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Section 3
Industry
Cross Reference

Industry Raytheon Direct Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
AD101 AH LM101 AT
R T T T T
B e T

DAC-4565 DDC,
DAC-4565 JDC

REF-03 TM,
REF-03 TC,

REF-03 CTC,
REF-03 CNB

REF-01, REF-01 A,
1
1

REF-01C, REF-0
REF-01E, REF-0

D,
H

AD9685/ AD9G87

DAC-08 DM,
DAC-08 ADM

ADDAC-08

ADDAC-6012 A

DAC-6012 A

ADOP-07 AH

OP-07 A, OP-07 AT

ADOP-07 EN

0P-07 ENB




Industry Cross Reference
.~ e

Section 3

AMDAC-08 Q DAC-08 DM
CA101 A LM101 A
Ccatn T K R
CAt24 Lmi24, LMi24DC |

DAC-1021/22 LD

Industry Raytheon Direct Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
ADOP-07 H 0P-07,0P-07 T DAC-IC8 BC DAC-08 ADM,
AM685 RC4805 e | DACOBDM
L L R
AM6012 ADC DAC-6012 ADC DAC-08 EDB
AMB012 ADM | DAC6012ADM | DAC-08 CDB
| AME012DC || DAC012DC |
| AM6012 DM DACSOT2DM | T
AMDAC-08 AQ DAC-08 ADM
| AMDAC-08 CN DACO8CDB |

DAC-08 DC,
DAC-08 DM

DAC-10 CDM

RC1458 o
RC1558
RC3302
RC3401
CMP-05 RC4805
DAC-HF-10 BMC DAC-10 FOC,
__________________ DAC-10 GDC
DAC-HF-10 BMM DAC-10, BDM,
DAC-10 CDM
DAC-HF-12 BBM DAC-6012 ADM,
______________ DAC-6012DM
DAC-HF-12 BMC DAC6012 ADC,
_______ DAC-6012 D
DAC-ICC10 BC DAC-10 FOC
3-2
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Industry Cross Reference
|

LH2311J LH2311J
LM101 A LM101 A,
LM111 ADE,
L LM101 AH
LM111 LM111 DE,

LM111 H, LM111

LM258-2.5

REF-03 TC

Industry Raytheon Direct Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
DAC-1208 AD-1 DAC-4565 DDC LM301 Il:msol Al[\)l,E
B DACE012 ADC | Lha01 A
| pACGt200 ] DACEOIZADM | [ Mota motTa T
| DAC-1221/2LeN | DAC-6012 DG st T LM3TT, L3171 N
DAC-1221/22 LD DAC-6012 DM LM311 DE,
“DAC-1280 FoG1 bacazgs ioc, | | WTH
DAC-4565 SDC LM324 LM324
HA1-4741-2 Imsrzs | Reaigs e,
RC4195 DE,
RC4195 T
HA1-47418 M350 | T REF02 C REF-02 D
HAS-4741-5 WM36A50 | T ReFeE T
mzze LM339, LM339N |
RV I
s LM348 | RC4156, RC4157
w3ss | (M3s8N
mss25 | Rerosone
‘m3sse25 | | REF-03 CTC
T RC4805

RC723, RC723 DE
RC723 N

MC1408 L8

REF-01 H

REF-02 C, REF-02 D

REF-01 CDE,
REF-01 DDE

REF-01 C, REF-01 [J

DAC-08 ADM




Industry Cross Reference

Section 3

RC4195 NB,
RC4195 DE,
RC4195 T

DAC-4565 DDC,
DAC-4565 JDC

MC3-4741-5

HA3-4741-5

MP-7523

Industry Raytheon Direct | Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
MC1406 P8 DACOBCOB e
MC1455 Rcsss .............................................
Mewss ] RCAIT e
Mowuss. o WO
MC1468 RC4195 NB,
RC4195 DE,
RC4195 T

DAC-10 BDM,
DAC-10 CDM,
DAC-10 FDC,
DAC-10 GDC

DAC-08 ADM,
DAC-08 DM,
DAC-08 EDC,
DAC-08 CDC
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Industry Cross Reference
L. ]

Industry Raytheon Diract Raytheon Similar Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement Part Number Replacement Replacement
MP-7531/41 DAC-6012 ADM, RC4193 CP RC4193 NB
DAC 3012 ADG, | Roasss RC4S58
DAC-6012 DC RC4559 RC4559
REF-01C
REF-01D
R
REF-01H
REF02
e
0P-05 0P-05 REF-02 C
"0P-05 A oP0s5A REF-02D
0P-05C 0P-05 C REF-02 E
OP05E op05E | REF-02 H REF-02 H
006 RCrs T LAT0TA LM101A
T G
e T B I v T e B
0P07C opo7c
T R T s o
e T
T T
T R e T . T e S
T Gis
CEERTT G
575 T
RC4739
RC4193 CJG RC4193 DE RC4805
Raytheon 3-5



Industry Cross Reference
|

Industry Raytheon Direct Raytheon Similar
Part Number Replacement Replacement
+A0801 CDC DAC-08 CDC
"+A0801 CPC DAC-08 CDB
"+A0801 DM DAC-08 DM
»A0801 EDC DAC-08 EDC
"+A0801 EPC DAC-08 EDB
" A1458 RC1458
" 1A2900 LM2900
" WA2901 LM2901
T uA2902 LM2902
uA3301 LM3301
uA3302 maz |
uAs0l RC301
I R RC3403A
“WA3900 oo [T
"uA4136 Rca136 |
" A4558 RC4558 "1 Rc4ss9
4301 A LM301 A
urar RC747'S
VFC-32 KF RC4151
‘VFca2BP | RC4152
‘Vresespr | RC413
VFQ-1C RC4151
Veaoe T Rt
vrasc T T Reatss
XR2207 XR2207
XR2211 XRo211
XR4151 RC4151
"XR4194 CN RC4194DC
RC4200/A
RC4151
EC
RC4153
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Product Selection Guide Section 4
L

Standard Linear Products

Raytheon PMI FSC AMD Motorola National RCA Signetics Tl
HA1-4741-2 MC1-4741-2

RC3302 wA3302 MC3302 LM3302 CA3302 MC3302

RC3401 1A3401 MC3401 LM3401 CA3401

MC4741
MC4741*

MC4558

RC747S
*Functional Equivalent

4-2 Raytheon




Section 4 Product Selection Guide
]

Data Conversion Products
Raytheon PMI FSC AMD Motorola | NSC Analog Devices | Micro-Power |Datel
DAC-O8ADM | DAC-08AQ AMDAC-08AQ | MC1408L8 | DAC-08AQ AD-1508-9D MP-7523*  |DAC-IC8BC*

DAC-08CP
DAC-10BDM | DAC-10BX DAC-1020 AD7520/ MP-7520/  |DAC-

LD 30/33* 30/33* HF10BMM*
DAC10CDM DAC-10CX DAC-1021/ AD7520/ MP-7520/  |DAC-

22LD* 30/33* 30/33* HF10BMM*
DAC-10FDC | DAC-10FX DAC-1020 AD7520/ MP-7520 DAC-

LCN* 30/33* 30/33* HF10BMC*
DAC-10GDC | DAC-10GX DAC-1021/ AD7520/ MP-7520/  |DAC-

22LCN* 30/33* 30/33* HF10BMC*
DAC-6012ADM AM6E012ADM DAC-1220LD* |ADE012ADM MP-7531/  |DAC-

41* HF12BMM*

DAC-6012DM | DAC-312BR" AM6012DM DAC-1221/ AD6012DM MP-7531/  |DAC-

22LD* 41* HF 12BMM*
DAC-6012ADC AM6012ADC DAC-1220LCN*| AD6012ADC MP-7531/  |DAC-

41* HF12BMC*

DAC-6012DC | DAC-312FR* AME012DC DAC-1221/ AD6012DC MP-7531/  |DAC-

22LCN* 41* HF12BMC*
DAC-4565JDC wA565JDC MC3412L | DAC1280 AD565JD/BIN

HCD-1*
Tl A “ASGSSDC e

HCD-I*

*Functional Equivalent

Other LIC Devices
Raytheon Teledyne Analog Devices EXAR Motorola Datel Burr Brown
RC4151 4780* AD451* XR4151 VFQ-1C* VFC-32KF*

RC4444 MC3416
*Functional Equivalent
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High Performance Linear Products
Op Amps, Voltage Reference and Voltage Regulators

Section 4

Raytheon PMI FSC Micro-Power | Analog Devices Motorola NSC

RC714H uA714HM

RC714EH || wA7iaEHC| |
Rc7i4cH | pA714HC |

MP-5527
op27a  |op2za T MP-5527A
op278 | op-27B MP-55278
opz27c |op27c T MP-5527C

| "MP-5527E

LHO044A*

LHOO044AC*

LHO044*

LHO044B*

MP-5537F

MP-5537G
'AD9685/ADOBS7T* | LM360*

“MPs501 | Apssi* " MC1504AU10* | LH0070-0*

"MPB501A | Aosst* T LHoo70-1*

REF-01C MP-5501C

" ReroiD | MP-5501D
ReroiE | T MP-5501E
CREFO1H | MP-5501H
REF-02 |
" 'REF-02A
" REF-02C
" REF-02D
| REF-02E

REF-02H | REF-02H | MP-5502H

LM336A-5.0*

MC1404AUS*

*Functional Equivalent

4-4
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Product Selection Guide

—

High Performance Linear Products
Op Amps, Voltage Reference and Voltage Regulators

Raytheon

FSC. T Analog Devices Motorola

NSC

REF-03T

RC723N

MC1500AU2*

MC1468/
MC1568*

MC1468/
MC1568*

MC1468/
MC1568*

LM158-2.5*

*Functional Equivalent

Package Cross-Reference for High Performance

Package Raytheon PMI Analog Devices
TO-99 T oYE T
Plastic Mini DIP “NB" “p” N
8-Pin Ceramic DIP “DE" 7 D"

4-5
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.,

High Performance Operational Amplifiers

Maximum Input Typical Input Noise
Specifications Specifications
1kHz | Low | 1kHz | Low Typ.

Volt. | Freq. | Cur. | Freq. | Typ. Unity | Max.
Offset | Offset | Blas | Density|Corner|Density|Corner | Slew Gain | Sply
Volt. | Cur. | Cur. [ nv]| ey [ PAT) v Rate BW | Volt. Temp.
Device Description (mV) | (nA) [(nA) (Hz) |(V/uS) | (MHz) | (- V)|Pins|Range

OP:-OSV Slnglelnst Op Amp 1050 |28 3| 10 | 10 |0.14 50 017 06 | 22

oo

0]

RM5534 |[Single High Performance Low Noise| 2.0 | 200 [800 40 | 100 06 200 |13 | 10 |22

0 0 O W o Mo o m o

RMS5534A]Single High Performance Low Noise| 2.0 | 200 |800] 3.5 | 100 | 0.4 | 200 | 13 10 | 22

) Denotes guaranteed specifications
= Military -55°C to 125°C
= Commercial 0°C to 70°C
= Preliminary specifications

Notes:

4-6 Raytheon
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Voltage References

Typical Typical Input

Nominal| Typical AVour Typical Typical Load Voltage

Voltage | Tempco Temp. | Over Temp. | Line Reg. | Load Reg. | Current Range
Device out | (ppm/°C) | Range (%) (%/Volt) | (%/mA) | (mA) | (Voltage)
REF-01A| 10.00 30 Mil .06 .006 .005 21 12 to 40
REF-01 10.00 10.0 Mil .18 .006 .006 21 12 to 40
REF-01C| 10.00 20.0 Comm 14 .009 .006 21 12 to 40
REF-01D| 10.00 70.0 Comm 49 012 .009 21 12 to 40
REF-O1E | 10.00 3.0 Comm .02 .006 .005 21 12 to 40
REF-01H| 10.00 10.0 Comm .07 .006 .006 21 12 to 40
REF-02A | 5.00 3.0 Mil .06 .006 .005 21 7 to 40
REF-02 5.00 10.0 Mil .18 .006 .006 21 7 to 40
REF-02C| 5.00 20.0 Comm 14 .009 .006 21 7 to 40
REF-02D| 5.00 70.0 Comm 49 012 .009 21 7 to 40
REF-02E| 5.00 30 Comm .02 .006 .005 21 7 to 40
REF-02H| 5.00 10.0 Comm .07 .006 .006 21 7 to 40
REF-03 2.50 100 Mil 7 .001 .010 20 4.51t0 30
REF-03C| 250 10.0 Comm i .001 .010 20 4.51t0 30
REF-03D| 2.50 20.0 Comm i .001 .020 20 4.51t0 30

Raytheon 4-7
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High Performance Dual & Quad Operational Amplifiers

Section 4

Maximum Input Typical Input Noise
Specifications Specifications
1kHz | Low | 1kHz | Low Typ.
Volt. | Freq. | Cur. | Freq. | Typ. Unity |Max.
Offset | Offset| Bias |Density|Corner|Density|Corner| Slew Gain | Sply
Volt. | Cur. | Cur. | nV" ey “PA - iN Rate BW |Voit. Temp.
Device Description (mV) [ (nA) | (nA) [\/I-Tz (Hz) [\Fz (Hz) |(V/uS)| (MHz) |(+V)|Pins|Range
RC2041 [Dual High Performance Low Noise | 3.0 | 200 |500| 50 | 20 | 0.4 | 200| 3.0 7(4. 1818 | C
RC2043 |Dual High Performance Low Noise 8| C
RC4560 [Dual High Performance 8| C
RC4562 |Dual High Performance 8| C
RC4558 |Dual High Gain 8 IM.C
RC4559 |Dual High Performance 8 |IM.C
RC4739 |Dual Low Noise 14|M, C
RC5532 [Dual High Performance Low Noise 8 |IM.C
RC5532A|Dual High Performance Low Noise 8 IM,C
RC4556 |Dual High Performance 8| C
RC4136 |Quad 741 General 41M,C
RC4156 |Quad High Performance 41M,C
'RCA4157 |Quad High Speed Decompensated | 5.0 | 50 |300| 9.0 | — 1701 | = |85 16(i5) 26| 14|M.C]
HA4741-2|Quad General Purpose 14{M,C
Notes: () Denotes guaranteed specifications
M = Military -55°C to 125°C
C= Commercial 0°C to 70°C
MIL-M-Qualified Devices
Ordering P/N Raytheon QPL Ordering P/N Raytheon QPL
M38510- Part Number Status M38510- Part Number Status
10101BCB MM741DCB | 10305BEA MM2111DMA |
10101BCC MM741DCC | 10305BEC MM2111DMC |
}8}8}3‘;8 W;ﬂg‘éﬁ : 11001BCB MMO148DCB I
11001BCC MMO0148DCC |
10102BAC MM747CJC ' 11003BCA MM4156DCA 1
10102BCB MM747DCB |
11003BCB MM4156DCB |
101028CC MM747DCC . 11003BCC MM4156DCC !
10102BIC MM747TFC |
10103BCB MM101ADCB [ 11004BCA MM4136DCA |
11004BCB MM4136DCB |
101038CC MMTOTADCC ‘ 11004BCC MM4136DCC I
10103BGC MM101ATEC |
10103BPC MM101ADEC | 11201BCB MMO0139DCB |
10105BEA MM2101ADMA i 11201BCC MMOT39DCC !
10105BEB MM2101ADMB | 11301BEB MMDAC-08DMB |
10105BEC MM2101DMC | 11301BEC MMDAC-08DMC |
10304BCC MMO111DFC | 11302BEB MMDAC-08ADMB |
10304BEC MMO111TEC | 11302BEC MMDAC-08ADMC |
10304BPC MMO111DEC |
4-8 Raytheon
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Single Operational Amplifiers

Maximum Input Typ'
Specifications @ 25°C Unity Typ.
Offset | Offset | Bias Gain | Slew
Voltage | Current| Current| BW Rate |Temp?| Available Packages
Type Description (mV) (nA) (nA) |(MHz) | (V/uS)|Range|DC DE H M NNB T
LM101A | General Purpose With Improved 2.0 10 75 1.0 0.5 M XX
Input Characteristics
"IM301A | General Purpose With Improved | 7.5 | 50 | 250 | 10 | 05 | C | x x| | [x
Input Characteristics
OP-05 | Single Inst. Op Amp o5 |28 |30 |06 |07 | M | | x| 1] X
‘oP-05A | Inst. Op Amp 1015 | 20 [ 20 |06 [017 | M | [x X |
‘oP-05C | nst.OpAmp 13 | 60 | 70 | 06 | 017 | C X X
OP-OSE | Inst. Op Amp 05 | 38 | +40 | 06 | 017 | C X [x X |
X X |
X X |
X X
X XX
X XM
X
X
X
OP-47G# | Low Noise, High Slew Op Amp o1 | 75 | =80 | 70 | s0 X X
Notes: 1. Gain bandwidth product for 5534/A series and closed loop bandwidth for OP series.
2. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C.
3. RM/RC5534A guarantees maximum input noise specification.
4. Preliminary specifications.
Raytheon 4-9
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—
Single Operational Amplifiers (Continued)

Maximum Input Typ!

Specifications @ 25°C Unity Typ.
[ Offset | Offset | Blas | Gain | Slew
Voltage | Current | Current | BW Rate |Temp?| Available Packages

Type Description (mv) (nA) (nA) |(MHz) | (V/uS) |Range [IDC DE HM N NB T
RC714 Precision 0.075 28 +3.0 05 | 017 C XX

Rc714c Prec’sm .......................................... 0150 ....... 5 o ....... :70 ........ o 5 ........ 017 ........ c ............. x . x x .......

Rc714E Prec|s|on .......................................... 0075 ....... 3 8 ........ :40 ........ 6 5 ........ 017 ........ c ............. x ST
RC7‘14L Preas]on .......................................... 0250 ....... 20 :30 ........ o 5 ........ 017 ........ c x .x . .

).(. ......

X

x .......

High Performance, Low Noi X -------

RM5534A3 High Performance, Low Noise M X ) X

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

4-10 Raytheon
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Dual Operational Amplifiers

Maximum Input Typ!
Specifications @ 25°C Unity Typ.
[Offset | Offset | Blas | Gain | Slew
Voltage | Current | Current| BW Rate |Temp? Available Packages
Type Description (mv) (nA) (nA) |(MHz) [(V/uS)|Range|DB DCDE J M NB T H

LH2101A | High Performance 2 10 75 - 10 X

LH2301A | High Performance 7.5 50 250 - 10 X

Pxidixixi

RC5532A°

RM5B532A3 | High Performance, Low Noise

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.

<
>
pas




Product Selection Guide
|

Quad Operational Amplifiers

Section 4

RM4157

High Speed, Decompensated

19(15)

Maximum Input Typ!
Specifications @ 25°C Unity Typ.
Offset | Offset | Bias Gain Slew
Voltage | Current | Current BW Rate Temp!| Available Packages?®
Type Description (mV) (nA) (nA) (MHz) (V/uS) | Range|DB DC J M N
HA4741-2 | 741 General Purpose 3 30 200 35 1.6 M X

Notes: 1. Operating Temperature Range: M = -55°C to +125°C; C = 0°C to +70°C

(

) Denotes guaranteed specification.
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Comparators
Maximum Input
Specifications @ 25°C Output
Offset | Bias | Offset | Voltage Max. | Leakage
Voltage | Current | Current Gain Sat. Current Available Packages
Type Description (mV) (nA) (nA) |(V/mV Typ)| Voltage | (nATyp) [ DBDCDEH J M N T
LH2111 Dual Precision Voltage 3.0 10 100 200 1.5V 0.2 X

Dual Precis . . X 1

T

Precision

RIS

RCA80SE | Precision High Speed | 0.25 | 1200 | 80 20 o040 | — x| |||

*at Igink = 15mMA

Timers
Timing Error

Supply Supply Initial | Drift with| Drift with Trigger | Trigger Available

Voltage | Current |Accuracy| Temp |Supply Volt. | Voltage | Current Packages
Type Description | (V max) |(mAmax)| (%) |(ppm/°C)| (%/Volt) (V) (L ATyp)IDB DC DE M NB T
RC555 | Single 16 6.0 1.0 50 0.1 1.67 typ 0.5 XX X]X
RM555 | Single 18 5.0 0.50 100 0.05 1.9 max 0.5 X X
RC556 | Dual 555 16 6.0 2.25 150 0.3 5.0* 0.5 X
RM556 | Dual 555 18 5.0 1.5 90 0.15 5.0% 0.5

*Typical for 15V supply

Raytheon 4-13
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Quality and reliability of semiconductor com-
ponents are finite characteristics subject to the
same assessment and improvement as any other
factors of performance. Quality is the measure
of a device's conformance to its specifications,
and reliability is the measure of the device's
performance over time. The approach to main-
taining and improving them must be systematic,
because every phase of the manufacturing pro-
cess has an impact on the final product.

Reliability Concepts

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

Wearout
Failure

Random
Failures

Infant
Mortality

Failure Rate

Time 65-02057A

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

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

Raythoon

Section 5
Quality &
Reliability

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

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

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

Py =e™
where:

X
t

the failure rate (failures per unit time)
time

5-1
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Section 5

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

_ 1

MTBF Failure Rate

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

50% CL
|
|
| |
| |
|

x Failure Rate

Frequency

: 90% CL

65-02058A

Figure 2. Frequency vs. Failure Rate
The failure rate “x” is calculated by using a
Chi square (x?) distribution through the equation:

_ XA(x, 2r+2)
2nt

where:
X

n

100-%CL/100

= number of rejects

total number of devices
time

r
n
t

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

5-2

-E
R=Roe —
0T
where:
R = reaction rate as a function of time and

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

m—
o

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

Quality Improvement

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

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

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

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

Raytheon
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Table 1. Group A Electrical Tests'

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

temperatures

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

Notes:

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

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

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

4. Maximum accept number allowed is 2.

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

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

Group A, subgroup 1

Notes:

1.

2.

3.

measurements are not required, except devices being submitted to subgroup 7.

performed on samples from the same inspection lot.

Electrical reject devices from the same inspection lot may be used for all subgroups when end-point
Not required for qualification or quality conformance inspection where group D inspection is being

This testis required only if the package contains a desiccant. Unless handling precautions for beryllia

packages are available and followed method 1018, procedure 3 shall be used. See footnote 6 of Table 4
and paragraph 4 of method 1018 regarding delay in implementation of this requirement.
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]
Notes (Continued)

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

5. Alldevices submitted for solderability test shall be in the lead finish that will be on the shipped product
and which has been through the temperature/time exposure of burn-in except for devices which have
been hot solder dipped or undergone tin fusing after burn-in. The LTPD for solderability test applies to
the number of leads inspected except in no case shall less than 3 devices be used to provide the
number of leads required.

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

7. Test samples for internal visual and mechanical shall be selected at any point following the seal
operation and following marking see marking etc.

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

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

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
Subgroup 2
(a) Temperature cycling 1010 Test condition C 15
(b) Constant acceleration 2001 | Test condition E min. (for large
packages, see 3)
(c) Seal 1014 | As applicable
(1) Fine
(2) Gross
(d) Visual examination (Note 2)
(e) End-point electrical As specified in the applicable device
parameters specification

1. See 40.4 of Appendix B of MIL-M-38510 and 3.1 of method 1005.
2. Visual examination shall be in accordance with method 1010 or 1011.
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Table 4 Group D (Package Related Tests) (For All Classes)

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

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

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

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

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

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

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

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

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

10. LTPD based on number of leads.

5-8 Raytheen
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Table 5. Qual Plan for Hermetic Packages Devices

Test

Conditions Per MIL-STD-883

Quantity

Accept #

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

245 £5°C

Condition C and record bond pull strength

15
1
15
77

0
0
0

GROUP C
Subgroup 1

Operational Life
(168, 250, 500*, 1000* hr)
Electrical Test (25°C DC)
Subgroup 2
. Temperature Cycle
Constant Acceleration
Moisture Resistance
F & G Leak
Visual
Electrical Test 25°C

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

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

100 initial
168 hours
77 168-
1000 hours

25

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

Condition By

Condition B
Condition A
Condition B Min.

25

25

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

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

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

* QCIGroupsA, B, C and D environment require-
ments

Destructive Physical Analysis (DPA)

SEM Analysis

X-ray Dispersion Analysis

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

Electrical DC and Functional Testing

Plastic Package Devices

In recent years the availability and use of plastic
encapsulated devices has become common for
use in the commercial marketplace. Raytheon
is a major supplier of Linear part types and has
in the past and will continue to make significant
investments in both the technology and pro-
duction/manufacturing of plastic encapsulated
Linear devices.

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

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

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

Raytheon

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

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

Major Programs

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

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

A+ Program

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

Section 5

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 85°C/ | To evaluate the operate life and

85% RH and resistance to moisture pene-
tration 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.

Temperature | To evaluate the mechanical

Cycle strength of the device after stress-

ing from -55°C to +85°C 100
cycles. Electrical testing is per-
formed at 25°C and 100°C.

Resistance to
Solvents

To determine that the brand mark-
ings will not become illegible on
the package parts when subjected
to the solvents and test per MIL-
STD-883C, Method 2015.

Solderability

To assure the solderability of the
lead finish at a solder temperature
of 245° C using an RMA flux per
Method 2004 of MIL-STD-883.

External
Visual

To determine the physical con-
struction and processing results
to the package and lead frame at
30X magnification.

Lead Fatigue

To determine the physical re-
sistance to lead bending fatigue
per Condition B, Method 2004, of
MIL-STD-883.

Thermal
Shock

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

A+1 A+2 A+3
PLASTIC PLASTIC HERMETIC
PCT MONITOR
25°C DC 25°CDC 25°C DC

BURN-IN BURN-IN
METHOD 1015 METHOD 1015
25°C DC 25°CDC
10% PDA 10% PDA
100°C 100°C
FUNCTIONAL FUNCTIONAL
GUARANTEED GUARANTEED GUARANTEED
AQL AQL AQL
QA VISUAL QA VISUAL QA VISUAL
+MECH +MECH + MECH
AQL AQL AQL
PACK PACK PACK
SHIP SHIP SHIP

5-12
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38510 883
JAN CLASS B CLASS B
USA BUILT ASSEMBLY ASSEMBLY
| |

I

INTERNAL
VISUAL
M2010 COND B

STA BAKE
M1008 COND C
24 HRS + 150°C

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

CONSTANT
ACCELERATION
M2001 Y AXIS ONLY
PER PKG REG

|

EXTERNAL VISUAL

|

PRE BURN-IN
ELEC. PARAMETERS
PER DEVICE SPEC

|

BURN-IN
M1015

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

FINE LEAK
M1014 AOR B
GROSS LEAK

M1014 C

EXTERNAL VISUAL
M2009

QcCl
SAMPLE

65-020638

A+ 1 PLASTIC A +2 PLASTIC A+ 3 HERMETIC
AQL AL AQL
HERMETICITY
40% AQL
25°C DC .25% AQL 25°C DC 25% AQL 25°C DC 25% AQL
25°C FUNCTIONAL 25°C FUNCTIONAL 25°C FUNCTIONAL
18% AQL 15% AQL 15% AQL
DC MAX TEMP DC MAX TEMP DC MAX TEMP
1.0% AQL 1.0% AQL 1.0% AQL
DC MIN TEMP DC MIN TEMP DC MIN TEMP
1.0% AQL 1.0% AQL 1.0% AQL
65-02062A

Figure 6. JAN883 Flow

Figure 7. A+ Program AQL
Quality & Reliability

883

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

Generic Data Program

The Generic Data Program monitors on a con-
tinuing basis the reliability of all 1.C. products
in hermetic packages. This program requires that
every 3 months several different part types from
each microcircuit technology group as detailed
in Appendix E of MIL-M-38510 be evaluated
to the MIL-STD-883 Test Method 5005 Groups A,
B and C test requirements. The data generated
from this program provide a basic library of
reliability information on many product types
and can be used to provide Quality Conformance
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Inspection (QCI) data to meet a customer’s
specific group test data requirements. It is also
used as an additional QA monitor check. The
specific tests performed for Groups A, B and C
are shown in Tables 2, 3, and 4.

JAN MIL-M-38510

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

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

Table 8. MIL-M-38510 Part Marking

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

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

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

Table 9. JAN Package Codes

JM 38510 /XXX XX YYY
7] T°T T TT Trhe Lead Finish
A = Solder Dipped
B = Tin Plate
C = Gold Plate
X = Any lead finish above
is acceptable

The Device Package
(see Table ?)

'— The Screening Level S, B

The Device Number on
the Slash Sheet

Hor/

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

The Slash Sheet Number
MIL-M-38510

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

38510
Package
Designation

Microcircuit Industry
Description

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

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

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

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

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

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

8-pin TO-99 can or header

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

10-pin TO-100 can or header

24-pin 1/2" x 1/4" dual in-line

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

12-pin TO-101 can or header

8-pin 1/4" x 3/8" dual in-line

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

26-pin 1/4" x 1-1/16" dual in-line

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

18-pin 3/8" x 15/16" dual in-line

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

Unassigned — Reserved for identify-

ing special packages whose dimen-

sions are carried in the detail

MTMOO®@>»

N<XXS<0OIQDUEZIXe—TIO
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Raytheon has long been a manufacturer of mono-
lithic op amps, and is a supplier of high reliability
op amps to the defense industry. Raytheon
introduced the world’s first quad op amp, and
continues to make a complete line of general
purpose, audio, single supply, and precision op
amps. Raytheon’s manufacturing process was
created specifically for low noise type op amps.
Low noise is not a black art; quality starting
materials and chemicals, careful temperature
changes, and two extra processing steps to
ensure crystal lattice uniformity all contribute to
this low noise process.

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

as laser trimmed resistors are.

Section 6
Operational
Amplifiers

Main groupings of products are as follows:

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

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

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

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



Operational Amplifiers

Section 6

D .
DEFINITIONS

- Average Input Bias Current Drift (TC;g)

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

B@T1)-18@ T
Tay-Te

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

TCig =

Average Input Offset Current Drift (TCjos)

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
Tay-Te)

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

TCios =

Average Input Offset Voltage Drift (TCygos)

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

Vos @ T(1) - Vos @ Tz
Tn-Te

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

TCvos =

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:

. 100V (1)
Channel Separation = 20LOG1g ( ——!
p 10 ( Voo )
Where V(1) and Vg (g are the independent and
dependent amplifier output voltages.

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

6-2

- Ving) = ViNg) )
CMRR = 20LOG
10 <Vos @ VIN(1) - Vos @ ViN2)

Where V|N(1) and V|n() are the upper and lower
limits of the input common mode voltage range.

Distortion (THD)

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

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

Input Bias Current (Ig)

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

Input Noise Current

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

Input Noise Current Density (IN)

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

Input Noise Voltage

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

Input Noise Voltage Density (ep,)

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

Input Offset Current (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

Raytheon
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Operational Amplifiers
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DEFINITIONS (Continued)

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 (M() or G(2).

Vi) - Ve
IB@V1)-1l8@ V(2

Where V(4) and V(o) are the upper and lower
limits of the input voltage range.

Common mode RN =

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 = Vo) - Voge)
Vos(1) - Vos(2)
Where Vo(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 Vs 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).

Output Source Current

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

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

Overshoot

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

Phase Margin

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

Phase margin = 180° - ¢

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

Power Bandwidth

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

Power Consumption

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

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

. Vs(1) - Vs
PSRR = 20LOG1g <Vos @ Vs(1) - Vos @ Vs(2)

Where Vs(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).

6-4

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 (lg)

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

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

Unity Gain Bandwidth

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



PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

General Purpose

Raytheon Quad Operational Amplifier HA-4741

Features Description

Unity gain bandwidth — 3.5MHz (typ) The HA-4741 is a monolithic integrated circuit,
High slew rate — 1.6V/uS (typ) consisting of four independent operational ampli-
Low noise voltage — 9nV/\/HE (typ) fiers constructed with the planar epitaxial process.
Input offset voltage — 0.5mV (typ)

[

n

n

| .
® Input bias current — 60nA (typ) These amplifiers feature AC and DC performance
[ |

[

[

[ ]

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

Indefinite short circuit protection
No crossover distortion
Internal compensation
Wide power supply range — +2V to 20V
A wide range of supply voltage (+2V to £20V) can
Applications be used to power the HA-4741, making it com-
patible with almost any system including battery

® Universal active filters powered equipment.

B Audio amplifiers
B Battery powered equipment
B D3 communications filters

Schematic Diagram (1/4 Shown)

()
! -0 +Vs
R
4900
02 s VJm
A N
26913) R
—VIN c AA, a
VWA
R9
% (1.78:14)
+VIN Q4 Q5 Q13 d Q15 -0
(3.510,12) Output
»—sz a16 s
Next F1
S RS < R6
3 30K S 2 Amp :|<—
R8
D2 150
I.M__A. AVAA
16 3y
l c1 T2 06
7 15PF Q17 ]
{ g r—K}mo ;'
v, v,
14
o8 s Kan Ko [
<R3 < R4 SR D1
18K $ 2K S 10K -
O -Vg
65-007768
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HA-4741 General Purpose Quad Operational Amplifier

Connection Information Mask Pattern
14-Lead 1 14
Dual In-Line Package
Top View
(Top ) Pin Function 2 13
1 Output A
] 2 A
/1 4\ 3 TViNA
T i ; :
5 +ViN B
E E 6 'Vl'r:‘ B 5 10
4 11 7 Output B
E j 8 Output C
5 g e : :
6 . E IN 65-00777A
E 27 {3 7 1" -Vg
E E 12 +VinD 7 8
oD Die Size: 80 x 84 mils
et 0084A P Min. Pad Dimension: 4 x 4 mils
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage .....................e. 20V 14-Lead 14-Lead
Differential Input Voltage ................ 3oV Plastic DIP | Ceramic DIP
lcr;ptut chfg:‘c_- A SRR 15V Max. Junction Temp. 125°C 175°C
utput Short Circui
Dﬁration2 ....................... Indefinite Max. Pp Ta <50°C 468mwW 1042mw
Storage Temperature Therm. Res. 6y¢ — 60°C/W
Range ................... -65°C to +150°C Therm. Res. 6,5 160°C/W 120°C/W
Operating Temperature Range
HA-4741-20r-8 ........... -55°C to +125°C For Ta > 50°C Derate at 6.25mw | 8.33mW
HA-47841-5 ........ooiinn. . 0°C to +70°C per °C per °C
Lead Soldering Temperature
(B0SEC) vvvviiiii i +300°C

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

2. Short circuit to ground on one amplifier only.

Ordering Information

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

*MIL-STD-883, Level B Processing

6-6 Raytheon



General Purpose Quad Operational Amplifier

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

HA-4741

HA-4741-2 HA-4741-5

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Units
Input Offset Voltage Rg < 10k 05 | 30 10 | 50| mv
Input Offset Current 15 30 30 50 nA
Input Bias Current 60 | 200 60 | 00| nA
Input Resistance 05 05 M
ke S e o] [m[w]| |um
Input Voltage Range +12 +12 "
Output Resistance 300 300 Q
Output Current Vout 10V +5 | =15 5 | +15 mA
Feleaion Rati el o0 & d3
(SXI?‘K%S?.‘&L?Z} 451 50 50| 70| mA
Transient Response

Rise Time 75 75 nS

Overshoot 25 25 %

Slew Rate 1.6 1.6 V/uS
Unity Gain Bandwidth 35 35 MHz
Power Bandwidth }(’E 2 2 25 KHz
Input Noise Voltage Density f=1kHz 9.0 9.0 nV/\/Hz
Channel Separation 108 108 dB

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

Raytheon
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HA-4741 General Purpose Quad Operational Amplifier
L

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

HA-4741-2 HA-4741-5

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 10k 4.0 5.0 5.0 6.5 mV
Input Offset Current 75 100 | nA
Input Bias Current 325 400 nA
Large Signal RL =2k
Voltage Gain Vour =10V % 15 VimV

) RL = 10k +12 | +137 +12 | 137 v
Output Voltage Swing

RL = 2k +10 | £125 +10 | +125 Vv

Supply Current
(All Amplifiers) 10 10 mA
Average Input Offset o
Voltage Drift 50 50 wvioC
Common Mode Rg < 10k
Rejection Ratio AV £5.0V A “ dB
Power Supply Rg < 10k
Rejection Ratio AV £50V 80 8 dB




General Purpose Quad Operational Amplifier HA-4741

[P

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

Open Loop Frequency Response Power Supply Rejection Ratio vs. Temperature
110 ‘ 140 T
100 AN lllll T T 7T (T [ 2 +Supply
8 g LA [T T [T 1 TR, = 2K T }
£ I!II‘HIIIII ;lIINIIIIIIIHIIIIII‘ 1 C. = 55pF IR s 100 — T
& ,H N Phasell [llGain[l 11K Il g -Supply
2 o lIIImNIIII Jllllll!ll;lllngIIII\ A . £ w0
ey WAL (I Y n\lllll}lllllll g <
g @ LTI TN TN HIIII\\HIIIHH g E &
so LTI 1T T 'llln. ‘ s g
g oL THI HIIII!NIIIIIIIIIIIIIH N ‘lmu 135 & 2 40
S o T (IO " 5
IlllHIllll\ ‘lllI|IHIIIIII|I‘||IIII‘ [ THNCUN o 2 5
_yo CLLTRIT TTT0N 1T T { 7o TTTRAT 1T 0 8
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Channel Separation vs. Frequency
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Transient Response vs. Temperature Input Noise vs. Frequency
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HA-4741 General Purpose Quad Operational Amplifier
L

Typical Performance Characteristics (Continued)

Normalized AC Parameters vs. Temperature Slew Rate vs. Supply Voltage
12
; []
8 "
s 1 . Bandwidth
] gg 1.0
§ fe 7
a2
s == J 23 g9 /
= NS Es Slew Rate
3 Slew Rate Bandwidth SE / Bandwidth
§ 94 ES o8 7
E g = i
= g 7 3
8 8 0.7 8
-50 25 0 425 450 475 +100 +125 0 20 50 10 15 20
Temperature (°C) Supply Voitage (+V)
Small Signal Bandwidth and Phase Margin Output Voltage Swing vs. Frequency

vs. Load Capacitance
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7 — = =18V Vg=+10V
g x M E = 10 S L
E N = E Vo=80V_ Vs =50V =
s © “g 2 Pl TR T e
= Bandwidth g E. 0=2 S = +2. N
= 0 w2 s L]
g £ : "E (Voltage Follower) == =
[ = —t
£ 20 N \ 2M = § - RL = 0pe_n .
10 NN ™ [ CL = 50pF HE
0 0 or L LT H
10 100 1K 10K 100K 100 1K 10K 100K ™
Load Capacity (pF) Frequency (Hz)
65-00786A
Input Currents vs. Temperature Common Mode Rejection Ratio vs. Temperature
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General Purpose Quad Operational Amplifier HA-4741
[T

Typical Performance Characteristics (Continued)

Maximum Output Voltage Swing vs. Load Resistance
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

General Purpose
Operational Ampilifier

Raytheon

LM101A/
201A/301A

Features

m Offset voltage 3.0mV maximum over
temperature

B Input current 100nA maximum over
temperature

m Offset current 20nA maximum over
temperature

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

B Frequency compensated 30pF

B Supply voltage £5.0V to +20V

Description

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

Schematic Diagram

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

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

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

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

Inverting
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General Purpose

LM101A/201A/301A Operational Amplifier
Connection Information
8-Lead 8-Lead
Metal Can TO-99 Dual In-Line Package
(Top View) (Top View)
Pin Function
] B 1 Comp/Vos Trim
2 -Input
2 7 3 +input
[: :l 4 -Vg
3 6 5 Vos Trim
E D _——I 6 Output
7 +Vg
E > 8 Comp
Absolute Maximum Ratings Ordering Information
Supply Voltage Operating
LM1OTA/LM201A ... +22V Part Temperature
Y 01 +18V Number Package Range
Differential Input Voltage .............. 30V LM101ADE Ceramic | -55°C to +125°C
Input Voltage' .........coiiiiiiiinnn. +15V LM101ADE/883B* Ceramic | -55°C to +125°C
Output Short-Circuit Duration? ...... Indefinite LM101AH T0-99 -55°C to +125°C
Storage Temperature LM101AH/883B* T0-99 -55°C to +125°C
Range ................... -65°C to +150°C LM201ADE Ceramic _25°C to +85°C
Operatmg Temperature Range oG oG LM201AH T0-99 -25°C to +85°C
LM101A ... -55°C to +125
_oEo o LM301ADE Ceramic 0°C to +70°C
LM201A ... 25°C to +85°C
LM301A 0°C to +70°C LM301AH T0-99 0°C to +70°C
STttt LM301AN Plastic 0°C to +70°C
Lead Soldering Temperature
(B0SEC) ..ovviiiiiiiiiiiie +300°C *MIL-STD-883, Level B Processing
Notes: 1. For supply voltages less than £15V, the absolute
maximum input voltage is equal to the supply
voltage.
2. Continuous short-circuit is allowed for case
temperatures to +125°C and ambient tem- Mask Pattern
peratures to +75° C for LM107; case temperatures
to +70° C and ambient temperatures to +55° C for 2
LM307.
Thermal Characteristics 3 1
8-Lead 8-Lead 8-Lead
Plastic | Ceramic T0-99 4 8
DIP DiP Metal Can
Max. Junc. Temp. 125°C | 175°C | 175°C 7
Max. Py To<50°C | 468mW | 833mW | 658mW >
65-01260A
Therm. Res. 6,¢ — 45°C/W | 50°C/W 6
Therm. Res. 6 160°C/W [ 150°C/W | 190°C/W
For Ta > 50°C 6.25mW | 8.33mW | 5.26mW Die Size: 55 x 55 mils
Derate at per°C | per°C | per°C Min. Pad Dimension: 4 x 4 mils
Raytheon 6-13



General Purpose
Operational Ampilifier

LM101A/201A/301A

Electrical Characteristics

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

LM101A/LM201A LM301A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Ta = +25°C, Rg < 50k(} 0.7 2.0 20 75 mV
Input Offset Current Ta=+25°C 15 10 3.0 50 nA
Input Bias Current Ta = 425°C 30 75 70 250 | nA
Input Resistance Tp=+25°C 15 4.0 0.5 2.0 Ma
Supply Current Ta = +25°C (Note 2) 18 30 18 | 30 | mA
Vetage Can VooV 2 20 | 0 | 10 5 | w0 ||
Input Offset Voltage Rs < 50k() 3.0 10 mV
Cgﬁ;%%e[)'ﬂ%”t Offset 30 | 15 60 | 30 | uvec
Input Offset Current 20 70 nA
+25°C<Tp < +125°C 0.01 | 01
Average Input Offset +25°C < Ta < +70°C o 001 | 03
Current Drift -55°C < Ta < +25°C 002 | 02 nA/°C
0°C<Tp<+25°C 002 | 06
Input Bias Current 100 300 nA
Supply Current Ta = +125°C, Vg = 220V 12 25 mA
\L/glrt%egg G ooy =2k | 2 15 Vimv
, Vg=+15V. R =10k | =12 | =14 #2 | +14
Output Voltage Swing v
RL=2k0 +10 | =13 +10 | =13
Input Voltage Range (Note 2) +15 +12 Vv
gg}’;‘g&g’r‘] ode Rs < 50k 80 | % 70 | % dB
Eg}zgtrlc?# %%lt)i/o Rs < 50kQ 80 | 9% 70 | 9% dB

Notes: 1. These specifications apply for -556°C < T, < +125°C LM101A, -25°C to +85°C LM201A, and 0°C < T, <+70°C LM301A, unless

otherwise specified.

