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High-Output-Current
Operational Amplifier (A,;, = 5)

OP-30

FEATURES
® Open-loopGain .................. 10,000,000V/V Min
® Low Input Offset Voltage ................... 25,V Max
® LowlinputBiasCurrent ...................... 5nA Max
® Excellent TCVgs .....ooovvvvvonnnnnnns 0.3uV/°C Max
® HIghCMBR ...oovovimmnamnaiiieyss 126dB Min
& HIgh PBAR ...coovvnvinmmsisssmsm s 126dB Min
® LowNoise .................... 5.5nV/\/ Hz @t = 10Hz
....... cereeeei.... 8.50V//HZ @ 1= 1TkHz
¢ HighQutputCurrent .................cc000nn +50mA
® Drives Capacitive Loads up to 10nF

On-Board Thermal Shutdown Circuit
vailal Die Form

ORDERING INFORMATION'

T,=25°C __PACKAGE OPERATING
Vos MAX CERDIP TEMPERATURE
(&V) 14-PIN RANGE
25 OP-50AY" MIL
100 OP-508Y" MIL
25 OP-50EY IND
100 OP-50FY IND

For devices processed in total compliance to MIL-STD-883, add /883 after part
number. Consult factory for BB3 data sheel.

Burn-in is available on commercial and industrial lemperalure range parts in
CerDIP, plastic DIP, and TO-can packages.

GENERAL DESCRIPTION

The OP-50 eliminates the need for an output buffer in appli-
cations which require high load-driving capability coupled

NOTE:
NO INTERNAL CONNE
PINS 1 4 aND 8,

N TO

with premium amplifier performance. The output stage can
drive 50mA into 50() loads. In addition, the output is stable
capacitive loads of up to 10nF. This load driving ability
kes the OP-5Qdeal for amplifying small signals for trans-
ssion throug . The amplifier features open-
TH+ with common-mode

SIMPLIFIED SCHEMATIC
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*NOTE SEPARATE SUPPLIES FOR QUTPUT STAGE

Manulactured under the following patents: 4,471,321 and 4,503,381,
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The OP-50is stable for closed-loop gains above 50, and can
be externally compensated for closed-loop gainsin the range
of 5 to 50. The amplifier is designed for use in high-gain
and/or high-output-current applications. For example, an
QOP-07 coupled with an output buffer can be replaced by a
single OP-50 ampilifier.

lon-implanted superbeta transistors, combined with a pat-
ented input bias current cancellation circuit, provide an input
bias currentof only 5nA and input oftset current of 1inA. Over
the fuli military temperature range, input bias current and
input oftset current for an A-grade device does not exceed
8nA and 3nA, respectively. Input offset voltages are trimmed
to a maximum of 25V (A/E grades) and 100u4V (B/F grades)
using PMI's zener-zapping technique. This low offset elimi-
nates the need for an offset trimpot in most applications.

W Itage noise, typ;caliy4 5nW\x Hz at 1kHz tsacmeved

epeal _avakdnche [org

.fos. and\matching\Qi tRe i
3l desistors gap be added
Er~pulvol 5 i

will degrade noise voltage pe
noise voltage is required, source Tes
below a few hundred ohmes.

Separate output-stage power supply pinsare provided on
OP-50 to allow cantrol of device power dissipation and out-
put voltage swing. The maximum voltage which may be
applied across the power supply pins is £18V. The guaran-
teed specifications are based on operating both stages at
+15V; however, there is minimal effect on DC performance
when the main amplifier is operated at 15V and the output
stage is operated at a reduced voltage. When operating both
the main amplifier and the outpul stage at the same voltages,
the corresponding power supply pins may be tied together.
Decoupling capacitors are recommended between the power
supply pinsand analog ground. Itis necessary to use decou-
pling capacitors on each power supply pin when operating
the output stage at supply voltages less than the amplifier
supply voltage. Do not operate the output-stage negalive
power supply pin at a more negative voitage than the nega-
tive supply pin (V-).

