power Supply Rejection Ratio Vs =13.0V to +20V 108 126 108 126 dB
Large Signal Voltage Gain R 22kQ, V,=+10V | 600 1500 400 1200 VimV
Maximum Output Voltage Swing | R 210kQ +12 +13 +12 +13 v
Power Consumption R = 14 24 14 24 mwW
Supply Voltage Range Operating +3 +20 +3 +20 v
Notes:

1. 100% tested for A Grade.
2. Sample tested.
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RC4097 Operational Amplifiers

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

RM4097A
Parameters Test Conditions Min Typ Max Units
Input Offset Voltage 20 45 uv
Average Input Offset 0.1 0.3 uvrce
Voltage Drift!
Input Offset Current 100 600 pPA
Average Input Offset 0.7 7.0 pArC
Current Drift?
Input Bias Current +100 +600 PA
Average Input Bias Current 0.7 7.0 pArC
Drift?
Input Voltage Range +13 +13.5 v
Common Mode Rejection Ratio | V,,, = 10V 114 130 dB
Power Supply Rejection Ratio Vs = +4.0V to 20V 108 126 dB
Large Signal Voltage Gain R 22kQ, V, =+10V 600 1200 V/imV
Maximum Output Voitage Swing | R 210 kQ +13 +13.5 Vv
Power Consumption R = 15 24 mwW
Supply Voltage Range +3.0 +20 \"
Notes:

1. 100% tested for A Grade.
2. Sample tested.
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RC4097

Offset Voltage Adjustment

The input offset voltage of the RC4097, and its
drift with temperature, are permanently trimmed
at wafer test to a low level. However, if further
adjustment of V. is necessary, nulling with a
10K or 20K potentiometer will not degrade drift
with temperature. Trimming to a value other
than zero creates a drift of (V,¢/300) uV/°C,
e.g., if V4 is adjusted to 300 puV, the change in
drift will be 1 uV/°C. The adjustment range with
a 10K or 20K potentiometer is approximately
4.0 mV. If less adjustment range is needed, the
sensitivity and resolution of the nulling can be
improved by using a smaller pot in conjunction
with fixed resistors. The example on page 9
has an approximate null range of £100 pV.

Unless proper care is exercised, thermocouple
effects caused by temperature gradients across
dissimilar metals at the contacts to the input
terminals, can exceed the inherent drift of the
amplifier. Air currents over device leads should
be minimized, package leads should be short,
and the two input leads should be as close
together as possible and maintained at the
same temperature.

RC4097 series units may be inserted directly
into OP-07, OP-05, 725, 108A or 101A sockets
with or without removal of external frequency
compensation or nulling components. The
RC4097 can also be used in 741 applications
provided that the nulling circuitry is removed.

The voltage follower is an ideal example illus-
trating the overall excellence of the RC4097.
The contributing error terms are due to offset
voltage, input bias current, voltage gain, com-
mon-mode and power-supply rejections. Worst-
case summation of guaranteed specifications is
tabulated below.

+12t0 +18V

Rs

———(O Output
0to 10 kQ "

3 1010 +10V

Input
-10to +10V

-12to -18V

65-03820

Large Signal Voltage Follower With
0.00065% Worst-Case Accuracy Error

Output Accuracy

RM4097A RM4097A RC4097A

Error 25°C Max -55 to +125°C Max | 0°C to +70°C Max
(1v) (nv) (1v)
Offset Voltage 15 45 30
Bias Current 1.0 6 2.5
CMRR 20 40 40
PSRR 12 24 24
Voltage Gain 20 33 33
Worst Case Sum 68 148 129.5
Percent of Full Scale .00034% .00074% .00065%
(=20v)
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RC4097 Operational Amplifiers

+15V

R2

100* Vour

R3

50K* -15V Output

= Vo =1000 Vos

* Resistors must have low A5V 6503822
thermoelectric potentiai 65-03821

Test Circuit for Offset Voltage and

Improved Sensitivity V,; Adjustment
Its Drift With Temperature

510Q2 0.1 pF
109 100K
- 2kQ
—W\’V‘I_ - 2 2 uF Soope
+
47uF + Rm =1MQ
Device 22 PF
= Under Test 100 kQ 110K
[T
24.3K | 1}
0.1 pF
The device under test should be warmed up
for 3 mins and shielded from air currents. e 65-03823

0.1 Hz to 10 Hz Noise Test Circuit (peak-to-peak noise measured in 10-sec intervals)
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Section 4 RC4097

Typical Applications
Unity-Gain Follower Non-Inverting Amplifier
AW g‘/\’v"———‘W\r——
A 2 M 2]
R 6 | 6
1 4097 O 1 4097 —0
v o3 o \ 3
OT——/ A
Inverting Amplifier TO-99 Mini-DIP
AAA AAA Bottom View  Bottom View
1 o o1
2 8° ° a o
" ~\ - o o
0 w7 D4 o °,0 o o
\ +
65-4222