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

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

General Purpose
Operational Amplifier

Typical Performance Characteristics

Supply Current Voitage Gain
25 T T 120
Tp=-55°C_
2.0
= | j —— g 110 Tp=-55°C ——
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3 9
* i i
0 2 80 2
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& 200 Z
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General Purpose

Operational Amplifier LM101A/201A/301A
]

Typical Performance Characteristics (Continued)

Open Loop Frequency Response Large Signal Frequency Response
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General Purpose
LM101A/201A/301A Operational Amplifier

Typical Applications

Voltage Comparator for Driving DTL or
Inverting Amplifier With Balancing Circuit TTL Integrated Circuits

o—
Inputs

Output
o0——

D1
LM103
36

65-00603A

tMay be zero or equal to parallel combination of R1and R2
for minimum offset.

65-00602A

Voltage Comparator for Driving RTL Logic
Low Drift Sample and Hold

or High Current Driver

Qi
2N3456
Output O IS | O +Vs
R2 Output
2
[0 S—
Q1
Inputs oN2222

Input O o0—
R1

91K
Sample

c2*
0.1uF

*Polycarbonate dielectric capacitor = 65-00604A

65-00605A




' PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Single-Supply
Quad Operational Amplifiers

Raytheon

LM124/224/324
2902

Features

B Large DC voltage gain — 100dB

B Compatible with all forms of logic

B Temperature compensated

® Wide bandwidth at unity gain frequency — 1MHz

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

B Input common mode voltage range includes
ground

Description

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

Schematic Diagram (% Shown)

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

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

8pF

(269.13) 12

Inputs
(o

(3,5.10,12)

|.___

Output
(1,7,8,14)

011>'—J——qns

GND

o (11)

65-00417A

65-1054A




Single-Supply

LM124/224/324/2902 Quad Operational Amplifiers
Connection Information Mask Pattern
14-Lead
Dual In-Line Package
(Top View)
g Pin Function
o 1 Output 1
E E 2 ~Input 1
3 +lnput 1
Efb'j "@'—’LE 4+
E E 5 +Input 2
6 -Input 2
E E 7 Output 2
E E 8 Output 3
H>.1 ’_<E 9 -Input 3
E E 10 +Input 3
[ 5 11 Ground
12 +Input 4
65004184 13 -Input 4
4 Outputd Die Size: 74 x 75 mils
Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage, +Vg 14-Lead | 14-Lead | 14-Lead
LM124/224/324 .............. +32V or +16V Micro-pak | Plastic | Ceramic
LM2902 ..\, +26V or £13V Plastic DIP |  DIP oip
Differential Input Voltage Max. Junction Temp.| 125°C 125°C 175°C
LM124/224/324 . ....... ... i 32V o
LM2902 ... oiiiiiii i 26V Max. Py Ta <50°C_| 300mW | 468mW 104:2mw
INPUt VOIAGE . eeeereveenns, -0.3V to +32V Therm. Res. 6y - — | 60°C/W
Output Short Circuit to GND Therm. Res. 64 200°C/W | 160°C/W | 120°C/W
(One Amplifier) +Vs = 15V and , For Ta > 50°C 50mW | 625mW | 8.38mwW
Ta=425°C" oo, Continuous Derate at per °C per °C per °C
Input Current (ViN<-03V)2 ............ 50mA
Operating Temperature Range : :
LM124 .., sCto+iasrc  Ordering Information _
LM224 ... -25°C to +85°C Operating
LM324 oo 0°C to +70°C Part Number Package Temperature Range
LM2902 .........covvinn. -40°C to +85°C LM324J Ceramic 0°C to +70°C
LM324M Micro Plastic 0°C to +70°C
LM324N Plastic 0°C to +70°C
LM224J Ceramic -25°C to +85°C
LM224N Plastic -25°C to +85°C
LM2902N Plastic -40°C to +85°C
LM124J Ceramic -55°C to +125°C
LM124J/883B* Ceramic -55°C to +125°C
*MIL-STD-883, Level B Processing
Raytheon 6-19



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

Electrical Characteristics (+Vs = +5.0v3)

LM124/224 LM324 LM2902

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

Input Offset Voltage* Ta = +25°C +2.0( £5.0 +2.0| £70 20| £70| mV

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

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

Input Voltage Range® +Vg = +30V, Ty = +25°C| 0 Yo Yo f¥g v
RL = =, +Vg = 30V,

Supply Current (LM2902 +Vs = 26V) 15| 30 15| 30 15 30| mA
Ry =« On All Op Amps 07| 12 07112 07| 12| mA
+Vg = 15V

Large Signal Voltage Gain | (For Large Vo Swing) | 50 | 100 25 | 100 100 V/imv
R = 2.0k, Tp = +25°C

. R = 2.0k}, Tp = +25°C +Vs +Vg +Vg

Output Voltage Swing (LM2902 R, = 10k0) | © 181 0 15| 0 5]V

Common Mode _ oro

Rejection Ratio Ta =+25°C 70| 85 65| 70 50 | 70 dB

Power Supply _ 1oro

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

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

Output Current

Source Ving = 1.0V, Vi = 0V,
Vg = 15V Ty = 425°C 2 | 40 20 | 40 20 | 40 mA
Sink V|N_ =1.0V, V|N+ =0V
g - 15 Ty = +25ec | 10| 20 10| 20 0] 20 mA
Vin- = 1.0V, VN = 0V
Ta = +25°C, Vo = 200mv | 2| 0 %0 uA
Notes: 1. Short circuits from the output to +Vg can cause excessive heating and eventual destruction. The maximum output current is

6-20

o

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

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

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

. These specifications apply for +Vg = +5.0V and -55°C < T, < +125°C, unless otherwise stated. With the LM224, all temperature

specifications are limited to -25° C < T, <+85° C; the LM324 temperature specifications are limited to 0°C < T, <+70°C; and the
LM2902 specifications are limited to -40°C < T, < +85°C.
Vo = 1.4V, Rg = 002 with +Vg from 5.0V to 30V; and over the full common mode range (0V to +Vg -1.5V).

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

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

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

The upper end of the common mode voltage range is +Vg -1.5V, but either or both inputs can go to +32V without damage (+26V for
LM2902).

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

Raytheon



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

|
Electrical Characteristics (+vg = +5.0v3)

LM124/224 Lm324 LM2902

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max |Min [ Typ | Max | Units
Short Circuit Current’ Tp = +25°C 40 | 60 40 | 60 40 | 60 | mA
Input Offset Voltage* +70 +9.0 +10| mV
Input Offset Voltage Drift Rs = 00 70 70 70 uV/°C
Input Offset Current +100 +150 45 | £200| nA
Input Offset Current Drift 10 10 10 pA/°C
Input Bias Current 40 | 300 40 | 500 40 | 500 | nA
Input Voltage Ranges Vg = +30V 0 K sl 5w
\ngl'tgz Sgnal g{éi Lz%égvo Swing) | 25 15 15 Vimv
Output Voltage Swing

Vou +Vs = +30V, R = 2.0k | 26 26 22

Vou R = 10k 27| 28 27 | 28 23| 24 Vv

VoL +Vg = +5.0V, R, = 10k 501 20 50| 20 50| 100 [ mV
Output Current

Source Ving =+1.0V Vo =0V, [ 10 | 20 10 | 20 10| 20 mA

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

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

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

Typical Performance Characteristics (Continued)

Input Voltage Range Input Current
15 90 l
80 Vem = 0V +—
! = 70
= " Negative g & +Vg = +30V
§ e 5 - —
Positive & T T
§ § m +Vg = +15V
| 5 | 30 +Vg = +5V
3! / =2 20 -
< <
/ g 10 g
g
0 8 0 8
0 5 10 15 55 -35 -15 +5 +25 +45 +65 +85 +105 +125
+Vg or -Vg — Power Supply Voltage (V) Ta — Temperature (°C)
Supply Current Voltage Gain
4 160
- +Vs
- "
g 3}— Ammeter l g 120 RL = 20k
. = |
% - § - RL = 2k
2— 80
3 L 4 5
F L | '
? Ta=0°Cto+125°C . E o
) Ta = -55°C s 0 H
10 20 30 10 20 30 40
+Vs — Supply Voitage (V) +Vg — Supply Voltage (V)
Open Loop Frequency Response Voltage Follower Puise Response
140 o 4 F‘| D|
L=220K __|
120 N | s 3 +Vg = +15V
€ w 014F ; 2 \
s — ;] | g
3 80 \ W e L ] 2 1
<+ | LT 0
§ 60 =— +Vg = +30V and — e -
| -55°C < Ta< +125°C s 3
B 0 5= +10v 0 +15V and ; =,
sl BFC=Tas +125°C | < ';g .
|| ;P :
0 2 2
1 10 100 1K 10K 100K 1M 1OM 0 10 20 30 40
f — Frequency (Hz) t — Time (u8)
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Single-Supply
LM124/224/324/2902 Quad Operational Amplifiers

Typical Performance Characteristics

Voltage Follower Pulse Response (Small Signal) Large Signal Frequency Response
500 20 T —
100K
Vo H
< 450 TO 2 55
E ViN I509F 3
g 400 — = — -§ (
g _T_ Input 10 \
g 350 = P § !
| Output / | 5
TN s -
& 30 V ~ Ta-+25°C | g
+Vs = +30V | = N 1 :
250 - B 0 3
0o 1 2 3 4 5 6 7 8 1K 10K 100K ™
t — Time (uS) f — Frequency (Hz)
Output Characteristics Current Sourcing Output Characteristics Current Sinking
8 10 ———
+Vs = +Vg = +5V
U T Vs =+15V ]
es 6 £ f Civg =0V ||
E= 3 =il ===
5% ] : = +Vs
+ 5 = TT i il T
s= Ei H
=3
§§ 4 E +Vs/2 o
- L 01 === 3
s =
ze= independent of +Vg / B = i Vo .
21— Ta=+25°C g = = =3
[ e LG 001l a0 |3
0001 001 0.1 1.0 10 100 0.001 0.01 01 1.0 10 100
lg- — Output Source Current (mA) lp — Output Sink Current (mA)
Current Limiting
90 T T T T
80 lot
g 7 e
£ 60 —
E
§ % T
I %
E B
| T
s 2 B
8
1(; §
55 3 15 15 125 45 +65 +85 1105 +15
Ta — Temperature (°C)
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Single-Supply
LM124/224/324/2902 Quad Operational Amplifiers
PR——————

Comparison of Standard
vs Micro-Package

Standard
14-Lead
Plastic
DIP

14-Lead
! Plastic
* Micro-Pak

_ 65-01800A
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

Low Power Quad 741
Raytheon Operational Amplifier

Features Description

m 741 op amp operating characteristics The LM148 series is a true quad 741. It consists of
four independent high-gain, internally compen-
sated, low-power operational amplifiers which

LM148/248/348

m Low supply current drain — 0.6mA/amplifier

m Class AB output stage — no crossover distortion have been designed to provide functional charac-
m Pin compatible with the LM124 teristic.s identica‘l .to those. gf the familiar 741
operational amplifier. In addition, the total supply

m Low input offset voltage — 1.0mV current for all four amplifiers is comparable to the
® Low input offset current — 4.0nA supply current of a single 741 type op amp. Other
features include input offset currents and input

® Low input bias current — 30nA bias currents which are much less than those of a
m Gain bandwidth product — LM148 (unity gain) standard 741. Also, excellent isolation between
1.0MHz amplifiers has been achieved by independently

biasing each amplifier and using layout tech-
niques which minimize thermal coupling.

High degree of isolation between amplifiers —

120dB
. . The LM148 can be used anywhere multiple 741 or
m Overload protection for inputs and outputs 1558 type amplifiers are being used and in
applications where amplifier matching or high
packing density is required.

Schematic Diagram (1/4 Shown)

4
0 +Vg

(26.913)

o—
Inputs N

VvV

N

012 | 015)_‘
—Kcm 2

R7 <
40K $

3510.12)

VWV

Output
—O
(1.78.14)

[=]

g
L U B
v

Q14

7

Q5

100K

Az

R3 <
75K >

R5
300

o -Vs
65-011368 (11)
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LM148/248/348

Low Power Quad 741
Operational Amplifier

Mask Pattern

Connection Information

64 x 80 mils
4 x 4 mils

Die Size:
Min. Pad Dimension:

Absolute Maximum Ratings
Supply Voltage

LM148 ... +22V

LM248/348 ...ttt +18V
Differential Input Voltage

LM148 44V

LM248/348 ... 36V
Input Voltage

LM148 ... ... +22V

LM248/348 ...ttt +18V

Output Short Circuit Duration’ Indefinite

Storage Temperature

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

LM148 .............. -55°C =Tp<+125°C

LM248 ............... -25°C<Tp<+85°C

LM348 ............ ..., 0°C<Ta<+70°C
Lead Soldering Temperature

(B0SEC) ot +300°C

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

Thermal Characteristics

14-Lead 14-Lead
Plastic DIP | Ceramic DIP

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

per °C per °C

6-26

14-Lead
Dual In-Line Package
(Top View)
~ Pin Function
1 14 1 Output A
E : 2 -ViNA
4 1 A /. 4 A 3 +VIN A
E E 4 +Vs
5 +Vin B
E E 6 -Vin B
7 Output B
E E 8 Output C
9 -VnC
E E 10 +VinC
11 -Vs
EP 2 \ 3 !—LB 12 +ViND
13 -VinD
a3 5] 14  OutputD
Ordering Information
Operating
Part Temperature
Number Package Range
LM348J Ceramic 0°C to +70°C
LM348N Plastic 0°C to +70°C
LM248J Ceramic -25°C to +85°C
LM248N Plastic -25°C to +85°C
LM148J Ceramic -55°C to +125°C
LM148J/883B* Ceramic | -55°C to +125°C

*MIL-STD-883, Level B Processing



Low Power Quad 741
Operational Amplifier
e
Electrical Characteristics (Vs =+15V and over the absolute maximum operating temperature range

(TL =< Ta < TH) unless otherwise specified)

LM148/248/348

LM148 LM248 LM348
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Min | Typ | Max| Units
Input Offset Voltage it 10 | 50 10| 60 10| 60| mv
Input Offset Current Ta =+25°C 40 | 25 40 | 50 401 50| nA
Input Bias Current Ta = +25°C 30 | 100 30 | 200 30 | 200/ nA
Input Resistance _ Lore
(Differential Mode) Ta =+25°C 08 | 25 08 | 25 08 | 25 MQ
Supply Current Ta = +25°C,
All Amplifiers Vg = 15V 24 | 36 241 45 241 45| mA
Tp = +25°C,
Large Signal Vg = £15V
Voltage Gain Vour = £10V 50 | 160 25 | 160 25 | 160 Vimv
RL = 2k
Channel Separation T e 120 120 120 dB
Unity Gain Bandwidth Ta = +25°C 1.0 1.0 1.0 MHz
Phase Margin Ta =+25°C 60 60 60 Degrees
Slew Rate Ta =+25°C 0.5 0.5 0.5 V/uS
Short Circuit Current Ta =+25°C 25 25 25 mA
Input Offset Voltage Rs < 10k 6.0 75 75| mv
Input Offset Current 75 125 100| nA
Input Bias Current 325 500 4001 nA
. Vg = £15V,
Large Signal Vo = +
¢ out = £10V, 25 15 15 Vimv
Voltage Gain RL > 2k0)
Vg = £15V, .
Output Voltage Swing RL = 10k +12 | +13 +12 | 13 +12 | £13 Vv
RL = 2k +10 | £12 +10 | £12 +10 | +12 Vv
Input Voltage Range Vs = £15V +12 +12 +12
Common Mode
Rejection Ratio Rs < 10k 70 | 90 70 | 90 70 | 90 dB
Power Supply
Rejection Ratio Rs < 10k 7| 9% 77 | 9% 77 | 9% dB
Raytheon 6-27



LM148/248/348

Typical Performance Characteristics

Low Power Quad 741
Operational Amplifier

Supply Current (mA)

Peak-to-Peak Output Swing (V)

Negative Output Voltage Swing (V)

Supply Current vs. Supply Voltage

6
5 g
550~
4 250C
3 +125°C > _
2 e I
/ // / )
1 4 S
0 2
0 10 15 20
Supply Voltage (+V)
Voltage Swing vs. Supply Voltage
® L]
Ta=+25°C
4 A
30
20
10 <
0 8
0 5 10 15 20 25
Supply Voltage (+V)
Negative Current Limit
-15 T
T Vg = +15V
——
10 \\
\ \
+125°C +25°C ) -55°C
-5
<
0 3
0 5 10 15 20 2% 30

Output Sink Current (mA)

Positive Output Voltage Swing (V) Input Bias Current (nA)

Output Impedance (¢}

Input Bias Current vs. Temperature

90
80
I +20Vg
60 +15Vg
50 \\ ﬁov:s
40 +5.0Vs
el |
20— i Ny
10 ﬁ z
0 3
55 -35 -15 +5 +25 +45 +65 +85 +105 +125
Temperature (°C)
Positive Current Limit
15 |
Vg = +15V
10
)
5 |-55°c/ \
+25°C~] \ .
+125°C \ :
0 | 2
0 5 10 15 20 25 30
Output Source Current (mA)
Output Impedance vs. Frequency
1K | — ’ = H
Vs =+15V = +
F—Ta = +25°C i
|
]
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3
smani 3
T =
2
™

Freguency (Hz)
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Low Power Quad 741
Operational Amplifier LM148/248/348

|
Typical Performance Characteristics (Continued)

Common Mode Rejection Ratio
vs. Frequency Open Loop Frequency Response
120 I 110 T T
= Vg =215V ]
= Vs = +15V = 4250 C——
§_’ 100 Ta=+25°C ]| 90 Ta=+25°C
g " | M148
g LM14 g N
g 60 8 T 50
s S
£ % 30
g
E 2 g 10 5
(=] z 0 2
0 3 -10 8
10 100 1K 10K 100K 1M 10M 10 100 1K 10K 100K 1M
Frequency (Hz) Frequency (MHz}
Phase Margin vs. Frequency Test Circuit
20 i T TTTT] 100
15 Vg = +15V 11190
10 Ta = +25°CHH 80 10K
5 Phase 0
= 0 Gain N 60 g 100
= -5 50 g
£ 10 \\ 0 S Vo
s 2
-15 o £
N & 2%
-20 N 20
-25 10
-30 0 = = =
-35 N -10
0.1 1.0 10
Frequency (MHz) 65-01149A
Small Signal Pulse Response Large Signal Pulse Response
| | Vo
100 Vg =215V — 10
y.dl Vo Tp=+25°C_|
= N
0 / Ay=1 0 N
£ =
= B
£ -100 £ -10 N\
—_— =} —
é — i — J V=15V —
100 10 N Ta=+25°C__|
Vi Ay =
0 3 RL=22K |z
-100 z -10 i i z
0 1 2 3 4 5 0 40 80 120 160 200
Time (:S) Time (uS)
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Low Power Quad 741
LM148/248/348 Operational Amplifier
|

Typical Performance Characteristics (Continued)

Undistorted Output Voitage Swing

vs. Frequency Gain Bandwidth vs. Temperature
32 TTT 1.7
s , V=165V _ | 40
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16 q =
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12 S 2
§ 8 2 10
£ 4 2 :
= 5 5
0 8 2
100 1K 10K 100K 55 -35 -15 45 +25 +45 +65 +85 +105 +125

Frequency (Hz) Temperature (°C)

Negative Common Mode

Slew Rate vs. Temperature Input Voltage Limit
-20
0 s _
=
= s +125°C /A/
za £E-5 f 7
> I o
) ES o
" B 1=z
& 2=- 7
%
1.0 2 A/
i = 7 ]
) ; 5L A2 ;
-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 -5 -10 -15 -20
Temperature (°C} Negative Supply Voltage (V)
Inverting Large Signal Pulse Response Input Noise Voltage and Noise Current
. - T T 160 V’ iLLlsI\III 16
1 - — 40— Vs =%
Vo ¥§f;§VC_ g Ta = +25°C )
. / \ Ay = -1 7 2 120 1.2 3
- / N | o £ 100 10 &
£ g
& -10 / N\ § 80 08 E
E < \ - 2 Mean Noise Voltage e
g @ ~ O - 06 &
10 = 40 Mean Noise Current[{[[[1 g4 E
0 g 4§
Viv § = 02 =
-10 c
3 0 0
0 20 40 60 80 100 120 140 160 180 200 10 100 1K 10K
Time (u$) Frequency (Hz) 65-01157A
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Low Power Quad 741
Operational Ampilifier LM148/248/348

Typical Performance Characteristics (Continued)

Positive Common Mode Input Voltage Limit

20 ]
——-55°C < Tp < +125°C /'/

o

pd

o

e

5 10 15 20
Positive Supply Volts (V)

Positive Common Mode Input
Voltage Limit (V)

65-01158A

Typical Simulation

+Vg
+Vg
RC1 < < RC2 1.803V —
53KS O Ssa
5.46pF .
Va C2 D3
,__l |.___4 30pF Ro1
L Vp 3P 32
o “ AANA— AT
_ D1i Dzy D4
> >
Ve bva S R Vo SR
c)Gem d Ga € 100K O Go 2 87K) = 2803
2719K 5.9 Q0 [150.8u( [247.5m( S R CeV
"21 320 46.960
-Vs
65-01164 A
Bo1 =112
Cc RE Bo2 = 144
2470F I 0.87M 20.2264A Is =8 10-16
- - 'VS

Figure 1. LM148 Macromodel for Computer Simulation

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

Low Power Quad 741
Operational Amplifier

Typical Applications

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

The input characteristics of these devices allow
differential voltages which exceed the supplies.
Output phase will be correct as long as one of the

_inputs are within the operating common mode
range. If both exceed the negative limit, the output
will latch positive. Current limiting resistors
should be used on the inputs in case voltages
become excessive.

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

Typical Applications

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

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

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

R3

AAA

\AA e

R4 R5
—AAA—¢ 0 AA%
C2 R2
—wWA—
R6
Ql[" AV

——

R1

fmax = 5.0kHz, THD < 0.03%

A —
1 ) R4R5<1 1 1)
P R - Wyary B

65-01139A

Ron

V
)
Vp

1/2

R1= 100K pot., C1 = 0.0047xF, C2 = 0.01uF. C3 = 0.1uF, R2 = R6 = R7 = 1M, R3 = 51K, R4 = 12(),

R5 = 24001, Q1 = NS5102, D1 = 1N914, D2 = 3.6V avalanche diode (ex. LM103). Vs = 15V

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

Figure 2. One Decade Low Distortion Sinewave Generator
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Low Power Quad 741

Operational Amplifier LM148/248/348

Typical Applications (Continued)

-ViN

R
——AA——
R/2
VAVA'
Vout
R/2 1/4 LM148 —O
VWA~ +

R2

— 65-01140A

2R
Vour =2 <W+ 1) . -Vs-3V<Vinem<+Vs -3V,

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

Figure 3. Low Cost Instrumentation Amplifier

Adjust R for minimum drift
D3 low leakage diode

D1 added to improve speed
Vg = =15V

65-01159A

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

Typical Applications (Continued)

Low Power Quad 741
Operational Amplifier

R5
100K
A A
v v
AAA 01
'RVS' 0.001uF c2
10K —t 0.0014F
R1 —i—
AAA -
VR 174 LM143 W ,\VEP "2
+ 1/4 LM148 Wy -
+ V
Tune Q through RO, Vip O———dg 1/aLm) L
For predictable results: fo Q< 4 x 104 = +
Use Band Pass output to tune for Q R4 L
Vg N Sup W - AL
i=ﬁ,0(s)=52+_ﬂ+w°2 — AAA——
Vins)  Dis) Q ) AAA
-S4 Hoe R
NHp(s) = S2 Honp, Nap(s) =-—°-0—-—- NLp = wo? HoLp RH f
AA h v
B8R
—0
1 R6 1 1+R4|R3+R4|RO R6 ty\1/2 aLmig
for— [ — [— t=RG Qx| — ——— | (= — +
2r R5 t1t2 1+ R6|R5 RS t2
- 65-01160A
1 Ry \172 u 1+ R6iR5 1+ R4/R3 + R4|R0O
ek =5~ \Ritg/ "M T RaRo s AaiR4 O 7T RaA0 - RIRA
1+ R5/R6
Hore = S RaiR0+ RalRa
Figure 5. Universal State-Space Filter
100K
0K VWV
Wy 0.001,F
{ - 0.0014F
i 50.3K m
Vi 150K 1/4LM148 A '\ 503K
VWA + 174LM148 AAA- '\ Vour:
+ 174 LM148 )
4.556K .
100K =
M- =
= 100K
AV
WA
10K 100K
— AAA——
0.0]0[1pF
\ 11 0.0014F
50.3K ——
1/4 LM1 —AAN—4 - 50.3K
1/ AA -
+ 41M148 VAWA—4 Voura
> + 1/4 LM148 —O
39.4K .
100K
- AW = 65-01161A
Use general equations, and tune each section separately
Qist Section = 0.541, Q2nd Section = 1.306
The response should have 0dB peaking

Figure 6. 1kHz 4 Pole Butterworth Filter
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Low Power Quad 741
Operational Amplifier

LM148/248/348

Typical Applications (Continued)

Ex: fnoTcH = 3kHz, Q = 5, R1 = 270K, R2 = R3 =20K, R4 = 27K, R5 = 20K, R6 = R8 = 10K, R7 = 100K,
C1=0C2=0.001xF
Better noise performance than the state-space approach

A'AVAV
A R7
A A A4 R1
——— A
i R2 €2 ——
1/4 LM148 A A - R3 C1
P + l 1/4 LM WA
R6 :: L Vout(s) 3 N L
= R4
V|N(S) - 65-01162A
© =
R8 R1C1 1 R8 1 R6
0= /=X fo=— [ — X————=" fNoTCH=— | ———
-R7  /R3C2R2C1 24 R7  V/R2R3CIC2 2w~/ R3R5R7C1C2
Necessary condition for notch: _1 = .R_1_
R6 R4R7

Figure 7. 3 Amplifier Bi-Quad Notch Filter

AV Lowpass Response
AAA RS
VWA 100K T
R6 '_ o = | |
I_/4 LM14g AAA [ '& l ii g \ |
VIN VVvr - 3 E \
+ R 1/ama>Ee 4, - w T
R3 s + R2 1/4LM1 } T
> o I
RO HH :’ — + B 100 K 10K 100K
R4 = Frequency (z)
= A RL =
- ‘VAVAV
R'5 R1C1=R2C2 =t
A A R1C'1=R2C2=t
AAA AAA-
R'6 I Ry
- ’ c1 Ry
R1 l'_ — 100K
1/4 LM1 AAA - Bp c2
N 174 LM143 AM \ l
' N R2 1/4 LM1 AW Vo
RO 1 4 L 1/4Lm1 o
W < -
- A A A4 - 65-011638
fc = 1kHz, fs = 2kHz, fp = 0.543, fz = 2.14, Q = 0.841, f'p = 0.987, f'7 =4.92, -
Q' = 4.403, normalized to ripple BW
1 [R6 1 1 Rh 1 1+ R4/R3 + R4|RO 6 '6 1+R4|R'0
s f—x-fe— [ — Qe
2=~ R5 t 2r RL t 1+ R6/RS R5 R'5 1+R'6|R'5+R'6/Rp
Ry RL
" Ru+ R
Use the BP outputs to tune Q. Q', tune the 2 sections separately
R1=R2 = 926K, R3 = R4 = R5 = 100K, R6 = 10K, RO = 107.8K, RL = 100K, Ry =155.1K,
R'1=R2=509K R4 =R5= 100K, R'6 = 10K, R'0 = 5.78K, R'| = 100K, R'y = 248.12K, Rt = 100K.
All capacitors are 0.001uF
Figure 8. 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros)
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Low Power

Raytheon

Dual Operational Amplifier

LM358

Features

® Internally frequency compensated for unity
gain

m Large DC voltage gain — 100dB

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

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

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

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

m | ow input offset voltage — 2mV

B Low offset current — 5nA

B |nput common mode voltage range includes
ground

m Differential input voltage range equal to the
power supply voltage

m | arge output voltage swing — 0V to +Vg -1.5V

Schematic Diagram (1/2 Shown)

Description

The LM358 consists of two independent, high
gain, internally frequency compensated opera-
tional amplifiers which were designed specifically
to operate from a single power supply over a
wide range of voltages. Operation from split
power supplies is also possible and the low
power supply current drain is independent of
the magnitude of the power supply voltage.

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

+Vs
8)

Inputs

Q8 Q9

18

(17)
'—KQH Output

100K

65-00396A
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LM358

Low Power
Dual Operational Amplifier

Absolute Maximum Ratings

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

Output Short Circuit to Ground
(One Amplifier)!

Vg<+15Vand Ta =+25°C ..... Continuous
Input Current (Vin<-0.3Vop)2 .......... 50mA
Operating Temperature

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

LM358NB .......ccvvvviiinnnn... +300°C

LM358M ... +260°C

Thermal Characteristics

8-Lead
Micro-Pak 8-Lead
Plastic DIP Plastic DIP
Max. Junction Temp. 125°C 125°C
Max. Pp Ta <50°C 300mW 468mW
Therm. Res. 8¢ B —
Therm. Res. 6 240°C/W 160°C/W
For Ta > 50°C Derate at 4.17mW 6.25mW
per °C per °C
Ordering Information
Operating
Part Number Package Temperature Range
LM358M Micro-Plastic | -20°C to +75°C
LM358NB Plastic -20°C to +75°C

Connection Diagram

Dual In-Line Package
(Top View)

Output A E E +Vs

Inverting A B
Input A 2 LT 7 | Output B
Non-Inverting 3 6 Inverting
Input A Input B

Non-Inverting
GND E 3 Input B

65-00395A

Mask Pattern

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

Die Size:

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

Raytheon
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Low Power

Dual Operational Amplifier LM358
]

Electrical Characteristics (+vs=+5.0V, Ta = +25°C)

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage (Note 3) +2.0 +7.0 mV
Input Bias Current (Note 4) 45 250 nA
Input Offset Current +5.0 +50 nA
Input Voltage Range +Vg = +30V (Note 5) 0 Vs -1.5 Vv
RL = =, +Vg = +30V 1.0 2.0
Supply Current mA
RL =« On All Op Amps 0.7 1.2
Large Signal Voltage Gain g\)/\/?l':g;— gf\;(g‘?(r)Large Vo 25 100 V/mV
Output Voltage Swing RL = 2k 0 Vg -1.5 v
Common Mode Rejection Ratio 65 70 dB
Power Supply Rejection Ratio 65 100 dB
Channel Separation ;;ghﬁé;&%ﬂg% (Input -120 dB
Output Source Current X'\'/“g - 1\1/5\\// n-= 0V, 20 40 mA
Output Sink Current Yr’\'/“g i l\g‘sx"‘” =0, 10 20 mA
Output Sink Current 3'0"“: :zgslm\\;\'/"” =0, 12 50 my
Short Circuit Current (Note 1) 40 60 mA
The following specifications apply for +Vg = +5.0V, 0°C to +70°C
Input Offset Voltage (Note 3) +9.0 mV
Average Input Offset Voltage Drift Rg = 02 7.0 uV/°C
Input Offset Current +150 nA
Average Input Offset Current Drift 10 pA/°C
Input Bias Current 40 500 nA
Input Voltage Range +Vs = +30V (Note 5) 0 +Vg -2.0 v
Notes: 1. Short circuits from the output to +V5 can cause excessive heating and eventual destruction. The maximum output current

Hw

. 6-38

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

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

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

. Vo = 1.4V, Rg = 0Q) with +Vg from +5V to +30V; and over the full input common mode range (0V to +Vg -1.5V).
. The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent

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

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

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

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

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

Raytheon



Low Power
LM358 Dual Operational Amplifier

Typical Performance Characteristics

Input Voltage Range vs. Supply Voltage Input Current vs. Temperature
15 90 T
80 Vem = 0V 40—
)
=) Negative Ve =+
s 10 i < % 8 Vs = +30V B
g Positive g % ! !
E T W +Vg = +15V
m £ +Vs = +5V
Lo 7 ]
g / . £ -
8 10 g
g g
0 8 0 8
0 5 10 15 55 -35 -15 +5 +25 +45 +65 +85 +105 +125
+Vg ar -Vg — Pawer Supply Voltage (V) Ta — Temperature (°C)
Supply Current vs. Supply Voltage Voltage Gain vs. Supply Voltage
4 - . 160
=
E —_
= g 120 — RL = 20k
S £ - AL 2
g < Lo
B £ w
> s
= | |
S o
a0 Ta=0°Cto +125°C g 4
| § < <
= a 8
~ 550 g g
0 Ta=-55°C 3 0 g
10 20 30 10 20 30 40
+Vg — Supply Voltage (V) +Vg — Supply Voltage (V)
Open Loop Frequency Response Voltage Follower Pulse Response
>
120 S ] 52 90 N 415y ]
g N 0.1uF 5%
= 100 N Vo ] g / \
s \ — 124
g 80 Vin e — =
] A V2= 0
2 60 = — +Vg = +30V and — —_— -
| -55°C < Ta< +125°C ss 3
E 0 vg = +10V to +15V and 3%,
5500 = T < +125°C < | & <
20— | g zS 1 g
| P = :
0 2 8
1 10 100 1K 10K 100K 1M 10M 0 10 20 30 40
f — Frequency (Hz) t — Time (uS)
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Low Power
Dual Operational Amplifier LM358

Typical Performance Characteristics (Continued)

Voltage Follower Pulse Response

(Small Signal) Large Signal Frequency Response
500 —_— 2 100K
450 | I Yo 2 15V
2 50pF § 1K
g 400 &N, I £ ¥ Vo 1
s 7 2 10 N v ATV
- | t 3
E 0 -_I_- ey g AN Gl
S Output ~ / | \= =
7 Ao~ < = 0 AN —\ Tl
V Th=+25°C |3 ‘ g
+Vs = +30V | 8 t N I | g
250 ' & 0 8
o 1 2 3 4 5 6 7 8 1K 10K 100K ™
t — Time (uS) f — Frequency (Hz)

Output Characteristics Current Sourcing Output Characteristics Current Sinking

10 T
8 T T =
L] | s~ 5V
7 _ Vs =+15V
gs 6 s 1 Vs = +30V
S 2 e
éf ) E +Vs/2
38 =
| E 3 cl 01 H
As - - o i
== Independent of +Vs / - = / m -
2 Ta=+25°C g i = = = 115
| 7 _ Lo5e 2
1 . e § 0.01 f I [ Tazzesc ([l
0.001 0.01 0.1 1.0 10 100 0.001 0.01 0.1 1.0 10 100
lo+ — Output Source Current (mA) lp — Output Sink Current (mA)
Current Limiting vs. Temperature
90
" 1]
= ot
E
z 60
g ® —
g 40 —
‘=|’ 30
R .
8
10 H

0
55 -35 -15 +5 +25 +45 +65 +85 +105 +125
Ta — Temperature (°C)
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Current Mode Single-Supply
Quad Operational Amplifier

Raytheon

LM2900/3900

Features

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

m Supply current drain independent of supply
voltage

m Low input biasing current — 30nA

m High open-loop gain — 70dB

m Wide bandwidth — 2.5MHz (unity gain)

m Larger gain-bandwidth product in non-inverting
mode (Ay = 100 at f = 1.0MHz)

® Large output voltage swing (Vs -1.0)Vpp

m Internally frequency compensated for unity
gain

m Output short-circuit protection

Description

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

Schematic Diagram (1/4 Shown)

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

Mask Pattern

1109 8

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

+Vs
(1)

-Input
(6,3,8,11)

+Input
(121312)

Current = =
Mirror

Q12

Output
2 (5,4,9,10)

¥)1.3mA

GND
@

65-00807A
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Current Mode Single-Supply

LM2900/3900 Quad Operational Amplifier

Connection Information

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

—\J Pin Function

1 +Input 1

1 14

E ] 2 +lnput 2
3 -Input 2
E E 4 Output 2
5 Output 1

E E 6 -Input 1
-+ 7 Ground

E 2 E 8 -Input 3
9 Output 3
] [10] 10 Output 4
1 -Input 4

6 9 12 +Input 4
E j 13 +lnput 3

E E 14 +Vg
65-01260A

" Absolute Maximum Ratings Thermal Characteristics

Supply Voltage 14-Lead
LM2900 ...t +36V Plastic DIP
S LM'3980It ............................ i?g:// Max. Junc. Temp. 1250C
upply Voltage ....................... + "
Input Currents, IiN+ OF l|N. « e e, 20mA Max. Pp Ta <50°C 468mw
Output Short Circuit Duration .... Continuous Therm. Res. 6,¢ —
One Ampilifier, Tp = +25°C Therm. Res. 6, 160°C/W
Storage Temperature
RaNge ................... -65°C to +150°C For Ta > 50°C Derate at 6.25mW per °C
Operating Temperature Range
LM2900 .......... e -40°C to +85°C Ordering Information
LM3900 ...........ooiuaaa. 0°Cto +70°C Operatin
Lead Soldering Temperature P g
o Part Temperature
(10Sec) ovvvviiiiiia. +300°C Number Package Range
LM3900N Plastic 0°C to +70°C
LM2900N Plastic -40°C to +85°C

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

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

| M2900/3900
Parameter Test Conditions Min Typ Max Units
Large Signal Voltage Gain f = 100Hz 1200 2800 VIV
Input Resistance :
(Differential Mode) Inverting Input 1.0 MQ
Output Resistance 8.0 kQ
Unity Gain Bandwidth? Inverting Input 25 MHz
Input Bias Current Inverting Input 30 200 nA
Positive Qutput Swing 0.5
Slew Rate - - V/uS
Negative Output Swing 20
Supply Current RL = = On All Amplifiers 6.2 10 mA
Output Voltage Swing RL =2k
Vour High IN-=0, In+=0 13.5 14.2
Vout Low IN- = 10uA, I+ =0 0.09 0.2 v
Source 6.0 18
Output Current - mA
Sink2 0.5 13
Power Supply Rejection Ratio f = 100Hz 70 dB
Mirror Gain3 lin+ = 200pA 0.90 1.0 11 uAuA
Mirror Current4 10 500 uhA
Negative Input Current5 1.0 mA
Notes: 1. When used as a “non-inverting amplifier”, the gain-bandwidth product is not limited to 2.5MHz. The isolation provided by the

FNEFAN N

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

. The output current sink capability can be increased for large signal conditions by overdriving the inverting input.
. This spec indicates the current gain of the current mirror which is used as the non-inverting input.