A thermally-symmetric die layout, which differs from other
op amp designs by the positioning of more devices along the
center line, provides the OP-50 with a thermal drift of less
than 0.3uV/°C. This layout feature is critical to the mainte-
nance of high open-loop gain when driving large-current
loads and dissipating hundreds of milliwatts in the device.
The use of a heatsink is recommended to reduce internal
temperature rise when operating at high output power levels.
The use of standard dual-in-line package heatsinks will help
to dissipate heat to the environment. Other techniques, such
as the use of external voltage-dropping resistors, allow heat
10 be dissipated outside of the package. See Figure 5, "Driving
501} Loads", in the applications section.

A thermal-shutdown circuit protects the OP-50 from overdis-
sipation. When the die temperature reaches approximately
165°C, the output stage automatically shuts down. The
amplifier input stage remains fully operational, thereby pro-
tecting the signal source from any loading changes caused
by a complete shutdown,

COMPENSATION FOR GAINS BETWEEN 5 AND 50

The OP-50 can be compensated for inverting gains between
5 and 50 using a series resistor and capacitor. These values
can be adjusted to minimize overshoot for a given applica-
tion. The recommended compensation is:

GAIN RANGE Rc Cec

SSAUth: 20 56011 4,7nF

202 Ay =50 3.3k inF
Ayc =50 No compensation required

COMPENSATION

ABSOLUTE MA
Supply Voltage (Note 2)
Input Voltage ... .

Differential !npul Vonage {Nota 3]
Differential input Current (Note 3) ......coooeecveicecin

Output Short-Circuit Duration.................c.cocvne........ Indefinite
Storage Temperature Range ........................ -65°C to +150°C
Operating Temperature Range

OP-50A, B ... ..—55°C 1o +125°C

OP-80E, F o.covinimiismiomsmmonsissssisssissssssassmsissniion -25°C 10 +85°C
Lead Temparature (Sotdenng 60 sec} oo ..300°C
Junction Temperature {Tf.) —65 Cto +150C
PACKAGE TYPE 8,, NOTE 4) 8¢ UNITS
14-Pin Hermetic DIP (Y) 89 12 Ciw

NOTES:

1. Absoclute ratings apply to both DICE and packaged parts, uniess otherwise
noted.

2. Supply vollage rating applies lo all power supply pins. No device pins should
be connected 1o a voltage more negative than the supply lo V-, pin 5.

3. The OP-50's inputs are protacled by 2500 series resislors and protection
diodes. If the differential inpul voltage exceeds =10V, the input current must
ba limited to «20mA._

4. 8, is specified for worsl case mounling condilions, i.e.. B
dowce in socket tor CorDIP package.

is specified for
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ELECTRICAL CHARACTERISTICS at V+ = +Vgp = +15V, V- = -Vgp=-15V, Ta = 25°C, no compensation. unless otherwise

noted.
OP-50A/E OP-50B/F
PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX MIN  TYP  MAX UNITS
input Olfset Voltage Vos — 10 25 — 50 100 wV
Input Bias Current s - 3 5 - £ +10 nA
Input Otfset Current los - oA 1 — 0.1 3 nA
Input Voltage Range VR CMRR > 100dB +12 - - 112 s o v
R, 250001 213 134 - 13 4134 =
Output Voltage S v,
RN oW o R, 2 500 (Note 1) £25 =40 — T25 140 " ¥
V4 = +Vgp = +5V,
V- = -Vgp= -5V
v
N VoRaon Sue Vo R = 5000 -3s  +38 - +35  +38  —
~ R, =500 : +25 28 — 125 28 -
Sighv Hate - 25 30 ~ 25 30 = Vigs

