oP-07

Operational Ampliflers

OP-07 Series
Instrumentation
Grade
Operational
Amplifier

Features

M Low noise 0.1 Hzto 10 Hz —0.35 pV,

B Ultra-low V,, — 10 uV

B Ultra-low V¢ drift — 0.2 pvr°C

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

H Low input bias current — +1 nA

W High CMRR — 126 dB

B Wide input voltage range — £14V

B Wide supply voltage range — +3V to +22V

Description

The OP-07 amplifier series is designed for
precision low level signal conditioning where
ultra low V¢ and TCV . are required along
with very low bias currents. Intemal compensa-
tion eliminates the need for external compo-
nents. Novel circuit design and tight process
controls are used to obtain very low values of
Vos: Vo I8 further reduced by a computer
controﬁed digital nulling techniques at test. Low
frequency noise is minimized. Internal biasing
techniques reduce external bias and offset
currents to values in the order of 1 nA over the
military temperature range. OP-07s are direct
replacements for the 108A, 714, 725 and 5507.
They can replace chopper stabilized amplifiers
in many applications.

Connection Information

8-Lead

TO-99 Metal Can

(Top View)
[

90

@>

Yo

®
®

8-Lead Plastic

Dual In-Line SO-8

(Top View)

B sl b

20-Pad LCC
(Top View)

8-Lead
Dual In-Line Package
(Top View)
g° = @
2 7]
B 6]
4 5]

Pin Function
Vs Trim
-Input
+Input

s
NC

ONONDWN =

4-57



Section 4 OP-07
Ordering Information Absolute Maximum Ratings
Supply Voltage ......ccoeieeeirerrreeieeeecnniaeene 22v
Part Number Packade To'ﬁeratl:'lg INPUt VORAGE™ ......cvoveeecrcreeeecsne s 122V
art Num ackag e nﬁme"re Differential Input Voltage.............c..ceeeeerrenne. 30V
g Internal Power Dissipation** ................. 500 mW
OP-07CT T 0°Cto +70°C Output Short Circuit Duration .............. Indefinite
OP-07DT T 0'C1lo +70°C Storage Temperature
85-3_7,516 g gg :g +;g.g 2 Tl 1= -65°C to +150°C
- + Operating Temperature R
OP-07DD D 0°Cto +70°C %P-O?% ....... pe ..... . eangessc to +125°C
op-ore b A OP-07E/C/D ..coovereevessereesserees 0°C to +70°C
OP-07DN N 0°G 10 +70°C Lead Soldering Temperature
OP-07EN N ‘Ct 70°C (SO‘B, 10 Sec) .................................... +260°C
o e, n A (DIP, LCC, TO-09; 60 $66) .orrrrer +300°C
OP-07DM M 0°C to +70°C “For supply voltages less than +22V, the absolute maxi-
; o . mum input voltage is equal to the su| voltage.
OP-07EM M 0°Cto +70°C **Observe package thermal charact:rri,s'tyics. 9
OP-07T T -55°C to +125°C
OP-077/883B T -55°Cto +125°C
OP-07AT T -55°C to +125°C Mask Pattern
OP-07AT/883B T -55°C to +125°C
OP-07D D -55°C to +125°C 8 7 6
OP-07D/883B D -55°C to +125°C
OP-07AD D -55°C to +125°C
OP-07AD/883B D -55°C to +125°C
OP-07L L -55°C to +125°C
OP-07L/883B L -56°C to +125°C
OP-07AL L -56°C to +125°C
OP-07AL/883B L -55°C t0 +125°C ;
Notes:

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

D = 8 lead ceramic DIP

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

L = 20-pad leadless chip carrier

M = 8-lead plastic SOIC

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

Thermal Characteristics

2 3 4 65-03218A

Die Size: 75 x 78 miis

Min . Pad Dimensions: 4 x 4 mlis

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

Max. Junction Temp. 175°C 175°C 175°C 125°C 125°C
Max. P, T, <50°C 925 mW 833 mW 658 mW 300 mw 468 mw
Therm. Res 6, 37°CwW 45°C/W 50°C/wW - -
Therm. Res. 6,, 105°C/W 150°C/W 190°CW 240°C/W 160°C/W
For T, >50°C Derate at (7.0 mW/"C | 8.33mW/C | 526 mW/C |4.17 mW/C | 6.25 mW/C
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oP-g7