Input Vgg match between the non-inverting and the inverting inputs occurs for a mirror-current (non-inverting input current) of
approximately 10pA. This is therefore a typical design center for many of the application circuits.

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

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

LM2900/3900 Quad Operational Amplifier
.

Typical Performance Characteristics

Open Loop Gain Voltage Gain vs. Supply Voltage
100 | 100
No Load
80 RL=5.1K 80
— <] | ]
g <4 RL =2.0K = /——-—'
= 60 \\ g & L—
< £
=3 \ 1
S 4 \ & 4
> =
NG =
20 < 20 s
0 N g 0 3
102 103 104 105 106 107 0 5 10 15 20 25 30
Frequency (Hz) Supply Voitage (V)
Voltage Gain vs. Temperature Input Current vs. Temperature
100 I 100
Rl ==
80 80
g z
T 60 g 60 \
8 E
2 = IS
20 é 20 ~——— g
0 3 0 £
55 25  +5  +35 465 495  +15 55 25 +5 435  +65 495  +125
Temperature (°C) Temperature (°C)
Supply Current Large Signal Frequency Response
10 I 16
RL=w
8.0 14
= \ = 10K<R <=
£ so|F > z 2
g ANANAN £
= ~ —— 2
§ - A NOX T = 5570 ] g 80
3 Ta=+85°C Tat0oC E \
20 Ta = +155°C ! g 40 :
Ta=+25°C % g
0 2 0 8
0 5 10 15 20 25 30 100 1K 10K 100K ™ 10M
Supply Voitage (V) Frequency (Hz)
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Current Mode Single-Supply
Quad Operational Amplifier LM2900/3900

R —

Typical Performance Characteristics (Continued)

Output Sink Current vs. Supply Voltage Output Class A Bias Current
50 5.0 T
Ta=-55°C
— 40 et 4.0 |
- 3 o
£ T 1008 z Ta= 125°C
g wn /| E 30 -
3 / g Th = +85°C
- (X}
5 2 £ 20 Sy Ta = 12570
E Ii- = 10uA = 77
S Oy - oA =0 - 3
g g
0 8 0 2
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Supply Voltage (V) Supply Voltage (V)
Output Source Current Mirror Gain vs. Temperature
25 T 1.16 T
| Ta=-85°C ° |
Ta=0° IN-
2 ! . 3 1.12 A= TNv —
T Ta=+25°C =
:&-" 15 | g 1.08
s - o =
5 10 Ta = +125°C S 1.04
3 E —s lin = 10A
5 < = 100 <
| g g
0 3 0.96 8
0 5 10 15 20 25 30 55 25 45 +35  +65 495  +1%5
Supply Voltage (V) Temperature (°C)
Supply Rejection vs. Frequency Test Circuit for Supply Rejection
100 +Vs
80
s D +Vin
2
g 60 —~
s
2
K l .
T 40 \
=3
§ —O Vo
20 <
: = =
0 8
102 103 104 105 106 107

Frequency (Hz)
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Current Mode Single-Supply
LM2900/3900 Quad Operational Ampilifier
L.

Typical Performance Characteristics (Continued)

Maximum Mirror Current

2
16
g LN
s
£ N For A= 0.90
=]
Z 80
g
4.0 <
§
g
0 8

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

3900 Typical Applications (vs=+15v)

Voltage-Controlled Current Source

(Transconductance Amplifier)  +Vs Triangle/Square Generator
Vs 1M 0.001 Fl
10K 1K o AAA——]- 001w
N ) Yo AN
VWA + 1.0mSec
™
+ViN 100K I
/4
100K 2N2907 54 - Vo2
3 510K 1/4
% l T 3900 —°
+
I
| +V 1.2M 100K
+Vso lo = 1.0mA/Volt Viy o | Py

- 65-00821A

65-00822A

VBEe Biasing

—_—
Av‘v‘v
R2
R1
Vo
1/4
+ . 3800
Vo Vn  R3 l
o
TVS = = = 65-00824A
2 Vge = 0.5V
—_— V0=Vgg<1' H2>
65-00823A Ay= 'E_
R1
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Current Mode Single-Supply
Quad Operational Amplifier LM2900/3900

3900 Typical Applications (Continued)

Free-Running Staircase Generator/Pulse Counter

30K 1Ng14 —_—J_
0.1uF ==
T /4 V°£ =

3800 Vo
+ o lo
[Difference
1Ng14 Integrator
1.3K L
i: ™
Reset
Pulse
One Shot with v—'\/W—O +Vs 65-00825A
Input Comparator

Supplying ljy With Auxiliary Amplifier

(to Allow High Z Feedback Networks) Bandpass Active Filter

Z4
39K
AAA—
<
fo=1kHz | = ST
0=25 62K
T 2lin AN—
65-00827A
o
TVS

65-00826A
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Current Mode Single-Supply
LM2900/3900 Quad Operational Amplifier

3900 Typical Applications (Continued)

Ground Referencing a Differential Input Signal Non-Inverting Amplifier

65-00828A

+Vs/2 R1

Split Supply (+Vs = +15V and -Vg = -15V)
9 +15.00v*

2M

-ViN - 200K
o

Ay =10

0.01uF
Vo

500K *Complementary

Vos Tracking

Adj

Non-Inverting DC Gain AC Amplifier 65700830
Raytheon
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Instrumentation Grade
Operational Amplifier

Raytheon

OP-05 Series

Features

Low noise 0.1Hz to 10Hz — 0.35uVpp
Low Vos — 0.15mV

Ultra-low Vg drift — 0.2uV/°C

Fits 725, 108A, 741, and AD510 sockets
Long term stability — 0.2uV/Month
Low input bias current — £1nA

High CMRR — 126dB

Wide input voltage range — £14V

Description

The OP-05 series of instrumentation grade oper-
ational amplifiers is designed for low level signal
conditioning where ultra low Vog and TCVgs are
required along with very low bias currents. Internal
compensation eliminates the need for external
components. Novel circuit design and tight pro-
cess controls are used to obtain very low values of
Vos. Low frequency noise is minimized. Internal
biasing techniques reduce external bias and offset
currents to values in the order of £1nA over the

Schematic Diagram

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

Mask Pattern

65-00361A

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

@
+Vs O— ' .
R2A R2B
LR () ® < R7
0) nar ©) $ 18K
RIA < Yos mis g re
I p R
¢ 19
Tt ou}J
™ R9
N D8 Q11 Q12 25
on-
Inverting Q5 Q3 06 04 I Out{gut
Input 30pF_L ) o ©
R3 3 65pF
500 a b2 a6
RS
D21 026 3K
Inverting D22 D25 15
Input
O—AAN <« '—m“
0
0 ( D13 4K
@ D
Vs O :
65-005808
Ravtheon 65-1165A 6-49



Instrumentation Grade

OP-05 Series Operational Amplifier

Connection Information

TO-99 8-Lead
Metal Can Dual In-Line Package
(Top View) (Top View)
° \ Pin Function
1 Vos Trim
E E 2 -Input
) 3 +Input
E 3 4 -Vg (Case)
6 Output
E v 3 7 +Vg
8 Vos Tri
65-00363A E E os fm
Absolute Maximum Ratings Ordering Information
Supply Voltage ........coovvviiiiien. +22V Operating
Input Voltage' ........c.ovevneiiiinn.. 22V Part Number Package Temperature Range
Differential Input Voltage .............. 30V 0P-05CT T0-99 0°C to +70°C
Internal Power Dissipation? .......... 500mW OP-05ET T0-99 0°C to +70°C
Output Short Circuit Duration ....... Indefinite 0P-05CDE Ceramic 0°C to +70°C
Storage Temperature OP-05EDE Ceramic 0°C to +70°C
Range ..............oot. -65°C to +150°C 0P-05CNB Plastic 0°C to +70°C
Operating Temperature Range OP-05ENB Plastic 0°C to +70°C
OP-05A ........ccovviinnn -55°C to +125°C 0P-05T T0-99 _55°C to +125°C
OP-05E/C/D ...cvvvvvvnnnn. 0°C to +70°C 0P-05T/883B* T0-99 -55°C to +125°C
Lead Soldering Temperature OP-05AT T0-99 -55°C to +125°C
(BOSEC) vovviiiiiiiii +300°C OP-05AT/883B* T0-99 -55°C to +125°C
Notes: 1. Forsupply voltages less than +22V, the absolute OP-05DE Ceramic -55°C to +125°C
maximum input voltage is equal to the supply 0P-05DE/883B* Ceramic -55°C to +125°C
2 \l(/cl);t;?ﬁﬁm power dissipation vs. ambient 0P-05ADE Ceram%c ~%°C 10 +1%°C
" temperature. : 0P-05ADE/883B Ceramic -55°C to +125°C

Thermal Characteristics

8-Lead

8-Lead T0-99
Ceramic DIP | Metal Can

Max. Junction Temp. 175°C 175°C
Max. Pp Ta <50°C 833mW 658mW
Therm. Res. 6,¢ 45°C/W 50°C/W
Therm. Res. 64 150°C/W 190°C/W
For Tp > 50°C Derate at 8.33mwW 5.26mW

per °C per °C

*MIL-STD-883, Level B Processing

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

Operational Amplifier OP-05 Series
. ]

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

0P-05A 0P-05

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

Input Offset Voltage* 70 150 200 | 500 | wV

bgﬂgagT:gTamﬁ;‘}Q”w 02 | 10 02 | 10 | wV/Mo

Input Offset Current 0.3 2.0 0.4 2.8 nA

Input Bias Current +0.7 | £2 +1 +3 nA

Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 035 | 0.6 | wVpp
fo = 10Hz 103 | 18 103 | 18 | nv_

Input Noise Voltage Density? fo = 100Hz 10 13 10 13 | VHz

' fo = 1000Hz 9.6 11 9.6 11

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

Input Noise Current Density? fo = 100Hz 0.14 | 0.23 014 | 023 | VHz
fo = 1000Hz 112 | 017 012 | 0.17

Input Resistance (Diff. Mode)? 30 80 20 60 M

Input Resistance (Com. Mode) 200 200 GO

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

Common Mode Rejection Ratio Vom = £13.5V 114 | 126 114 | 126 dB

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

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

Large Signal Voltage Gain® C; f i%og\?vs oy 150 | 500 150 | 500 Vimv
RL = 10k £125 | +13 125 | +13

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

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

Unity Gain Bandwidth? 0.5 0.5 MHz

Open Loop Output Resistance Vo=0,1p=0 60 60 Q

. Vg = +15V 75 120 75 120

Power Consumption mW
Vg = 3V 4 6 4 6

Offset Adjustment Range Ry = 20k +4 +4 mV

Notes: 1.

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

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

2
3. Guaranteed by design.

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

of power.

Raythoon
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Instrumentation Grade

OP-05 Series Operational Amplifier
e

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

0P-05E 0P-05C

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

Input Offset Voltage* 200 500 300 | 1300 | wV

\L/gagg: g?albr}ﬂ?;gﬁset 0.3 15 04 | 20 [uV/Mo

Input Offset Current 05 | 38 08 | 6.0 nA

Input Bias Current +1.2 | 4.0 +18 | 70| nA

Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 0.38 | 0.65 | uVpp
fo = 10Hz 103 | 18 105 | 20 | nv_

Input Noise Voltage Density? fo = 100Hz 10 13 102 | 135 | VHz
fo = 1000Hz 9.6 11 98 | 115

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

Input Noise Current Density? fo = 100Hz 014 | 0.23 0.15 | 027 | VHz
fo = 1000Hz 112 | 0.17 0.13 | 0.18

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

Input Resistance (Com. Mode) 160 120 GO

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

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

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

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

Large Signal Voltage Gain® C(L) f if’-(())cg\?vs y 150 | 500 100 | 400 V/imy
RL = 10k +125 | +13 +12 | +13

Output Voltage Swing RL =2k +12 | +12.8 +11.5| +1238 Vv
R = 1kQ +10.5 | 12 +10.5| £12

Slew Rate? R = 2k0 0.1 | 017 0.1 | 017 V/uS

Unity Gain Bandwidth? 0.5 0.5 MHz

Open Loop Output Resistance Vo=0,lp=0 60 60 O

. Vg = +15V 75 120 80 150

Power Consumption mw
Vg = +3V 40 | 6.0 40 | 80

Offset Adjustment Range Ry = 20k +4.0 +4.0 mV

Notes: 1.

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

days of operation. Excluding the initial hour of operation, changes in Vog during the first 30 operating days are typically 2.54V.

2.
3. Guaranteed by design.

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

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

of power.
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Instrumentation Grade

Operational Amplifier

OP-05 Series

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

0P-05A 0P-05

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

Without External Trim? 0.3 09 0.7 20 | uV/°C

With External Trim? Rp = 20k 0.2 0.5 0.3 1.0
Input Offset Current 0.8 4 12 56 nA
Average Input Offset Current Drift’ 5 25 8 50 | pA/°C
Input Bias Current +1 +4 +2 +6 nA
Average Input Bias Current Drift' 8 25 13 50 | pA/°C
Input Voltage Range +13 | £135 +13 | +135 v
Common Mode Rejection Ratio Vem = £13V 110 | 123 110 | 123 dB
Power Supply Rejection Ratio Vg = +3V to =18V 94 106 94 106 dB
Large Signal Voltage Gain RL =2k, Vg = £10V 200 | 400 150 | 400 V/mV
Output Voltage Swing R =2kn +12 | £12.6 +12 | +12.6 v

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

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

Without External Trim? 0.7 2.0 1.3 45 | uV/°C

With External Trim? Rp = 20k 0.2 0.6 04 15
Input Offset Current 0.9 5.3 1.6 8.0 nA
Average Input Offset Current Drift' 8.0 35 12 50 | pA/°C
Input Bias Current +1.5 | £55 +22 [ £90| nA
Average Input Bias Current Drift' 13 35 18 50 | pA/°C
Input Voltage Range +13 | £135 +13 | +135 v
Common Mode Rejection Ratio Vom = £13V 107 | 128 97 120 dB
Power Supply Rejection Ratio Vg = 3V to +18V 90 104 86 100 dB
Large Signal Voltage Gain RL = 2k, Vo = +10V 180 | 450 100 | 400 V/imV
Output Voltage Swing RL =2k +12 | £12.6 +11 | £12.6 Vv

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

2. Guaranteed by design.

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

of power.

Raytheon
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Instrumentation Grade
OP-05 Series Operational Amplifier

X
Typical Performance Characteristics

Trimmed Offset Voltage vs. Temperature Input Bias Current vs. Differential Input Volitage
30 — . : 30 ——r—————— -30
= Vos trimmed to < 5uV at +25°C - L At [Vpirr| < 1.0V|lg| < 2nA(OP-05A)
3 Nulling Pot = 20k(} /) s 20k < 3nA(0P-05) 1 -20
) ; 8;82? ; = [ < 7nA(OP-05C) 5
S 3. 0P05 4/ E 10 L -0 §
4, 0P-05C Va 5 A &
AN /[ [/ /i 0 0§
= N\ ) .4 E » :
£ 1 NUANEAY JAWY) E -0 Wa 0 B
E N > \ '/ |
] -20 [ Vs==15V {20 §
3 | 7 g Ta=+25C ] &
0 E | -30 )
-50 0 +50 +100 -0 -2 -10 0 +10 420 +30
Temperature (°C) Differential Input Voltage (Volts)
85-00582A
Input Bias Current vs. Temperature Input Offset Current vs. Temperature
T 25T
L Vg =216V Vg = 15V
— 20
g 3 g
3 0P-05C e \op-osc
8 NOP05 | E ool Xorss
8 ~ OP-05E g v N N
5 1 g ) Q5E
= = o ' <
~__ — = 05—0p.05A ~ =
OP-05A 2
0 | L s 0 l | 3
-50 0 +50 +100 -50 0 +50 +100
Temperature (°C) Temperature (°C)
CMRR vs. Frequency PSRR vs. Frequency
130 T TTTTT 120 IRALLL I T —T"TTT
T~ 0P-05 uﬂ 0P-05 I Ta= 25
120 a N 10
P-05C | TN RNy
110 NN 100 [ 0p-05¢
NN
= NN = N
2 100 2 o N
= \ < \t\
= NN =
= 90 \N ﬁ 80
=} \\\ |
& \ < 0 \:\ <
N
70 \\ g 60 g
g IS
60 50 N 8
10 10 100 1K 10K 100K 0.1 10 10 100 K - 10K
Frequency (Hz) Frequency [Hz
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Instrumentation Grade
Operational Amplifier

OP-05 Series

L
Typical Performance Characteristics (Continued)

Open Loop Gain vs. Supply Voltage

Open Loop Frequency Response

1000 B— 120 1
—Tpa = +25°C Vg = 15V
Ta = +25°C
o 80 = ®
S g
2 600 L 5
3 ,/ g 40
& o :
g s
S 200 < <
1 g g
0 1 & -40 L 8
0 +5 +10 +15 =20 01 1 10 100 1K 10K 100K 1M 10M
Power Supply Voltage (Volts) Frequency (Hz)
Closed Loop Response for
Various Gain Configurations Maximum Undistorted Output vs. Frequency
100 ’ g 2 T TTTT
Vs = =15V g l [ | Vg==15V
80 —~ Ta=+25°C | < 24 I i Ta=+25°C T
g T 2
e © 3
S g
§ % 12 ‘N
] >
s | ;o i
0 : % 3 4 | %
-20 E 2 0 i H""l-- 8
10 100 1K 10K 100K 1M 10M 1 10 100 1K
Frequency (Hz) Frequency (kHz)
Output Voltage vs. Load Resistance Power Consumption vs. Supply Voltage
20 — 1000 — .
| Vg =+15V F—4Ta=+25°C -
Ta=+25°C
- 15 | Vin = £10mV Positive SwingH s
) | - |
s ] IEEERE E 100 —— ,é =
= A Negative Swing S
= o I = >
10 T 2 i
@ %
E S 0
3 7
=] 5 E g Ill 5
g [ €
0 1 8 1 | E
0.1 1.0 10 0 20 40 60
Load Resistor to Ground (k) Total Supply Voltage. +Vs to -Vs (Volts)
Raytheon
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Instrumentation Grade
OP-05 Series Operational Amplifier

|
Typical Performance Characteristics (Continued)

Output Short Circuit Current vs. Time

% T T T T
= L 1. Viy (Pin 3) = =10mV, Vg = +15V
E | 2. Viy (Pin 3) = +10mV. Vg = 15V
NN S ——
S\
B \\\ | |
2 5|2 .
< ! 2
=
&
g 2 ! L
5 Vg = +15V 2
i Ta=+25°C 8
15 | 2
0 1 2 3 4

Time from Output Being Shorted (Minutes)
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Instrumentation Grade
Operational Ampilifier

OP-05 Series

Typical Applications

High Speed, Low Vgog Composite Amplifier*

4 Amplifier

Q
Vo=-ViN B

Ri * Bias RF

RF
Som VW\—
Node +15V
Vi A1 Bias  R3
Vo
—0

High Slew Rate

65-00587A

Adjustment-Free Precision Summing Amplifier*

R4

R1 A10Ak£)

10k vy

R2 +15V
O

—O Vg

- 65-00588A

Precision Absolute Value Circuit*

Raytheon

R3 R4 R5
10k 10k 10k
AAA AN AAA
Sensing R1 +
Junction VN 10kO 01 18V
+10V Vo
—O
Reference 0to +10V
Junction
D2 -15v
65-00590A
- 65-00589A
Offset Nulling Circuit
* —0 +15V
2 8
o—
7 Output
Input 0P-05 5
O—-—s- 4
-15v
65-00591A
*Pin Outs Shown for Metal Can Packages
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

Instrumentation Grade .
Raytheon Operational Amplifier OP-07 Series

Features inthe order of £1nA over the military temperature
. range. OP-07s are direct replacements for the

B Low noise 0.1Hz to 10Hz — 0.35uV.p A 714.725 h
Ultra-low Vog — 104V 108A, 714,725 and 5507. They can replace chopper

ili lifiers i lications.
Ultra-low Vg Drift — 0.24V/°C stabilized amplifiers in many applications

Fits 725, 108A, 741, and AD510 sockets
Long term stability — 0.2uV/Month Mask Pattern
Low input bias current — +1nA
High CMRR — 126dB

Wide input voltage range — =14V

Description

The OP-07 amplifier series is designed for pre-
cision low level signal conditioning where ultra
low Vpos and TcVopg are required along with
very low bias currents. Internal compensation
eliminates the need for external components.
Novel circuit design and tight process controls
are used to obtain very low values of Vps. Vos

is further reduced by a computer controlled . 2 3 4
digital nulling technique at test. Low frequency Die Size: 65 x 101 mils 65-00361A
noise is minimized. Internal biasing techniques Min. Pad Dimensions: 4 x 4 mils

reduce external bias and offset currents to values

Schematic Diagram

W
o—
+V,
s R2A" $ ‘L R2B*
o "Ly 3% Lo
H T 750F
A& Jos Vos
RIA S Trim Trim $ R1B
X S b
. [ mcﬁ.—l
8 _r\)“” 0‘]2\/1'“
Non-
Inverting Q5 Q3 Q6 4 I
Input ml
O—AAA— - (3 C2F D17
3) R3 01 07 30pF 65p| 016
500
R5
D21 D23 026 X
Inverting D22 D24 D25 a5
Input ® »—ﬁm
@ R4
500 D13 pr
4K
@ | D D
o— é
-Vs
“R2A and R2B are electronically adjusted during factory test for minimum Vos. 65-003628
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OP-07 Series

Instrumentation Grade

Operational Amplifier

Connection Information

TO-99 8-Lead
Metal Can Dual In-Line Package
(Top View) (Top View)
Py Pin Function
1 Vos Trim
1 E 2 -Input
3 +input
E ) Zl 4 -Vg (Case)
6 Output
G €] 7 +Vg
8 Vos Trim
65-00363A E 3 os '
Absolute Maximum Ratings Ordering Information
Supply Voltage .........covvviiniinnn, +22Vv Operating
Input Voltage' .............cccvvnnnn. +22V Part Number Package Temperature Range
Differential Input Voltage .............. 30V 0P-07CT T0- 0°C to +70°C
Internal Power Dissipation? .......... 500mW 0:%9
Output Short Circuit Duration ....... Indefinite
Storage Temperature
Range ........... ... ..., -65°C to +150°C
Operating Temperature Range
OP-07A .....covvvnnnnn. -55°C to +125°C '0P-07DDE ~ Geramic 0°Cto +70°C |
. 05-8(37'5/Q/D T e t ........ 0°Cto+70°C OP-07EDE Ceramic 0°C to +70°C
ead Soldering Temperature T P R, W
(60.S6C) +-eeervennnanneinnannn, +300°c | OP-07CNB Plastic ). 0Clo+70°C |
Notes: 1. For supply voltages less than £22V, the absolute 0P-07DNB Plastic 0°C to +70°C
i input voltage i I to th I B e P
vottage, e 1 SO e SRRV op.o7eNs Plastic 0°C to +70°C
2. :\g;?::atime.power dissipation vs. ambient OP-07DE Ceramic _55°C to +125°C

Thermal Characteristics

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

0P-07AT T0-99 -55°C to +125°C
OP-07AT/883B* T0-99 -55°C to +125°C
*MIL-STD-883, Level B Processing
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Instrumentation Grade
Operational Amplifier OP-07 Series
]

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

0P-07A 0P-07
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage* 10 25 30 75 uV
Long gT :rSTaL"iﬁf;Pfse‘ 02 | 10 02 | 10 | wV/Mo
Input Offset Current 0.3 20 04 | 28 nA
Input Bias Current +0.7 | £2.0 +1.0 | £3.0| nA
Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 035 | 06 | wVpp
fo = 10Hz 103 | 18 103 | 18 Y
Input Noise Voltage Density? fo = 100Hz 10 13 10 13 JAz
fo = 1000Hz 9.6 1 9.6 1
Input Noise Current? 0.1Hz to 10Hz 14 30 14 30 | pAyp
fo = 10Hz 0.32 | 0.80 032 | 0.80 oA
Input Noise Current Density? fo = 100Hz 0.14 | 023 0.14 | 023 ﬁ
fo = 1000Hz 012 | 0.17 0.12 | 017
Input Resistance (Diff. Mode)? 30 80 20 60 MQ
Input Resistance (Com. Mode) 200 200 GO
Input Voltage Range +13 | 14 +13 | £14 v
Common Mode Rejection Ratio Vom = £13V 110 | 126 110 | 126 dB
Power Supply Rejection Ratio Vg = +3V to £18V 100 | 110 100 | 110 dB
Large Signal Voltage Gain RL = 2kQ, Vg = £10V 300 | 500 200 | 500 -y
Large Signal Voltage Gain® C(’; f i%oflf\(/lvs —agy | 190 | 500 150 | 500
v RL = 10k +125| +13 +125| +13
Output Voltage Swing R. = 2kQ +12 | £12.8 +12 | £12.8 v
R = 1k +105| +12 +105 | +12
Slew Rate? R =2k 0.1 | 017 01 | 017 V/uS
Unity Gain Bandwidth? AyoL =+1.0 05 0.5 MHz
Open Loop Output Resistance Vo=0,lpg=0 60 60 Q
. Vg = +15V 75 120 75 120
Power Consumption mW
Vg = 3V 40 | 6.0 40 | 6.0
Offset Adjustment Range Rp = 20k +40 +4.0 mV

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

3. Guaranteed by design.

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

of power.
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Instrumentation Grade

Operational Amplifier
PWRIRRRRRR___—_

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

OP-O7E 0P-07C 0P-07D
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max| Min | Typ | Max [ Units
Input Offset Voltage* |75 60 | 150 60 | 150 [ wV
53;3;;;1@;;?;2“8“ 03| 15 04 | 20 05 | 30 |uV/Mo
Input Offset Current 051 38 08 | 6.0 08 | 60| nA
Input Bias Current +12] +40 +18 (470 20| +12] nA
Input Noise Voltage? 0.1Hz to 10Hz 035 0.6 0.38 | 0.65 0.38 | 0.65| uVpp
fo = 10Hz 103 | 18 105 20 105 20 v
Input Noise Voltage Density?| fg = 100Hz 10 | 13 10.2 | 135 10.2 | 135 ﬁ
fo = 1000Hz 96 | 11 98 | 115 98 | 11.5
Input Noise Current? 0.1Hz to 10Hz 4130 151 35 15 | 35 | pApp
fo = 10Hz 032 08 03509 035| 09 oA
Input Noise Current Density? | fo = 100Hz 014|023 0.15 | 0.27 0.15 | 0.27 NG
fo = 1000Hz 0.12| 0.17 0.13 | 0.18 0.13 ] 0.18
'(Bf’f‘f“ agﬂ;‘f‘”ce 15 | 50 80 | 33 70 | 3t Ma
'(g%‘:;'ﬂl\‘j‘fjgé‘;”ce 160 120 120 GO
Input Voltage Range +13 | 14 +13 | £14 +13 | £14 v
gg{gg‘;’r‘] Mode Vo = +13V 106 | 123 100 | 120 9 | 110 dB
Eg;zg;g#%ﬂg ; Vg=+30Vto+18V | 94 | 107 90 | 104 %0 | 104 dB
Large Signal Voltage Gain | R = 2kq, Vo =10V | 200 | 500 120 | 400 120 | 400
S — R = 5000, V/imy
arge Signal Voltage Gain Vg = +0.5V. Vg = +3.0V 150 | 500 100 | 400
RL = 10kQ +12.5) 13 +12 | +13 +12 | +13
Output Voltage Swing R = 2kQ +12 {£12.8 t11.5|+12.8 +11.5|+12.8 "
R = 1kQ +10.5| +12 +12
Slew Rate? RL = 2kQ 0.1 | 017 0.1 |0.17 0.1 1017 V/uS
Unity Gain Bandwidth? AycL =+1.0 0.5 0.5 0.5 MHz
8ﬁfgulf%%gistance Vo=0.1o=0 60 60 60 0
) Vg = 15V 75 | 120 80 | 150 80 | 150
Power Consumption mwW
Vs = +3.0V 40 | 6.0 40 | 80 40 | 80
Offset Adjustment Range | Ry =20k +4.0 4.0 +4.0 mV
(See footnotes on page 6-60)
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Instrumentation Grade
Operational Amplifier OP-07 Series
e

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

0P-07A 0P-07

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

Without External Trim? 02 | 06 0.3 1.3 .

With External Trim? Rp = 20k 02 | 06 0.3 1.3 wVInC
Input Offset Current 08 | 40 1.2 5.6 nA
Average Input Offset Current Drift' 5.0 25 8.0 50 | pA/°C
Input Bias Current +1.0 | £4.0 120 [ 60| nA
Average Input Bias Current Drift! 8.0 25 13 50 | pA/°C
Input Voltage Range +13 | 135 +13 | £135 v
Common Mode Rejection Ratio Vom = £13V 106 | 123 106 | 123 dB
Power Supply Rejection Ratio Vg = £3.0V to 18V 94 106 94 106 dB
Large Signal Voltage Gain RL =2k, Vg = £10V 200 | 400 150 | 400 V/mV
Output Voltage Swing RL =2k +12 | £12.6 +12 | £126 Vv

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

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

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined sclely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Electrical Characteristics (Continued)
(Vg = +15V and 0°C < Ta < +70°C unless otherwise noted)

0P-07E 0P-07C 0P-07D

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

Without External Trim? 03 | 13 05 | 18 07 {25 VIeC

With External Trim? Rp = 20k} 03 |13 04 |16 07 |25 :
Input Offset Current 09 |53 16 | 8.0 16 [ 80| nA
Average Input Offset o
Current Drift 80 | 35 12 | 50 12 | 50 | pA/°C
Input Bias Current +15 |55 +22 |£9.0 +3.0 (14| nA
Average Input Bias o
Current Drift 13 | 35 16 | 50 18 | 50 |pA/°C
Input Voltage Range +13|+135 +13|+13.5 +13 | +13.5 vV
Common Mode B
Rejection Ratio Vem = £13V 103 | 123 97 | 120 94 | 106 dB
Power Supply _
Rejection Ratio Vg = +3.0V to =18V 90 | 104 86 | 100 86 | 100 dB
Large Signal Voltage Gain | R_ =2k, Vo =+10V | 180 | 450 100 | 400 100 | 400 V/imV
Output Voltage Swing R = 2k +12| +12.6 +11|£126 +11[+126 v

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

2. Guaranteed by design.

3. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after
application of power.
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OP-07 Series

Digital Nulling Technique

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

Rc + ARg —Vrin 14 ARc

Rc Rc
for ARc/Rc € 1.0 In(1+AR¢/Rc) = ARc/Rc, thus:

Vos =Vt In

AR
Vos ~ VT == &
C
For Figure 1 R2 + R3 > 8R1, thus

Ry

Vos =-V1 8R1+R2+R3 (7-B3B2B1) (Bo=1)

or:

R1

Vos = VTm (1+B3B2B1)

(Bo=0)
where B3BsB1 is a binary number which cor-
responds to the state of zener diodes Z1, Z2 and
Z3 as per Figure 1.

Y +Vs

(B1)

(B2 (Bo)

S 8R1
>
‘b

inputs
o-

(B =1.0)

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

B1B2B3 = Binary number with values from 0 to 7.

26mV (1 + B3ByB3)R1
T RZF¥RZ

AVps(25°C) = (Bo=0)

65-00365A

Figure 1. Digital Nulling Network
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Typical Performance Characteristics

Untrimmed Offset Voltage vs. Temperature Trimmed Offset Voltage vs. Temperature
85 7 30 " ¥ |
= — Vg = =15V = Vos trimmed to < 5.0uV at +25°C |
2 5L i A = Nulling Pot = 20Kq) I;__H
) — e Z s 1. OP-07A | I !
= ~ £ 2 R A
= = 3 . fq
P % 5 3 1 4 opaorc [ S A
s OP-07E 7> s N ! / ,/ A1
: ~< 2001 : NN f <
2 i £ ANEAN /1 |
2 s OSSN/ .
g -] 2 I <
g 0P-07A § 3 ' 1
2 - g 2 | | >
= r J i & = 9 L [ | { ¢
-50 0 +50 +100 -50 0 +50 +100
Temperature (°C) Temperature (°C)
Input Bias Current vs. Differential Input Voltage Input Bias Current vs. Temperature
% [ AU |Voirs| < 1.0V(lg] < 2.0nA(OP-07A) | -0 4 | T
= <30nA(0P-07) | = L vs -
é— ¢ = Jonmiorort) T 0 E _ Ve = 1oy
g E g
-0 E =
i 10 i 0 3 g
s o & 3 } 0P-07C
g — E 2 oPe7 |
g -10 0 g = OP-07E
! s I S | B S—  B
£ 20 Vg=£15V— 20 2 ) — ]
£ r Th=+25°C OP-OrA g
-30 o 30 0 8
30 -20 -10 0 +10  +20 +30 -50 0 +50 +100
Differential Input Voltage (Volts) Temperature (°C}
65-00368A
Input Offset Current vs. Temperature CMRR vs. Frequency
25 T | 130 T i umpwwr T T zlz
Vs - 15V R |
g 20 oP-07C | T TH AT
g 10 et RN L
= ‘ T T I ‘QN { T
E — b N N i
£ 15 & L L h, [
5 = 100 T T T \ \ mm
0P-07C = o il
E o1 N\ 0p-07 \\ E 90 % L | N EH
S : | | ]
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-50 0 +50 +100 10 10 100 1K
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Typical Performance Characteristics (Continued)

PSRR vs. Frequency

Frequency (Hz)

Fraquency (kHz)
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100 —F OP-07C 1
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- 80
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Frequency (Hz)
Open Loop Frequency Response
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8
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g
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Maximum Undistorted Output vs. Frequency

65-00376A

Open Loop Gain (V/mV)
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Output Swing (Volts)
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Open Loop Gain vs. Supply Voltage
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65-00373A
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+
N
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Power Supply Voltage (Volts)

Closed Loop Response for
Various Gain Configurations

1

Vg = =15V

Ta =+25°C |

65-00375A

i I

10 100 1K

10K 100K M
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Frequency (Hz)

Output Voltage vs. Load Resistance

20 — [ [ ,
| Vs ==15V
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15 |- Vin = £10mV Positive Swing
— ; bt
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5
g
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0 | 2
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Typical Performance Characteristics (Continued)

Power Consumption vs. Supply Voltage Output Short Circuit Current vs. Time
1000 3% [ —1 T T
—Ta =+25°C = I 1. Vin(Pin3)=-10mV. Vg =+15V __|
£ | 2. Viy(Pin 3) = +10mV. Vg = -15V
3 - E 30 \\ - : ; ;
E 100 £ | |
g _‘?j \\ ; T
= D - § L o |
5 £ 25— 2PN i ;
5 10 5 ! —
o | |
2 7 = 2 st 1
ra 5 g Vg = +15V | i §
2 S Ta=+25°C 1 a g
1 & 15 I | | 2
0 20 4 60 0 1 2 3 4

Total Supply Voltage, +Vs to Vg [Voits) Time from Output Being Shorted (Minutes)

Typical Applications

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

RF R4
T " &
VN R gioaie R +15V y 10K VWA
O—Wv 22 1 O AAA———4
R2 +15V
Vo 10K
—O0 V2 O————AAA———t
High Slew Rate RS
w 10K
4 Amplifier V3 O—————AAA ] =—O Vo
R5
2.5K
65-00380A
- 65-00381A
High Stability Thermocouple Amplifier* Precision Absolute Value Circuit*
A A R3 Re RS
vy yvy 10K 10K 10K
Sensing MWy W M
Junction A1 H15Y oy
Vin 10K D1
OVo Yo
Reference —O
Junction 0to+10V

65-00383A
85-00382A

*Pin Quts Shown for Metal Can Packages
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Very Low Noise
Operational Ampilifier

Raytheon

OP-27

Features

® Very low noise
Spectral noise density — 3.0nV/\/Hz
1/f Noise corner frequency — 2.7Hz
B Very low Vpg Dirift
0.2uV/Mo
0.2uV/°C
® High gain — 1.8 x 108V/V
® High output drive capability — +12V into 6000
load
® High slew rate — 2.8V/uS
B Wide gain bandwidth product — 8MHz
® Good common mode rejection ratio — 126dB
B |Low input offset voltage — 10uV
® Minimum low frequency noise — 0.08uVpp
0.1Hz to 10Hz
® Low input bias and offset currents — 10nA

Description

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

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

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

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

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

resistor of 50() or more load capacitances larger than
2000pF can be accommodated.