Mpd
:::?_ \\ /7!25 140 - 10 120 - B
j ]
V1o £15V // // - o1 N 05 1 VIV

Power Supply
Rejection Ratio

Lavgw Sl Avo Vo = + N E=TRA 0 20 75 5
Voltage Gain [~
-] =

Gain-Bandwidth Product GBW Ayc. = 50 (Note 2) LT~ o [ - 15

Offset Volit o o

set Voltage
@ Rp = 100k} .0

Range Adjust

Input Noise Voltage 8np-p f=0.1Hz to 10Hz - 0.12 - -

- : _ f = 10Hz - 55 85 = 55 h ~
Noise Voltage Density €n § = TkH2 (Note 3) o 45 60 = 45 6.0 L
Noise Current ing-p t=0.1Hz to 10Hz - 2 - - 2 — PAp o

1= 100Hz - 0.3 - - 0.3 - ——
Nai t i i vy
aise Current Density in s _ 0.23 _ _ 023 _ pA/\ Hz
Quiescent Suppl
e NSy lsy No Load - 26 33 26 33 mA
Currant
Positive Current Limit +Hge Output sharted to Ground 60 95 120 60 a5 120 ma
Negative Current Limit Isc Quiput sharted 10 Ground 60 85 120 60 85 120 mA
Ditferential-Mode
- 2 I
input Resistance Ao 2 s
Common-Mcde
input Resistance Rinem i 20 - - 20 i Gn
" Ayc 25
t
cg:“;;;f S G Re = 5600 (Note 2) 10 - - 10 = = nF
PR Ce = 47nF
Settling to 0.01%, Vo = 20V,.p
Settling-Time ts AycL =500 — 30 - - 30 - P

Ayc, = 1000 - 60 - - 50 -

NOTES:

1. Guaranteed by current limit tests
2. Guaranteed by design

3. Sample tested.
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ELECTRICAL CHARACTERISTICS at V+ = +Vgp = +15V, V== -Vgp = =15V, =25°C < T4 < +85°C, no compensation, unless
otherwise noted.

OP-50E OP-50F
PARAMETER SYMBOL COMNDITIONS MIN TYP MAX MIN TYP MAX UNITS
Iinput Offset Voltage Vos - 20 45 — 50 150 uv
Input Offset
TCV, Note — 0.15 0.3 — 3 i
Voltage Drift os (Nota 1) 1 o 1 WG
Input Bias Current Ig +2 *7 - = 25 nA
Input Offset Current las = 0.2 25 = 02 20 nA
Input Offset 4
Current Drift TClos - - - - . = antiles
TCI - 20 - - 50 - . Viad
Current [~ b pA/*C
input vouagc;n%nga / \Q CMRR = 100dB 2115 - - #1158 = v

f
Qutput Volta e}winé L L,)
—
;"Z{ //\?MHR
Ton HAatio
Power Supply MHR Ve s\ o A5
Rejection Ratio ‘_\ 5

Quiescent Supply

i
Current L
Open-Loop Gain A
RENSLO0R SN vo R, = 1kf1
NOTES:

1. TCVpg tested on E grade. guaranteed by design on F grade specification.
2. Guaranteed by design.

ELECTRICAL CHARACTERISTICS atVI = 1Vgp=115V. V- =-Vpp=-15V, -55°C = To = +125°C, no compensation, U
otherwise noted.

OP-50A OP-50B
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Input Offset Voltage Vos - 20 55 - 50 200 Y
Input Offset
- B! ) — . 1 1°
Voltage Drift TCVos i " 3 ik
Input Bias Current Iy - +2 *8 — *2 +20 na
input Offset Current los - 0.5 3 - 05 12 nA
input Offset %
Current Datt TClos 3 - - -] - pA/*C
inpul Bias
T e @
Current Drift Clg 20 50 pA/°C
Input Voltage Range IVR CMRR = 10038 +11.5 - - 115 - - v
Output Voltage Swing Vo Ry > 5001 112 132 - *12 132 - v
Common-Mode
o= 1 1 . =
Rejection Ratio CMAR Ve o 120 30 105 120 48
P s I
ke PSAR Vg = £5V to 15V - ous 128 - 05 128 WiV
Rejeclion Ratio
Cilegmns Supty lgy No Load - 28 4 — 28 4 mA
Current
Vg = +10V
Open-Loop Gain Ao g {Note 1) 4 10 . 4 10 = ViV
A, = ki)
NOTE:

1. Tested at +125°C, guaranteed by design at -55°C
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DICE CHARACTERISTICS

. NONINVERTING INPUT
. INVERTING INPUT

V-

. OUTPUT

Vor

9. V+

10. +Vop

11. COMPENSATION

12. COMPENSATION

13. NULL

14. NULL

15. V- (OPTIONAL BONDING PAD)"

NN -

WAFER TEST TS at \(+ TVOP +15 V["Vopd—1 V T,\/Z?“C no com uniess otherwise noted.
PARAMETER SYMBOL cunr}w\
Input Offset Voltage

input Bias Current |B m

Input Offset Current los
Output Voitage Swing Vo R, 2 5000
Ve = +Vgp = +5Y, V- = ~Vgp = -5V
Output Voitage Swing Vo R, = 50001 +3.5
R, =500 125
c -Mode
conen CMRR Vew = £10V 110 dB MIN
Rejection Ratio
Power Suppl
stusberin PSRR V= £5V 10 =15V 1 VIV MAX
Hejection Katio
-Signal
o iy A Ve = £10V. R, = Tk(} 75 V/uV MIN
Voltage Gain
Positive Currenl Limut +Hse Outpur shorted to Ground 60 mA MIN
Negetwe Current Limit -lse Output shorted to Ground 60 ma MIN
Quiescent Suppl
i UPPY lgy No Load 3a mA MAX
Current :
NOTE:

Electrical tests are performed at wafer probe to the limits shown. Due to varations in assembly methods and normal yield loss, yield after packaging is not
guaranteed for standard product dice. Consult factory to negotiate specilications based on dice lot qualification through sample lot assembly and testing.
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TYPICALELECTRICAL CHARACTERISTICS atV+=+Vgp=115V,V-=-Vgp= 15V, Ta=25°C, no compensation, unless
otherwise noted.

OP-50G
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS
R, > 2kl
Siew Hate SH R = 56011 3 Vius
i FFEEE IS S SN CC = ‘THF - e ——————
1= 10Hz 55 —_—
i I i Vi H
Noise Voltage Density en t=ii 45 nv!y/ Hz
Inpul Nouse Vaolage Enp-p 1= 0.1H7 to 10Hz 0.12 uVp.p
f = 10H2 02 —_—
; xjd
Noise Current Density in ——— 015 pA/\ Hz
Capacitive Load Ay 25 .
Capability €y Re = 5601 10 nF
Ce - 47nF

0O 10Hz)

NOISE T CI

Jy

o

BURN-IN CIRCUIT OFFSET NULLING CIRCUIT

18V
[+]

4 InfF

-18v

ALl RFRISTORS ARF 1% MFTAI FILM
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TYPICAL PERFORMANCE CHARACTERISTICS
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The symbol tVgis used 1o ingdicate the supply voitages when the main amplifier
and the output stage are being operated at the same voltages.

INPUT BIAS CURRENT

vs COMMON-MODE VOLTAGE
10
US»-‘EW
25
; h“‘:\ 125°C
= 21
z
g =55
z
g s
g r""'-—..__-\‘-‘zjrc
'é 10 —
£
ns
]
T -5 0 5 10

COMMON-MODE VOLTAGE iVOLTS}

SLEW RATE vs
/~TEMPERATURE

ST T 1]

i

35

M

b Avgy * 10 {

RNt | I
Hp = 56482 i |
- Rc o)
W Cg “4.TnF r
LR (1] : i
.5 - L & i v i
ea Cp = W000pF ] | |
] i H :
=15 -50 -25 0 2% S0 15 W0 125
TEMPERATURE [°C)
PSRR vs
FREQUENCY
150 -
— : IINCOMPENSATED
190 Mo - 4
\: Ty 25°C
= — Vg :16V
g 130 X
= \ \ VCL * 1000
g 120
g N
E 19 ™
H
» 100 5
25
i w N
2 \ \
]
H Y -rsnR
g 70
" ! PSAR
" |

-
('] 100 1k 10k 100k M
FREQUENCY {Mz)



ANALOG DEVICES FAX-ON-DEMAND HOTLINE

0P-50

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TCVps TEST CIRCUIT overdriving of the long-taiied transistor pair and stop satura-
tion of the output transistor. Power supply voltage is set to
+5V to lower the quiescent power dissipation and minimize
thermal feedback due to output stage dissipation. Operating
from +5V supplies also reduces the OP-50 rise and fall times
as the output slews over a reduced voltage range. This, in
turn, reduces the output response time.