Operational Amplifiers

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

0P-07A P47
Parameters Test Conditions Min | Typ | Max | Min | Typ | Max | Units
Input Offset Voltage' 10 25 0 75 uV
\ngj‘tggT:’sTa'b"i‘l’i‘t’;ﬁ”S“ 02 | 10 02 | 10 | avimo
Input Offset Current 03 | 20 04 28 nA
Input Bias Current H.7 | 2.0 +1.0 | £30] nA
Input Noise Voltage? 0.1Hz to 10Hz 035 | 06 035 | 06 | uVpp
fo = 10Hz 103 | 18 103 | 18 W
Input Noise Voltage Density? fo = 100Hz 10 13 10 13 N3
fo = 1000Hz 96 1 96 1A
Input Noise Current? 0.1Hz to 10Hz 14 30 14 30 | pApp
fg = 10Hz 0.32 | 0.80 032 | 080 ”
input Noise Current Density? fo = 100Hz 0.14 | 023 014 | 0.23 ﬁ
fo = 1000Hz 012 | 0.17 012 | 0.17
Input Resistance (Diff. Mode)* 30 80 20 60 MQ
Input Resistance (Com. Mode) 200 200 Gn
Input Voltage Range +13 | +14 +13 | +14 v
Common Mode Rejection Ratio Vom = 13V 110 | 126 10 | 126 dB
Power Supply Rejection Ratio Vg = £3V to =18V 100 | 110 100 | 110 dB
Large Signal Voltage Gain R = 2k, Vo = £10V 300 | 500 200 | 500 Vimv
Large Signal Voltage Gain?® c:-) f isgogyvs —4gy | 190 | 500 150 | 500
R = 10kQ 125 +13 +1251 £13
Qutput Voltage Swing R = 2k +12 | £12.8 +12 | 128 v
' RL= 1k +105] 12 105 [ 12
Slew Rate RL = 2k 01 | 03 01 | 0.3 ViuS
Unity Gain Bandwidth AycL = +1.0 0.8 08 MHz
Open Loop Output Resistance Vo=01g=0 60 60 0
. Vg = £15V 7 | 120 75 120
Power Consumption mwW
Vg = £3V 40 | 6.0 40 | 60
Offset Adjustment Range Rp = 20k +4.0 +4.0 mV
Notes:

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

3.Guaranteed but not tested.

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

2.5uV.

Raytheon
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Section 4 OP-07
Electrical Characteristics (Continued)
0P07E 0P07C 0P07D
Parameters Test Conditions Min | Typ | Max [ Min | Typ | Max| Min | Typ | Max | Units
Input Offset Voltage' |7 60 | 150 60 | 150 | wnv
\Llf)?th:ESTa'b“i‘I’i‘t‘;ﬂ'fse‘ 03| 15 04 | 20 05 | 30 |uV/Mo
input Offset Current 05| 38 08 | 60 08 | 60| nA
Input Bias Current +1.2( +4.0 +18 [ +7.0 +20 | +12| nA
Input Noise Voltage? 0.1Hz to 10Hz 035]| 06 0.38 | 0.65 0.38 [ 0.65| uVpp
fo = 10Hz 103 18 105 20 05| 20 W
Input Noise Voltage Density2 ( fg = 100Hz 10 | 13 102 [ 135 102 [135| ——
iz
fp = 1000Hz g6 | 11 98 | 115 98 | 11.5
Input Noise Current? 0.1Hz to 10Hz 14| 30 15 | 3H 15 | 35 | pAyp
fo = 10Hz 0.32| 08 035 09 03509 pA
Input Noise Current Density? | fo = 100Hz 0.14] 0.23 0.15 [ 0.27 0.15 | 0.27 ﬁ
fo = 1000Hz 012} 0.17 0.13 | 0.18 013 0.18
|(l[1)[llflfll 'ngi:)t?nce 15 | 50 80| 33 70 [ 3 Ma
'{é%‘::}”&ﬂg;?”“ 160 120 120 GO
Input Voltage Range 13| +14 +13 | +14 +13 | +14 v
ggj’;‘&g’; "F'::t‘l’g Voy = <13V 106 | 123 100 | 120 % | 110 dB
Eg;gg{j#‘;gt{o Vo= +30Vio+18V | 94 | 107 % | 104 %0 | 104 dB
Large Signal Voitage Gain | R_ = 2k, Vg =10V | 200 | 500 120 | 400 120 | 400
e A= 5000, vimy
arge Signal Voltage Gain Vg = 0.5V, Vg = 3.0V 150 | 500 100 | 400 400
RL = 10k +12.5] +13 +12 | +13 +12 1 +13
Output Voltage Swing R = 2k +12 |+128 +11.5(+12.8 +115|+128 v
R = 1k +10.5] £12 +12
Slew Rate RL = 2k 01|03 01103 011 0.3 V/uS
Unity Gain Bandwidth AycL = +1.0 08 0.8 0.8 MHz
8ﬁfgult_%%gistance Vo=01p=0 60 60 60 0
) Vg =15V 75 | 120 80 | 150 80 | 150
Power Consumption mwW
Vs = +3.0v 40| 60 40 | 80 40 | 80
Offset Adjustment Range Rp =20k +40 +40 +4.0 mv

See footnotes on page 3.
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OP-07 Operational Amplifiers

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

0P07A org07

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

Without External Trim? 0.2 06 0.3 13 .