Mask Pattern

65-01540A

Die Size: 85 x 98 mils
Min. Pad Dimensions: 4 x 4 miis
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Schematic Diagram
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Very Low Noise

Operational Amplifier OP-27
Connection Information
TO-99 8-Lead
Metal Can Dual In-Line Package
Top Vi i
(Top View) (Top View) Pin Function
1 Vos Trim
E 5] 2 Inverting Input
3 Non-Inverting Input
2 7 4 -Vg
E_l 7] 5 NC
3 6 Output
E':D_El 7 +Vs
E E 8 Vos Trim
Absolute Maximum Ratings Ordering Information
Supply Voltage ...........coviiinnn.. +22V Operating
Input Voltage' ...........oevinnen.n.. +22V Part Number Package Temperature Range
Differential Input Voltage ............... 0.7V OP-27EDE Ceramic -25°C to +85°C
Internal Power Dissipation ........... 658mwW OP-27FDE Ceramic -25°C to +85°C
Output Short Circuit Duration ....... Indefinite 0P-27GDE Ceramic -25°C to +85°C
Storage Temperature opzEr 088 | e G0 s
Range ................... -65°C to +150°C OP-27FT T0-99 -25°C to +85°C
Operating Temperature Range OP-27GT T0-99 —25°C to +85°C
OP-27A/B/C ............. =55°C t0 +125°C oo : o -
OP-27E/F/G ... -25°Cto +85°C | OP-27ENB Plastic | -25°Cto +85°C
; OP-27FNB Plastic -25°C to +85°C
Lead Soldering Temperature OP-27GNB Plastic | -25°Cto+85°C
(BOSEC) vviviiiii e +300°C
Note: 1. For supply voltages less than +22V, the absolute OP-27ADE Ceramic ~25°Clo+125°C
o ° ' an xeek, 0P-27ADE/883B* Ceramic -55°C to +125°C
\r/noalé;sr;:m input voltage is equal to the supply 0P-27BDE Ceramic -55°C to +125°C
. OP-27BDE/883B* Ceramic -55°C to +125°C
Thermal Characteristics OP-27CDE Ceramic | -55°C to +125°C
1009 OP-27CDE/883B* Ceramic -55°C to +125°C
8-Lead 8-Lead 0P-27AT T0-99 -55°C to +125°C
Ceramic DIP | Metal Can OP-27AT/883B* T0-99 -55°C to +125°C
: . " 0P-27BT T0-99 -55°C to +125°C
Max. Junction Temp. 75°C | 1%°C OP-27BT/8838* | TO99 | -55°Cto+125°C
Max. Py Ta <50°C 833mw 658mwW OP-27CT T0-99 -55°C to +125°C
Therm. Res. 6, 45°C/W 50°C/W 0P-27CT/883B T0-99 -55°C to +125°C
Therm. Res. N 150°C/W 190°C/W *MIL-STD-883, Level B Processing
For Tp > 50°C Derate at 8.33mw 5.26mW
per °C per °C
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Very Low Noise
Operational Amplifier

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

0P-27A/E 0P-27B/F 0P-27C/G
Parameters Test Conditions Min Typ Max|Min Typ Max| Min Typ Max| Units
Input Offset Voltage® 10 25 20 60 30 100| wVv
{-/?)ﬂg;:rSTaEﬁ?;‘gﬁset 02 10 03 15 04 20 |uV/Mo
Input Offset Current 70 35 90 50 12 75| nA
Input Bias Current +10 +40 +12  £55 +15 +80| nA
Input Noise Voltage? 0.1Hz to 10Hz 0.08 0.18 0.08 0.18 0.09 0.25| wVpp
fo = 10Hz 35 55 35 55 38 80
Input Noise Voltage Density?| fo = 30Hz 31 45 31 45 33 56| nv
fo = 1000Hz 30 38 30 38 32 45| VHz
fo = 10Hz 1.7 40 1.7 40 1.7
Input Noise Current Density?| fg = 30Hz 1.0 23 10 23 1.0 pA
fg = 1000Hz 04 06 04 06 04 06| vHz
'(‘[‘)"’f‘f" “F}Ifﬂg;f‘“ce 15 60 12 50 08 40 Mo
1‘&%?;.“&2‘32?““ 30 25 20 GO
Input Voltage Range® +11 £12.3 +11 +123 +11 +123 v
hoeron Mode Vo = £11V 114 126 106 123 100 120 6B
E‘;jvggtrlfr‘l’%pa'g , Vs=+40Vto=18V | 100 120 100 120 % 118 dB
RL = 2.0k, Vg = £10V {1000 1800 1000 1800 700 1500
Large Signal Voltage Gain | R = 1.0kq, Vo =+10V | 800 1500 800 1500 _ 1500 V/mV
Vo = 1.0V, Vg = £4.0v¢| 250 700 250 700 200 500
) R = 2.0kQ +12 +13.8 +12 £138 +11.5 £135
Output Voltage Swing v
R_ = 6000 11 £12 11 +12 =11 £12
Slew Rate* R = 2.0k 1.7 28 1.7 28 1.7 28 V/uS
Gain Bandwidth Product? 50 80 50 80 50 80 MHz
Open L0op Output Vo=0.1g=0 70 70 70 0
Power Consumption 90 140 90 140 100 170 | mW
Offset Adjustment Range Rp = 10k +4.0 +4.0 +4.0 mV

Notes: 1.

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

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

W

. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
. Caution: The Common Mode Input Range is a function of supply voltage. See Typical Performance Curves. Also, the input

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

4.
5
power.

Raytheon

Parameter is guaranteed by design.
. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
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Very Low Noise

Operational Amplifier OP-27
L

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

0P-27A 0P-27B 0P-27C
Parameters Test Conditions Min | Typ |Max| Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' 30 | 60 50 | 200 70 1300 | wV
Average Input Offset o
Voltage Drift 02 |06 03 |13 04 | 1.8 |uV/°C
Input Offset Current 15 | 50 22 | 8 30 | 135| nA
Input Bias Current +20 | =60 +28 | 95 +35 |£150| nA
Input Voltage Range +10.3|£11.5|. +10.3|+11.5 +10.2|+11.5 v
Common Mode _
Rejection Ratio Vom = 10V 108 | 122 100 | 119 94 | 116 dB
Power Supply _
Rejection Ratio Vs = £4.5V to +18V 9 | 116 94 | 114 86 | 110 dB
Large Signal Voltage Gain | R_ = 2.0k, Vg = +10V| 600 | 1200 500 | 1000 300 | 800 Vimv
Output Voltage Swing RL = 2.0k +11.5|£13.5 11 [+132 +10.5| £13 v

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

0P-27E 0P-27F 0P-27G
Parameters Test Conditions Min | Typ |Max| Min | Typ |Max | Min | Typ | Max | Units
Input Offset Voltage' 20 | 50 40 | 140 85 [ 220 | wV
Average Input Offset o
Voltage Drift 02 |06 03 |13 04 | 1.8 |uV/°C
Input Offset Current 10 | 50 14 | 85 20 [ 135 | nA
Input Bias Current +14 | £60 +18 [ +95 +25 [£150] nA
Input Voltage Range +10.5|1=11.8 +10.5|£11.8 +10.5|=11.8 v
Common Mode _
Rejection Ratio Vewm = £10V 110 | 124 102 | 121 96 | 118 dB
Power Supply _
Rejection Ratio Vg = 4.5V to +18 97 | 118 96 | 116 90 | 114 dB
Large Signal Voltage Gain | R_ = 2.0k, Vg ==+10V| 750 |1500 700 | 1300 450 | 1000 VimVv
Output Voltage Swing R = 2.0k +11.7|+13.6 +11.4|+13.5 +11 |+13.3 v

Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of
power.
2. TcVos performance is guaranteed unnulled or when nulled with Re = 8.0k() to 20k(}

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

0.1Hz to 10Hz Noise Test Circuit
0.1uF

—i—

100K

22uF

Scope
| 22,F R'N‘ ™
I 10K

Voltage Gain
= 50,000

llF

65-00003A

0.1Hz to 10Hz Peak-to-Peak Noise

Tester Frequency Response Open Loop Gain vs. Frequency
100 130
Ay - = 110
\
80 A4 ! s %
3
g 0 £
= 3
8 60 ] & 50
Test Time of 10 Sec Further §
50 —L|rn|ts Low Frequency (< 0.1Hz) \ 30
Gain \lijs 0 i <
L LT T ; : :
30 £ -10 I ]
0.01 0.1 10 10 100 110 100 1K 10K 100K 1M 10M 100M
Frequency (Hz) Frequency (Hz)
Slew Rate, Gain Bandwidth Product,
Gain, Phase Shift vs. Frequency Phase Margin vs. Temperature
25 ; 80 B — r 10
~1: 117! = = ~
20 ~c] Vg = =15V 11{ 100 Sz } — =
\G i ~~ T = +25°C =8 Vs = +15V E
3 2 g - g S 3
1515 g g GBW g
s 1 N Phase 140 S & 50 g
= N Margin = =
£ \ = 70° \ = 8 3
g s N 180 & z * — E
N % 2 s
© [--]
0 ~\\ 180 £ i’ 3 ] — 7 =
< DIEW -]
-5 \ 200 ; —
10 \ 220 & 2 I 6
1 10 100 75 50 -25 0 25 50 75 100 125
Frequency (MHz) e Temperature (°C) §6-00007A

Raytheon 6-73



Very Low Noise

Operational Amplifier

Typical Performance Characteristics (Continued)

OP-27

Supply Current vs. Supply Voltage
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Typical Performance Characteristics (Continued)

A Comparison of Op Amp
OP-27 Voltage Noise vs. Frequency Voltage Noise Spectrums
10 T TTIT 100 ===z: r
T a5 :
L TR 741 .
_ Vs = 15V T TN
g s N T B Re S\ 1/F Corner Tl 3TN
2 N M z **4 Low Noise
= 2 T g 1 Audio
8 f i 2 Hop Amp
: g L0P-2 !
) L 1/F Corner = 2.7Hz £ 1/F Corner+%
= ! =}
= < = 1/léajrrner27 zjﬁ | ! ! “5
g ) Instrlumematton Range to DC Aucio Range to 20kHz g
1 8 T T reerarwwa i £
1 10 100 1000 1 10 100 1600
Frequency (Hz) Frequency {(MHz)
Current Noise vs. Frequency Voltage Noise vs. Supply Voltage
10.0 — T r 5 .
S8gss f Ta=+25°C
HHH
H-HH
= i = 4
2 w [T € — at 10Hz
=
g 1.0 = o 1? (a0 £ 8 at 1.0kHz
- )
5 £
§ < s 2 <
1/F Corner 140Hz g 2
01 L : 1 g
10 100 1K 10K 0 10 20 30 40
Frequency (Hz) Total Supply Voltage (V+ — V-) (Volts)
Voltage Noise vs. Temperature Offset Voltage Drift of Representative Units
5 ' 8 0P 27T |
Vs = £15V « LT~ op27B
— - t
g . — o />§ g 0P—2=7A
2 at 10Hz /// 3 ™~ 0P-278
: ___,’——/T:/ g o ~ 0P-27A |
£ —— £ 0P-27A
= —— at 1.0kHz > -2 — 1
8 g . ~—— 0P-278
s 2 P Trimming with 10K
2 60 |— Pot does not H
g change TcVos 0P-27C g
1 }ﬁ _80 ) 1 L L 1 <
-5 25 0 2% 5 75 100 125 75 50 25 0 25 50 75 100 125 150 175
Temperature (°C) Temperature (°C)

Raytheon 6-75



Very Low Noise
Operational Amplifier OoP-27

Typical Performance Characteristics (Continued)

Warm-Up Drrift Input Bias Current vs. Temperature
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Typical Performance Characteristics (Continued)

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

Small Signal Overshoot vs. Capacitive Load Recorder Speed 16 Divisions/Min
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Large Signal Transient Response

o 2.8V/uS

When R < 1000 and the input is driven with
afast, large signal pulse (= 1.0V), the output
waveform will look as shown

65-00030A
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OoP-27

L

Typical Applications
RIAA Phono Preamplifier (Figure 1)

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

dimensions of nV/y\/Hz and i, has dimensions of
pA/+/Hz and the ratio has dimensions of k(2). The
circuit is designed to be tested and adjusted
independent of the transformer, for this purpose
introduce a very low level signal = 1mV at test
point TP-1. The first stage is a wideband stage
which provides a small amount of gain (1+ R4/RS5)
approximately equal to 10dB. Low value feedback
resistors must be used to prevent additional
noise due to the spectral current noise or exces-
sive Johnson noise. The gain of the first stage
reduces the noise contribution of the second
stage. The RIAA transfer curve poles and zeros
are due entirely to the feedback network of the
second stage.

The poles and zeros of the RIAA feedback net-
work are sufficiently separated in frequency
that they may be estimated with the following

equations:
1

by the specified gain at 1kHz. f1(50Hz) ~ ———
2mR7C3
The circuit is designed to operate with a 3/40000)
step-up transformer to present the optimum £(6500Hz) ~ 1
source impedance to the amplifier for best noise 2 27R8C3
figure. The optimum source impedance is ob-
tained as the ratio of the spectral noise voltage f3(2100Hz) ~ 1
en to the spectral noise current i, (when ey, has 3 27R8C2
Cdp
330
(o
Cdg 2700
—H—
o | M 5ok
()24
R8a
R
TP-1 332
Jensen Ferrite Beads AAA~
TJE 34}K-Dx T o
ransformer C!
T_ 1 0 50 1 - 6 __u;fF 00
R3=0to 1.0K Out
ST : *T.,
120 100K
3.001 400002 -
3.00 Moving = =
Coil Cartridge

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

65-000318

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

These equations are only approximations. Final

tuning is performed with the adjustable capac-

itors and potentiometers. The following sequence

can be used to adjust for the RIAA response

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

former disconnected).

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

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

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

Low Impedance Microphone Preamp (Figure 3)

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

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

Instrumentation

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

The three op amp instrumentation amplifier of
Figure 8 avoids the low input impedance charac-
teristics of difference amplifiers at the expense of
two more operational amplifiers and a slight
degradation in noise performance. The noise
increases because two amplifiers are contributing
to the input voltage spectral noise instead of one.
Thus the noise contribution, exclusive of resistor
Johnson noise, increases by slightly more than
the \/2. The spectral noise voltage increases from
approximately 3nV/r/Hz to approximately 4.9nV/r/Hz,

with the third amplifier contributing about 10% of
the noise. The gain of the input ampilifier is set at
25 and the second stage at 40 for an overall gain of
1000. R7 is trimmed to optimize the common
mode rejection (CMRR) with frequency. With
balanced source resistors a CMRR of 100dB is
achieved. With a 1k() source impedance imbalance
CMRR is degraded to 80dB at 5kHz due to the
finite (3G()) input impedance.
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65-00033A

Figure 3. Low Impedance Microphone Preamplifier

R2g Total Noise vs
100K Source Resistance
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Voltage noise vs. source resistance for the difference amplifier.
Noise performance shown is for Vg = +15V, T, = +25°C,
and Rs = R1 + R2.
Figure 4. A Single Op Amp IC Difference Figure 5. Total Noise vs. Source Resistance

Amplifier Using an OP-27. The Difference
Amplifier is Connected for a Gain of 1000.
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Figure 7 Common Mode Rejection Ratio vs.
Frequency for the Circuit of Figure 4.
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Figure 8. Three Op Amp IC Instrumentation Amplifier
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Very Low Noise
Operational Amplifier

Raytheon

OP-37

Features

® Very low noise
Spectral noise density — 3nV/\/Hz
1/f noise corner frequency — 2.7Hz
| Very low Vg Drift
0.2uV/Mo
0.2uV/°C
m High gain — 1.8 x 108V/V
High output drive capability — 12V into 6000}
load
®m High slew rate — 17V/uS
® Wide gain bandwidth product — 63MHz
® Good common mode rejectioni ratio — 126dB
]
]

Low input offset voltage — 10uV
Minimum low frequency noise — 0.8uVp.p
0.1Hz to 10Hz

B Low input bias and offset currents — 10nA

Description

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

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

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

Mask Pattern

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

Connection Information

TO-99 8-Lead
Metal Can Ceramic Dual In-Line
(Top View) (Top View)
Pin Function
8
1 j 1 Vos Trim
2 Inverting Input
E zl 3 Non-Inverting Input
4 -Vg
E E 6 Output
7 +Vg
(<] 5] 8  VosTrim
Absolute Maximum Ratings Ordering Information
Supply Voltage  ........cooiiiiiiaan. +22V Operating
Input Voltage' ...........c.eeiniinanns +22V Part Number Package Temperature Range
Differential Input Voltage ............... 0.7v OP-37EDE Ceramic —25°C to +85°C
Internal Power Dissipation ........... 658mwW . OP-37ENB Plastic _25°C to +85°C
Output Short Circuit Duration ....... Indefinite OP-37ET T0-99 -25°C to +85°C
Storage Temperature [0 T e s e
o 5 0P-37FDE Ceramic -25°C to +85°C
Range ................... -65°C to +150°C OP-37FNB Plastic _95°C to +85°C
Operating Temperature Range OP-37FT T0-99 _25°C to +85°C
OP-27A/B/C ............. -55°C to +125°C R ST R e AP
OP-27E/F/G ............... -25°Cto+85°C | OP-87GDE Ceramic | -25°C o +85°C
Lead Soldering Temperature 8E§;g¥8 I’Tlgsst)lgc ‘ggog {0 iggog
(BOSEC) wnnrvieenneeaaiiieanns +300°C - - Lo
Note: 1. For supply voltages less than +22V, the absolute 0P-37ADE Ceramic -55°C to +125°C
maximum input voltage is equal to the supply 0P-37ADE/883B* Ceramic -55°C to +125°C
voltage. OP-37AT T0-99 -55°C to +125°C
Thermal Characteristics OP-37AT/8838" | 1099 | 55°Cto+125°C
T099 0P-37BDE Ceramic -55°C to +125°C
8-Lead 8 L. d 0P-37BDE/883B* Ceramic -55°C to +125°C
Lea Mo & 0P-378T 70-99 -55°C to +125°C
Ceramic DIP | Metal Can OP-37BT/8338* T099 | -55°Cto+125°C
Max. Junction Temp. 175°C 175°C 0P-37CDE Ceramic -55°C to +125°C
Max. Pp Ta <50°C 833mW 658mwW 8%%;%?58838* C%argngic —gg"g to +1gg°g
o J - - - ° to + °
Therm. Res. 0. 4°C/W | S0°C/W OP-37CT/8838* | T099 | -55°Cto+125°C
Therm. Res. 6,a 150°C/W | 190°C/W “MIL-STD-883, Level B Processing
For Tp > 50°C Derate at 8.33mwW 5.26mW
per °C per °C
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Electrical Characteristics (V5= =15V and Ta = +25°C unless otherwise noted)

0P-37A/E 0P-37B/F 0P-37C/G
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage® 10|25 20 | 60 30 [ 100 wV
Long Term Input Offset
Voltage Stability’ 2 02110 03| 15 04 | 20 [uV/Mo
Input Offset Current 70 | 35 9.0 | 50 12 | 75| nA
Input Bias Current +10 | +40 +12 | £55 +15| +80| nA
Input Noise Voltage? 0.1Hz to 10Hz 008 |0.18 0.08 | 0.18 0.09 | 0.25| uVpp
fo = 10Hz 35|55 35| 55 38 | 80
Input Noise Voltage Density?| fo = 30Hz 31| 45 31| 45 33 |56| nVv
fo = 1000Hz 30| 38 30| 38 32 | 45| VHz
fg = 10Hz 17 | 40 1.7 | 40 1.7
Input Noise Current Density?| fo = 30Hz 10 | 23 10 | 23 1.0 pA
fo = 1000Hz 04 | 06 04 | 0.6 04 | 06| VHZ
Input Resistance
(Diff. Mode)* 15| 6.0 12 | 50 08 | 40 MQ
Input Resistance
(Com. Mode) 30 25 20 GO
Input Voltage Range? +11 |£12.3 +11 |£123 +11 |+12.3 v
Common Mode -
Rejection Ratio Vem = +11V 114 | 126 106 | 123 100 | 120 dB
Power Supply _
Rejection Ratio Vg = +4V to £18V 100 | 120 100 | 120 94 | 118 dB
R. =2kq, Vg =10V | 1000 | 1800 1000 | 1800 700 | 1500
Large Signal Voltage Gain | R_ = 1k, Vo = +10V | 800 | 1500 800 | 1500 1500 V/mV
Vo==+1V,Vg=+4V*¢ | 250 | 700 250 | 700 200 | 500
) R, =2k +12 |+13.8 +12 |+13.8 +11.5/+13.5
Output Voltage Swing R = 60002 11| +12 | =12 11 | 212 v
Slew Rate* R =2k 1| 17 1| 17 1|17 V/uS
. . fo = 10kHz 45 | 63 45 | 63 45 | 63
Gain Bandwidth P\ 14 MH
ain Bandwi roduc o= IMHz 0 20 20 z
Open Loop Output _ _
Resistance VO = 0, IO = 0 70 70 70 0
Power Consumption 90 | 140 90 | 140 100 | 170 | mW
Offset Adjustment Range Rp = 10kQ +4.0 +4.0 +4.0 mV

Notes: 1.

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

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

[0 w N

power.

. This parameter is tested on a sample basis only, and guaranteed to an LTPD of 10.
. Caution: The Common Mode Input Range is a function of supply voltage (see Typical Performance Curves). Also, the input

protection diodes do not allow the device to be removed or inserted into the circuit without first removing power.
. Parameter is guaranteed by design.
. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application of

6-85



Very Low Noise

Operational Amplifier OP-37
L ________________________________________________________________________________________ ]

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

0P-37A 0P-37B 0P-37C

Parameters Test Conditions Min | Typ | Max| Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' 30 | 60 50 | 200 70 1300 | wV
Average Input Offset Drift? 02 |06 03 | 13 04 | 1.8 [uV/°C
Input Offset Current 15 | 50 22 | 8 3 | 135 | nA
Input Bias Current +20 | £60 +28 | £95 +35 (£150| nA
Input Voltage Range . +10.3)£11.5 +10.3({+11.5 +10.2(+11.5 v
ggj'gc";gr; ode Vo = £10V 108 | 122 100 | 119 o | 116 dB
EgJVZSL Supply Vs=+45Vto+18V | 96 | 116 o | 114 8 | 110 dB
Large Signal Voltage Gain | R =2k, Vo =210V | 600 | 1200 500 | 1000 300 | 800 V/imv
Output Voltage Swing RL = 2k +11.5/+13.5 +11 |+13.2 +10.5| +13 v

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

0P-37E 0P-37F 0P-37G
Parameters Test Conditions Min | Typ |Max| Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' 20 | 50 40 | 140 55 [ 220 | wV
Average Input Offset Drift 02 |06 03 |13 04 | 1.8 {uV/°C
Input Offset Current 10 | 50 14 | 85 20 | 135 | nA
Input Bias Current +14 | +60 +18 | +95 +25 (+150( nA
Input Voltage Range +10.5/+11.8 +10.5(+11.8 +10.5|+11.8 v
ggj:‘c’?l‘;‘[‘] hode Vo = £10V 110 | 124 102 | 121 % | 118 dB
Eg}ggt’l Supply Vs=+45Vto 18V | 97 | 118 % | 116 9% | 114 dB
Large Signal Voltage Gain | R =2k, Vo==+10V | 750 | 1500 700 | 1300 450 | 1000 V/imV
Output Voltage Swing R =2k +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 application of
power.
2. TcVos performance is guaranteed unnulled or when nulled with Rp = 8k(} to 20k}

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

0.1Hz to 10Hz Noise Test Circuit
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-
L

100K

——AAN——e
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0.1Hz to 10Hz Peak-to-Peak Noise
Tester Frequency Response
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Note: Al Capacitor values are for non polarized capacitors only 65-00336A

Open Loop Gain vs. Frequency
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Operational Ampilifier OP-37

X
Typical Performance Characteristics (Continued)

Maximum Output Swing
vs. Resistive Load Short Circuit Current vs. Time
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Typical Performance Characteristics (Continued)

A Comparison of Op Amp
Voltage Noise Spectrums Current Noise vs. Frequency
100 : - 10.0 —
N 41— : H oK £
{ I E T 1 Iv .
i \\ 1/F Corner 100 m §
g K ! AN = o.M
; \\ wl ‘ ‘\LB Noi l f’ 500K } e"“_
W ise ! <
= N | Audio i E TR
10 s 10 REEIIS H
g RS Op Amp + g v Saas: H
= i 1/F Corner = s . ie_m_n 2 - (130nV)2]" H
__%’ S0P - H 1 - . — e
= T s 3 SR FH,
VI Corner 2.7Hz T TR = 1/F Corner 140Hz ——+1 T
1 Instrgmentalloanange‘ to OC | Audio Range tol20 -i‘zl Z o1 k \ H‘H] | l \ UL HE
1 10 100 1000 10 100 1K 10K
Frequency (Hz) Frequency (H2)
Voltage Noise vs. Supply Voltage Voltage Noise vs. Temperature
5 T 5 -
Ta = +25°C [ [ | vs=swv
| | |
T 4 T 4 | | | |
< — at 10Hz K at 10Hz T ’
2 i 2 — 1 /
E 3 E 3 — /L T W‘ +
£ at 1.0kHz z e | 1 »
= g | ‘ ‘ i
g 2 ) s 2 ! :
1? ‘ |
1 H 1 | | l ‘.
0 10 20 30 4 50 -5 0 25 50 75 100 125
Total Supply Voltage (+Vs - -Vg] (Volts) Temperature (°C)
Offset Voltage Drift
of Representative Units Warm-Up Drrift
60 T
0P 3TC - W :
40 ] 0P-37B | 3, Ta=425°C | ‘
e |~ 0P-37A & VT Vs=xmy ,
= 2 e : g 0P-37C/6
= - — ~~ 0P-378 2 . ;
R — ‘ OP-37A 1 Z — 0P-37B/F
s = ™ 2 — —
2 OP-37A A E 5 A \
3 T~ 0P-37B i ~ 0P-37A/E
5 40 . = I
Trimming with 10K < 2 o - <
60 — Eot doesTgot } g g V | ‘ 2
hange TCVos 5 [ 2
-80 L o | I ! op-37C S 0 | 8
75 -50 -25 0 25 50 75 100 125 150 175 1 2 3 4 5
Temperature (°C) Time After Power on (Minutes)
Raytheon 6-89



Very Low Noise
Operational Amplifier OP-37

Typical Performance Characteristics (Continued)

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

Slew Rate vs. Supply Voltage Slew Rate vs. Load
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Very Low Noise
Operational Amplifier

OP-37

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

Instrumentation

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

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

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

D.A.C. Current to Voltage Converter

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

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

Microphone 1:10
JE-115K-E

(15002) Jensen Transformer =

Vo

C1
‘I" 1800pF

R3 VRer +10V
100 (REF -01)

65-00321A

Figure 1. Low Impedance Microphone Preamplifier
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Very Low Noise
Operational Amplifier

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

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

Rex
100K

Ria
100

O—— WV
R1s
AVIN 100

Rae

+ Vout = 1000 (AViN)

95K

10K

'A%

0P-37 —O0

= AViN (R2/R1)

65-00353A

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

100K

AvcL = 1000

65-00354A

Figure 3. Common Mode Rejection Ratio Test Circuit
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Input Rs Rs
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aviv > A7 1 opa7 0 Vour
o [0
0 R 10009F - ;
5K (0.1%) L
Re Ry
500 (0.1%) 19.8K

Input
L) Trim R2 for Ayc = 1000 < ;goo
Trim Rio for DC CMRR _T_

Trim R7 for Minimum Vour at Vewm = 20Vp.p, 10kHz

65-00355A

Figure 4. Three Op Amp IC Instrumentation Amplifier

v L -15v
— _L—w»—-—”—
JOF | 0. c - 25K
5K .
o—WA—16 15 1 3 ®
VREF +10V
(REF-01) . DAC-10 |
[ 56 7 8 910112181 /T3
__ /

Digital Input

65-00356A

Figure 5. D/A Converter Application
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Very Low Noise
Operational Amplifier

Raytheon

OP-47

Features

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

Description

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

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

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

Mask Pattern

8 7

65-01681A

Die Size: 85 x 98 mils
Min. Pad Dimensions: 4 x 4 mils
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Schematic Diagram
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Very Low Noise
Operational Amplifier

OP-47

Connection Information

8-Lead 8-Lead
TO-99 Metal Can Plastic Dual In-Line
- E P:n
B o ;
lzj:{>—z1 :
(] 5] 8

65-00002A

65-00103A

Function
Vos Trim

Inverting Input

Non-Inverting Input

-Vg
Output
+Vg

Vos Trim

Absolute Maximum Ratings

Supply Voltage .......covvviiiiiiannnn +22V
Input Voltage .......coovvviviiinienn +22V
Differential Input Voltage ............... 0.7v
Internal Power Dissipation ........... 500mW
Output Short Circuit Duration ....... Indefinite
Storage Temperature

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

OP-47B ... cvvviieeennns -55°C to +125°C

OP-47F/G .. ovvieen i 0°Cto +70°C
Lead Soldering Temperature

(BOSEC.) vvvvreiiiiieiiiiiees +300°C

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

Ordering Information

Thermal Characteristics

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

*MIL-8TD-883, Level B Processing

T0-99 8-Lead
8-Lead Plastic
Metal Can Dip
Max. Junction Temp. 175°C 125°C
Max. Pp Tp <50°C 658mW 468mW
Therm. Res. 6,¢ 50°C/W
Therm. Res. AT 190°C/W 160°C/W
For Ta > 50°C Derate at 5.26mW 6.25mW
per °C per °C
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Operational Amplifier
L

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

0P-47B/F 0P-47G
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage® 20 60 30 100 | wV
vong ;;fsft"agﬁtuytgffse‘ 03 | 15 04 | 20 |uV/Mo
Input Offset Current 9.0 50 12 75 nA
Input Bias Current +12 | £55 +15 | +80 | nA
Input Noise Voltage? 0.1Hz to 10Hz 0.08 | 0.18 0.09 | 0.25 | uVpp
fo = 10Hz 35 | 55 38 | 80 | nv_
Input Noise Voltage Density? fo = 30Hz 31 45 3.3 56 | VHz
fo = 1000Hz 30 | 38 32 | 45
fg = 10Hz 1.7 4.0 17 pA
Input Noise Current Density? fo = 30Hz 10 | 23 1.0 VHz
fo = 1000Hz 04 | 06 04 | 06
Input Resistance (Differential Mode)* 12 5.0 0.8 40 Mo
Input Resistance (Common Mode) 25 2.0 GO
Input Voltage Range? +11 | £123 +11 | £123 v
Common Mode Rejection Ratio Vom = =11V 106 | 123 100 | 120 dB
Power Supply Rejection Ratio Vg = +4V to +18V 100 | 120 94 118 dB
RL =2k, Vo =+10V | 1000 | 1800 700 | 1500
Large Signal Voltage Gain RL = 1kQ, Vg = £10V 800 | 1500 1500 V/mV
Vo =1V, Vg = +4V¢ 250 | 700 200 | 500
) RL=2kQ +12 | £13.8 +115| +135
Output Voltage Swing® v
RL = 6000 =11 | £12 11| £12
Slew Rate* RL = 2k 25 50 25 50 V/uS
) ) fo = 10kHz 45 70 45 70
Gain Bandwidth Product* MHz
fo = IMHz 45 45
Open Loop Output Resistance Vo=0,1p=0 70 70 [¢)
Power Consumption 90 140 100 | 170 | mW
Offset Adjustment Range Rp = 10k +4.0 +4.0 mV

Notes: 1.

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

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

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

2

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 by design and is not tested.

5. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.

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

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

0P-478B
Parameters Test Conditions Min Typ Max Units
Input Offset Voltage' 50 200 m
Average Input Offset Voltage Drift? 0.3 1.3 uV/°C
Input Offset Current 22 85 nA
Input Bias Current +28 +95 nA
Input Voltage Range +10.3 +11.5 v
Common Mode Rejection Ratio Vom = £10V 100 119 dB
Power Supply Rejection Ratio Vg = £4.5V to +18V 94 114 dB
Large Signal Voltage Gain R. =2k, Vo = 210V 500 1000 V/imV
Output Voltage Swing RL =2k +11 +13.2 Vv

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

OP-47F 0P-476G

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage' 40 140 55 220 | wuV
Average Input Offset Voltage Drift 0.3 1.3 0.4 18 | uV/°C
Input Offset Current 14 85 20 135 | nA
Input Bias Current +18 | £95 +25 | £150| nA
Input Voltage Range +10.5| =118 +10.5 | £11.8 Vv
Common Mode Rejection Ratio Vom = 10V 102 | 121 9% | 118 dB
Power Supply Rejection Ratio Vs = +4.5V to +18V 96 116 90 114 dB
Large Signal Voltage Gain R =2kQ, Vo = £10V 700 | 1300 450 | 1000 V/mV
Output Voltage Swing R =2k +114] £135 +11.0 | £13.3 v

Notes: 1. Input offset voltage measurements are performed by automated test equipment approximately 0.5 seconds after application
of power.
2. TgVos performance is guaranteed unnulled or when nulled with Rp = 8k() to 20k().

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

0.1Hz to 10Hz Peak-to-Peak Noise
Tester Frequency Response

0.1Hz to 10Hz Noise Test Circuit
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65-01683A

Open Loop Gain vs. Frequency
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Typical Performance Characteristics (Continued)
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Very Low Noise

OoP-47 Operational Amplifier
L

Typical Performance Characteristics (Continued)

A Comparison of Op Amp
Voltage Noise Spectrums Current Noise vs. Frequency
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Very Low Noise
Operational Amplifier OP-47

Typical Performance Characteristics (Continued)

Input Offset Current vs. Temperature Open Loop Voltage Gain vs. Load Resistance
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Very Low Noise
OP-47 Operational Amplifier

Typical Performance Characteristics (Continued)

Load Resistance vs. Slew Rate Total Nolse vs. Source Resistance
IR =—: R
o e e e T
7 AvoL = 400 =) °‘*Qe""
;’ ? " % 10 :;?s:=2m 4 1.4/”%5
: O ! § = ==
& / 5 at 10Hz
¥ H a1 1.0ktz ’R:sgslto[r Noise Only 2
. H 1 i
0.1 1.0 10 100 100 1K 10k

Load Resistance (k¢2) Source Resistance ((2)

Voltage noise vs source resistance for

the difference amplifier. Noise performance
shown is for Vs = =15V, Ta = +25°C,

and Rs= R+ Rz

Burn-In Circuit Offset Nulling Circuit
+20V

+Vs

Output

-Vs 65-01694A

65-01692A

Large Signal Transient Response
Rf

AAA,
YW

50V/4$
% #om —o
o

65-01693A

When Rf < 1000 and the input is driven with a fast, large
signal pulse (= 1V), the output waveform will look as shown.
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Very Low Noise
Operational Ampilifier

OP-47

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 performance. The optimum
source impedance can be calculated as the ratio
of en/in which for the OP-47 is approximately
7000(). Fortunately the noise performance does
not degrade appreciably until the source imped-
ance is four or five times this optimum value.
The source impedance at the output of this
transformer of 15k} still provides near optimum
noise performance. (A high quality audio trans-
former with a step up ratio of 6.7 to one is not
available.) C1 rolls off the high frequency re-
sponse at 90kHz giving a power bandwidth of
140kHz.

Instrumentation

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

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

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

LowZ =

ém <
“ 150K <
110

Microphone

——

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

\4
o~
o

h=)
-

85-01695A

Figure 1. Low Impedance Microphone Preamplifier
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Very Low Noise
OP-47 Operational Amplifier

R5 R8
500 (0.1%) 200K (0.1%)
W

Rt

5K (0.1%)
< RS 2
v 390 > R7
AVIN — 0P-47 —-O Vour
Y R2 c1 < 100K
> 100 R4 1000pF T p

5K (0.1%) =
1 H
| R6 R9
J 500 (0.1%) 198K
fiput ¢ ANV A
O— . 7 R10
L5 irim Rz for AvcL = 10000 2 5K
Trim Ryo for DC CMRR

Trim Ry for Minimum Vout a* Vew: = 20Vp-p, 10kHz =

85-016964

Figure 2. Three Op Amp IC Instrumentation Amplifier
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Instrumentation Grade

Raytheon

Operational Amplifier

RC714

Features

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

m Ultra-low Vg drift — 0.3uV/°C

m Fits 725, 108A, 741, AD510 sockets

B Long term stability — 0.2uV/Mo

Description

The RC/RM714 amplifier is designed for precision
low level signal conditioning where ultra low
Vos and TCVps are required along with very
low bias currents. Internal compensation elimi-
nates the need for external components. Novel
circuit design and tight process controls are
used to obtain very low values of Vps. Vos is
further reduced by a computer controlled digital
nulling technique at test. Low frequency noise
is minimized. Internal biasing techniques reduce
external bias and offset currents to values in
the order of =1nA over the military temperature

Schematic Diagram

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

Mask Pattern

65-00361A

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

@
+Vg O— .
ROA* S $ R J'
K >
] 1% g D 3
t Null Null TopF 1
RiA g U < R1B
2K S ;» 42K
< 01(>|.J
on 08 w.—%m 015;‘—4
Inverting Q5 Q3 06 04 1 Output
Input 1 ®
=4 C3 c2 D17
® rs Qi D27 30pF B5pF Q16
500 RS
D21 D23 D26 3
5
Inverting 022 D24 025 o1
Input
02 »-ﬁm ate
@ g
500 R6
c ) D13 < 4K
(4
-Vs O— .
*R2A and R2B are electronically adjusted during factory test for minimum Vgs. 65-003628

Raytheon

65-1096A
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Instrumentation Grade

RC714 Operational Amplifier
Connection Information
TO-99 8-Lead Ceramic
Metal Can Package Dual In-Line Package
(Top View) (Top View)
Py A4 Pin Function
1 8 1 Vos Trim
2 Inverting Input
3 Non-Inverting Input
- 7] 4 Vg °
: 5 NC
E p E 6 Output
7 +Vg
65-00363A A 3 8 Vos Trim
Thermal Characteristics Absolute Maximum Ratings
8-Lead Supply Voltage ....................... +22V
8-Lead 1099 Input Voltage' ........................ +22v
Ceramic DIP | Metal Can Differential Input Voltage .............. +30V
Max. Junction Temp. 175°C 175°C Internal Power Dissipation? .......... 500mwW
" Output Short Circuit Duration ....... Indefinite
Max. Pp Ta <50°C 833mW 658mWwW Storage Temperature
Therm. Res. ;¢ 45°C/W 50°C/W Range ................... -65°C to +150°C
Therm. Res. 6 150°C/W | 190°C/W Operating Temperature Range
- RM714 ... ... ......... -55°C to +125°C
ForTa>50°CDerateat | 833mW | 5.26mW RCTME/C/L .. 0°C to +70°C
per °C per °C Lead Soldering Temperature
(60SEC) .. +300°C
Notes: 1. For supply voltages less than +22V, the absolute
Ordering Information maximum input voltage is equal to the supply
voltage.
Operating 2. See Thermal Characteristics Table.
Part Number Package Temperature Range
RC714CDE Ceramic 0°C to +70°C
RC714EDE Ceramic 0°C to +70°C
RC714LDE Ceramic 0°C to +70°C
RC714CH T0-99 0°C to +70°C
RC714EH T0-99 0°Cto +70°C
RC714LH T0-99 0°Cto +70°C
RM714DE Ceramic -55°C to +125°C
RM714DE/883B* Ceramic -55°C to +125°C
RM714H T0-99 -55°C to +125°C
RM714H/883B* T0-99 -55°C to +125°C

*MIL-STD-883, Level B Processing
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Instrumentation Grade
Operational Amplifier RC714

00—

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

RM714
Parameters Test Conditions Min Typ Max Units
Input Offset Voltage? 30 75 uV
Long Term Input Offset Voltage Stability' ? 0.2 1.0 wV/Mo
Input Offset Current 0.4 2.8 nA
Input Bias Current +1.0 +3.0 nA
Input Noise Voltage? 0.1Hz to 10Hz 0.35 0.6 uVpp
fo = 10Hz 10.3 18
Input Noise Voltage Density? fo = 100Hz 10 13 nVv
fo = 1000Hz 96 11 Jiz
Input Noise Current? 0.1Hz to 10Hz 14 30 pApp
fo = 10Hz 0.32 0.80
Input Noise Current Density? fo = 100Hz 0.14 0.23 PA_
fy = 1000Hz 0.12 0.17 JHZ
Input Resistance (Differential Mode)® 20 60 MQ
Input Voltage Range +13 +14 v
Common Mode Rejection Ratio Vem = £13V 110 126 dB
Power Supply Rejection Ratio Vg = £3V to 18V 100 110 dB
RL < 2k, Vg = 10V 200 500
Large Signal Voltage Gain® R <5000, 150 500 V/mV
Vo = £0.5V, Vg = £3V
RL < 10kQ +125 +13
Output Voltage Swing R <2k +12 +12.8 v
RL < 1k +10.5 +12
Slew Rate R <2k 0.1 0.17 V/uS
Unity Gain Bandwidth 0.5 MHz
Open Loop Output Resistance Vo=0,1p=0 60 QO
Power Consumption x: } i;?lv Z% 1623 mw
Offset Adjustment Range Rp = 20k +4.0 mV

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

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

3. Guaranteed by design.

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

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

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

RM714

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage? 60 200 uVv
Average Input Offset Voltage Drift!