100k 1%

It is common practice with voltage comparators to ground
one input terminal and to use a single-ended input. The
histaric reason is poor common-mode rejection on the input
stage. In contrast, the OP-50 has very high common-mode
rejection and is capable of detecting microvolt level differ-
18V ences In the presence of large common-mode signals.

1080 1%

“VISHAY TYPE 102K RESISTORS The comparator is not fast, but it is very sensitive and can
detect signal differences as low as 0.3pV. With large input
s overdrives, the circuit responds in approximately 3us. If
sharp transitions are needed, the use of a TTL Schmitt-
trigger input is recommended. A table of Response Time vs.
Input Overdrive is shown below.

INPUT OVERDRIVE 100my  10mv imv 100V 10uV

ositive Qutput Delay 3.2u8 Sus 40us 340us 24ms
egati@utpulbeiay 1.Bus 5us 50us 380us 4.5ms

[ —
—J

&

FIGURE 1: HIGH-SENSITIVITY VOLTAGE COMPARATOR

-10-

U[/Z/
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INTEGRATOR AND UNITY-GAIN BUFFER

Figure 2 shows a method of obtaining unity-gain in a buffer
configuration. The R1 and C1 network provides input com-
pensation to circumvent the minimum gain requirement.
Figure 3 shows the same technique applied in the inverting
mode to form a high precision integrator.

c1 R?

Vino—9

v
0.1uF 2000

[

2 =

N—/

-
—

R
Vi O——ANA

c1 .
0 1uF

FIGURE 3: INTEGRATOR

20mA CURRENT SCURCE

The 20mA current source exploits the high output current
and high linearity capabilities of the OP-50. Five precision
resistors and a trim potentiometer are required in this circuit
configuration, known as the Howland Current Pump. The
trim potentiometer is used to balance the resistive feedback
dividers. This maximizes the current-source output impe-
dance. Compensation is selected for a voltage gain of 10.

Compliance is better than £11V at an output current of 20mA

and the trimmed output resistance is typically 2M with
Ry = 5001). The transfer function is given by:

Vin (oiFF) X 10.1
lour = —"——10:—_ Amps

Vin (piFF) is the differential input voltage. For the resistor
values shown in Figure 4, the maximum V|n (oifr) i 200mV.

100k 0.1%  Teil £1%

W0kt +01%

10102 +0.1%
—AAA——0 lout

VINDIFF)

10012 +0.1%
v

wil
Ryt TRIM

HOWLAND CURRENT PUMP

VOLTAGE COMPLIANCE: :11.0V @ I 7« 20mA

QUTPUT RESISTANCE. Rgy7 (AT Igyr = 20mA AND Ry <50011): =2mMil
/7 STABLE WITH ALL VALUES OF CAPACITIVE LOAD

Applications that makése /
bility of the OP-50 will cause increase

ipation in

realica-
tions, external voltage dropping resistors can be confies
in series with the output-stage power supply pins. As shown
in Figure 5, 130(1 resistors can be attached to pin 7 (-Vgp) and
to pin 10 (+Vgp). To maintain stability and specified perfor-
mance levels, 0.047uF decoupling capacitors should be used
as indicated from pin 7 and pin 10 to ground.

c3 Loao

13002
o u.murl 5‘1: =
Tu.uu;.r—
0 =15V

NOTE:
RESISTORS R1 AND R2Z REDUCE IC POWER DISSIPATION

FIGURE 5: DRIVING 50{} LOADS