With External Trim? Rp = 20kn 02 | 06 03 | 13 V"G
input Offset Current 08 | 40 1.2 58 nA
Average Input Offset Current Drift? 5.0 25 8.0 50 |pA/°C
Input Bias Current +1.0 | +4.0 +20 [ 60| nA
Average Input Bias Current Drift? 8.0 25 13 50 |pA/°C
Input Voltage Range +13 | 135 +13 | +135 v
Common Mode Rejection Ratio Vem = £13V 106 | 123 106 | 123 dB
Power Supply Rejection Ratio Vg = £3.0V to +18V 94 106 94 106 dB
Large Signal Voltage Gain R =2k, Vp = £10V 200 | 400 150 | 400 Vimv
Output Voltage Swing RL=2kn +12 | £126 +12 | £126 v

Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds
after application of power.
2. This parameter is tested on a sample basis only.
3. Guaranteed but not tested.
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Section 4 oP-07
Electrical Characteristics (Continued)
(Vs = +15V and 0°C < Tp < +70° C unless otherwise noted)
0P-07E 0P07C 0P07D
Parameters Test Conditions Min| Typ | Max | Min | Typ | Max [Min | Typ | Max| Units
Input Offset Voltage' 45 | 130 85 | 250 85| 250 nV
Average Input Offset
Voltage Drift
Without External Trim? 03 | 13 05 |18 071 25 VIoC
With External Trim? Rp = 20kQ 03 | 13 04 | 186 07| 25 #
Input Offset Current 09 | 53 16 | 8.0 16| 80| nA
Average Input Offset R
Current Drift2 80 | 3 12 | 50 12 | 50 | pA/°C
Input Bias Current +1.5 |55 +22 |+9.0 +30| +14( nA
Average Input Bias o
Current Drift2 13 | 35 18 | 50 18 | 50 | pA/°C
Input Voltage Range +13|£135 +13 [+135 +13 [£13.5 v
Common Mode B
Rejection Ratio Vew = 13V 103 | 123 97 | 120 94 | 106 ds
Power Supply -
Rejection Ratio Vs = £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/imy
Output Voltage Swing RL = 2k} +12 [ +126 +11 |+126 +11 |+12.6 v
Notes: 1. Input Offset Voltage measurements are performed by automated test equipment approximately 0.5 seconds after application

of power.

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

Operational Amplifiers

Digital Nulling Technique

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

Vos = Vr InPet3Re oy 4y 2fc
Rc Rc

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

+Vg O-
>
RS 81)
<
2z
o——f
2R1 :: (B2) (Bo) :: 8R1
<4 <
[ SE— b
s 4 {B3)
<
o S—
>
%: R
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%; R2 23
—O0 o—e
3 R3 s
i» ?
5—K01 Q2
INPUTS

‘o

?

AR
Vos =Vr =
c
For Figure 1 R2 + R3 > 8R1, thus
Vos = -V R 7-B3BoB;) (Bg =1
oS Tm( 3B2B41) (Bg=1)
or:
Vog=V R1 1+B3BoB1) Bg=0
0s~VTgsrry (1*BaB2Bil  (Bo=0)

where B3B2B1 is a binary number which cor-
responds to the state of zener diodes Z1, Z2 and
Z3 as per Figure 1.

_ -2.6mV (7 - B3B,B)R1
8R1+R2 +R3

AV(s(25°C) {Bo = 1.0)

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

B1B2B3 = Binary number with values from 0 to 7.

2.6mV (1 + B3B,B4)R1
R2 + R3

AVos(25°C) = (Bo=0)

65-00365A

Figure 1. Digital Nulling Network
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Section 4

OP-07

Typical Performance Characteristics

Untrimmed Offset Voltage vs. Temperature
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opr-07

Operational Amplifiers

Typical Performance Characteristics (Continued)

PSRR vs. Frequency Open Loop Gain vs. Supply Voltage
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Sectlon 4 OP-07

Typical Performance Characteristics (Continued)

Power Consumption vs. Supply Voltage Output Short Circuit Current vs. Time
1000 T ¥ 35 T T T T N g
== f i 1. Vin (Pin 3) = -10mV, Vg = +15V
L 7. -+25°C £ 2 Vin (Pin 3) = +10mV, Vo = -15V |
g HEL
E 100 % o E !
= o
g : ¢ N
2 3 2
K] o 2
8 10 g ——
£ 7 2 1
o « -
[ 1 2 2 | vg=r1sv
l f 8 3 Ta =+25°C
1 ; ] % 5 L
] 20 0 60 0 1 2 3 4
Total Supply Voltage, +Vg to -Vs (V) Thme From Oulput Being Shorted (Minutes)

Typical Applications

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

RF R4
Ay 10K
ngl.!"E +15V Rt MW
Vin R1 BIAS
\VAA — ;1(‘ )
Vo
—0
HIGH SLEW RATE
4 U AMPLIFIER —0 Vo
A2
15V 100
15V
- = vy BE r—
- Vo =-Vin R1 * Ipiag RF - 65-03214A
65-03215A
High Stability Thermocouple Amplifier* Precision Absolute Value Circuit*
R3 R4 RS
10K 10K 10K
SENSING A AA- AAA
JUNCTION
R1 +15V
Vin 10K
—O0 Vo
10V v
o
REFERENCE —0
JUNCTION 010 +10V
R _R2 sV
A3 “ R4
65-03217A

- 65-D3216A

*Pin outs shown for metal can packages
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OoP-07

Operational Amplifiers

Schematic Diagram
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*R2A and R2B are electronically adjusted during factory test for minimum Vggs. 5 0368
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