Without External Trim 0.3 13 uV/eC

With External Trim Rp = 20k 0.3 1.3
Input Offset Current 1.2 5.6 nA
Average Input Offset Current Drift! 8.0 50 pA/°C
Input Bias Current +2.0 +6.0 nA
Average Input Bias Current Drift' 13 50 pA/°C
Input Voltage Range +13 +135 Vv
Common Mode Rejection Ratio Vom = 13V 106 123 dB
Power Supply Rejection Ratio Vg = +3V to +18V 94 106 dB
Large Signal Voltage Gain RL=2kq, Vg = +10V 150 400 V/mV
Output Voltage Swing RL = 2kn +12 +12.6 Vv

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

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

RC714

RCT14E RC714C RC714L
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Min | Typ | Max| Units
Input Offset Voltage* 30 | 75 60 | 150 100 | 250 | wV
Long Term Input
Offset Voltage Stability ? 03115 04120 05 | 30 |uV/Mo
Input Offset Current 05 1] 38 08 | 6.0 08 | 20| nA
Input Bias Current +1.2 | +4.0 +1.8 | £7.0 +20|+30| nA
Input Noise Voltage? 0.1Hz to 10Hz 0351 0.6 0.38 | 0.65 0.38 uVp-p
mtose |0l AEREERGRE
g y fo = 1000Hz 926 | 1 98 | 115 9.8
Input Noise Current? 0.1Hz to 10Hz 14 ] 30 15 | 35 15 pAp-p
. fo = 10Hz 032 08 0351 0.9 0.35 A
Input Noise _pA_
. fo = 100Hz 0.14 | 0.23 0.1510.27 0.15
Current Density? fo = 1000Hz 012 | 017 013 |0.18 013 VHz
Input Resistance
(Differential Mode)? 151 %0 80 | 3 70 31 Ma
Input Resistance
(Common Mode) 160 120 120 GO
Input Voltage Range +13 | 14 +13 | £14 +13| £14 "
Common Mode B
Rejection Ratio Vom = =13V 106 | 123 100 | 120 90 | 110 dB
Power Supply _
Rejection Ratio Vg = +3V to +18V 94 | 107 90 | 104 90 | 104 dB
RL =2k, Vo =10V | 200 | 500 100 | 400 100 | 400
Large Signal R = 5000, V/mV
Voltage Gain® Vo = 0.5V, 150 | 500 100 | 400
Vg = £3V
RL = 10k0 +125| +13 +12 | +13 +12| 13
Output Voltage Swing R. = 2kQ +12 |+12.8 +11.5(+12.8 +11|+12.8 vV
R = 1kQ +10.5| £12 +12
Slew Rate RL = 2kQ 0.1 (017 0.1 | 0.17 0.17 V/uS
Unity Gain Bandwidth 0.5 0.5 0.5 MHz
Open Loop _ -
Output Resistance Vo=0.lp=0 60 60 60 a
. Vg = +15V 75 | 120 80 | 150 80 | 180
Power Consumption Vg = +3V 40 | 6.0 40 | 80 50 | 12| ™V
Offset Adjustment Range Rp = 20kQ +4.0 +4.0 +4.0 mV

Notes: 1.

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

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

2
3. Guaranteed by design.

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

of power.

Raytheon
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Instrumentation Grade
RC714 Operational Ampilifier
L

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

RC714E RC714C RC714L

Parameters Test Conditions Min | Typ |Max |Min| Typ |Max |Min| Typ | Max | Units
Input Offset Voltage? 45 {130 85 | 250 85 | 400 wV
Average Input Offset'
Voltage Drift

Without External Trim 03 |13 05 |18 07 {30 .

With External Trim Rp = 20k} 03 |13 04 |16 0.7 wliee
Input Offset Current 09 |53 16 | 80 16 | 40 | nA
Average Input Offset 80 | % 2 | 50 12 | 100 | pA/°C
Input Bias Current +15 |£5.5 +22 [£9.0 +30 (60| nA
Average Input Bias 13 | 35 18 |50 18 | 150 | pA/eC

Current Drift!
Input Voltage Range +13 135 +13| £13.5 +13|£135 v
Common Mode

Rejection Ratio Vom = £13V 103 | 123 97 | 120 94 | 106 dB
Power Supply _

Rejection Ratio Vg = £3V to +18V 90 | 104 86 | 100 83 | 100 dB
Large Signal _

Voltage Gain RL=2kq, Vp=+10V | 180 | 450 100 | 400 80 | 400 Vimv
Output Voltage Swing RL = 2k +12|+12.6 +11]|£126 +10| =126 v

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

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

RC714

Digital Nulling Technique

The digital nulling technique involves the zener
diode nulling network of Figure 1. The zener
diodes have relatively high breakdown voltages
and never operate in the zener mode. The
purpose of the zeners is to short out resistors
R4, 2Ry, 4R4, or 8R1 by forcing a high reverse
current through the diode to metalize the junction.
The input offset voltage can be adjusted by
varying the collector resistor ratio. If the differ-
ence in the two collector resistors (Rc) is a small
increment ARg, Vos can be written as:

ARc

Rc

Rc +ARc _

Vos=VTIn Ao

Vrini1+

for ARc/Rc<1.01In (1+ ARc/Rc) = ARc/Rg, thus:

ARc

Vos =Vt Ao

For Figure 1 R + Rz > 8R4, thus

R
Vos=~-Vr L——(7-B3B2B1) (Bo=1)
8R1+R2+R3
or:
R
Vos=Vr g g-(1+BB2B1) (Bo=0)

where B3BsB1 is a binary number which corre-
sponds to the state of zener diodes Z1, Zy and Z3
as per Figure 1.

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

Aos(25°0) ~ 2L _BBBIRT (g, 1)

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

B1B2B3 = Binary number with values from 0 to 7.

26mV (1 + B3BoBa)R1
~ RFR3

AVps(25°C) = (Bo=0)

(B4)
o
(B2 (Bo) $ s8R
<D
(B3
>
3R
P4 <
b3 R3
—0 Oo—e
> >
TR A3 i:
J—Em @
Inputs
o

65-00365A

Figure 1. Digital Nulling Network
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Instrumentation Grade

RC714 Operational Amplifier
|

Typical Performance Characteristics

Untrimmed Offset Voltage vs. Temperature Input Bias Current vs. Temperature
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Instrumentation Grade
Operational Amplifier RC714

‘Typical Performance Characteristics (Continued)

PSRR vs. Frequency Open Loop Gain vs. Power Supply Voltage
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RC714

Instrumentation Grade
Operational Amplifier

L.
Typical Performance Characteristics (Continued)

Power Consumption vs. Power Supply
1000 .
Ta=+25°C
E 100 é’ ==
= - -
E .
2
=
5 10
2 7
a- Il ;
<
1 | 8
0 20 40 60
Total Supply Voltage. +Vg to -V (Volts)

Output Short Circuit Current (mA)

Output Short Circuit Current vs. Time

® T T T 1
|| 11 Vin(Pin3) = -10mV, Vg = +15V
12 Vi (Pin 3) = +10mV, Vg = 15V
30 } :
N i i
\ }
25 ’—‘2 .
2
e — e
20 | 1
Vs = +15V ]
Ta = +25°C g
15 | 2
0 1 2 3 4

Time from Output Being Shorted (Minutes)

Typical Applications

High Speed, Low Vgg Adjustment-Free Precision
Composite Amplifier Summing Amplifier
RF
ST VWA
Node +15V
Vv R1 Bias  R3
Vo
—O
3 High Slew Rate —O Vg
Amplifier
-15V 0O
Eo=-Ein %: + Igias RF
= = 005904
High Stability Thermocouple Amplifier Precision Absolute Value Circuit
W R3 Re RS
10k2 10k2 10k
Sensing
Junction A1
ViN - 10k
L =10V Vo
Reference - —O
Junction 0to +10V
R2
65-00393A
- 85-00292A
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

General Purpose RC741
Raytheon Operational Amplifier

Features The RC741 is pin compatible with the RM709,
LM101A and the LM107. The military version

- ,
Supply voltages RM741 operates over a temperature range from
RC/RV741 — 18V -55°Cto+125°C.Th ial version, RC741
RM741 — +22V o . The commercial version, ,

m Offset voltage null capability operates from 0°C to +70°C.

m Short-circuit protection

m No frequency compensation required Mask Pattern

| No latch-up

m [arge common-mode and differential voltage
ranges

W | ow power consumption 76 5

Description

The RC741 integrated circuit is a high-performance,
high-gain, internally compensated monolithic oper-
ational amplifier fabricated on a single silicon

chip using an advanced epitaxial process. 4

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 1 2 3 65-01178A

performance in integrator, summing amplifier,

and general feedback applications. o )
Die Size: 55 x 55 mils

Min. Pad Dimension: 4 x 4 mils

Schematic Diagram

Inverting
Input (-)

20
+Vs

R "

Non-Inverting p 015
Input (+) [} Q2 '
3 24 Output
4 023 | ®
<
03 Ko W3 I
25pF 50K 021
D1
0
¥ us

2
»—Km
. —K 018
os>" K 017
™ ato an aie - —

N

X

7.

Vos{1) A
Tim &
5 2 >
® Sk kS S 5K kS sk %3
? b3 b3 bJ b3

Vs
—o 4

Note: All resistance and capacitance values are nominal.
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General Purpose

RC741 Operational Amplifier
Connection Information
8-Lead 14-Lead 8-Lead
Metal Can TO-99 Dual In-Line Package Dual In-Line Package
(Top View) (Top View) (Top View)
= ne[T]e [14] ne T‘:f’nf ] ENC
s i ne[2 [13] ne -n[2] 7] +vs
1\-:?; E E NC +in E E Output
v
-Input Output -in E B E +Vs Vs |4 5 Tr?r?a
+In E + E Output 65-00839A
+Input Vos Trim Vs | 6 9 ¥r?r?1
-Vg 65-00937A NCLT E NC
65-00938A
Absolute Maximum Ratings Ordering Information
Supply Voltage Operating
RC/RV74T ittt inenennnnns +18V Part Number Package Temperature Range
RM741 . i t22v RC741DC Ceramic 0°C to +70°C
Differential Input Voltage ................ 30V RC741DE Ceramic 0°C to +70°C
Input Voltage' ..........cvvvvvvinnnnn, +15V RC741H T0-99 0°C to +70°C
Output Short Circuit Duration? ...... Indefinite RC741NB Plastic 0°C to +70°C
Storage Temperature RC741T T0-99 0°C to +70°C
Range ................... -65°C to +150°C RV741NB Plastic -40°C to +85°C
Operating Temperature Range -
RC741 ... ... 0°C to +70°C RM741DC Ceramic -55°C to +125°C
_EFO o RM741DC/883B* Ceramic -55°C to +125°C
RM741 ... .. 55°C to +125°C X
RV741 _40°C to +85°C RM741DE Ceramic -55°C to +125°C
PR RM741DE/883B* Ceramic -55°C to +125°C
Lead Soldering Temperature RM741T T0-99 -55°C to +125°C
(B0SEC) v.iviiiiiiiiiiiiie i +300°C RM741T/8838* T0-99 -55°C to +125°C
Notes: 1. For supply voltages less than +15V, the absolute
maximum input voltage is equal to the supply “MIL-STD-883, Level B Processing
voltage.
2. Short circuit may be to ground or either supply.
Rating applies to +125°C case temperature or
+75° C ambient temperature for RM741.
Thermal Characteristics
8-Lead 8-Lead 14-Lead 8-Lead
Plastic DIP Ceramic DIP Ceramic DIP T0-99 Metal Can
Max. Junction Temp. 125°C 175°C 175°C 175°C
Max. Pp Ta < 50°C 468mW 833mW 1042mW 658mW
Therm. Res. 6, - 45°C/W 60°C/W 50°C/W
Therm. Res. 6y 160°C/W 150°C/W 120°C/W 190°C/W
For T > 50°C Derate at 6.25mW per°C | 8.33mW per °C 8.33mW per °C 5.26mW per °C
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General Purpose

‘Operational Amplifier RC741
.-~ .-~~~ ]
Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted)

RM741 RC/RV741
Parameters Test Conditions Min | Typp | Max | Min | Typ | Max | Units
Input Offset Voltage' Rs < 10k0 1.0 5.0 20 | 60 | mV
Input Offset Current 20 200 20 200 | nA
Input Bias Current 80 500 80 500 | nA
Input Resistance (Differential Mode) 03 | 20 03 | 20 Ma
Large Signal Voltage Gain R = 2k, Voy = £10V | 50 200 20 200 V/mV
. R = 10k +12 | +14 +12 | 14 v
Output Voltage Swing
RL =2k +10 | £13 +10 | =13 v
Input Voltage Range +12 | £13 +12 . +13 v
Common Mode Rejection Ratio Rs < 10kQ 70 90 70 90 dB
Power Supply Rejection Ratio Rs < 10kQ 76 90 76 30 dB
Power Consumption 50 85 50 85 mwW
Transient Response
Rise Time Vin =20mV, R = 2k 0.3 0.3 uS
Overshoot CL < 100pF 5.0 5.0 %
Slew Rate RL =2k 0.5 0.5 V/uS

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

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become partofthe
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes nc liability for inadvertent errors.
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General Purpose
RC741 Operational Amplifier
XS O

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

RM741 RC/RV741
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage RL = 10k 6.0 75 mV
Input Offset Current 200 300 | nA
Input Bias Current 1500 800 nA
Large Signal Voltage Gain RL =2k, Voyr =10V | 25 15 V/mV
, RL = 10k +12 +12 v
Output Voltage Swing
RL = 2k +10 +10 Vv
Common Mode Rejection Ratio Rs < 10kQ 70 70 dB
Supply Voltage Rejection Ratio Rs < 10k() 76 94 dB
Supply Current e 25 A
u urr m
P -55°C 33
) +125°C . 75
Power Consumption mW
-55°C 100
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General Purpose

Operational Amplifier RC741
Typical Performance Characteristics
Voltage Offset Transient Response
Null Circuit Test Circuit
Vout
1
RL
t 65-00947A
'VS
- 65-00948A
Power Consumption as a Function Open Loop Voltage Gain as a
of Supply Voltage Function of Frequency
100 106 T T
i
= L Ta=+25°C oo
3 80 A= / 104 i
.é' 60 // 5 103 \
E E)
E ,/ g1 ‘\
2 // 10 \\
2 = g 1.0 LN E
L g \ |
0 3 10-1 2
5 10 15 20 1 10 100 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 50
Vg = +15V I
Ta=+25°C _ Ta=+25°C
_ -45 g 40
é -90 P — g ) el
N E
= s
-135 _§_- 20
-180 8 1.0 2
1 10 100 1K 10K 100K 1M 10M 5 10 15 20
Frequency (H2) Supply Voltage (V)
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General Purpose
RC741 Operational Amplifier

|
Typical Performance Characteristics (Continued)

Input Resistance and Input Capacitance

as a Function of Frequency Output Resistance as a Function of Frequency
™ T M T
Hl
s RNTT— ||| Vs ==15V
- N _ Ta = +25°C[TTT
S N g =
= M 10 s
g \ﬂ g 300
g - /
& 1 Ow o S < 2w
=2
g 00K 0 E 2 § /
100 i s 3
10K 0.1 10 | 3
100 1K 10K 100K ™ 100 1K 10K 100K ™
Frequency (Hz) 65-00945A Frequency (Hz)
Output Voltage Swing as a Function Output Voltage Swing as a Function
of Load Resistance of Frequency
4
gg T i | | Iy
_ = | Vg = 15V
z ¥ ~gil z 2 Ta = +25°C 1
g 2 § 28 RL= 10K
s 20 3 24 i \
s 1 g 2 !
£ 16 3 ]
&, / Vs=+15v | |] g 5 \
= / Ta = +25°C =
s 12 < s 8 <
& 10 § 4 } ah §
8 H 0 | | l Lol \N H
0.1 1.0 10 100 1K 10K 100K ™
Load Resistance (k<) Frequency (Hz)

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

[ T TTT [ [T
et R —
= Vg ==15V ] = Vs = =15V T
& 10)- Ta = +25°C T 2 Th = +25°C 1]
< o — <
= =
= =
) = g
£ 3
= 10 £ 10 ™
g 3
o« =
. = 3
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General Purpose
Operational Amplifier RC741

L. |
Typical Performance Characteristics (Continued)

Input Bias Current as a Function Output Short Circuit Current as a Function
of Ambient Temperature of Ambient Temperature
200 I 35
Vs = 15V Y
E 150 g % NN
E E »
£ T~
S 100 _5_ IS
] S
= e 2
% \ '2 \\ N
£ 60 ~ E
\N é & 15 g
0 l b 10 b
-60 -20 +20 +60 +100 +140 -60 -20 +20 +60 +100 +140
Temperaturs (°C) Temperature (°C)
Input Offset Current as a Function Power Consumption as a Function
of Ambient Temperature of Ambient Temperature
14 T
1 . v ! 1slv
= Vg = 15V s S = +15V—]|
T 0 z 100
E . £
= 8 =
3 I\ E & -
& N 8 —
S = Pe—
5 4 ~] $ 60
g - < £
2 H 40 g
0 8 g
-60 -20 +20 +60 +100 +140 -60 -20 +20 +60 +100 +140
Temperature (°C) Temperature (°C)
Frequency Characteristics as a Function Open Loop Voltage Gain as a Function
of Ambient Temperature of Supply Voltage
14 T 115
Vg = £15V— 10 Ta=+25°C
"2 1 ReS onse _ 105 .
@ 1o )
£ 1 ‘a“s\e s /
= N Sl|w Rate £ 100 -~
g 10 & L~
g Clogg ™ % 95 ,I
"~00p 5 s
08 =7 LT e § = 9
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General Purpose

RC741 Operational Amplifier
]

Typical Performance Characteristics (Continued)

Output Voltage Swing as a Function Input Common Mode Voitage Range
of Supply Voltage as a Function of Supply Voitage
40 I T 16
36 t t = 1 ! l
E g -55°C<Tas+125°C ~ 4 -55°C < Tp < +125°C
E o RL=2kn & 12
£ £
T u //, PR //
s
g o - = s //
E 16 € e
a- =
s 12 s . ~
3 F £ <
= 8
0 8 0 &
5 10 15 20 5 10 15 20
Supply Voltage (+V) Supply Voltage (£V)
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

General Purpose
Dual Operational Amplifier

Raytheon

RC747/747S

Features

® Short circuit protection

No frequency compensation required

No latch-up

Large common mode and differential voltage
ranges

B Low power consumption

® Parameter tracking over temperature range

B Gain and phase match between amplifiers

Description

The RC/RM747 integrated circuits are high gain,
operational amplifiers internally compensated and
constructed on a single silicon chip using an
advanced epitaxial process.

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

Combining the features of the 741 with the close

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

Mask Pattern

parameter matching and tracking of a dual device 345 65-01251A
onamonolithic chip results in unique performance ) )
Die Size: 62 x 72 mils
: . Min. Pad Dimension: 4 x 4 mil
Schematic Diagram (1/2 Shown) ! Sio s
: ' o(g 9
08 -—-Kog Q12 :_4 Z’lﬁﬁjm; J
an ;—J Q14
-o— Koz S0k 024 Q15
Inputs < 28
+ o__.k 4 Output
2.6) ' (12.181
$25
25PF
03>‘| { a 4 3 o
40K
a7 020
‘ L -_kﬁ"\'rms
14.8)
O— —KQW D
Vos Trim 05 Q6 10 a1 mgF
35) > 5 >
1K 50K 1K 5K % 5K 3160 3 s
. Vs
W
65-008718
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General Purpose
RC747/747S Dual Operational Ampilifier

Connection Information

10-Lead 14-Lead
Metal Can TO-100 Dual In-Line Package
(Top View) (Top View)
° \ >
-Input A [_1__ E Vos Trim A
+Input A [Z— _1__3] +Vs A
Vos Trim A [ 3 __\:D—?_?] Output A
-Vs E E NC
008724 Vog Trim 8 [ 5 | } [10] output 8
+input B E— E +Vs B
-Input B E E Vos Trim B
+Vs A is internally connected to +Vs B for the 747S
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage 14-Lead | 14-Llead | 10-Lead
BM747 vttt iaeeenennn, +22v Plastic | Ceramic | T0-100
[ loy Yy AP +18V oip DIP | Metal Can
Differential Input Voltage ................ 30V Max. Junc. Temp. 125°C 175°C 175°C
Input Voltage' ... +15V "
Output Short-Circuit Duration? ...... Indefinite Max. Pp Ta <50°C | 468mW | 1042mW | 658mW
Storage Temperature Therm. Res. 6,c - 60°C/W | 50°C/W
Range ................... -65°C to +150°C Therm. Res. 6,4 160°c/W | 1200¢/w | 190°C/W
Operating Temperature Range
RMTA7 e, -55°C to +125°C For Ta > 50°C 6.25mW | 8.33mW | 5.26mW
RCTAT oo, 0°C to +70°C Derate at per°C | per°C | per=C
Lead Soldering Temperature
(BOSEC) w'evvrieeeineiiineeenn, +300°C  Ordering Information
Notes: 1. For s'upply'voltatgesltless than i15|\/t, tht:absolutle Operating
m@g‘:m nput voltage Is equal fo the supply Part Number Package Temperature Range
2. Short-circuit may be to ground or either supply. RC747DC Ceramic 0°C to +70°C
Rating applies to +125°C case temperature or .
+75°(gl ambient temperature for RC747. ! RC747DB Ceramic 0°C to +70°C
RC7477 TO-100 0°C to +70°C
RM747DC Ceramic -55°C to +125°C
RM747DC/883B* Ceramic -55°C to +125°C
RM747T TO-100 -55°C to +125°C
RM747T/883B* TO-100 -55°C to +125°C

*MIL-STD-833, Level B Processing
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General Purpose

Dual Operational Amplifier RC747/747S
. |

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

RM747 RC747
Parameters Test Conditions Min | Typ | Max| Min [ Typ | Max | Units
Input Offset Voltage Rg < 10k 1.0 | 5.0 20 | 60 | mV
Input Offset Current 20 200 20 200 | nA
Input Bias Current 80 500 80 500 | nA
Input Resistance (Differential Mode) 0.3 2.0 03 | 20 MQ
Large Signal Voltage Gain RL =2k, Vour = £10V| 50 200 50 200 V/imV
, RL = 10k 12 | +14 +12 | 14 Vv

Output Voltage Swing RL= 2k0 10 | =13 =10 | =13 v
Input Voltage Range +12 | +13 +12 | £13 v
Common Mode Rejection Ratio Rs < 10k 80 90 70 90 dB
Power Supply Rejection Ratio Rs <10kQ 76 90 76 90 dB
Power Consumption 100 | 170 100 | 170 | mW
Transient Response

Risetime Vin =20mV, R = 2kQ), 0.3 0.3 uS

Overshoot CL = 100pF 5.0 5.0 %
Slew Rate RL =2k 0.5 05 V/uS
Channel Separation f=1kHz 98 98 dB

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

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

RM747 RC747
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage Rg < 10k 6.0 75 mV
Ta = +125°C,
Ta = +70°C 200 300
Input Offset Current T 50 nA
A =-99°C,
Ta=0°C 500 300
Tp = +125°C,
. Ta = +70°C 500 800
Input Bias Current T nA
A =-90°C,
Ta=0°C 1500 800
Large Signal Voltage Gain RL =2k, Vour =£10V| 25 25 V/mV
) RL= 10K +12 +10
Output Voltage Swing v
R =2k +10
Common Mode Rejection Ratio Rg < 10kQ 70 70 dB
Power Supply Rejection Ratio Rs < 10k 76 76 dB
) Tp = +125°C 150 150
Power Consumption mwW
Tp = -55°C 200 200
Input Voltage Range +12 +12 v

Typical Performance Characteristics

Frequency Characteristics as a Function
of Ambient Temperature

Voltage Offset Null Circuit

Ta= [+25°C—

Transient Response
I ; |

~—_
e
——

T { Closed Loop Bandwidth

Relative Value
>

0.8

65-00899A

65-00898A

0.6

5 10 15 20
Supply Voltage (+V)
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General Purpose
Dual Operational Amplifier RC747/747S

L]
Typical Performance Characteristics (Continued)

Open Loop Voltage Gain as a Function Output Voltage Swing as a Function
of Supply Voltage of Supply Voltage
115 . | 40 | l
10 ety — s Ol ce Ta<£125°C
Ta = +25°C L1 E 3 _RLEZK-Q -
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£ 100 ER //
S 3 2 =
@ P =
g% 7 E 16
=} a.
= w0 g 12
= 3
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as a Function of Supply Voltage of Supply Voltage
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Input Bias Current as a Function Input Resistance as a Function
of Ambient Temperature of Ambient Temperature
%0 I 10 =
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General Purpose
RC747/747S Dual Operational Amplifier

X —
Typical Performance Characteristics (Continued)

Input Offset Current as a Function Input Offset Current as a Function
of Supply Voltage of Ambient Temperature
40 I 140 | {
Th = +25°C 120 L
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Power Consumption as a Function Output Voltage Swing as a Function
of Ambient Temperature of Load Resistance
T 1 28 e
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General Purpose

Dual Operational Amplifier RC747/747S
. ]

Typical Performance Characteristics (Continued)

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

10-13 E 10-21
= g
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g T
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g o
s 2
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2 @
=
g 107 3 vg 10-25 g
5 £ g
10-18 % 10-2 3
10 100 1K 10K 100K 10 100 1K 10K 100K
Frequency (Hz) Frequency (Hz)
Open Loop Voltage Gain as a
Broadband Noise for Various Bandwidths Function of Frequency
_ 100 2 2= 106 T 0
2 [F=Vs=+15V 105 P Vg = +15V
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g 4 10-100kHz il 1o 45
= — 5 103 g
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g 10
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Source Resistance (¢ Frequency (Hz) 65-00889A

Frequency Characteristics as a Function

of Ambient Temperature Output Voltage Swing as a Function of Frequency
b ! * szt
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General Purpose
RC747/747S Dual Operational Amplifier

- ]
Typical Performance Characteristics (Continued)

Input Resistance and Input Capacitance

as a Function of Frequency Output Resistance as a Function of Frequency
1o 100 600 T TTTTTI
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Common Mode Rejection Ratio as a

Function of Frequency Transient Response
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General Purpose

Dual Operational Amplifier

Typical Applications

RC747/747S

Analog Multiplier

Sine
c2 tout c3
820pF Outpu 820pF
1% o 1%
AYl \|
2] Al
+15V -»—M—<D1 D2
R3
190K +15V
1%
AAA—]>
Cosine
172747 Qutput
+
-15V R1
Ra $ 190K
190K < 1%
C1
1 1~ 820pF
f=__ (RIC1=R202 4 1%
2\ C2R2C3R3 =
65-00901A
Quadrature Oscillator
+15V
Amplifier
Current Source R13 p
1.5K R14
R2 — 25.8K*
20K 1N9638 1%
10/0 AVAVA'
AA R11 & SR
R1 A A A4 12K* <: = <: 12K* +15V
20K +15V 1% 9§ 1 1%
1% — -
O—AAA ? Multiplier
Viva N2520 121> Eour
or 726 o+
e RS
© 35K Ri5 -15V
-5V 1% Vine at 02 25.8K*
1%
AAA- <
R3 R4 - |y
20K 15K
1% 1% R17
— 100
*Matched to 0.1%
Eour = 100 Ei, X Ein, A10 R L e A7
150K 20 = 20 150K
-15V Zero Adjust +15V

65-00902A
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General Purpose
RC747/747S Dual Operational Amplifier

Typical Applications (Continued)

R D1
R2 I 1
10K
———AAA—e
R D2
+—W—PDiH
R1 +15V %
Compressor .1.K. ? Cor:\mpressor
Input Sutput Expander
B Out
Expander utput
© Input
-15V
Compressor Expander
Maximum compression expansion ratio = R1/R (10K« > R = 0) 65-00973A

Note: Diodes D1 through D4 are matched FD6666 or equivalent

Compressor/Expander Amplifiers

R4
12K
D‘ Av""
RS R6
6.2v 10K 10K

Positive
Regulated

Negative
R3 b o %—O Regulated
180K Output Output
1 12V -12v
_ I <5mA
Ys Source or
Sink

R1+R2

Positive Output = Vp1 x _

R2
R6

Negative Output = -Positive Qutput x ___
R5 65-00904A

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

Typical Applications (Continued)

30K .
R1 Notch Frequency as a Function of C1
30K 10K

Input /2141 Output
B
R3 Trim R3 SuchThat 1K =)
15K R3 s
el
R2 R4 £ 4
c1 172747 E ™
/ s —
- 5
R
MF 10 2
— 0.0001 0.001 0.01 0.1 10
= Capacitor C1 (uF)
Notch Filter Using the 747 as a Gyrator
R2
——A—
1
AVAV‘T -
= 1/2747 L—@Output
Input O—AAA—%
b—0 Output R1R2 oe-ousara
Input O R1+R2
65-00906A
Gain | Rl R2 | BW. | R
10 | tka | 9ka |100kHz | 400Mq
ou~ {002 10077 o000 | 9ska | 10kHz | 280Ma
RouT << 10 1000 | 1000 | 999k | 1kHz | 80MQ
BW = 1MHz
Unity Gain Voltage Follower Non-Inverting Amplifier
R1 Ri
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“AAA/ R2
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| VVy —O Output
= RIR2
R1+R2 65-00908A
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— 65-00909A
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100 | 1k | 100kQ | 10kHz | 1ke R Ri Ry
1000 | 000 | 1ooka | ikkz | 1000 Vo=V F) - Vs <ﬁ> V'“°< R3>
Inverting Amplifier Weighted Averaging Amplifier
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LINEAR INTEGRATED CIRCUITS

RC1458
RM1558

PRODUCT SPECIFICATIONS

General Purpose

Raytheon Dual 741 Operational Amplifier

Features

B Short circuit protection
® No frequency compensation required

Combining all of the features of the 741 with
the close parameter matching and tracking of a
dual device on a monolithic chip results in unique
performance characteristics. It is especially well

® No latch-up suited for applicati here gain and phase
® Large common mode and differential voltage PP ons where g P
matched channels are mandatory.
ranges
® [ ow power consumption
® Parameter tracking over temperature range Mask Pattern
B Gain and phase match between amplifiers
Description
The RC1458 and RM1558 integrated circuits are
high gain operational amplifiers internally com-
pensated and constructed on a single silicon chip
using an advanced epitaxial process.
The military version (RM1558) operates over a
temperature range from -55°C to +125°C. The
commercial version (RC1458) operates from 0°C
to +70°C.
4 65-00933A
Die Size: 62 x 72 mils
Min. Pad Dimension: 4 x 4 mils
Schematic Diagram (1/2 Shown)
O
08 -—619 T\L ' J o
a2 a13
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el s
Q24 Q15 ]
$28
T Out;;ut
26) L Jt 4 n
|_ : ts B Y :E %
npu <
._Koza 021:1__<.
+ Q1 >
35) 3 40k
25pF
a3 1< o — {ozo
Q7 D1 -:-—Kms
1&,_(017
as < —-Kcm 019;" Kazz
{ " ? " %
1K < 35K 1K 5K g 50K <160 5K
Vs
65-009108 © [4)
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RC1458
RM1558

General Purpose
Dual 741 Operational Amplifier

Connection Information

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

Pin Function
e 1 Output (A)
E E 2 -Input (A)
2 7 3 +Input (A)
Chey 2 5 o
[=] (6] 5 +Input (B)
6 -Input (B)
E EI 7 Output (B)
65-00912A 8 +VS
Absolute Maximum Ratings Ordering Information
Supply Voltage Operating
RM1558 .. iiiiiiii i +22V Part Temperature
RC1458 .. iviiiiiii i +18V Number Package Range
Differential Input Voltage ................ 30V . " -
Input Voltage' ...........oeiiiiiiinnn +15V RC1458DE ....................... Ceramlc .......... 0 Ct0+7OC .......
Output Short Circuit Duration? ...... Indefinite RC1458H TO-99 0°C to +70°C
Storage Temperature [l T G 007 T SATTTo P
RANGE v veeeneeeenn _e5°Cto+150°c | RCMS8T L. 1099 | 0°Cto+70°C |
Operating Temperature Range RC1458NB Plastic 0°C to +70°C
RM1558 .. ..civiiievnnnn -55°C to +125°C X = "
RC1458 .o ovovoei 0°Cto+70°C | RVI1458NB Plastic | -40°Cto +85°C
Lead Soldering Temperature RM1558DE Ceramic | -55°C to +125°C
(BOSEC) v +300°C [ "Giriiranc aann P I N CERe e T ioE J
Notes: 1. For supply voltages less than =15V, the absolute maxi- RM15580E/8838 ........... Ceramlc ......... 5 50t0+1250
mum input voltage is equal to the supply voltage. RM1558T T0-99 -55°C to +125°C
2. Short circuit may be to ground or either supply. o e
RM1558T/883B* T0-99 -55°C to +125°C

Thermal Characteristics

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

Raytheon

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

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

RM1558 RC1458
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 10kQ 1.0 5.0 20 6.0 mvV
Input Offset Current 30 200 30 200 nA
Input Bias Current 200 | 500 200 | 500 nA
Input Resistance (Differential Mode) 0.3 1.0 0.3 1.0 MQ
Large Signal Voltage Gain \F};UET 2=k~_91'0V 50 | 200 20 | 200 V/mV
) RL = 10k +12 | +14 12 | +14
Output Voltage Swing v
RL =2k +10 | +13 +10 | +13
Input Voltage Range +12 | £13 +12 | #13 v
22,2‘5’3.?,'3 hode R < 10k1 70 | % 70 | 9 dB
E‘;}”gg{l Supply Rs < 10k 7% | % 76 | 90 dB
Power Consumption 100 | 150 100 170 | mW
Transient Response Viy = 20mV
Rise Time RL = 2k 0.3 0.3 uS
Overshoot CL < 100pF 5.0 5.0 %
Slew Rate RL=2kQ 05 05 V/uS
Channel Separation f=1kHz 98 98 dB

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

6-138 Raytheon



RC1458
RM1558

General Purpose
Dual 741 Operational Amplifier

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

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

Dual 741 Operational Ampilifier RM1558
L
Typical Performance Characteristics

Input Bias and Offset Currents vs.
Ambient Temperature DC Parameters vs. Supply Voltage
200 ] T 1
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RC1458 General Purpose
RM1558 Dual 741 Operational Amplifier

. _____________________________________________________________|]
Typical Performance Characteristics (Continued)

Normalized DC Parameter vs.
Ambient Temperature Transient Response
20 T
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General Purpose RC1458
Dual 741 Operational Amplifier RM1558
]
Typical Performance Characteristics (Continued)

Open Loop Transfer Characteristics Input Resistance and Input
vs. Frequency Capacitance vs. Frequency
106 l T T 10M 2 100
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RC1458

General Purpose
RM1558

Dual 741 Operational Amplifier

Typical Applications

1/2 AA
Vin 3 1558
ZiN = 200MQ
0.1uF
— 65-00913A
Vs -

R2 _
180K Cosine
1% 9 Output
c1
L g20pF
(= ! (RIC1 =R2C2) L ™
2 /C2R2C3R3 =

65-00914A

Figure 2. Quadrature Oscillator
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General Purpose RC1458
Dual 741 Operational Amplifier RM1558

Typical Applications (Continued)

Current Source

Amplifier

1N9638
R14

= R11 &
12K* & 12K
o, < o, <
R1 1% 1%
20K
Vi, 1%

7 Vout

Multiplier
Vin, 2N2920

VYV

R7
150K

*Matched to 0.1%

S +15V
Vour = 100 Vin1 x Vi

Zero Adjust

65-00915A

Figure 3. Analog Muitiplier

VWA- RS
R2 p2 D3
%— _ R ok R 1K
m —W—D —W— AW

1K o+15V
Compressor Compressor Expander R4
Input  © vVvy Output Input 10K
b0 —— - —©
Expander

Output

Compressor

Expander
65-00916A

Maximum compression expansion ratio = R1/R (10K« > R=0)
Note: Diodes D1 through D4 are matched FD6666 or equivalent.

Figure 4. Compressor/Expander Amplifiers
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

High Performance, Low Noise, RC2041
Raytheon Dual Operational Amplifier

Features Description

B 7.0MHz unity gain bandwidth (Ay = 1) The 2041 integrated circuit is a high gain, wide-
m 3.0V/uS slew rate bandwidth, low noise dual operational amplifier
® 6.0nV/\/Hz noise voltage at 1kHz capable of driving 20V peak-to-peak into 400()
® 0.3pA/\/Hz noise current at 1kHz loads. The 2041 combines many of the features
® 110V output into 400() loads (£25mA) of the 4558 as well as providing a wider band-
® 0.3mV input offset voltage width, lower noise, higher slew rate and higher
® 10nA input offset current output drive. The combination of low noise and
B 200nA input bias current wide bandwidth make the 2041 ideal for audio
m Unity gain frequency compensated preamplifiers, active filters, telecommunications,
m Qutput short circuit protected and many instrumentation applications. The

availability of the 2041 in the surface mounted
micro package allows very high packing densities
in critical applications.