Guard Ring Layout and Connections

_1_30 pF
2

Reeepsack
I our
Vier Input -
D/':u(':‘z:z‘enr?er 4097 § p——O Output
0.1V to 10V 3 +
- = 654223

Wide Dynamic Range Multiplying DAC
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RC4097

Operational Amplifiers

Typical Applications (Continued)

— Q +15V
IN
1
2N3609 IT
| 1—0 VOUT
I
T 1.018235v
Saturated 0—-—’VW_
Standard Cell R2
R3 R3 #01 >
100K R =R1 (1+55) Eppley Labs R1
Newport, R.l.
= 65-4237
-_— 65-4224
Resistor Multiplier Long-Life Standard Cell Amplifier
Vi R1 R2
o— W MV
2kQ 20 kQ
5pF
11
H
1uF
11 2
11 - 6
LM318 —O Vour
S 10kQ 31+
0.1 pF A s _Rz_
VT Rt
65-4225

Composite High-Speed, Precision Amplifier

Rayitheon
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Section 4

RC4097

Typical Applications (Continued)

0.1V
Vin O
6 S2
O
oKk*| O 1V
—O 10V
K 1:00:):0" To 1V Full Scale
—————O Analog to Digital
ol Converter
* Ratio match = £0.1%
**S1and S2 ganged together
1000V
10K
FN507 Allen Bradley
Decade Voltage Divider 5.4206

Input Amplifier for 4-1/2 Digit Voltmeter

1
R1 —t
Vi )
0.1Q
R2 R3
10kQ 10kQ

654227

Precision Current Monitor
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(8% 4

(v)
=
g
® =
Vos =
Trim (2]
s o
ﬂ —
» "8
>
<R32 Q10
R29 < % <S5k <SR 1X —
2 > R30 M3 5:1:; a2™ ‘j x j Ko;a o
< VYV 1x 4,
T4 O sk R3S SRiC . | [ I‘\:‘m . 3
3 . K S sk :;
<
T 0 LK <RC < R2B
< -<
yy >30K ‘D”K Qs
T2 01— 048 oz }'
A2 < SPRID C ' l SR8 x
25K S oK 1) 112K Snis
> A} <3
] Rp 2 & 03 3
2 < | 5 100 pF f
(1) Q47 Q7 08 C2A —0®
00— N 30 pF
v $ 17 9§ Output
s ShA - IC Shir
m 212K a3 ™ oF S
N ] Q43
11y 2X
SR8 c28
+ :: R3 >1.5K 20 pF Q26
400K
Q38 Q36
Q32 a12 Q25
Q4 a16 911
Q1A Q2 Q15
l/ 2XAA A | 2 a7
az8 | @2a A 2X .
Q30 cu <
R21 ] . >3
500 R6 R8A S RA< RoB RSB
2K 53K S 62KS  gok 5.3K
R22 < R19
3) 500 S«
+Input O A""
2 -V,
Anput Q41 ¢ ¢ Els
03 @
R4
9.9K
Q1, Q2, Q31, Q32 = Superbeta Devices 65-03833C

L60v0H
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Section 4

RC741

RC741
General
Purpose
Operational
Amplifier

Features

B Supply voltages

RC/RV741 — £18V

RM741 — 122V

Offset voltage null capability
Short-circuit protection

No frequency compensation required
No latch-up

Large common-mode and differential volt-
age ranges

Low power consumption

Description

The RC741 integrated circuit is a high-perform-
ance, high-gain, internally compensated mono-
lithic operational 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.

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 ver-
sion, RC741, operates from 0°C to +70°C. The
industrial version, RV741, operates from

-25°C to +85°C.

Connection Information

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

v \J
73;‘“10 8] NC

an [2] 7] +Vs
+In E E' Output
[ El 7o

65-0939

8-Lead
TO-99 Metal Can

(Top View)

65-03205A
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RC741

Operational Amplifiers

Ordering Information

Mask Pattern

Operating
Part Number Package | Temperature
Range
RC741N N 0°C to +70°C
RV741D D -25° C to +85°C
RV741T T -25° C to +85°C
RV741N N -25° C to +85°C
RM741D D -55°C to +125°C
RM741D/883B D -55°C to +125°C
RM741T T -55°C to +125°C
RM741T7/883B T -55°C to +125°C
Notes:

/883B suffix denotes Mil-Std-883, Level B processing
N = 8-lead plastic DIP

D = 8 lead ceramic DIP

T = 8-lead metal can TO-99

Contact a Raytheon sales office or representative for
ordering information on special package/temperature
range combinations.