Schematic Diagram (1/2 Shown)
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High Performance, Low Noise,

RC2041 Dual Operational Ampilifier
Connection Information Mask Pattern
8-Lead 7 6 5
Dual In-Line Package
(Top View)
()
L ]
E 7] 8 4
E =D
(<] ¢ ]
Pin Function 1 2 3
1 A Output
2 A -Input Die Size: 52 x 61 mils 65-02067A
3 A +input Min. Pad Dimensions: 4 x 4 mils
4 -Vg
5 B +Input . s
6 B -Input Thermal Characteristics
7 B Output 8-Lead
8  HVs Micro-Pak 8-Lead
Plastic DIP | Plastic DIP
Absolute Maximum Ratings Max. Junction Temp. 125°C 125°C
Supply Voltage ................ooii... +18V Max. Pp Ta <50°C 300mwW 468mwW
Differential Input Voltage ................ 30V Therm. Res. 6,¢ - —
Input Voltage' ..., 15V " "
Operating Temperature Therm. Res. 6,4 240°C/W 160°C/W
Range .................... -20°C to +75°C For Tp > 50°C Derate at 4.17mW 6.25mW
Lead Soldering Temperature (10 Sec) per °C per °C
RC204INB ........ccvvvviivnnnnn. +300°C
RC2041M ... ittt +260°C
Output Short Circuit Duration? ...... Indefinite Matching Characteristics

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

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

Ordering Information

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

6-146

(Vs =+15V, Tp = +25°C)

Parameter Conditions Typ Units
Voltage Gain R.=2ka | =10 dB
Input Bias Current +15 nA
Input Offset Current +75 nA
Input Offset Voltage RL=10ka | +02 | mV




High Performance, Low Noise,
Dual Operational Ampilifier RC2041

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

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k 0.3 3.0 mV
Input Offset Current 10 200 nA
Input Bias Current 200 500 nA
Input Resistance (Differential Mode) 0.3 1.0 MO
Large-Signal Voltage Gain RL = 2k(, Vout = £10V 20 300 VimV
Output Voltage Swing AL = 100 =12 =M v
lg = 25mA +10 +11.5

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

Rise Time Vi =20mV, R = 2k 50 nS

Overshoot CL < 100pF 40 %
Slew Rate RL=2kQ 3.0 V/uS
Channel Separation f = 10kHz, Rg = 1k, Gain = 100 90 dB
Unity Gain Bandwidth Gain =1 4.0 7.0 MHz

The following specifications apply for -20°C < Tp < +75°C
Input Offset Voltage Rs < 10k 45 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain R =2k, Voyr = £10V 15 VimV
Output Voltage Swing RL =2k +10 v
Power Consumption T = +75°C 100 20 mw
Ta =-20°C 210 260

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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High Performance, Low Noise,
RC2041 Dual Operational Amplifier

]
Typical Performance Characteristics

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

Typical Performance Characteristics (Continued)

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

]
Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function of Frequency  Input Noise Current as a Function of Frequency
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High Performance, Low Noise,
RC2041 Dual Operational Ampilifier

Comparison of Standard
vs. Micro-Package

Standard
8-Lead
Plastic

DIP

8-Lead
Plastic
Micro-Pak
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e,
>

65-01859A

Raytheon 6-151



PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High-Performance, Low-Noise
Raytheon Dual Operational Amplifier RC2043

Features

B 14MHz unity gain bandwidth (Ay = 1)
m 6.0V/uS slew rate

m 3.5nV/\/Hz noise voltage at 1kHz

® 0.4pA/\/Hz noise current at 1kHz

B =10V output into 4001} loads (£25mA)
B 3.0mA supply current per amplifier

B Unity gain frequency compensated

® Output short circuit protected

Schematic Diagram (1/2 Shown)

Description

The 2043 integrated circuit is a high gain, wide-
bandwidth, low-noise dual operational amplifier
capable of driving 20V peak-to-peak into 4000
loads. The 2043 combines many of the features
of the 4558 as well as providing a wider band-
width, lower noise, higher slew rate and higher
output drive capability. The combination of low
noise and wide bandwidth make the 2043 ideal for
audio preamplifiers, active filters, telecommunica-
tions, and many instrumentation applications.
The availability of the 2043 in the surface mounted
micro package allows very high packing densities
in critical applications.
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High-Performance, Low-Noise

RC2043 Dual Operational Amplifier
Connection Information Mask Pattern
8-Lead
Dual In-Line Package 7 6 5
(Top View)
)
L] ¢ ]
2 7
2] 7] 8 4
3 6
[« < ]
Pin Function
1 A Output ! 2 3
2 A -Input
3 A +Input Die Size: 52 x 61 mils
4 -Vg Min. Pad Dimensions: 4 x 4 mils
5 B +input
6 B -Input . .
7 B Output Absolute Maximum Ratings
8 Vs SUPPIY VORAGE + v v eveeeeeeeaenenss +18V
Input Voltage” .........cooiviiiiiinn 15V
L Differential Input Voltage ................ 30V
Thermal Characteristics Output Short Circuit Duration? ...... Indefinite
8-Lead Operating Temperature
Micro-Pak 8-Lead Range ...........oooiin -20°C to +75°C
Plastic DIP | Plastic DIP Lead Soldering Temperature (10 Sec)
- " " RC2043NB .....vvvvviinnnnannnnn, +300°C
Max. Junction Temp. 125°0 125°C RC2043M .. vvoeeeeeeenian +260°C
Max. Pp Ta <50°C 300mwW 468mW Notes: 1. For supply voltages less than =15V, the absolute
i i t voltage i | to th |
Therm. ReS. GJC _ _ \I’/Tz)altxalg’Ieum input v ge Is equal 10 e supply
o o 2. Short circuit may be to ground on one amp only.
Therm. Res. Ban 240°C/W 160°C/W Rating applies to +75° C ambient temperature.
For Tp > 50°C Derate at 417mW 6.25mW
per °C per °C Matching Characteristics
(Vg = 15V, Ta = +25°C)
Orderin g Information Parameter Conditions Typ | Units
- Large Signal
Operating Voltage Gain R =2k +1.0 dB
Part Number Package Temperature Range
i +
RC2043M Micro-Plastic| -20°C to +75°C Input Bias Current £ | nA
RC2043NB Plastic -20°C to +75°C Input Offset Current 75 | nA
Input Offset Voltage R. =10k | +0.2 mV
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High-Performance, Low-Noise
Dual Operational Amplifier RC2043

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

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10kQ 03 3.0 mV
Input Offset Current 10 200 nA
Input Bias Current 400 1000 nA
Input Resistance (Differential Mode) 0.3 1.0 MQ
Large Signal Voltage Gain RL = 2k, Vout = £10V 20 100 Vimv
) RL = 10kQ +12 +14
Output Voltage Swing Vv
lop = 25mA +10 =115

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

Rise Time Vin =20mV, R, = 2k 40 nS

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

The following specifications apply for -20°C < Ty < +75°C
Input Offset Voltage Rs < 10kQ 45 mV
Input Offset Current 300 nA
Input Bias Current 1300 nA
Large Signal Voltage Gain R = 2k, Voyt = =10V 15 VimV
Output Voltage Swing R = 2kQ) +10 vV
Power Consumption Ta=+75°C 160 220 mW
Ta=-20°C 210 260

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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High-Performance, Low-Noise
RC2043 Dual Operational Ampilifier

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
1000 I 25 | I
! T T
_ 800f—Vs==x15V _ 2 Vg = =16V
z )
B
g 600 E
=]
B ol — E 1 —
@ E ——
B 3 I B
200 < £ 5 <
: :
0 8 0 8
0 +10 +20 +30 +40 +50 +60 +70 0 +10 +20 +30 +40 +50 +60 +70
Temperature (°C) Temperature (°C)
Common Mode Range as a Function Open Loop Voltage Gain as a
of Supply Voltage Function of Frequency
15 I 120
€ ol Ta= 4250 /////7 {/ 100
=
V77 7] v
E 7 7 / Y g 00
s’ 7 / % S w
1 0007 e <
=
E L / / . \(
g -10 s, 7 g 0 g
-15 N -20 M
4 6 8 10 12 14 16 18 1 10 100 1K 10K 100K 1M 10M
Supply Voltage (V) Frequency (Hz)
Open Loop Gain as a Function Power Consumption as a Function
of Temperature of Ambient Temperature
210 .
300K 200
Vs = +15V _ T
s Vg =16V
E 190
£ 200K £
& 2 180
g £ T
2 ok AL =2k g m
160
< a. S
0 g 150 z
2 140 2
0 +0  +20 130 +40 +50 +60 +70 0 +10  +20 430 +40 <450 +60 +70

Temperature (°C) Temperature (°C)

Raytheon 6-155



High-Performance, Low-Noise
Dual Operational Amplifier RC2043

Typical Performance Characteristics (Continued)

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

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function Input Noise Current as a Function
of Frequency of Frequency
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High-Performance, Low-Noise

RC2043 Dual Operational Amplifier
L

Comparison of Standard
vs. Micro-Package

Standard
8-Lead
Plastic

DIP

8-Lead
; Plastic
. Micro-Pak

B
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Micro-Power
Operational Amplifier

Raytheon

RC3078, RM3078A

Features

® Low standby power — as low as 700nW

m Wide supply voltage range — +0.75V to £15V
m High peak output current — 6.5mA minimum
® Adjustable quiescent current

®m Output short circuit protection

Applications

®m Portable electronics
® Medical electronics
B Instrumentation

m Telemetry

Description

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

Schematic Diagram

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

The 3078A is a premium device having a supply
voltage range of Vg = £0.75V to Vg = £15V and an
operating temperature range of -55° C to +125° C.
The 3078 has the same lower supply voltage limit
but the upper limitis +Vg=+6V and-Vg =-6V. The
operating temperature range is from 0°C to
+70°C
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i ©
D5 50
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RC3078, RM3078A

Micro-Power Operational Amplifier

Mask Pattern

Connection Information

7 6
5
8 4
1
2 3

Die Size: 49 x 48 mils

Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings
Supply Voltage

RC3078 ...ttt *7V

RM3078A .. ...t +18V
Input Voltage .................... +Vsto -Vg
Differential Input Voltage ................. 6V
Input Signal Current ................. 0.1mA
Output Short Circuit

Duration* ................... No Limitation
Storage Temperature

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

RC3078 ......ccvviiinnn, 0°Cto +70°C

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

(10Sec) ..vvvvviiiiiiii i, +300°C

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

Ordering Information

8-Lead
Metal Can TO-99
(Top View)

2
5

O~NOOODA WN =

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

Function
Compensation
Inverting Input
Non-Inverting Input
-Vg

Bias

Output

+Vg

Compensation

Thermal Characteristics

8-Lead 8-Lead 8-Lead
Plastic Ceramic T0-99
DiP Dip Metal Can
Max. Junction Temp. | 125°C 175°C 175°C
Max. Pp Ta <50°C | 468mW | 833mW | 658mW
Therm. Res. 8¢ — 45°C/W | 50°C/W
Therm. Res. 64 160°C/W | 150°C/W | 190°C/W
For T > 50°C 6.25mW | 8.33mW | 5.26mW
Derate at per °C per °C per °C

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

*MIL-STD-883, Level B Processing
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Micro-Power Operational Amplifier RC3078, RM3078A

[ e
Electrical Characteristics (Vs = +6V)

RM3078A RC3078
Rser = 5.1M(, Iy = 20uA Rset = 1M, lg = 100..A
Tp = -55°C Ta=0°C
Tp = +25°C to +125°C | Ty =+25°C to +70°C
Parameters Test Conditions | Min | Typ | Max| Min[Max | Min | Typ [ Max | Min| Max | Units
Input Offset Voltage Rs < 10k 070 | 35 4.5 13| 45 50| mVv
Input Offset Current 050 | 25 5.0 60 | 32 40 | nA
Input Bias Current 70 | 12 50 60 | 170 200 | nA
Large Signal Voltage Gain R = 10kQ 39 | 100 31 25| 39 20 V/mV
Supply Current 20 | 3b 100 100 | 130 150 | wA
Power Consumption 240 | 300 540 1200| 1560 1800 wuW
Output Voltage Swing R. =10k | 51| +53 +5.0 +5.1| 5.3 +5.0 v
-55 -5 -55 -5
Input Voltage Range Rs < 10k to to to to Vv
+5.8 +5 +5.8 +5

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

Positive Supply Rs < 10kQ 76 | 104 76 | 93 dB

NegativeSupply 76 | 104 76 | 93

(Rsr = 13MQ, Iy = 20A, Vs = +15V)

Input Offset Voltage Rs < 10k 14 | 35 45 mV
Large Signal Voltage Gain RL = 10kQ 32 | 100 25 V/mV
Supply Current 20 | 3b 100 uA
Power Dissipation 600 | 750 1350 uW
Qutput Voltage Swing R =10k | 137 | 141 135 v
Common Mode Rejection Ratio | Rg < 10k 80 | 106 dB
Input Bias Current 70 | 14 55 nA
Input Offset Current 050 | 27 55 nA

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC3078, RM3078A

Micro-Power Operational Amplifier
L ]
Electrical Characteristics (At Ty = +25°C)

Typical Values

RM3078A RC3078
Vg = +1.3V, Vs = £0.75V, Vg = +1.3V, Vg = 0.75V,
Parameters Rser = 2MQ Rser = 10MQ Rser = 2MQ Rser = 10MQ Units
Input Offset Voltage 0.7 09 1.3 15 mV
Input Offset Current 0.3 0.054 17 0.5 nA
Input Bias Current 37 0.45 9.0 1.3 nA
Large Signal Voltage Gain 16 1.8 10 1.0 V/mV
Supply Current 10 1.0 10 1.0 uA
Power Consumption 26 15 26 15 uW
Output Voltage Swing 14 0.3 14 0.3 v
Input Voltage Range -0.8 to +1.1 -02to+0.5 -0.8 to +1.1 -021t0+0.5 v
Common Mode Rejection Ratio 100 90 100 90 dB
Output Current 12 05 12 0.5 mA
Power Supply Rejection Ratio 94 86 94 86 dB
Electrical Characteristics
(Typical values intended only for design guidance at Tp = +25°C and Vg = £6V)
RM3078A RC3078
Test Rger =5.IMQ | Rger = IMQ | Rger =5.IMQ
Parameters Conditions lg = 201A lg = 100.A lp = 100.A Units
Input Offset Voltage Drift Rs < 10k 50 6.0 6.0 uV/eC
Input Offset Current Drift Rs < 10k) 6.3 70 70 pA/°C
Unity Gain Bandwidth Ay = -3dB 0.3 20 20 kHz
Slew Rate
Unity Gain 0.027 0.04 0.04
V/uS
Comparator 10% to 90% 05 15 15

Rise Time 30 25 25 uS
Input Resistance (Differential Mode) 74 1.7 0.87 MQ
Open Loop Output Resistance 1.0 0.8 0.8 kQ
Input Noise Voltage Density Rs=0 36 19 nV/\/Hz
Input Noise Current Density Rs = IMQ 0.4 1.0 pA/\/Hz
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Micro-Power Operational Amplifier RC3078, RM3078A

Typical Performance Characteristics

Input Offset Voltage vs. Input Offset Current vs.
Total Quiescent Current Total Quiescent Current
2
Vg = 6V
£ 30 Ta = +25°C
g 24 Rs < 10k
g s
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1 10 100 1K
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RC3078, RM3078A

Typical Performance Characteristics (Continued)

Micro-Power Operational Amplifier

Bias-Setting Resistance vs.
Total Quiescent Current

Maximum Output Current vs.
Total Quiescent Current
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Micro-Power Operational Amplifier RC3078, RM3078A

e
Typical Performance Characteristics (Continued)

Open Loop Voltage Gain
vs. Frequency — 3078A Input Offset Voltage vs. Temperature
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RC3078, RM3078A Micro-Power Operational Amplifier
L.

Typical Performance Characteristics (Continued)

Equivalent Input Noise Voltage vs. Frequency
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Micro-Power Operational Amplifier

RC3078, RM3078A

150000000000
Typical Performance Characteristics (Continued)

Phase Compensation Capacitance vs.
Closed Loop Gain — 3078
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Operating Considerations

The 3078 and 3078A can be phase-compensated
with one or two external components depending
upon the closed-loop gain, power consumption,
and speed desired. The recommended compen-
sation is a resistor in series with a capacitor
connected from terminal 1 to terminal 8. Values
of the resistor and capacitor as required for
compensation are a function of closed-loop gain.
These curves represent the compensation nec-
essary at quiescent currents of 20uA and 100uA,

Rary¥inesom

respectively, for a transient with 10% overshoot.
The slew rates curves show what can be obtained
with the two different compensation techniques.
Higher speeds can be achieved with input com-
pensation, but this increases noise output. Com-
pensation can also be accomplished with a single
capacitor connected from terminal 1 to terminal 8,
with speed being sacrificed for simplicity. Table 1
gives an indication of slew rates that can be
obtained with various compensation techniques
at quiescent currents of 20uA and 100uA.
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RC3078, RM3078A

Micro-Power Operational Amplifier

Single Supply Operation

The 3078 and 3078A can operate from a single
supply with a minimum total supply voltage of
1.5V. Figures 2 and 3 show the 3078 and 3078A
in inverting and non-inverting 20dB amplifier

configurations utilizing a 1.5V type “A’ cell for
a supply. The total power consumption for either
circuit is approximately 675 nanowatts. The out-
putvoltage swing in this configuration is 300mVp.p
with a 20k(} load.

Table 1. Unity Gain Slew Rate Versus Compensation — 3078 and 3078A

Vs = =6V Transient Response: 10% Overshoot for an Output Voltage of 100mV, T = +25°C
RL = 10k Unity Gain (Inverting) Unity Gain (Non-Inverting)
1 Slew Slew
Compensation Technique R1 C1 R2 C2 Rate R1 C1 R2 c2 Rate
3078 — Ig = 100uA kQ pF kQ uF | VIuS | kO pF kQ uF | V/uS
Single Capacitor 0 750 ® 0 | 0.0085 0 1500 @ 0 0.0095
Resistor and Capacitor 35 350 © 0 0.04 5.3 500 © 0 0.024
Input ® 0 025 | 0306 | 0.67 w 0 0311 | 045 | 067
3078A — g = 20uA
Single Capacitor 0 300 © 0 00095 | 0 800 © 0 0.003
Resistor and Capacitor 14 100 © 0 0027 | 34 125 © 0 0.02
Input w 0 0644 | 0.156 | 0.29 ® 0 0.77 0.4 -0.4
Inverting Non-Inverting
Rr *Vs
AAA Input Ri 3
O——\—]
Input " , +Vs +s 6 Output
o— AAA ™ 7 Rs
s R 3078 | 25 Moo =MV
B 3 Y
1Meg + S
4 4
s Vs Value of Rg required to h 1
. a ir
e e $ AR
Ri+Vs = ‘Rg. — RREVS
8= T5x10-3 (Ri+Rp) 75x 10-3
assuming R >> R assuming Rg >> —F%THF%
Figure 1. Offset Voltage Null Circuit
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Micro-Power Operational Amplifier RC3078, RM3078A

' RseT
Rser 10M >
S 10M N 9 30M 15V _| +
VN 510K | ¥ 2 n7 30M 15V |+ 27 AR =2
o)W {5 AN = > Cell T -
1uF 6 Cell - 5 6
3078 r—-j: 3078
3. 8 5uF w1 3l 3 +
1 o—l i Suf
4
‘oM AL 510K S AL
9 10M
1uF 7
7oF u ToF
- = 65-00175A = = = 65-00176A
Figure 3. Non-Inverting 20dB Amplifier Circuit

Figure 2. Inverting 20dB Amplifier Circuit
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Ground Sensing
Quad Operational Ampilifier

Raytheon

RC3403A,
RM3503A

Features

® Class AB output stage — no crossover
distortion

® Output voltage swings to ground in single

supply operation

High slew rate — 1.2V/uS

Single or split supply operation

Wide supply operation — +2.5V to +36V or
*1.25V to =18V

Pin compatible with LM324 and MC3403

Low power consumption — 0.8mA/amplifier
Common mode range includes ground

Description

The RC/RV3403A and RM3503A are high per-
formance ground sensing quad operational
amplifiers featuring improved DC specifications
equal to or better than the standard 741 type
general purpose op amp. The ground sensing
differential input stage of these op amps provides
increased slew rate compared to 741 types.

Schematic Diagram (1/4 Shown)

Mask Pattern

80 x 84 mils
4 x 4 mils

Die Size:
Min. Pad Dimensions:

+Vs
)

O—ae- .
ozsAL*l I,J Q27 yjozss uj 026C J 025 024Lu VJ uJ
(1 K KK 1 N r‘ | K0
022
R4 < CP
w03
+ViN -ViN
o— a1 2 at4 »—Kms 021
(35,10.12) 269.13)
< R
= | = b3
(17.8.14)
7CcF at17
p > Output
a13 >—-|1> A3 RS
7 N a8 > 15K 50
A
020
R1 R2
a1 012 3 7y v L
015 Q16 019
—ngf”GND 65-006358
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Ground Sensing

RC3403A, RM3503A Quad Operational Amplifier
Connection Information
14-Lead
Dual In-Line Package
(Top View)
\J~ Pin Function
1 Output 1
! 4 54 E 2 -input 1
A A 3 +input 1
E E 4 +Vs
3 12 5 +Input 2
E 2l 6 -Input 2
E E 7 Output 2
8 Output 3
E E 9 -Input 3
10 +lnput 3
Eﬁ 3/ <] 11 -Vs (GND)
12 +lnput 4
E E 13 -Input 4
— 14 Output 4
Thermal Characteristics Absolute Maximum Ratings
14-Lead 14-Lead Supply Voltage ................ +36V or =18V
Plastic DIP | Ceramic DIP Input Voltage .................. -0.3V to +36V
Max. Junction Temp. 195°C 175°C Differential Input Voltage ................ 36V
St Te :
Max. Py Ty <50°C W _|_oemw_| ORI ETRIEE L 65°C to +150°C
Therm. Res. 6;c — 60°C/W Operating Temperature Range
RM3503A ......ccvvvvennn -55°C to +125°C
h . . =] o
Therm. Res. 6a 160°C/W | 120°CIW RCB403A ovvveeeennnns. 0°C to +70°C
For Ta > 50°C Derate at 6.25mW | 8.33mW RVB403A ....coevvviennnn, -40°C to +85°C
per °C per °C Lead Soldering Temperature
(B0SEC) ..ivviiiiiii i +300°C
Ordering Information
Operating
Part Number Package Temperature Range
RC3403ADC Ceramic 0°C to +70°C
RC3403ADB Plastic 0°C to +70°C
RV3403ADB Plastic -40°C to +85°C
RM3503ADC Ceramic -55°C to +125°C
RM3503ADE/883* | Ceramic -55°C to +125°C
*MIL-STD-883, Level B Processing
Raytheon 6-171



Ground Sensing

Quad Operational Amplifier RC3403A, RM3503A
_

Low Voltage Electrical Characteristics (Vs = +5V, -Vs = GND, and T, = +25°C)

RM3503A RC/RV3403A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs <00 2.0 5.0 20 10 mV
Input Bias Current -150 | -500 -150 | -500| nA
Input Offset Current 30 50 30 50 nA
Supply Current RL = = All Amplifiers 2.5 40 2.5 50| mA
Large Signal Voltage Gain RL =2k 20 200 20 200 V/mVv
Output Voltage Swing' RL = 10k 35 35 Vpp
Channel Separation glﬁ';ﬁ;eﬁfeof)”‘z 120 120 dB
Power Supply Rejection Ratio 86 76 dB
Note: 1. Output will swing to ground.
Electrical Characteristics Guaranteed Over Temperature (vs = +15v)
RM3503A RC3403A RV3403A
Parameters Test Conditions Min | Typ | Max [ Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs< 00 6.0 10 10 | mV
Input Bias Current -1500 -800 -1500( nA
Input Offset Current 200 200 200 | nA
Large Signal Voltage Gain | R_ =2kn 25 15 15 V/mv
Output Voltage Swing RL = 2k0 +10 +10 +10 v

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC3403A, RM3503A

Ground Sensing

Quad Operational Amplifier

H0 00—

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

RM3503A RC/RV3403A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs <00 20 | 4.0* 20 | 60| mVv
Input Bias Current -150 | -400* -150 | -500| nA
Input Offset Current 30 +50 +30 | £50 | nA
Input Voltage Range 0 +Vs-2| 0 +Vg-2| V
Supply Current R = = On All Op Amps 3.0 4.0 30 | 50| mA
Large Signal Voltage Gain R =2k 50 100 25* | 100 V/mV
Output Voltage Swing R =2k +13 | +14 +13 | +14 Vv
Common Mode Rejection Ratio DC 70 90 70 90 dB
Channel Separation 1kHz to 20kHz 120 120 dB
Output Source Current \\;'sz - 3\\// : 20 | 40 20 | 40 mA
Output Sink Current 10 20 10 20 mA
Unity Gain Bandwidth 10 1.0 MHz
Slew Rate A 12° 12* V/u$
Distortion (Crossover) f = 20kHz, Vo = 10Vpp 1.0 1.0 %
Power Bandwidth Vo = 10Vpp 40 40 kHz
Power Supply Rejection Ratio 86 94 80 94 dB
*Significantly improved performance.
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Ground Sensing

Quad Operational Amplifier RC3403A, RM3503A
1
Electrical Characteristics Comparison RC3403A, MC3403, LM324

Max Ratings RC3403A MC3403 Lm324 Units
Supply Voltage +36 or +18 +36 or +18 +32 or +16 Vv
Differential Input Voltage 36 36 32 '
Input Voltage 36 36 32 v
Electrical Characteristics Min Typ Max Min Typ Max Min Typ Max | Units
Test Conditions +15 +15 +5.0 Vv
Input Offset Voltage 2.0 6.0 20 8.0 2.0 7.0 mV
Input Offset Current +30 +50 +30 +50 +5.0 +50 nA
Input Bias Current 150 500 200 500 45 500 nA
Input Voltage Range 0 t\és 0 '_"1\/ g Vv
Supply Current 30 5.0 28 7.0 08 20 mA
Large Signal Voltage Gain 25 100 20 200 100 V/mv
Output Voltage Swing 13 | +14 10 | +13 :V g v
Common Mode

Rejection Ratio 70 % 70 % 8 dB
Power Supply

Rejection Ratio 80 94 76 90 100 dB
Unity Gain Bandwidth 1.0 1.0 1.0 MHz
Slew Rate 12 0.6 0.4 V/uS
Output Sink Current 10 20 20 mA
Output Source Current 20 40 20 40 mA
Channel Separation 120 120 120 dB
Distortion (Crossover) 1.0 1.0 %
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Ground Sensing
RC3403A, RM3503A Quad Operational Amplifier

X

Typical Performance Characteristics

Large Signal Open Loop Voltage

Gain as a Function of Frequency Sinewave Response
120 — -
100 Ay 10 :
Vs = +15V— & s
80 Ta = +25°C—| 2 AN '/\
pa— w -
60 \ 3 \

EVII\V/

20 . Note: Class AB ohtput stage produces

1y

Large Signal Open Loop Voltage Gain (dB)

= distortionless sinewave
0 g 2 (N A WU UaUar
g [=} I §
-20 & - E ]
10 10 100 10K 10K 100K  1.0M
Frequency (Hz) 50.8/Div.
Output Voltage as a Function Output Swing as a Function
of Frequency of Supply Voltage
. 1] “ 2
25 s _ Ta=+25°C 7]
Ta=+25°C = "
- 2 Vg = 18V —
e @
3 RL = 10k g ”
FERE \ £ A
g =) P
= \ g 2
2 10 \ s P
E N\ z -
5.0 g
0 — § é
H - H
-5.0 3 1] R 3
1.0K 10K 100K 1.0M 10M 0 2 4 6 8 10 12 14 16 18 20
Frequency (Hz) +Vg and -Vg, Power Supply Voitages (V)
Input Bias Current as a Function Input Bias Current as a Function
of Temperature of Supply Voltage
400 T l [ 180
I 1
Vg = 15V
Z 300 z .
: N ———
S —= =N
= =
= — £ 160
2 100 g
£ $
g H
0 2 150 &
75 55 -35 -15 +50 +25 +45 +85 +85 +105 +125 0 2 4 6 8 10 12 14 16 18 20
Temperature (°C) +Vg and -Vs, Power Supply Voltages (V)
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Ground Sensing
Quad Operational Amplifier

RC3403A, RM3503A

Typical Applications

Current or
Voltage
Input

+HiN

e —

10K

AAA

+Vin - 10K

VWV

0.005:F
1L

100K

Y 3403A,
+

1r
1N914

100

AAA
\ A4

100K

AAA

VYVV—

S
35K

Scale
Factor =

5.1K

*Polarity determined by desired relationship between

pulse output level and LED "ON” state.

AAA——O +15V

>
<
:: 6.8K

0.01uF

I

-15v

65-006368

Figure 1. Precision Voltage-to-Frequency Converter With Isolated Output

— 65-00643A
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RC3403A, RM3503A

Ground Sensing

Quad Operational Amplifier

Typical Applications (Continued)

+Vs Trianglewave R2 Squarewave
Veer= 5 Output 300K Output
VReF R3 A A o
o 75K
R1
Y 100K $
L
AN Ry
AVVV
(RIER2. oo RORI O VReF E—
4CRR1 R2+R1
Figure 3. Function Generator
+Vs
R2
10K
—0 Vour
R1
10K
R1 Vs
Vour = =L (2=
' Vout = Vg L U= Rropls ges shown
65-00646A
Vour = )rzﬁ
65-00645A
Figure 4. Ground Referencing a Figure 5. Voltage Reference
Differential Input Signal
0.054F
1L
n
R
100K I——I I——
+Vg \ \
51K ' 3403 -
AN - 10K 4 3403 —o Output 1
> [og A +
$ %06 Hs
: W AYA
L—A—2
s k‘ T0K O Qutput?2
351K AAA
J__L __{' *Wide Control Voltage Ranges: 65-00647A
= = 0VsVp <2 (+Vs-15V)
Figure 6. Voltage Controlled Oscillator
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Ground Sensing
Quad Operational Amplifier

RC3403A, RM3503A

Typical Applications (Continued)

R1 R2 Av - R2
o, o
_L Cv1vv yvy Av = 11 (as shown)
IoAmF - to
L Y 3403 Vour
] + Rs
6k SR
SR =
1M R4
+ 100K
Vin ’\) +Vs
g RS
104F 100K E
0 Vpp
+ 4 a4

65-00648A

Ry
100K

AAA,
VvV

Co
Rs RL
6.2K 10K

e
Av =10 (as shown) Vpp
¥

65-00649A

Figure 7 AC Coupled Non-Inverting Amplifier

Figure 8. AC Coupled Inverting Amplifier

ri T R2

A3
1 c2 1
O—AN— {— "W -
Vs 3403 —o0
+

o O#F
VREF

fo A Center Frequency
BW A Bandwidth

o
Q=g <10 C=3=160F

ct-c2-2
R1-R2- 1
R3 - 90: - 1

If source impedance is high or varies, filter may be preceeced
with voltage follower buifer to stabilize filter parameters.

Design Example:
given:Q =5, fo = 1kHz
Let R1 = R2 = 10k
then R3 = 9(5)? - 10
R3 = 215k

3

Use scaling factors in these expressions.

65-00650A

Figure 9. Multiple Feedback Bandpass Filter
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Ground Sensing
RC3403A, RM3503A Quad Operational Amplifier

Typical Applications (Continued)

R6
———AMA——
50K Vio R2
WA~ -0 Vout —AAA—4
5.0K —0 Vout
R1
——AAA———
Vs Sm
<
10K R4
VREF o AAA/ ——AAA———
Y4 3403 )
—]+
R5
N V20
VREF = +V, R c
7 w—it n
>
RS RO 1 1
fo = 5—grfor fo=1kHz =
27RC R = 16kQ Y:(OZUT ;60(1 +a+b)(V2-V1) 65-00652A
C=0.014F he_Ho
L RS=R7 for best CMRR
R1=R4
R2 = RS
65-00651A . _R6 ., 2R1 _
Ga'"‘ﬁi(”ﬁ )=C(1+a+b)
Figure 10. Wein Bridge Oscillator Figure 11. High Impedance Differential Amplifier
R2 i
AA Vou Hyste_rems
>
R1 R1
VREF 0—AAA Vout 4 VINL = m(VOL - VReF) + VRer
Vs 3403 —o Vout] a1
VIN O+ ! ! VINK = =275 (Vou - Ver) + Vg
R _
ViNL : VINH H=mm0 (Vox - Vou)
VReF
65-00653A

Figure 12. Comparator With Hysteresis
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Ground Sensing

Quad Operational Amplifier

Typical Applications (Continued)

RC3403A, RM3503A

6-180

R
AW
R
— AAA——
JCI C 100K
1€ {¢ MV
1 100K
ViN o (;( ARA§A _ M - 100K
v 1
43403 o], B>
VRer + —O VRer o
Bandpass R3 VRer Q- fo
R1 > Output AAA- BW
Where
R2 o Tgp = Center Frequency Gain
AV Ty = Bandpass Notch Gain
s 3403 b—{——o Notch Output b i’
o—y+
VRer o 1 Example:
0=5-RC fo = 1000Hz
R1=QR BW = 100Hz
65-00654A R2 :_ﬂ .}:51‘11
Tep
C1=10C R2 = 16MQ
R3 = 16MQ
C=0.001xF
Figure 13. Bi-Quad Filter
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LINEAR INTEGRATED CIRCUITS

General Purpose
Quad 741 Operational Amplifier

PRODUCT SPECIFICATIONS

Raytheon RC4136

Features

The specially designed low noise input transistors
allow the 4136 to be used in low noise signal

® Unity gain bandwidth — 3MHz rocessing application h as audi ampli-
m Short circuit protection ?iers and ? ng?éond'tg::rz udio preampti
® No frequency compensation required sig " )
m No latch-up
m Large common mode and differential voltage Mask Pattern

ranges 1312 1 1009
B Low power consumption

m Parameter tracking over temperature range
® Gain and phase match between amplifiers

Description

The 4136 is made up of four 741 type indepen-
dent high gain operational amplifiers internally
compensated and constructed on a single silicon
chip using the planar epitaxial process.

This amplifier meets or exceeds all specifications
for 741 type amplifiers. Excellent channel separa-
tion allows the use of the 4136 quad amplifier
in all 741 operational amplifier applications pro-

Die Size: 99 x 64 mils

viding the highest possible packaging density. Min. Pad Dimensions: 4 x 4 mils
Schematic Diagram (1/4 Shown)
+Vs o
()
R1
8.7K
010 o’ [V
% N KN®
13
- Output
(16814) |<o1 @ (341012)
Inputs ot
a7
(25913) o1 s ’:1-—
50K
1
159F
kK o
a3 :|-— 4 an
R9 z1
’—]_ 15K 5.5V
R2S R3 R4
5k & G 5K 50K
30pF
Vg
(7) o T 65-00495A
Raytheon 65-1139A 6-181



RC4136

General Purpose

Quad 741 Operational Amplifier

Connection Information

Absolute Maximum Ratings

6-182

14-Lead Supply Voltage
Dual ln_Llne Package RM4136 ---------------------------- i22v
(Top View) RC4136, RV4136 ............cccvvvnnn +18V
Pin Function Input Voltage' ...........cooviiiiinn +15vV
E E 1 -Input (A) Differential Input Voltage ................ 30V
2 +lnput (A) Output Short Circuit Duration? ...... Indefinite
IZ E 3 Output (A) Storage Temperature
4 Output (B) Range ..........covvennn. -65°C to +150°C
E E 5 +input (B) Operating Temperature Range
- 6 ~Input (B) RMA136 .. ovvvvienvnnennns -55°C to +125°C
o ] 7 -Vs RCA136 ...vvvevrrrnenennnns 0°C to +70°C
g ;';m ((%)) RVA136 o.vvveneeennennns. -40°C to +85°C
Lead Soldering Temperature
[5h /s\ 0] 10 f\‘/‘;p“‘ (©) (B0 SEC) +venenrnananananenenen +300°C
Notes: 1. For supply voltages less than £15V, the absolute
E : E] 12 Output (g) maximum input voltage is equal to the supply
13 +Input (D) voltage.
7 E 14 -Input (D) 2. Short circuit may be to ground, typically 45mA.
Thermal Characteristics Ordering Information
14-Lead 14-Lead Operating
Plastic DIP | Ceramic DIP Part Number Package Temperature Range
Max. Junction Temp. 125°C 175°C RC4136DB Plastic 0°C to +70°C
Max. Py Tn < 50°C 468mW 1042mW RC4136DC Ceramic 0°C to +70°C
" RV4136DB Plastic -40°C to +85°C
Therm. Res. 6uc - 60°C/w RV4136DC Ceramic | -40°C to +85°C
Therm. Res. 6ua 160°C/W | 120°C/W RM41360C Ceramic | -55°C to +125°C
For Ta > 50°C Derate at 6.25mW 8.33mW RM4136DC/883B* | Ceramic -55°C to +125°C
per c per c *MIL-STD-883, Level B Processing



General Purpose

Quad 741 Operational Amplifier

Electrical Characteristics (Vg =*15V and Ta =+25°C)

RC4136

RM4136 RC/RV4136
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rs < 10kQ 0.5 5.0 0.5 6.0 mV
Input Offset Current 50 | 200 50 | 200 | nA
Input Bias Current 40 | 500 40 500 | nA
Input Resistance 0.3 5.0 0.3 5.0 MQ
Large Signal Voltage Gain RL =2k, Voyr =10V | 50 300 20 300 V/mV
RL = 10kQ +12 | =14 +12 | %14
Qutput Voltage Swing v
RL =22k +10 | =13 +10 | *13

Input Voltage Range +12 | 14 +12 | £14 )
Common Mode Rejection Ratio Rs < 10kQ 70 100 70 100 dB
Power Supply Rejection Ratio Rs < 10kQ 76 100 76 100 dB
Power Consumption Ri = =, All Qutputs 210 | 340 210 | 340 | mW
Transient Response

Rise Time Viy = 20mV, R = 2k 0.13 0.13 uS

Overshoot CL < 100pF 5.0 5.0 %
Unity Gain Bandwidth 3.0 3.0 MHz
Slew Rate R =2kQ 1.5 1.0 V/uS
Channel Separation f=1.0kHz, Rg = 1kQ 90 90 dB

The following specification apply for -55°C < Ty < +125°C for RM4136; 0°C < Ty < +70°C for RC4136;
-40°C < Ty, < +85°C for RV4136, Vs = =15V

Input Offset Voltage Rs < 10kQ 6.0 7.5 mV
Input Offset Current

RM/RC4136 500 300 A

RV4136 500
Input Bias Current

RM/RC4136 1500 800

RV4136 1500 "
Large Signal Voltage Gain R =2k, Vour =10V | 25 15 V/mV
Output Voltage Swing RL =2k +10 +10 v
Power Consumption 240 | 400 240 | 400 | mW

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

Raytheon
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General Purpose
RC4136 Quad 741 Operational Amplifier

]
Electrical Characteristics Comparison (Vs = 15V and Ta = +25°C)

Parameter RC4136 (Typ) RC741 (Typ) LM324 (Typ) Units
Input Offset Voltage 0.5 2.0 2.0 mV
Input Offset Current 5.0 10 5.0 nA
Input Bias Current 40 80 55 nA
Input Resistance 5.0 2.0 MO
Large Signal Voltage Gain (R, = 2k() 300 200 100 V/mV
Output Voltage Swing (R, = k) 13V 13V MaYe v
Input Voltage Range +14y +13V Vs~ \}é5v‘ v
Common Mode Rejection Ratio 100 90 85 dB
Power Supply Rejection Ratio 100 90 100 dB
Transient Response

Rise Time 0.13 0.3 uS

Overshoot 5.0 5.0 %
Unity Gain Bandwidth 3.0 0.8 0.8 MHz
Slew Rate 1.0 0.5 0.5 V/uS
Input Noise Voltage Density (f = 1kHz) 10 225 nV/\Hz
Short Circuit Current +45 +25 mA

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
100 ] T 2 I
|
- I
o Vg = 15V = 20 b—Vs==15V
= =
E 6w g 15
a 3
g2 — g o
E 3 ~——
= 20 < £ 5 '\\ <
s 5
0 k& 0 2
0 410 420 430 +40 +50 +60 470 0 +10 +20 +30 +40 +50 +60 +70
Temperature (°C) Temperature (°C)
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General Purpose

Quad 741 Operational Amplifier

RC4136

Typical Performance Characteristics (Continued)

Common Mode Range as a Function

Open Loop Voltage Gain as a

of Supply Voltage Function of Frequency
15 [ 120
_ —
= q0f-Ta=+25°C 7 Jf / 100 ~
g | N
g // g B0
) g \\
= / = 60
= % 3 \\
g :? g W AN
= 2 AN
=
=]
£ / 3 \\ 5
8 . 2 0 N5
15 2 -20 s
4 6 8 10 12 14 16 18 1 10 100 1K 10K 100K 1M 10M
Supply Voltage (V) Frequency (Hz)
Open Loop Gain as a Function Power Consumption as a Function
of Temperature of Ambient Temperature
800K T I
| _Vg=x15V 240 +
600K 5 Vg = 15V
E 29
£ g E—
] £ ——
8 400K 5 200
s RL = 2k %
— £ 180
200K H
g = <
b 8
g g
8 160 3
0 +10 +20 +30  +40 +50 460 +70 0 +10 +20 430 +40 +50  +60 +70
Temperature (°C) Temperature (°C)
Typical Output Voltage as a Output Voltage Swing as a Function
Function of Supply Voltage of Load Resistance
28
s T o | V5=V -
" Ta=+25°C 7 s 5 [ Ta=+25°C L
) %
= s T 5 2 /
=) £ &
= El 20
£ 0 77 E
- X 1 /
g 5 & PR 7/
t0b—RL=2k & g F o 5
| ~Ll 8 10 T g
-15 8 8 &
4 6 8 10 12 14 16 18 0.1 10 10
Supply Voltage (+V
pely ge V) Load Resistance (k)
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General Purpose
RC4136 Quad 741 Operational Amplifier

]
Typical Performance Characteristics (Continued)

Output Voltage Swing as a Function Quiescent Current as a Function
of Frequency of Supply Voltage
40
10
% I
s Vs =+15V i _ ofe
= oo osec - 8F—Ta = +25°C
: RL=2k0 [T =
gz 4 | R S
= -
R 5
§ 16 g ¢
T o q 2
] 8 s S 2 pS
o 4 o 8
NS g
' [ & 0 2
100 1K 10K 100K M 0 3 6 9 12 15 18
Freguency (Hz) Supply Voltage (+V)

Voltage Follower Large Signal

Transient Response Pulse Response
28 10 r T
8 Vg = +15V
24 6 Ta=+25°C |
20 s 4 F= y 4
s 16 O A
E 1 90%— ¥5 = 115VC = 0 | 1
= A=+25°C > 1
§ 8 / R =2k | E 2 ) / ! A\
/ ! Ct - 100pF s L/ LN
4 | - [ R Y
10% Rise Time £ 6 g
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Typical Performance Characteristics (Continued)

Channel Separation Total Harmonic Distortion vs. Output Voltage
140 ’
120 Suq — 06 l
Py N = _
g 10 ™ £ o5 Xf i
E 80 é Ay = 40dB I
£ g 041—f=1kHz I
=2 =] =
g o £ 0, Rs = 1k
s E
g 4 £ 02
5 Vg =115V - g .
20T = +25°C § = 01 <|§
ol _L LI H 0 H
10 100 1K 10K 100K 1 2 3 4 5 6 7 8 9 10

Frequency (Hz) Vo Output Voltage (Vams)

Distortion vs. Frequency
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2 04 \
2
g€ 03
£
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= \ p
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Quad 741 Operational Amplifier

4136 Versus 741

Although the 324 is an excellent device for
single-supply applications where ground sensing
is important, it is a poor substitute for four

741s in split supply circuits.

The simplified input circuit of the 4136 exhibits
much lower noise than that of the 324 and
exhibits no crossover distortion as compared
with the 324 (see illustration). The 324 shows
serious crossover distortion and pulse delay in
attempting to handle a large signal input pulse.