Absolute Maximum Ratings

Supply Voltage

RC/RVT741 ...t +18V

RM741 ..ot 22V
Differential Input Voltage........cccccvvveverccenenee 30V
Input Voltage™ ......ccccvveeevmeirnerceenceenerenennens +15V
Output Short Circuit Duration™™ ........... Indefinite
Storage Temperature

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

RM741 ...oeecrenies -55°C to +125°C

RV741 .., -25°C to +85°C

RC741 ..., 0°C to +70°C
Lead Soldering Temperature

(60 SEC) ..ecveiireiiiririi e +300°C

*For supply voltages less than 15V, the absolute maxi-
mum input voltage is equal to the supply voltage.

** Short circuit may be to ground or either supply. Rating
applies to +125°C case temperature or +75°C ambient
temperature for RM741.

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

65-01178A
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Section 4 RC741
Thermal Characteristics
8-Lead 8-Lead 8-Lead
Plastic Ceramic TO-99
DIP DIP Metal Can
Max. Junction Temp. 125°C 175°C 175°C
Max. P, T, <50°C 468 mW 833 mw 658 mwW
Therm. Res 0, — 45°C/W 50°C/W
Therm. Res. 6, 160°C/W 150°C/W 190°C/W
For T, >50°C Derate at 6.25 mw/°C 8.33 mW/°C | 5.26 mW/°C
Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted)
RM741 RC/RV741
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage' Rs < 10k 10 | 50 20 | 60 | mV
Input Offset Current 2 | 200 20 | 200 | nA
Input Bias Current 80 | 500 80 | 500 | nA
Input Resistance (Differential Mode) 0.3 20 0.3 20 MQ
Large Signal Voltage Gain R =2k, Vour =10V | 50 | 200 2 | 200 V/mV
) RL = 10k +12 | +14 +12 | 14 v
Output Voltage Swing
RL=2k0 +10 | £13 +10 | +13 v
Input Voltage Range +12 | +13 +12 | +13 v
Common Mode Rejection Ratio Rs < 10k 70 90 70 90 dB
Power Supply Rejection Ratio Rs < 10k 76 90 76 30 dB
Power Consumption 50 85 50 8 | mwW
Transient Response
Rise Time Vin =20mV, Ry = 2kQ 0.3 0.3 uS
Overshoot CL < 100pF 5.0 5.0 %
Slew Rate RL=2k0 05 0.5 V/uS

Note:

4-134

1. Offset voltage is nulled by connecting a 10k} potentiometer across the balance pins and connecting the wiper pin to -Vs.



RC741 Operational Amplifiers

Electrical Characteristics
(-55°C < T, < +125°C for RM741; 0°C < T, < +70°C for RC741; -25°C < T, < +85°C for RV741)

RM741 RC/RV741
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage R = 10k 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
. R = 10kQ +12 +12 v
Output Voltage Swing
R =2k +10 +10 v
Common Mode Rejection Ratio Rs < 10k 70 70 dB
Supply Voltage Rejection Ratio Rs < 10kQ 76 94 dB
Supply Current +125°C 25 mA
u
PPy “56°C 33
. +125°C 75
Power Consumption mw
-55°C 100

Raytheon 4135



Section 4 RC741

Typical Performance Characteristics

Voltage Offset Transient Response
Nuli Circuit Test Circuit

Vour
.
! i
65-00947A
-Vg
e 65-00948A
Power Consumption as a Function Open Loop Voltage Gain as a
of Supply Voitage Function of Frequency
100 108 ] T
105 Vg=+15V |
— 80 }—Ta=+25C Ta=+25°C
; / o
g 60 / £ 103
= S
1 / s
g 0 L / -;3 102 \;\
o
g . P / 10 ;\
= = Z 1.0 H
/ g \ g
0 2 10-1 2
5 10 15 20 110 100 1K 10K 100K 1M 10M
Supply Voltage (+V) Frequency (Hz)
Open Loop Phase Response as a Input Offset Current as a Function
Function of Frequency of Supply Voltage
0 T 5.0
Vs = +15V I
Ta=+25°C Ta = +25°C
-45 g 40
g .é /
S 9 P S 30
3 N E
£ S
-135 2 20
g 2
180 & 10 3
1 10 100 1K 10K 100K 1M 10M 5 10 15 20
Frequency (Hz) Supply Voltage (+V)
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RC741

Operational Amplifiers

Typical Performance Characteristics (Continued)

Input Resistance and Input Capacitance

Input Resistance (©2)

Peak-to-Peak Output Swing (V)

as a Function of Frequency

10M 100
RiN

g
M 10 2
Cin g
o
100K 10 B
=

10K 0.1

100 1K 10K 100K M

Frequency (Hz)

65-00945A

Output Voltage Swing as a Function
of Load Resistance

28
26
24
22
20

=+15V
+25°C

\\\

1.0
Load Resistance {k())

65-01239A

Input Noise Voltage as a Function of Frequency

Mean Square Voltage (nV/\/Hz)

IR
Vg=+15V | |
100 Ta=+25°C ]
T
10
1.0
10 100 1K 10K 100

Frequency (Hz)

X 65-01241A

Output Resistance as a Function of Frequency

Output Resistance ((2)
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