4136

ii&eli:e
N

wANRWA
Eﬁll\ =
===IIIIIII

f = 50kHZ —pm
Vo =8Vpp

Output Voltage Swing as a Function

Comparative Crossover Distortion

f = 10kHz —»
Vo =8Vpp

VN

324

un.nunu,uu

!.'4

T TY]
l= HER l.mm
EEREE .I.ww

Open Loop Voltage Gain as a

of Frequency Function of Frequency
" 11T 120
) Vs =115V 100 ‘\\
= Ta=+25°CT]
g 28 R =2k I 80 \‘\ L ~4136
R \ | g NOK L
E 5 \ |\ [ 4136 £ 60 NS
3 \ 1741 <€ 4 \'\
= 16 : & 40 NN
g XN 24 £ NONL
T 12 o S
r N\ | Iy 20 ALY
-
x 8 <
z , NUNN g 0 \‘E‘ g
8 8
e T2 -2 &
100 1K 10K 100K M 110 100 1K 10K 100K 1M 10M
Frequency (Hz) Frequency (Hz)
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|

Voitage Follower Large Signal Input Common Mode Voltage Range as a
Pulse Response Function of Supply Voltage
48 T T 16 l i
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i =
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4136 Typical Applications

Stereo Tone Control

ViNA ViNB
50K 2.2uF = - - 2_2“F 50K 5K Vg = 15V
AVAVAV A'A'A
1
0.0684F 0.068,F
0.068,F
35K J 5K
{  0068uF3 =70.0684F
“T r * VoB
‘b
S 167K 1.67K
1 —
AAA 10K 65-00514A
AvA'A‘ v VKV
50K 50 =
400Hz Lowpass Butterworth Active Filter
620
f ‘M——ro Output

4 4136
+

‘b ‘b DP
3K 41:1K O,SSMFT %132K

RS 85-00515A
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4136 Typical Applications (Continued)

RIAA Preamplifier
Vin A Vin B
Vg = +15V
4K 47K
0.0027,F 000274
100K 12 12 100K
65-00516A
Low Frequency Sine Wave Generator Voltage Follower
With Quadrature Output
0.02,F N
L ine
I e Output 0.01uF Vo
___i — ViN —o0
10M
22M —AAA— 65-00519A
Cosine
0.01#FI Output
= - Lamp Driver
ANV Wy Q +Vs
22M 50K
fo=1Hz 6.3v 65-00517A
6.3V
=  65-00520A
Triangular-Wave Generator
Integrator Squarewave Oscillator
C1 +Vs
Threshold 0.1uF 100K
Detector ”
e 0001uF == |
e T |wass Vo
- 140K 14K +Vs = |. o 1
A —o V A = l—l l—] l—
D out 00K | | 0
0K 71M = JER
v 65005184 100K
65-00521A
Raytheon
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4136 Typical Applications (Continued)

Comparator With Hysteresis

VIN
o1 Vo
10K Vs 4136 p—O
+
+VREF
10M
L AAA—

65-00522A

AC Coupled Non-Inverting Amplifier

+V,
1MTS

Vin s 4136 Vo

O-T—{ +
00K S =
) 100K
AAA

_I_ +Vs
— T 10K

' L

14
£
T
..__il
>
S
=

DC Coupled 1kHz Lowpass
Active Filter

Vin

65-00527A

Power Amplifier

910K T Vs
ANV

65-00523A

AC Coupled Inverting Amplifier

0.01uF

0.01.F

100K ? +Vs

AA
VVV

Y+ 4136

65-00525A

1kHz Bandpass Active Filter

120K Vo
—O
390K
o +Vs ny
39K >
Ys 4136
= -+

100K %wOK =
= +Vg

65-00526A
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4136 Typical Applications (Continued)

Voltage Controlled Oscillator (VCO)
0.05,F

11

a1l 100K

100K
A -
+Ve* v \ 51K
51K s 4136 AMN\—4
+

> R/2 —0 _I_l_r_l__

O
50K 51K v+ /210K Output 1

L - AN\

AAA

VWA-
-EA 10K Output 2

*Wide Control Voltage Range: 0V < V¢ <2 (+Vs - 15V)

65-00528A

Notch Filter Using the 4136 as a Gyrator

SFEJZK Notch Frequency as a Function of C1
— AAA———
R1
30K
Input MV Output 10K R 3 !
Y 4136 —o —m i i i
+ Trim R, such that -
R3 R1_R3 = N ‘
15K R22R R :
S
] N
Z ~J
g 100
10 | I | 3
0.0001 0.001 0.01 01 10
}__ Center Frequency (Hz)
65-0052A
Full-Wave Rectifier and Averaging Filter
20K 20K 25K nc

7 1% 1% Output
TuF x———w———i——w——y&—-—o
AC +| +
Input H Cal
47uF 21ng

o

47uF

51K

65-00531A
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4136 Typical Applications (Continued)

Multiple Aperture Window Discriminator lefer.entla.l Input Instrumentahon. An}phfler
With High Common Mode Rejection
Vin © + R2* R6+
Y+ 4136 r—O Vin > V4 10K 100K
V40 —} 0.1% 0.1%
e [ S—
—o0 Output
mk 1=R4
Y 4136 —o0 Va<ViN<Vy4 Inputs R1=
V3 0o- ! ¢ R2 = R5
R6 = R7
+* Matching Determines CMRR
—
0 :' Ay = &5 <1 - &)
"R\ "R3
—+
4 4136 —O0 Vo< Viy< V3 N R7t
Vo o 100K
0.1%
Q3 jl———— = 65-00533A
o ViN<V1 T ..
Analog Multiplier/Divider
V1O 65-00532A +15V
10K 10K
10K
10K
Q1 LM103
Vn1t 10K =
O—A——]-
s 4136 D—AAA - Vo ELE2
+ D1 s 4136 —O E3
IN457, +
10K
= 10K
Vin2 10K
O—AMN—4
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65-00534A
*Matched Transistors
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4136 Typical Applications (Continued)

Spot Noise Measurement Test Circuit
DC-1Hzn

499 l | 100K
AA AA

\AAd \'A 4

) Out

499 | 100K puT
WA PY AAvArAﬁ o +
b
= ‘LO—J c X 60dB Wideband £
ompensate Amplifier
as Required p 787K 1
3.16K 316K 1Hz 3 10 44,
l ok =k
10K 1 10 >
Spot <
Noise —WA—0 : | = 4993
Out -
0.1
?—A s 4136 S16K ! L
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|
= L | 100k 0.1
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Stepped 10dB : L Constant Q Filter
Attenuator L o e = p—
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High Performance

. e RC4156
Raytheon Quad Operational Amplifier
Features Mask Pattern
B Unity gain bandwidth —
3.5MHz typical; 2.8MHz guaranteed
B High slew rate —
1.6V/uS typical; 1.3V/uS guaranteed 2 1 14 13

B Low noise voltage —

1.4uV typical; 2.0uVRrms guaranteed
B Indefinite short circuit protection

® No crossover distortion

B Low input offset and bias parameters

B Internal compensation

Description

The 4156 is a monolithic integrated circuit, con-
sisting of four independent high performance
operational amplifiers constructed with an ad-

vanced epitaxial process.

These amplifiers feature guaranteed AC perfor-
mance which far exceeds that of the 741 type
amplifiers. Also featured are excellent input char-
acteristics and guaranteed low noise, making
this device the optimum choice for audio, active

<
~
1%
R
S
<
0
S

6 7 8 9

Die Size: 80 x 84 mils

filter and instrumentation applications.

Schematic Diagram (1/4 Shown)

Min. Pad Dimension: 4 x 4 mils

[ O +Vs
R1 4)
4900
Q3 g
02 al
(269.13) el N
R9
; 30
o— A
Inputs
’ (17.814)
Q4 Q5 ! Q13 Q15 -O Output
+
35.10,12) -ﬁmz aie
RS € R6 € Next F
ok $ 0$ Amp
D2 AVAVAV
—— $w
Ct $
| 15pF
a7 210 p a1 06
a8 9 OTL a14
R3 < Re R2
> >
$18k $ 2 $ 10k 71:0‘ )
O -Vs
65-007358
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Connection Information

14-Lead
Dual In-Line Packages
(Top View)
Pin Function
° 1 Output A
E E 2 -ViNA
~ 14 ~ 3 +ViN A
[2] [15] 4 +Vs
5 +Vin B
E + + E 6 ‘V|N B
7 Output B
E El 8 Output C
+ + 9 -VinC
5 0 IN
[: 3 10 +Vin C
5 5 11 -Vs
E B 2 3 B :l 12 +Vin D
E E 13 -Vin D
— 14 Output D
Thermal Characteristics
14-Lead 14-Lead
Plastic DIP | Ceramic DIP
Max. Junction Temp. 125°C 175°C
Max. Pp Tp <50°C 468mW 1042mW
Therm. Res. ¢ — 50°C/W
Therm. Res. 6,4 160°C/W 120°C/W
For Ta > 50°C Derate at 6.25mW 8.33mW
per °C per °C

Absolute Maximum Ratings

Supply Voltage ... +20V
Differential Input Voltage .............. 15V
Input Voltage' ........... ..ot +15V
Output Short Circuit Duration? ...... Indefinite
Storage Temperature

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

RM4156 ........covvvnnn.. -55°C to +125°C

RVA156 ....ccovvviiiinnn.. -40°C to +85°C

RCA156 ...ovviiniiiinnnnnns 0°C to +70°C
Lead Soldering Temperature

(BOSEC) vvvviiiiiiiiiii e +300°C

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

Ordering Information

Operating
Part Number Package Temperature Range
RC4156DB Plastic 0°C to +70°C
RC4156DC Ceramic 0°C to +70°C
RM4156DC Ceramic -55°C to +125°C
RM4156DC/883B* | Ceramic -55°C to +125°C

*MIL-STD-883, Level B Processing

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

Raytheon
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Electrical Characteristics (vg = +15V and T4 = +25°C unless otherwise specified)

RC4156

RM4156 RC/RV4156
Parameters Test Conditions Min | Typ |Max| Min | Typ | Max | Units
Input Offset Voltage Rs < 10kQ 05 |30 10 [ 50 | mVv
Input Offset Current 15 30 30 50 nA
Input Bias Current 60 200 60 300 | nA
Input Resistance 0.5 0.5 Mo
Large Signal Voltage Gain RL = 2k, Vout £10V 50 100 25 100 V/mV
: RL = 10k 12 | £14 +12 | +14 v
Output Voltage Swing
RL = 2k0 +10 | %13 +10 | %13 v
Input Voltage Range 2 | =14 2 | +14 v
Output Resistance 230 230 Q
Short Circuit Current 25 25 mA
Common Mode Rejection Ratio Rs < 10k 80 80 dB
Power Supply Rejection Ratio Rs < 10kQ 80 80 dB
Supply Current (All Amplifiers) RL=e 45 5.0 5.0 70 | mA
Transient Response
Rise Time 50 7 nS
Overshoot 25 25 %
Slew Rate 1.3 1.6 1.3 1.6 V/uS
Unity Gain Bandwidth 28 | 35 28 | 35 MHz
Phase Margin RL = 2k, C = 50pF 50 50 Deg.
Power Bandwidth Vo = 20Vpp 20 25 20 25 kHz
Input Noise Voltage f = 20Hz to 20kHz 14 2.0 14 2.0 | uVrms
Input Noise Current f = 20Hz to 20kHz 15 15 pArms
Channel Separation 108 108 dB
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Electrical Characteristics (Continued)
(-55°C < T < +125°C for RM4156, -40°C < T < +85°C for RV4156, 0°C < T < +70°C for RC4156,
Vg = £15V)

RM4156 RC/RV4156

Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage Rg < 10k 5.0 6.5 mV
Input Offset Current 75 100 nA
Input Bias Current 320 400 | nA
Large Signal Voltage Gain RL = 2kQ, Voyt £10V 25 15 V/mV
Output Voltage Swing R =2kQ +10 +10 v
Supply Current ‘ 10 10 mA
Average Input Offset Voltage Drift 5.0 5.0 wuV/°C
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Typical Performance Characteristics

Channel Separation (dB)

Normalized Value Referred to +25°C

Open Loop Voltage Gain (dB)

Open Loop Frequency Response

110 140 .
e T T T +Supply —
90 IIIIH ¢ = s5pF I 120
80 0 = 1 ~Supply
o [T il 1 AR g
60 I 11 I = £ g
so LN T [T H E
204 Illlllllllillu lIIIIIl M g £ 60
30 H @ £
204 lI IIll £ g 4
10 2 g
0 I 0 H
U110 100 1K 10K 100K 1M 1OM 100 -75 -50 -25 0 +25 +50 +75 +100 +125 +150
Frequency (Hz) e5.00738A Temperature (°C)
Channel Separation vs. Frequency
-140
100K
-120 &
e ~ 1K
-100 h
1K N Vo1
-80 W
4 C.S. =20 log J’L)
-60 100K 100 Vo1
-40 1K
-20 1K . Vo2
0 —
10 100 1K 10K 100K =
65-00739A
Frequency (Hz)
Transient Response vs. Temperature Input Noise vs. Frequency
13
35 14
12 30 1.2
g =
1.1 = %
_ 25 10 <€
2 2
10 S 2 o8 E
g =
09 5 ‘\ 06 g
0.8 g 4 N Noise Voltage 04 =
' = N 1 . B
=
0.7 § 5 Noise Current——02  —
3 1
0.6 8 0 0
-100 =75 -50 25 0 +25 +50 +75 +100 +125 +150 10 100 1K 10K 100K

Temperature (°C)

Power Supply Rejection Ratio vs. Temperature

Frequency (Hz)

65-00742A
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Typical Performance Characteristics (Continued)

Normalized AC Parameters vs. Temperature

13

12

11

1.0

0.9

0.8

Normalized AC Parameters

0.7

Normalized Value Referred to +25°C

0.6

-100

-75 -50 -25

0 +25 +50 +75 +100 +125 +1

Temperature (°C)

Output Voltage Swing vs. Frequency

<
e
8
3
50

Slew Rate vs. Supply Voltage

1.1
| | |
Bandwidth
2 10 =
-2 /1 slew Rate
s // and
s 0.9 Bandwidth
B
5 08
= / 3
7 8
0.7 8
0 20 5.0 10 15 20

Supply Voltage (+V)

Output Voltage Swing vs. Load Resistance

30 T
Vo < 28V Vg = <15V =
p=28Vi-Vs =+ =
z ¥ T TS 5 %
s Vg=18V | Vs=+10V | N Z, 7
g " Vo = BOVE Vg = 5.0V g%
H N s
) a E® yAll
) -—
£ N 5
z 10 : = 0 //
£ = (Voltage Follower) - % P
S —RL = Open g z 5P g
— C = 50pF g 8 B
oL 1ot 11 8 0 2
100 1K 10K 100K M 100 1K 10K 100K
Frequency (Hz) Load Resistance (())
Small Signal Bandwidth and Phase Margin
vs. Load Capacitance
O T T ™
IRAALLLUAREBA
60 ™ Phase Margin 6M
g€ w0 q M F
2 =
£ 40 : M E
£ Bandwidth N Z
- =
S M g
2 N =
g 'Y M E
N
10 NN ™
0 ==z )
10 100 1K 10K 100K
Load Capacitance (pF) 65007458
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Typical Performance Characteristics (Continued)

RC4156

Input Current vs. Temperature

Common Mode Rejection Ratio vs. Temperature

140 140
120 120
100 = 100
= Bias Current 2
£ 8 £ 80
£ £
60 £ &0
« =
8
40 & 40
5 ;
20 Offslet Cuvi'rent > : 20 {é
0 3 &
-100 -75 -50 -25 0 +25 +50 +75 +100 +125+150 —0100 =75 -50 -25 0 +25 +50 +75 +100 +125 +150
Temperature (°C) Temperature (°C)
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Applications

The 4156 quad operational amplifier can be used
in almost any 741 application and will provide
superior performance. The higher unity gain band-
width and slew rate make it ideal for applications
requiring good frequency response, such as active
filter circuits, oscillators and audio amplifiers.

The following applications have been selected to
illustrate the advantages of using the Raytheon
4156 quad operational amplifier.

Triangle and Square Wave Generator

The circuit of Figure 1 uses a positive feed-
back loop closed around a combined comparator

and integrator. When power is applied the output
of the comparator will switch to one of two
states, to the maximum positive or maximum
negative voltage. This applies a peak input signal
to the integrator, and the integrator output will
ramp either down or up, opposite of the input
signal. When the integrator output (which is
connected to the comparator input) reaches a
threshold set by R1 and R2, the comparator will
switch to the opposite polarity. This cycle will
repeat endlessly, the integrator charging positive
then negative, and the comparator switching in
a square wave fashion.

Amplitude of V5 is adjusted by varying R1. For
best operation, it is recommended that R1 and

+Hov———3—
+
J2V N

10K

£5-02051A

Figure 2. Triangle Generator —
Symmetrical Output Option

Raytheon

15V Square
Wave
Output
3KS  VR~0.12V ulp o R4
# ,.l Amplitude
AV A— !
1K 1/4RC4156 RO 1K ,2vOK Adjust
B | 1/4RC4156
M V1- 1 }v"fv BN - ‘ +15V 0
= + | ,‘°°K | 0K A2 AAA— RO4156
L | e T LT Lo,
20K : . | Triangle
WMA—A L""" Y| - Wave
2%2K /sv’( N Output
~ A' J .
~ ~—
Comparator Integrator
5K
+15V O—WV—L
25K :’
*Optional — asymmetric ramp slopes 5V %l;:gél‘t 65007508
5K
Figure 1. Triangle and Square Wave Generator

VR be set to obtain a triangle wave at Vo with
+12V amplitude. This will then allow A3 and A4
to be used for independent adjustment of output-
offset and amplitude over a wide range.

The triangle wave frequency is set by CO, RO,
and the maximum output voltages of the com-
parator. A more symmetrical waveform can be
generated by adding a back-to-back zener diode
pair as shown in Figure 2.
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An asymmetric triangle wave is needed in some
applications. Adding diodes as shown by the
dashed lines is a way to vary the positive and
negative slopes independently.

Frequency range can be very wide and the circuit
will function very well up to about 10kHz. Transi-
tion time for the square wave at V1 is less than
21uS when using the 4156.

Active Filters

The introduction of low-cost quad op amps has
had a strong impact on active filter design. The
complex multiple-feedback, single op amp filter
circuits have been rendered obsolete for most
applications. State-variable active-filter circuits
using three to four op amps per section offer many
advantages over the single op amp circuits. They
arerelatively insensitive to the passive-component
tolerances and variations. The Q, gain, and natural
frequency can be independently adjusted. Hybrid
construction is very practical because resistor and
capacitor values are relatively low and the filter
parameters are determined by resistance ratios
rather than by single resistors. A generalized
circuit diagram of the 2-pole state-variable active
filter is shown in Figure 3. The particular input

connections and component-values can be calcu-
lated for specific applications. An important
feature of the state-variable filter is that it can be
inverting or non-inverting and can simultaneously
provide three outputs: lowpass, bandpass, and
highpass. A notch filter can be realized by adding
one summing op amp.

The Raytheon 4156 was designed and charac-
terized for use in active filter circuits. Frequency
response is fully specified with minimum values
for unity-gain bandwidth, slew-rate, and full-power
response. Maximum noise is specified. Output
swing is excellent with no distortion or clipping.
The Raytheon 4156 provides full, undistorted
response up to 20kHz and is ideal for use in
high-performance audio and telecommunication
equipment.

In the state-variable filter circuit, one amplifier
performs a summing function and the other two
act as integrators. The choice of passive com-
ponent values is arbitrary, but must be consistent
with the amplifier operating range and input
signal characteristics. The values shown for C1,
C2, R4, R5and R6 are arbitrary. Pre-selecting their
values will simplify the filter tuning procedures,
but other values can be used if necessary.

o

VHp
Highpass

- Output

*Input connections are chosen for inverting or
non-inverting response. Values of R3, R7, R8
determine gain and Q.

**Values of Rt and R2 determine natural
frequency.

] o
Vep Vie
Bandpass Lowpass
Output Output

65-00751A

Figure 3. Generalized State-Variable Configuration for Active Filter
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The generalized transfer function for the state-
variable active filter is:

aps2 +ais+ap

T = 2¥bs+bo

Filter response is conventionally described in
terms of a natural frequency wg in radians/sec,
and Q, the quality of the complex pole pair. The
filter parameters wg and Q relate to the coeffi-
cients in T(s) as:

wo

wo=Vbg and Q= o

The input configuration determines the polarity
(inverting or non-inverting), and the output selec-

tion determines the type of filter response (low-
pass, bandpass, or highpass).

Notch and all-pass configurations can be imple-
mented by adding another summing amplifier.

Bandpass filters are of particular importance in
audio and telecommunication equipment. A de-
sign approach to bandpass filters will be shown as
an example of the state-variable configuration.

Design Example — Bandpass Filter

In this example, the input signal is applied through
R3to the inverting input of the summing amplifier
and the output is taken from the first integrator
(Vgp). The summing amplifier will maintain equal
voltage at the inverting and non-inverting inputs
(see equation below).

R3R5 R3R4 R4R5
R3 + R5 R3 + R4 R4 + R5 R7
Vip(s) + Vip(s) + ViN(S) = ——VBP(S)
R4 + R3R5 R5 + R3R4 R3 + R4R5 R6 + R7
R3+ R5 R3 + R4 R4 + R5
These equations can be combined to obtain the transfer function:
1
Vgp(s) =-—— Vpp(s) and VL p(s) = - Vgp(s)
R1C1S R2C2S
R4 1
- s
Vgp(s) _ R3 R1C1
VINn(S) 2+ R7 1+ R4 n R4 1 o+ R4 1
R6 + R7 R5 R3 R1C1 R5 R1C1R2C2
RS
100K Set Center Frequency
———i(c—1—\ I
1000pF R2
—AAA—
1 ¥1/4 Rearse
 AA— o Vgp
RG 65-00752A
100K
Figure 4. Bandpass Active Filter
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Defining 1/R1C1 as w4, 1/R2C2 as wp, and sub-
stituting in the assigned values for R4, R5, and RS,
then the transfer function simplifies to:

This is now in a convenient form to look at the
center-frequency wq and filter Q.

104 w1S 105
R3 ! wo =V 0.1wqwz 1+
Vgp(s) R7
-TT 104 and Q= wo
IN(S 4
N(S) 1.1+ =109/ 0.1R1R2 11+ 10
s2 + R3 18 + 0.1 R3
5
1+ 10 w12 The frequency response for various values of Q
R7 are shown in Figure 5.
0 LTI
RS
~ 1= 0.
-10 L~ _ /‘ \\ sO = 1.‘(7.‘;:
4 N _ N
s P NS, R PR
= -30 o y. WNN qzls\o Vap @ Q
= //"/ \\\ 0=10_I"™ TlN 272 1 2
40 ¢ N\, NG 0= 20N \/ [1 -(_“’_) +(__ __‘”_>
z -5 “ T
-50 /1 e, 3
0= 100112
-60 . L] 3
0.1 1.0 10

Figure 5. Bandpass Transfer Characteristics Normalized for Unity Gain and Frequency

These equations suggest a tuning sequence where
w is first trimmed via R1 or R2, then Q is trimmed
by varying R7 and/or R3. An important advantage
of the state-variable bandpass filter is that Q can
be varied without affecting center frequency wg.

This analysis has assumed ideal op amps oper-
ating within their linear range, which is a valid
design approach for a reasonable range of wgand
Q. At extremes of wg and at high values of Q, the
op amp parameters become significant. A rigor-
ous analysis is very complex, but some factors are
particularly important in designing active filters.

1. The passive component values should be
chosen such that all op amps are operating
within their linear region for the anticipated
range of input signals. Slew rate, output cur-
rent rating, and common-mode input range
must be considered. For the integrators, the
current through the feedback capacitor

6-206

(I = C dV/dt) should be included in the output
current computations.

From the equation for Q, it would seem that
infinite Q could be obtained by making R7
zero. But as R7 is made small, the Q becomes
limited by the op amp gain at the frequency of
interest. The effective closed-loop gain is
being increased directly as R7 is made smaller,
and the ratio of open-loop gain to closed-loop
gain is becoming less. The gain and phase
error of the filter at high Q is very dependent
on the op amp open-loop gain at w.

The attenuation at extremes of frequency is
limited by the op amp gain and unity-gain
bandwidth. For integrators, the finite open-
loop op amp gain limits the accuracy at the
low-end. The open-loop roll-off of gain limits
the filter attenuation at high frequency.

Raytheon



RC4156 High Performance Quad Operational Amplifier

The Raytheon 4156 quad operational amplifier
has much better frequency response than a con-
ventional 741 circuit and is ideal for active filter
use. Natural frequencies of up to 10kHz are readily
achieved and up to 20kHz is practical for some
configurations. Q can range up to 50 with very

good accuracy and up to 500 with reasonable
response. The extra gain of the 4156 at high
frequencies gives the Raytheon quad op amp an
extra margin of performance in active-filter
circuits.
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

High Output Current
: g RC4556

Raytheon Dual Operational Amplifier
Features Description
B Unity gain bandwidth — 8.0MHz The 4556 integrated circuit is a high-gain, high
B Drives £10.5V min into 1500 (+10mA) output current dual operational amplifier capable
® Slew rate — 3.0V/uS of driving £270mA into 15002 loads (+10.5V output
® Current drain per amplifier — 4.5mA voltage). The 4556 combines many of the features
B |Input offset voltage — 0.5mV of the popular 4558 as well as having the capability
® [nput offset current — 5.0nA of driving 150(} loads. In addition, the wide band-
B |Input bias current — 180nA width, low noise, high slew rate and low distortion
® 10nV/v/Hz noise at 1kHz of the 4556 make it ideal for many audio, telecom-
® Unity gain frequency compensated munications and instrumentation applications.

Schematic Diagram (1/2 Shown)
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RC4556

High Output Current Dual Operational Amplifier

Connection Information

Mask Pattern

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

“

+

[ FLEL
SRERERD

65-00210A

pl
5

Function
A Output
A -Input
A +input
-Vs

B +input
B -Input
B Output
+Vsg

ONOOOAWND =

Absolute Maximum Ratings

Supply Voltage ........coviiiiiiinan, +18V
Input Voltage' ........ ... +15V
Differential Input Voltage ................ 30V
Output Short Circuit Duration? ...... Indefinite
Operating Temperature

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

RC4556NB ......covviiiiinnnnnnnns +300°C

RC4556M .. .oviiiiiiiiieennns +260°C

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

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

52 x 61 mils
4 x 4 mils

Die Size:

N > . 65-02068A
Min. Pad Dimensions:

Thermal Characteristics

8-Lead
Micro-Pak 8-Lead
Plastic DIP | Plastic DIP
Max. Junction Temp. 125°C 125°C
Max. Pp Ta <50°C 300mW 468mW
Therm. Res. 6;¢ — —
Therm. Res. 64 240°C/W 160°C/W
For Tp > 50°C Derate at 417TmW 8.25mW
per °C per °C
Ordering Information
Operating
Part Number Package Temperature Range
RC4556M Micro-Plastic | -20°C to +75°C
RC4556NB Plastic -20°C to +75°C

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

Parameter Conditions Typ Units
\Voltage Gain R =20k | +1.0 dB
Input Bias Current +15 nA
Input Offset Current +75 nA
Input Offset Voltage | Rg= 10k | +0.2 mV
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High Output Current Dual Operational Amplifier RC4556
. . ]
Electrical Characteristics (Vs =+15V and Ta = +25°C unless otherwise specified)

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k 20 6.0 mV
Input Offset Current 5.0 200 nA
Input Bias Current 40 500 nA
Input Resistance 0.3 1.0 MQ
Large Signal Voltage Gain RL =2k, Vgyr = 10V 20 100 V/mv
. RL =2k +12 +135
Output Voltage Swing v
R = 1500 +10.5 +11

Input Voltage Range +12 +14 v
Common Mode Rejection Ratio Rs < 10k 70 90 dB
Power Supply Rejection Ratio Rs < 10k 76 90 dB
Power Consumption R = 270 360 mW
Transient Response

Rise Time Viy = 20mV, R = 2k 0.03 uS

Overshoot Cp < 100pF 40 %
Slew Rate R. =2k 3.0 V/uS
Channel Separation f = 10kHz, Rg = 1k, Gain = 100 90 dB
Unity Gain Bandwidth 5.0 8.0 MHz

The following specifications apply for -20°C < Ty < +75°C
Input Offset Voltage Rs < 10kQ 75 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain RL = 2k, Vgyr = £10V 15 V/mV
Output Voltage Swing R = 2kn +10 Vv
. Ta=+75°C 260 340
Power Consumption mwW
Tp=-20°C 290 380

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4556 High Output Current Dual Operational Amplifier

R

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
T .
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High Output Current Dual Operational Amplifier RC4556
L

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Output Voltage Swing as a Function
of Supply Voltage of Load Resistance
15 T 30 l
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RC4556 High Output Current Dual Operational Amplifier

e = )

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function of Frequency Input Noise Current as a Function of Frequency
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RC4556 High Output Current Dual Operational Amplifier

Comparison of Standard
vs. Micro-Package

Standard
8-Lead

Plastic
DIP

8-Lead
Plastic
Micro-Pak
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65-01859A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High-Gain
Dual Operational Amplifier

Raytheon

RC4558

Features

»
®m 2.5MHz unity gain bandwidth guaranteed
m Supply voltage +22V for RM4558 and +15V
for RC4558
Short-circuit protection
No frequency compensation required
No latch-up
Large common-mode and differential voltage
ranges
Low power consumption
Parameter tracking over temperature range
Gain and phase match between amplifiers

Description

The 4558 integrated circuit is a dual high-gain
operational amplifier internally compensated and
constructed on a single silicon chip using an
. advanced epitaxial process.

Combining the features of the 741 with the close
parameter matching and tracking of a dual device
on a monolithic chip results in unique perfor-

Schematic Diagram (1/2 Shown)

mance characteristics. Excellent channel separa-
tion allows the use of the dual device in single
741 operational amplifier applications providing
density. It is especially well suited for applica-
tions in differential-in, differential-out as well
as in potentiometric amplifiers and where gain
and phase matched channels are mandatory.

Mask Pattern

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

RC4558 Dual Operational Amplifier
Connection Information
8-Lead 8-Lead .
Dual In-Line Package Metal Can TO-99
(Top View) (Top View)
¢ Pin Function
E __5_l 1 A Output
2 A -Input
3 A +Input
(=] [ 7] i v
5 B +input
6 B -Input
E q E 7 B Output
8 +Vg
[ 5]
Absolute Maximum Ratings Ordering Information
Supply Voltage Operating
RM4558 . ....viieiiiieiaeinnn. +22V Part Number Package Temperature Range
.RC455'8 ............................ 18V RC4558DE Ceramic 0°C to +70°C
Differential Input Voltage ................ 30V RC4558M Micro Plastic 0°C to +70°C
Input Voltage' ........................ +15V RC4558NB Plastic 0°C to +70°C
Operating Temperature Range RC4558T T0-99 0°C to +70°C
RM4558 ................. -55°C to +125°C ;
R RV4558DE Ceramic -40°C to +85°C
RV4558 ................... -40°C to +85°C RV4558NB Plastic ~40°C to +85°C
RC4558 .............ccooult 0°C to +70°C - " o
Output Short Circuit Duration? ...... Indefinite RM4558DE . Ceramic ~55°C 0 +125°C
Notes: 1. For supply voltages less than +15V, the absolute RM4558DE /8838 Ceramic '55:(: to +125:C
maximum input voltage is equal to the supply RM4558T 10-99 -85°C to +125°C
voltage. RM4558T/883B* T0-99 -55°C to +125°C
2. Short circuit may be to ground on one amp only. . -
Rating applies to +75° C ambient temperature. MIL-STD-883, Level B Processing
Thermal Characteristics
8-Lead
8-Lead 8-Lead 8-Lead T0-99
Micro-Pak Plastic DIP | Ceramic DIP | Metal Can
Max. Junction Temp. 125°C 125°C 175°C 175°C
Max. Pp Ta <50°C 300mwW 468mwW 833mw 658mw
Therm. Res. ;¢ — — 45°C/W 50°C/W
Therm. Res. 65 240°C/W 160°C/W 150°C/W 190°C/W
For Ta > 50°C Derate at 4.1mW 6.25mW 8.33mW 5.26mW
per °C per °C per °C per °C
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High-Gain

Dual Operational Amplifier

000000 —

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

RC4558

RM4558 RV/RC4558

Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage Rs < 10kQ 1.0 5.0 2.0 6.0 mV
Input Offset Current 50 | 200 50 | 200 | nA
Input Bias Current 40 500 40 500 | nA
Input Resistance 0.3 1.0 03 | 1.0 MQ
Large Signal Voltage Gain R =2kQ, Voyr = £10V| 50 300 20 300 V/mV
Output Voltage Swing RL = 10kQ +12 | =14 +12 | *14 Vv

RL =2k +10 | =13 +10 | =13 Vv
Input Voltage Range +12 | £13 +12 | *13 v
Common Mode Rejection Ratio Rs < 10kQ 70 100 70 100 dB
Power Supply Rejection Ratio Rs < 10kQ 76 100 76 100 dB
Power Consumption RL== 100 | 170 100 | 170 | mW
Transient Response Vi = 20mV ,

Rise Time RL = 2kQ 0.3 0.3 uS
Overshoot CL < 100pF 35 35 %
Slew Rate RL = 2kQ 0.8 0.8 V/uS
Channel Separation f=10kHz, Rg = 1kQ 90 90 dB
Unity Gain Bandwidth (Gain = 1) 25 | 30 20 | 30 MHz
The following specifications apply for -55°C < Ty < +125°C for RM4558; 0°C < Ty < +70°C for RC4558;

-40°C < Tp < +85°C for RV4558
Input Offset Voltage Rs < 10kQ 6.0 7.5 mV

Input Offset Current
RC4558 500 300 | nA
RV4558 500 500 | nA
Input Bias Current
RC4558 1500 800 | nA
RV4558 1500 1500 | nA
Large Signal Voltage Gain RL =2k, Vout = £10V| 25 15 V/mV
Output Voltage Swing R =2k0 +10 +10 Vv
Power Consumption RL== 120 | 200 120 | 200 | mW

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale.No
representation as to application or use or that the circuits are either licensed or free from patentinfringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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High-Gain
RC4558 Dual Operational Amplifier
.- ]
Matching Characteristics (Vg = =15V and Ta = +25°C unless otherwise specified)

RM4558 RC4558
Parameters Test Conditions Typ Typ Units
Voltage Gain RL =2k +1.0 +1.0 dB
Input Bias Current RL =2k +15 +15 nA
Input Offset Current RL=2kn +7.5 +7.5 nA
Typical Performance Characteristics
Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
el 2
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High-Gain

Dual Operational Amplifier RC4558
[ ]
Typical Performance Characteristics (Continued)

Open Loop Gain as a Function Power Consumption as a Function
of Temperature of Ambient Temperature
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High-Gain
RC4558 Dual Operational Ampilifier
L ]
Typical Performance Characteristics (Continued)

Voltage Follower
Transient Response Large Signal Pulse Response
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High-Gain
Dual Operational Amplifier RC4558

50—

Typical Performance Characteristics (Continued)

Distortion vs. Frequency

W{ TTTIT T \IH‘

Vo = 1.0VRms
- 06 Vs = +30V
= RIAA Compensation
& 05—
s \
Z 04
g 03
£
£ 02
= N
] N /
S o1 - LA <
i 2
100 1K 10K 100K
Freguency (Hz)
Typical Applications
Voltage Follower Lamp Driver s
+Vg
Vo 1000
0
“Viy
= 5K
65-00228A
Power Amplifier = 65-00229A
910K . .
A Comparator With Hysteresis
+Vs “Vin
< o——°
100K _\8
= Vo
= . | ¥ 10K

N
v
91K 100K REF 10M

Av=10 —
= 65-00231A
+Vs 65-00230A A
Squarewave Oscillator
100K
—OVo
L
0.0014F == 0
+Vg :'.;
0 VAVAV*
100K
P e 100K
100K

65-00232A

Raytheon 6-221



RC4558

High-Gain

Dual Operational Amplifier

Typical Applications (Continued)

DC Coupled 1kHz Low-Pass AC Coupled Non-Inverting Amplifier
Active Filter
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Raytheon

High Performance
Dual Operational Amplifier

RC4559

Features

m Unity gain bandwidth —
4.0MHz typical — 3.0MHz guaranteed

B Slew rate —

2.0V/uS typical — 1.5V/uS guaranteed

Low noise voltage —

1.4uVRMms typical — 2.0uVRms guaranteed

Supply voltage — 22V for RM4559 and

+18V for RC4559
No frequency compensation required

No latch up

Large common mode and differential voltage

ranges

Low power consumption
Parametric tracking over temperature range
® Gain and phase match between amplifiers

Schematic Diagram (1/2 Shown)

Description

The 4559 integrated circuit is a high performance
dual operational amplifier internally compensated
and constructed on a single silicon chip using
an advanced epitaxial process.

These amplifiers feature guaranteed AC perfor-
mance which far exceeds that of the 741-type
amplifiers. The specially designed low-noise input
transistors allow the 4559 to be used in low-
noise signal processing applications such as
audio preamplifiers and signal conditioners.

The 4559 also has more output drive capability
that 741-type amplifiers and can be used to
drive a 600() load.
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RC4559 High Performance Dual Operational Amplifier

Connection Information

8-Lead 8-Lead
Metal Can TO-99 Dual In-Line Package
(Top View) (Top View)
°
‘ Pin Function
1 8 1 A Output
2 A -Input
3 A +Input
[2] 7] s v
5 B +Input
‘ 6 B -Input
: < ¢ ] 7 BOutput
8 +Vg
[] 5]
65-00210A
Absolute Maximum Ratings
Supply Voltage
RM4559 ... ... +22V
RC4559 ..., +18V
Input Voltage™ ........................ *+15V
Differential Input Voltage ................ 30V
Output Short Circuit Duration? ...... Indefinite
Operating Temperature Range
RM4559 ................. -55°C to +125°C
RV4559 ................... -40°C to +85°C
RC4559 ..................... 0°C to +70°C
Lead Soldering Temperature
65-01837A RV4559, RC4559 .................. +300°C
Die Size: 52 x 61 mils RM4559 ... ..... .. ..., +260°C
Min. Pad Dimensions: 4 X 4 mils Notes: 1. For supply voltages less than -15V, the absolute
maximum input voltage is equal to the supply
voltage.
2. Short circuit may be to ground on one amp only.
e Rati lies to +75°C ambi .
Thermal Characterlstlcs - ating applies to . ambient temperature
Yo Ordering Information
8-lead | 8-Lead 8-Lead T0-99 Operating
Micro-Pak | Plastic DIP (Ceramic DIP | Metal Can Part Number Package Temperature Range
Max. Junction | 125°C | 125°C | 175°C | 175°C RC4559DE Ceramic 0°C to +70°C
Temp. RC4558M Micro-Plastic 0°C to +70°C
RC4559NB Plastic 0°C to +70°C
%f‘i B,o | S00mW | deBmW | BImW | 66mW RC4559T 70-99 0°C to +70°C
S " RV4559DE Ceramic -40°C to +85°C
grcerm. Res. | — i R RV4559NB Plastic | -40°C to+85°C
" " " " RM4559DE Ceramic -55°C to +125°C
gherm. Res. | 240°C/W| 160°C/W | 150°C/W |190°C/W RM4559DE/883B* Ceramic -55°C to +125°C
JA RM4559T T0-99 -65°C to +125°C
For TA>50°C| 41mW | 6.25mW | 8.33mW |5.26mW RM4559T/883B* T0-99 -55°C to +125°C
Derate at per °C per c per °C per c *MIL-STD-883, Level B Processing
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High Performance Dual Operational Amplifier RC4559

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

RM4559 RV/RC4559

Parameters Test Conditions Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage Rs < 10k 1.0 5.0 2.0 6.0 mV
Input Offest Current 5.0 100 5.0 100 nA
Input Bias Current 40 250 40 250 nA
Input Resistance (Differential Mode) 0.3 1.0 0.3 1.0 MQ
Large Signal Voltage Gain 5’651' 2=ki)10V 50 300 20 | 300 V/mv

RL = 10kQ +12 | £14 +12 | =14 Vv
Output Voltage Swing RL =2k +10 | 13 +10 | =13 v

RL = 6000 +95 | =10 +95( =10 Vv
Input Voltage Range +12 | £13 +12 | =13 v
Common Mode Rejection Ratio Rs < 10k 80 100 80 100 dB
Power Supply Rejection Ratio Rs < 10kQ 82 100 82 100 dB
Supply Current R == 33 5.6 33 56 | mA
Transient Response VN = 20mV

Rise Time RL = 2kQ 80 80 nS
Overshoot Cp < 100pF 35 35 %

Slew Rate 15 | 20 15 | 20 V/uS
Unity Gain Bandwidth 3.0 4.0 30 | 40 MHz
Power Bandwidth Vo =20Vpp 24 32 24 32 kHz
Input Noise Voltage f = 20Hz to 20kHz 14 | 20 14 2.0 | uVRvs
Input Noise Current f = 20Hz to 20kHz 25 25 pARMS
Channel Separation Gain = 100, f = 10kHz 90 90 dB

Rs = 1kQ

The following specifications apply for -55°C < T < +125°C for RM4559;
-40°C < Ty < +85°C for RV4558; and 0°C < Tp < +70°C for RC4559

Input Offset Voltage Rs < 10k 6.0 75 mv
Input Offset Current 300 200 nA
Input Bias Current 500 500 | nA
Large Signal Voltage Gain RL =2k 25 15 V/mV

Vour = £10V
Output Voltage Swing RL =2k +10 +10 Vv
Supply Current RL=w 40 | 6.6 40 | 66 | mA

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part of the
terms and conditions of any subsequent sale. Raytheon’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4559 High Performance Dual Operational Amplifier
—
Matching Characteristics (Vs = +15V, T4 = +25°C unless otherwise specified)

RM4559 RC4559
Parameter Conditions Typ Typ Units
Voltage Gain RL= 2k +1.0 +1.0 dB
Input Bias Current +15 +15 nA
Input Offset Current +7.5 +75 nA
Typical Performance Characteristics
Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
p
T -
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<< =
E o § 15
.;;_:j 4 — % 10
g » . é 5 \\\ s
s ]
0 ‘13 0 8
0 +10 +20 430 +40 450 +60 470 0 +10  +20 430 +40 450 460 +70
Temperature (°C) Temperature (°C)
Common Mode Range as a Function Open Loop Voltage Gain as a
of Supply Voltage Function of Frequency
15 . 120
% 10-—TA=|+25°C__ x\(\‘f \@\\§ 100 ‘L\ = |
g \-««\ \\\s\\\\\ N g \\
g ot\\\\\\\\\\\\\\ \ g o \\\
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= =
§ -10 N\\ §§§ 0 \\\ é
s ) -20 8
4 6 8 10 12 u 16 18 110 100 1K 10K 100K M 10M
Supply Voltage (V)
Frequency (Hz)
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High Performance Dual Operational Amplifier
—

Typical Performance Characteristics (Continued)

RC4559
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RC4559 High Performance Dual Operational Amplifier
—

Typical Performance Characteristics (Continued)

Transient Response Voltage Follower Large Signal Pulse Response
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High Performance Dual Operational Amplifier

RC4559

10—

Typical Performance Characteristics (Continued)

Output Voltage Swing vs. Frequency

Distortion vs. Frequency
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RC4559

High Performance Dual Operational Amplifier
—

Typical Applications (Continued)
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Raytheon

Wide-Bandwidth
Dual Operational Amplifier

RC4560

Features

Schematic Diagram (1/2 Shown)

Unity gain bandwidth (Ay = 1) — 10MHz
Slew rate — 4.0V/uS

Noise voltage at 1kHz — 7.0nV/\/Hz
Noise voltage current at 1kHz — 0.4pA/y/Hz.
+10V Output into 4000 loads (£25mA)
Supply current per amplifier — 1.8mA
Input offset voltage — 2.0mV

Input offset current — 5.0nA

Unity gain frequency compensated
Output short circuit protected

Description

The 4560 integrated circuit is a high-gain, wide-
bandwidth, dual operational amplifier capable
of driving 20V peak-to-peak into 400Q) loads.
The 4560 combines many of the features of the
4558 as weli as providing the capability of wider
bandwidth, and higher slew rate make the 4560
ideal for active filters, data and telecommuni-
cations, and many instrumentation applications.
The availability of the 4560 in the surface mounted
micro-package allows the 4560 to be used in
critical applications requiring very high packing
densities.
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RC4560 Wide-Bandwidth Dual Operational Amplifier
Connection Information Mask Pattern
8-Lead
Dual In-Line Package
(Top View) 3 6
o
[ [« ]
2 5
(=] <12
[ [« ]
Pin Function ‘
1 A Output
2 A -Input
S Anput Die Size: 52 x 61 mils
N Min. Pad Dimensions: 4 x 4 mils
5 B +Input ' :
6 B -Input
7 B Output . .
8 -Vs Absolute Maximum Ratings
Supply Voltage .............covuun... 18V
L Input Voltage' ........................ +15V
Thermal Characteristics Differential Input Voltage ................ 30V
8-Lead Output Short Circuit Durationz ...... Indefinite
Micro-Pak 8-Lead Operating Temperature
Plastic DIP | Plastic DIP Range .................... -20°C to +75°C
- " S Lead Soldering Temperature (10 Sec)
Max. Junction Temp. 125°C 125°C RCAB60NB .....vvnverrenrnnn) +300°C
Max. Pp Ta < 50°C 300mW 468mwW RC4560M .........ccovivninnen.. +260°C
Therm. Res. 6,¢ — — Notes: 1. For supply voltages less than 15V, the absolute
maximum input voltage is equal to the supply
Therm. Res. 64 240°C/W 160°C/W ) g;ltage.
. ort circuit may be to ground on one amp only.
For Ta > 50°C Derate at 4.17mW 6.25mW Rating applies to +75°C?ambie|:)t tempe:;?ure. Y
per°C per °C
Matching Characteristics
(Vs =£15V, Ta = +25°C) ’
Orderin g Information Parameter ‘ Conditions Typ | Units
Operating Voltage Gain R.=2ka | +1.0 dB
Part Number Package Temperature Range Input Bias Current +15 nA
RC4560M Micro-Plastic | -20°C to +75°C Input Offset Current *7.5 nA
RC4560NB Plastic -20°C to +75°C Input Offset Voltage Rs =10k | +0.2 mV
6-232 Raytheon



Wide-Bandwidth Dual Operational Amplifier

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

RC4560

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k 2.0 6.0 mV
Input Offset Current 5.0 200 nA
Input Bias Current 50 500 nA
Input Resistance (Differential Mode) 0.3 0.1 MQ
Large Signal Voltage Gain RL = 2kQ, Voyt = =10V 20 300 V/imV
. RL = 10k +12 +14
Output Voltage Swing v
lp = 25mA +10 +11.5

Input Voltage Range +12 +13 v
Common Mode Rejection Ratio Rs < 10k 70 90 dB
Power Supply Rejection Ratio Rs < 10k 76 90 dB
Power Consumption RL== 135 200 mwW
Transient Response

Rise Time VN = 20mV, R_ = 2kQ 0.05 uS

Overshoot CL < 100pF, Gain =1 35 %
Slew Rate R < 2kQ, Gain =1 4.0 V/uS
Channel Separation fR; 101kk*'g’ Gain = 100 100 dB
Unity Gain Bandwidth Ay = +1, Vo = -3dB 10 MHz

The following specifications apply for -20°C < Tp < +75°C
Input Offset Voltage Rs < 10kQ 7.0 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain Ry = 2k, Vout = =10V 15 V/imV
Output Voltage Swing RL=2k0 +10 Vv
. Ta=+75°C 135 200
Power Consumption mW
Ta=-20°C 165 230

The information contained in this data sheet has been car
terms and conditions of any subsequent sale. Raytheon's
representation as to application or use or that the circuits are either licensed or free from pat

efully compiled; however, it shall not by implication or otherwise become part of the
liability shall be determined solely by its standard terms and conditions of sale. No
entinfringement is intended or implied. Raytheon

reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC4560 Wide-Bandwidth Dual Operational Amplifier

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
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Wide-Bandwidth Dual Operational Amplifier RC4560

A

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Output Voltage Swing as a Function
of Supply Voltage , of Load Resistance
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RC4560 Wide-Bandwidth Dual Operational Amplifier
s

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function of Frequency  Input Noise Current as a Function of Frequency
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RC4560 Wide-Bandwidth Dual Operational Amplifier
13—

Comparison of Standard
vs. Micro-Package

Standard
8-Lead
Plastic

DIP

8-Lead
Plastic
Micro-Pak

65-01859A
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS

Decompensated Wide-Bandwidth RC4562
Raytheon Dual Operational Amplifier

Features Description

® Frequency compensated for gains >10 The 4562 integrated circuit is a high gain, wide-
B Unity gain bandwidth — 15MHz bandwidth, low noise, dual operational amplifier
B Slew rate — 7.0V/uS capable of driving 20V peak-to-peak into 6000
m Noise voltage at 1kHz — 5.5nV/\/Hz. loads. The 4562 is frequency compensated for
® Noise current at 1kHz——O.2pA/\/E closed loop gains greater than 10. The 4562
| 10V Output into 600() loads combines many of the features of the popular
® 0.005% distortion at 9.0Vrms 4558 as well as providing the capability of wider
® Supply current per amplifier — 1.8mA bandwidth, and higher slew rate and less noise
®m Output short circuit protected make the 4562 ideal for audio preamplifiers, active

filters, telecommunications, and many instrumen-
tation applications. The availability of the 4562
in the surface mounted micro-package allows
the 4562 to be used in critical applications
requiring very high packing densities.

Schematic Diagram (1/2 Shown)
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Decompensated Wide-Bandwidth

RC4562 Dual Operational Amplifier
Connection Information Mask Pattern
8-Lead
Dual In-Line Package 4
(Top View)
.
3 5
[ ¢ ]
2 6
2 7
I 3 4 6
(] <]
Pin Function 8
1 A Output
2 A -Input
3 A+l t
b e Die Size: 52 x 61 mils
5 B +Input Min. Pad Dimensions: 4 x 4 mils
6 B -Input
7 B Output
8 +Vs Absolute Maximum Ratings
Supply Voltage ..........coviiiiian, =18V
L. Input Voltage' ..ot 15V
Thermal Characteristics Differential Input Voltage ................ 30V
8-Lead Output Short Circuit Duration ...... Indefinite
Micro-Pak 8-Lead Operating Temperature
Plastic DIP | Plastic DIP Rgnge ................... -20°C to +75°C
. " " Lead Soldering Temperature (10 Sec)
Max. Junction Temp. 125°C 125°C RCAS62NB - ..o evoeeeeeeeennnn, +300°C
Max. Pp Ta < 50°C 300mW 468mW RC4562M ... iiiiiiiiaeaaennnnn +260°C
Therm. Res. 6 _ _ Notes: For supply voltages less than 15V, the absolute
N - 246 maximum input voltage is equal to the supply
Therm. Res. 6 240°C/W 160°C/W voltage.
2. Short circuit may be to ground on one amp only.
For Tp > 50°C Derate at 417mW 6.25mW Rating applies to +75°C ambient temperature.
per °C per °C
Matching Characteristics
(Vs =215V, Ta = +25°C)
Ordering Information Parameter Conditions Typ | Units
Operating Voltage Gain RL.=2ka | +1.0 dB
Part Number Package Temperature Range -| Input Bias Current +15 nA
RC4562M Micro-Plastic | -20°C to +75°C Input Offset Current +7.5 nA
RC4562NB Plastic -20°C to +75°C Input Offset Voltage Rs=10kq | 02 | mV

Raytheon
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Decompensated Wide-Bandwidth

Dual Operational Amplifier
L

Electrical Characteristics (Vg = +15V and T = +25°C unless otherwise specified)

RC4562

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k 1.0 6.0 mV
Input Offset Current 50 200 nA
Input Bias Current 200 500 nA
Input Resistance 0.3 1.0 Mo
Large Signal Voltage Gain RL = 2kqy, Voyt = 10V 20 300 V/imv
) RL = 10k +12 +14
Output Voltage Swing v
, RL =2k +10 +13

Input Voltage Range +12 +14 v
Common Mode Rejection Ratio Rs < 10kQ 70 90 dB
Power Supply Rejection Ratio Rs < 10kQ 76 90 dB
Power Consumption (All Amplifiers) | R =« 100 170 mW
Transient Response

Rise Time Viy = 20mV, R = 2k 0.06 uS

Overshoot CL < 100pF, Gain = 10 60 %
Slew Rate R <2k, Gain = 10 7.0 V/uS
Channel Separation ;; lgkkkg’ Gain = 100 90 dB
Unity Gain Bandwidth Gain = 10 8.5 15 MHz

The following specifications apply for -20°C < Ty < +75°C
Input Offset Voltage Rs < 10k 7.5 mV
Input Offset Current 300 nA
Input Bias Current 800 nA
Large Signal Voltage Gain R = 2kQ, Voyr = £10V 15 V/mvV
Output Voltage Swing R =2kn +10 v
) Ta=+75°C 90 150
Power Consumption mW
Ta=-20°C 120 200

The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become partofthe
terms and conditions of any subsequent sale. Raytheon'’s liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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Decompensated Wide-Bandwidth
RC4562 Dual Operational Amplifier

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
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Decompensated Wide-Bandwidth

Dual Operational Amplifier

RC4562

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function

Output Voltage Swing as a Function

of Supply Voltage of Load Resistance
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Decompensated Wide-Bandwidth
RC4562 Dual Operational Amplifier

00—

Typical Performance Characteristics (Continued)

Input Noise Voltage as a Function Input Nolse Current as a Function
of Frequency of Frequency
1000 = =c: = 100§
= 1 5ITII i )
. Vs = 16V i Vs =15V 1
5 Ta=+25°C g Ta= +25°CT]
2> 100 10
z = 3 H
@® ] T
i i
C \ 1
3 10 z j == =
= i < X g
1 10, 100 1K 10K 100K 1 10 100 1K 10K 100K
Frequency (Hz) Frequency (Hz)
Total Harmonic Distortion
Channel Separation vs. Output Voltage
140 0.1 7 ===z
-- - VooV
_ my = ™ TA=+25°g- i
g 0 ™~ 5 R. = 2Kn HH
£ 100
g g N
E 80 & N
g g 001 1kHz 4=/ -
2 60 g 30Hz 77 = i
E © = 20kHz v
< < g e e o
20— Vs = 15V i = = g
Ta = +25°C 2 z
ol Liri & 0.001 2
10 100 1K 10K 100K 001 0.1 10 10
Frequency (Hz) Output Voltage (Vams)

Distortion vs. Frequency

\;ngg\; TTTT
0= 10VRMs
- 06 Vg = £30V
= RIAA Compensation
s 054 P
5 | |
2 0.4 \
€ 03
E
= 02 N
= N /
S 01 h, N LA g
B
; Ilz
100 1K 10K 100K

Frequency (Hz)

Raythoom 6-243



Decompensated Wide-Bandwidth
RC4562 Dual Operational Amplifier
I

Comparison of Standard
vs Micro-Pak

Standard
8-Lead

Plastic
DIP

8-Lead
{ Plastic
~ Micro-Pak

65-01859A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Low Noise

Raytheon

Dual Operational Amplifier

RC4739

Features

® Internally compensated replacement for uA739
and MC1303

m Signal-to-noise ratio — 76dB (RIAA 10mV ref.)

® Channel separation — 125dB

® Unity gain bandwidth — 3MHz

® Output short-circuit protected

B <0.05% distortion into 2k(} load

® 10nV/+/Hz noise at 100Hz

Schematic Diagram (1/2 Shown)

Description

The RC4739 low noise dual operational amplifier
is fabricated on a single silicon chip using the
planar epitaxial process. It was designed primarily
for preamplifiers in consumer and industrial signal
processing equipment. The device is pin com-
patible with the uA738 and MC1303, however,
compensation is internal. This permits a lowered
external parts count and simplified application.

The RC4739 is available in molded dual in-line
14-pin package and operates over the commercial
temperature range from 0°C to +70°C.
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RC4739 Low Noise Dual Operational Amplifier

Connection Information Mask Pattern
14-Lead
Dual In-Line Package
(Top View) 14
E . j Pin Function
1 14 1 A Output
2 NC
2 13 3 NC
(2] (] 3 N 1 13
5 +A Input 9
E A -’_-ZJ 6 -A Input 5 8
7 -Vs 6
E A E 8 -B Input
9 +B Input
E E 10 NC
1 NC 7
[£] 5] 12 NC
13 B Output
7 5] 14 +Vg
65-00494A Die Size: 52 x 61 mils
Min. Pad Dimensions: 4 x 4 mils
Absolute Maximum Ratings Thermal Characteristics
Supply Voltage ...........ccovviiinn. +18V 14-Lead
Input Voltage' .........c.vvvvninnnn.. 15V Plastic DIP
Differential Input Voltage ................ 30V Max. Junction Temp. 1250C
Output Short Circuit Duration? ...... Indefinite "
Storage Temperature Max. Pp Ta < 50°C 468mw
Range ................... -65°C to +150°C Therm. Res. 6,¢ —
Operating Temperature >
Range ...........ccovviinnn. 0°Cto +70°C Therm. Res. 6ua 160°C/W
Lead Soldering Temperature For Ty > 50°C Derate at 6.25mw
GRS N +300°C per °C
Notes: 1. For supply voltages less than =15V, the absolute
maximum input voltage is equal to the supply . .
voltage. Ordering Information
2. Short circuit may be to ground, typically 45mA.
Operating
Part Number Package Temperature Range
RC4739DB Plastic 0°C to +70°C
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Low Noise Dual Operational Amplifier

RC4739

[

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

Parameters Test Conditions Min Typ Max Units
Input Offset Voltage Rs < 10k 2.0 6.0 mV
Input Offset Current 5.0 200 nA
Input Bias Current 40 500 nA
Input Resistance (Differential Mode) 0.3 5.0 MO
Large Signal Voltage Gain R =2k, Voyt = =10V 20 300 VimV
Output Voltage Swing AL = 10k =12 Gl v
RL =2k =10 +13

Input Voltage Range +12 +14 v
Common Mode Rejection Ratio Rs < 10kQ 70 100 dB
Power Supply Rejection Ratio Rs < 10k 76 100 dB
Power Consumption 105 170 mwW
Transient Response

Rise Time Vin = 20mV, R = 2kQ 0.15 uS

Overshoot CL < 100pF 10 %
Slew Rate R = 2kQ 1.0 V/uS
Input Voltage Noise Bw = 10-30kHz, Rs = 1k 25 «VRMms
Channel Separation %g l?l;f:)z Ay = 4008, 125 dB

The following specification applies for 0°C < Ty < +70°C unless otherwise specified. Vg = =15V
Input Offset Voltage Rs < 10kQ 3.0 7.5 mV
Input Offset Current 7.0 300 nA
Input Bias Current 50 800 nA
Large Signal Voltage Gain R = 2kQ, Vour = =10V 15 200 V/mV
Output Voltage Swing R = 2k, Vg = 15V +10 +13 v
_ Tg = +70°C 100 150 mwW

Power Consumption Tao0°C 70 20 W

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

Raytheon
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RC4739 Low Noise Dual Operational Amplifier
L

Typical Performance Characteristics

Input Bias Current as a Function Input Offset Current as a Function
of Ambient Temperature of Ambient Temperature
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Low Noise Dual Operational Amplifier RC4739

Typical Performance Characteristics (Continued)

Output Voltage Swing as a Function

of Load Resistance Output Voltage Swing as a Function of Frequency
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RC4739 Low Noise Dual Operational Ampilifier

Typical Performance Characteristics (Continued)

Input Noise Current as a Function of Frequency Channel Separation
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FPHELIMINARKY
PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High Performance
Raytheon Dual Low Noise Operational Amplifier

RC5532,
5532A

Features

W Small signal bandwidth — 10MHz

m Qutput drive capability — 600, 10V (rms)
® Input noise voltage — 5nV/\/Hz

m DC voltage gain — 50,000

m AC voltage gain — 2200 at 10kHz

m Power bandwidth — 140kHz

m Slew rate — 8V/uS

m Large supply voltage range — £3 to =20V

Description

The 5532 is a high performance dual low noise
operational amplifier. Compared to the standard

Schematic Diagram (1/2 Shown for 5532)

dual operational amplifiers, such as the 1458,
it shows better noise performance, improved
output drive capability, and considerably higher
small-signal and power bandwidths.

This makes the device especially suitable for
application in high quality and professional audio
equipment, instrumentation, and control circuits,
and telephone channel amplifiers. The op amp
is internally compensated for gains equal to
one. If very low noise is of prime importance,
it is recommended that the 5532A version be
used which has guaranteed noise specifications.
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High Performance
RC5532, 5532A Dual Low Noise Operational Ampilifier

Connection Information

8-Lead
TO-99 8-Lead
Package DE/NB Package
(Top View) (Top View)
5532/5532A P:n gurt\cti?g
utpu
E H 2 Inverting Input A
3 Non-Inverting Input A
4 -Vs
E A B ZI 5 Non-Inverting Input B
- 6 Inverting Input B
E EI 7 Output B
8 +Vg
[ ]
65-01781A
65-01782A

Absolute Maximum Ratings Mask Pattern
Supply Voltage  ............ ..l +22V
InputVoltage ............. ..ot +V Supply
Differential Input Voltage' ............... 0.5V
Operating Temperature Range

RM5532 ................. -55°C to +125°C

RV5532 ...t 0°C to +70°C
Storage Temperature

Range ................... -65°C to +150°C
Lead Soldering Temperature

(10Sec) ....ovviiiiiiiiiiiinn.n. +300°C

Thermal Characteristics

8-Lead
8-Lead 8-Lead T0-99
Plastic DIP |Ceramic DIP| Metal Can

Max. Junction Temp.| 125°C 175°C 175°C

Max. Pp Ta <50°C 468mW | 833mW | 658mW Die Size: 78 x 104 mils

Therm. Res. 6,¢ — 45°C/W | 50°C/W Min. Pad Dimensions: 4 x 4 mils
Therm. Res. 6y 160°C/W | 150°C/W [190°C/W

For Ta > 50°C 6.25mW | 8.33mW | 5.26mW

Derate at per °C per °C per°C

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

Dual Low Noise Operational Amplifier
[

DC Electrical Characteristics (Vs = +15V and Ta = +25°C unless otherwise noted)? 3

RC5532, 5532A

RM5532/5532A RC5532/5532A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage 05 2.0 0.5 40 mV
Over Temperature 3.0 50 | mV
Input Offset Current 100 10 150 nA
Over Temperature 200 200 | nA
Input Bias Current 200 | 400 200 | 800 nA
Over Temperature 700 1000| nA
Supply Current 6.0 1 6.0 16 mA
Over Temperature 13 22 mA
Input Voltage Range +12 | £13 +12 | £13 v
Common Mode Rejection Ratic 80 100 70 100 dB
Power Supply Rejection Ratio 86 100 80 100 dB
Ry =2kq, Vo = =10V 50 25 100 V/mV
Large Signal Voltage Gain Over Temperature 25 15 50 V/mV
R. =6000, Vo = +10V | 40 15 50 V/mV
Over Temperature 20 10 V/mV
RL = 6000 +12 | 13 +12 | +13 v
Output Voltage Swing R =600, Vg =+18V | +15 | +16 +15 | £16 v
R =2kQ +12 | +13 v
Input Resistance (Differential Mode) 30 300 30 300 kQ
Short Circuit Current 38 38 mA

Notes: 1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resistors are used, large currents will flow

if the differential input voltage exceeds 0.6V. Maximum current should be limited to Z10mA.
For RC5532/RC5532A: Ty = 0°C, Tyax = +70°C
. For RM5532/RM5532A: Ty = -55°C, Tyax = +125°C

2.
3
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High Performance

RC5532, 5532A Dual Low Noise Operational Amplifier
]

AC Electrical Characteristics (Vs =+15V and Ta = +25°C)

RC/RM5532/5532A
Parameters Test Conditions Min Typ Max Units
. Ay = 30dB Closed Loop
Output Resistance f= 10kHz, R, = 60002 03 [¢)
Unity Gain
Overshoot Vin = 100mVp.p 10 %
CL = 10pF, R_ = 6000
Gain f = 10kHz 22 V/imv
Gain Bandwidth Product CL = 100pF, R = 6000 10 MHz
Slew Rate 8.0 V/uS
Vout = £10V 140 kHz
Power Bandwidth Vour = £14V, R, = 60002 100 kHz
Vo = £18V
Electrical Characteristics (vs=+15V and Ta = +25°C)
RC/RM5532 RC/RM5532A
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max Units
Input Noise Voltage Density ;8 - 30z 30 30 | o 1 wivAz
Input Noise Current Density Ig : ?ﬁ:i g; (2); pA/\VHz
Channel Separation f = 1kHz, Rg = 5k 110 110 dB

Ordering Information

Operating
Part Number Package | Temperature Range
RC5532NB Plastic 0°Cto +70°C
RC5532ANB Plastic 0°Cto +70°C
RC5532DE Ceramic 0°C to +70°C
RC5532ADE Ceramic 0°Cto +70°C
RC5532T T0-99 0°Cto +70°C
RC5532AT T0-99 0°C to +70°C
RM5532DE Ceramic | -55°Cto +125°C
RM5532DE/883B* Ceramic | -55°C to +125°C
RM5532ADE Ceramic | -55°Cto +125°C
RM5532ADE/883B* | Ceramic | -55°Cto +125°C
RM5532T T0-99 -55°C to +125°C
RM5532T/883B* T0-99 -55°C to +125°C
RM5532AT T0-99 -55°C to +125°C
RM5532AT/883B* T0-99 -55°C to +125°C

*MIL-STD-883, Level B Processing
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High Performance

Dual Low Noise Operational Amplifier

RC5532, 5532A

Typical Performance Characteristics

Open Loop Frequency Response Closed Loop Frequency Response
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High Performance
RC5532, 5532A Dual Low Noise Operational Amplifier

X
Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function Common Mode Range as a Function
of Supply Voltage of Supply Voltage
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High Performance
Dual Low Noise Operational Amplifier RC5532, 5532A

Test Circuits

Closed Loop Frequency Response Voltage Follower

Overshoot
Rs
250

iQ) R 100pF == 60002

65-01795A

65-01794A
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

High Performance
Low Noise Operational Ampilifier

Raytheon

RC5534,
5534A

Features

® Small signal bandwidth — 10MHz

® Output drive capability — 600(), 10Vrpms at
Vg = +18V

Input noise voltage — 4nV/v/Hz

DC voltage gain — 100,000

AC voltage gain — 6000 at 10kHz

Power bandwidth — 200kHz

Slew rate — 13V/uS

Large supply voltage range — +3V to +20V

Description

The 5534 is a high performance, low noise
operational amplifier. This amplifier features
popular pin-out, superior noise performance, and
high output drive capability.

Schematic Diagram

This amplifier also features guaranteed noise
performance with substantially higher gain-
bandwidth product, power bandwidth, and slew
rate which far exceeds that of the 741 type
amplifiers. The 5534 is internally compensated
for a gain of three or higher and may be
externally compensated for optimizing specific
performance requirements of various applica-
tions such as unity-gain voltage followers, drivers
for capacitive loads or fast settling.

The specially designed low noise input transistors
allow the 5534 to be used in very low noise
signal processing applications such as audio
preamplifiers and servo error amplifiers.
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High Performance

RC5534, 5534A Low Noise Operational Amplifier
Connection Information
8-Lead 8-Lead
Ceramic DE and Plastic NB TO-99
Dual In-Line Package Metal Can
(Top View) (Top View) Pin Function
. \J 8 1 Vog Trim
2 -Input
E E 3 +Input
4 -Vs
E - 3 5 Compensation
6 Output
E E 7 +Vg
8 Vg Trim/Compensation
o B

Absolute Maximum Ratings

Mask Pattern

Supply Voltage ........oevvvreninennns +22V
Differential Input Voltage .............. 0.5V 7 6
Input Voltage ........covvvvveint, tV Supply
Storage Temperature
Range ........cceevvveens -65°C to +150°C 8 5
Operating Temperature Range
RMB534/A ......ocvvnnnnn -55°C to £125°C
RCB534/A .. oo, 0°C to +70°C
Lead Soldering Temperature
(10S€C) vvvviiiiiiiiiienanes +300°C
Output Short Circuit Duration' ...... Indefinite 1 4
Notes: 1. Short circuit may be to ground only. Rating
applies to +125°C case temperature or +75°C
ambient temperature. 2 3
Ordering Information
0pera“ng Dle SIZﬂ: 83 X 51 mils )
Part Number Package | Temperature Range Min. Pad Dimensions: 4 x 4 mils
RC5534DE Ceramic 0°C to +70°C
RC5534ADE G ic °C to +70°C . .
FOEa2NG Sl B Thermal Characteristics
RC5534ANB Plastic 0°C to +70°C 8-Lead
RC5534T T0-99 0°C to +70°C 8-Lead 8-Lead T0-99
RC5534AT T0-99 0°C to +70°C Plastic DIP|Ceramic DIP| Metal Can
2%2&3%/8838 8eramic -gg°g Eo +1§g"g Max. Junction Temp.| 125°C 175°C 175°C
* eramic | -55°C to +125°
RMS534ADE Ceramic | -55°Cto +125°C Max.PpTa<50°C | 468mW | 833mW | 658mW
RM5534ADE/883B* | Ceramic | -55°C to +125°C Therm. Res. 6,c — 45°C/W | 50°C/W
RM5534T TO- -55°C to +125°C
RMgSSﬁT/BSSB' To_gg _ggoc tg +125°C Therm. Res. 6 160°C/W | 150°C/W | 190°C/W
RM5534AT T0-99 -55°C to +125°C For Ta >50°C 6.25mW | 8.33mW | 5.26mW
RM5534AT/883B* T0-99 -55°C to +125°C Derate at per°C | per°C per °C
*MIL-STD-883, Level B Processing
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Low Noise Operational Amplifier
—

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

RC5534, 5534A

RM5534/A RC5534/A
Parameters Test Conditions Min | Typ | Max| Min | Typ | Max| Units
Input Offset Voltage Rs < 10k 0.5 2.0 0.5 40 mV
Input Offset Current 10 200 20 300 nA
Input Bias Current 400 | 800 500 | 1500 nA
Input Resistance (Differential Mode) 50 100 30 100 kQ
Large Signal Voltage Gain RL = 6000, Voyt = £10V| 50 100 25 100 V/mv
Output Voltage Swing RL = 60002 +12 | #13 +12 | +13 v
Input Voltage Range +12 | +13 +12 | +13 v
Common Mode Rejection Ratio Rs < 10k2 80 100 70 100 dB
Power Supply Rejection Ratio Rg < 10k 86 100 86 100 dB
Supply Current R == 40 6.5 40 8.0 mA
Ao Time. ot oo || ® 3 s
Overshoot 17 17 %
Slew Rate Cc=0 13 13 V/uS
Gain Bandwidth Product Cc = 22pF, Cp_ = 100pF 10 10 MHz
Power Bandwidth Vg =20Vp.p, Cc =0 200 200 kHz
Input Noise Voltage f = 20Hz to 20kHz 1.0 1.0 «VRMS
Input Noise Current f = 20Hz to 20kHz 25 25 pArMS
Supply Current Vg =+15V, R == 9.0 14 mA
Channel Separation f = 1kHz, Rg = 5k() 110 110 dB
5534A 5534

Input Noise Voltage Density fo = 30tz 55 | 70 7.0 nv/

fo = 1kHz 35 45 40 VHZ
Input Noise Current Density fo = 30tz 15 25 PA/

fo = 1kHz 0.4 0.6 VHz
Broadband Noise Figure E; 105I-l|(zn- 20kHz, 09 dB

The following specifications apply for -55°C < Ty < +125°C for RM; 0°C < T < +70°C for RC, Vg = £15V
RM3534/A RC5534/A
Input Offset Voltage Rs < 10k 3.0 5.0 mV
Input Offset Current 500 400 nA
Input Bias Current 1500 2000 nA
Large Signal Voltage Gain RL = 6000, Vgyt = £10V| 25 15 V/mV
Output Voltage Swing RL = 6000 +10 +10 v
6-260 Raytheon
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Typical Performance Characteristics

Input Bias Current vs. Temperature Slew Rate vs. Compensation Capacitor
07 Vg = +15V h TTT
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06 12 Th=+25°C
g 05 s 10
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£ 03 ‘; 6
o2 ® 4
0.1 § 2 g
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0 E 0 3
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The information contained in this data sheet has been carefully compiled; however, it shall not by implication or otherwise become part ofthe
terms and conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No
representation as to application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon
reserves the right to change the circuitry and other data at any time without notice and assumes no liability for inadvertent errors.
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RC5534, 5534A

Typical Performance Characteristics (Continued)

Typical Output Voltage as a Function
of Supply Voltage Output Voltage vs. Load Resistance
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m |
10 % I, Vg = =15V
Ta =+25°C F = 1kHz
Y 7 22 1 THD. < 1%
= ; 18 ] Ay = +10
z o0 z /
/ z 14 'l
£ ‘é g ?
-5 |
RL = 2k 10
-10 H 6 3
-15 W 3 2 H
4 6 8 0 12 1% 18 10 100 1000 10K
Supply Voltage (+V) Load Resistance (€2}
Quiescent Current as a Function
Output Voltage vs. Frequency of Supply Voltage
4 5 :
Vs =15V [I] Ta = +25°C
36 Ta=+25°C]]
RL = 2k0) {_ _ 4 g
30 TT11 g
_ Cc = OpF 1 =5 /’
= \ [ ES 3
s’ g5 2
< H g
12 Ce = 27pF AN . -
11l
6 Co = 47pF BN 3 ! 5
[N 13 g
0 IR b 0 b
100 1K 10K 100K ™ 0 3 6 9 12 15 18
Frequency (Hz) Supply Voltage (+V)
Voltage Follower Large Signal
Transient Response Pulse Response
70 T T i I 10
— Gy = 100pF — L = 500pF - 8 ||
80 —cc=220F T G = 47pF 6 Vs = +15V
I Ta=+25°C |
50 TAVA N - 4 7 \ Cc=0pF —|
s 90% -]
E £ 2
= 40 ]
E e s O
2 3 1 £ /
Vg =15V - I [ \
20 / Ta=+25°C -4+ |4 b
/4 RL = 6000 % a— -+
10 V/A Av=+1 . g 3
10% | | g -8 g
0 ! 1 3 10 al 3
0 50 100 150 200 0 05 10 15 20 25 30 35 40 45
Time (nS) Time (8)
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Typical Performance Characteristics (Continued)

Input Noise Voltage Input Noise Current
as a Function of Frequency as a Function of Frequency
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A voltage comparator is similar to an op amp in
design, but lacks any AC compensation that
would allow it to operate as a feedback amplifier.
This lack of compensation capacitors gives a
comparator the switching speed needed for fast
comparisons of analog voltages. Another major
difference is that most of Raytheon’s comparators
have an open collector output, which requires an
external pull up resistor, while op amps have a

Section 7
Comparators

push pull output stage. The exception is the
RC4805 high speed precision comparator, which
includes a push pull output stage.

Raytheon’s part types include low input current
single and dual comparators, dual and quad
single supply types, and the RC4805 zener zap
trimmed 22nS comparator. The LM111, LH2111,
and LM139 are available in JAN 38510 grades.
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Section 7

e ——
DEFINITIONS

Average Input Offset Voltage Drift (TCyosg)

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

Vos @ T(1)-Vos @ Tp)
Tn-Te

TCvos =

Where T(4) and T(2) are the upper and lower
limits of the specified temperature range.

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

Vingy - ViNe) >
0s @ Vin(1) - Vos @ Ving)

Where VN(1) and V|n(2) are the upper and lower
limits of the input common mode voltage range.

CMRR = 20LOG1 <v

Input Bias Current (Ig)

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

Input Offset Current (Ipg)

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 Voltage Range

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

Large Signal Voltage Gain (Ay)

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

7-2

Ay = _Yow - Voe)

Vos(1) - Vos(2)
Where Vg(1) and Vo2 are the specified upper
and lower voltage limits for the change at the
output.

Output Leakage Current

For open collector output types; the collector
to emitter leakage current of the output transistor
with the output in an off condition and a specified
voltage applied, expressed in microamps (uA).

Output Sink Current

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

Output Source Current

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

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

Power Consumption

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

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

_ Vs(1) - Vse)
PSRR = 20LOG g <VOS @ Vs(1) - Vos @ Vs

Where Vg0 and Vs(2) are the upper and lower
limits of the specified change of supply voltage.

Propagation Delay

The time delay between a step inputtoa resulting
change at the output, from the 50% point of
the input step to the 50% point of the output
swing, measured in nanoseconds (nS).
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DEFINITIONS (Continued)

Saturation Voltage (Vsar)

Voltage at the output when sinking a specified
amount of current into the output, expressed
in volts (V).

Supply Current (ls)

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

Supply Voltage (Vs)

The range of power supply voltages over which
the comparator will operate, expressed in volts (V).
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PRODUCT SPECIFICATIONS

LINEAR INTEGRATED CIRCUITS

Single-Supply
Quad Comparators

Raytheon

LM139/139A, 239/239A,
339/339A, 2901
RC3302

Features

B Input common mode voltage range includes
ground

® Wide single supply voltage range — 2V to 36V

® Output compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

m Very low supply current drain (0.8mA) inde-
pendent of supply voltage

Description

These devices offer higher frequency operation
and faster switching than can be had from inter-
nally compensated quad op amps. Intended for
single-supply applications, the Darlington PNP
input stage allows them to compare voltages
that include ground. The two-stage common-
emitter output circuit provides gain and output
sink capacity of 3.2mA at an output level of
400mV. The output collector is left open, per-
mitting the designer to drive devices in the range
of 2V to 36V.

Schematic Diagram (1/4 Shown)

They are intended for applications not needing
response time less than 1uS, but demanding
excellent op amp input parameters of offset volt-
age, current, and bias current, to ensure accurate
comparison with a reference voltage.

Mask Pattern

2 1 1413

Die Size: 59 x 77 mils
Min. Pad Dimensions: 4 x 4 mils

+Vs

—O (3)
I

4
Inputs
- O0— Output
(4,6.8.10) 1 Q8 (211413)
) o
LA
05 06
GND
O (12)
65-00669A
7-4 65-1029A Raytheon



LM139/139A, 239/239A, 339/339A,

LM2901, RC3302

Connection Information

Single-Supply
Quad Comparators

Absolute Maximum Ratings

14-Lead Supply Voltage, +Vs ...........e. +36 or =18V
Dual In-Line Package 'RCSBO.Z ..................... +28V or =14V
(Top View) Differential Input Voltage .............. +36V
RC3302 .....oivi i +28V
° A\ Input Voltage .................. -0.3V to +36V
E E RC3302 ......cocviiiiin.. -0.3V to +28V
Output Short Circuit
E '1—_3| toGround' ...l Continuous
Input Current (Vy<-0.3V)2 ............ 50mA
E A 1—2_! Operating Temperature Range
LM139 ... -55°C to +125°C
E El LM239 ... -25°C to +85°C
LM339 ...t 0°C to +70°C
E 1__0| LM2901/RC3302 ........... -40°C to +85°C
Storage Temperature Range
E E Standard Packages ....... -65°C to +150°C
Micro-Pak (LM only) ...... -40°C to +125°C
[z 8 Lead Soldering Temperature (10 Sec)
Standard Packages ............... +300°C
55.00670 Micro-Pak (LMonly) .............. +260°C
Pin Function
! Output 2 Ordering Information
2 Output 1
3 +Vg Operating
4 -Input 1 Part Number Package Temperature Range
5 +input 1 LM339J Ceramic 0°C to +70°C
6 -Input 2 LM339M Micro-Pak 0°C to +70°C
7 +input 2 LM339N Plastic 0°C to +70°C
8 -Input 3 LM339AJ Ceramic 0°C to +70°C
9 +input 3 LM339AM Micro-Pak 0°C to +70°C
10 -Input4 LM339AN<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>