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ANALOG
DEVICES

High-Output-Current
Operational Amplifier (Ayg, = 9)

0P-30

FEATURES

¢ Openloop@Gain .................. 10,000,000V/V Min

® LowinputOffsetVoitage ................. .. 25,V Max

e LowinputBiasCurrent ...................... SnA Max

e Excellent TCVog ..... Ceererarenrnraenen 0.3.¥/°C Max

o HIGhCMRR ...............coociiiiiniinne 12648 Min

o HighPSRR ............cooooiiiiiininenn 128dB Min

e LowNolse .................... 5,5nV/\/Hz @ 1= 10Hz
.................... 4Sav/\/Hz @1=1kHz

o HighOutputCurrent _...........cvvvveenneene +50mA

e Drives Capecitive Loads up to 10nF

¢ On-Board Thermal Shutdown Clrcuit

s Avaiiable in Die Form

PIN CONNECTIONS

14-PIN HERMETIC DIP
(Y-Suffix)

NOTE:
NO INTERNAL CONNECTION TO
PINS 3, 4, AND 8.

ORDERING INFORMATION
7,=28°C _PACKAGE = OPERATING
Vog MAX CERDIP TEMPERATURE
W) 14-PIN RANGE
25 OP-SOAY" MIL
100 OP-50BY" MIL
25 OP-50EY IND
100 OP-50FY IND

*  Fordevices pioceseed in totel complisnce to MIL-STD-883, add /BS3 after part
number. Consult factory for §83 data sheel.

t  Bumdn is available on commaercial and industsial lsmperaturs tange parts in
CorDIP, piastic DIP, and TO-can packages.

GENERAL DESCRIPTION

The OP-50 eliminates the need for an output butfer in appli-
cations which require high load-driving capability coupled
with premium amplifier performance. The output stage can
drive £50mA into 500 loads. in addition, the output is stable
with capacitive loads of up to 10nF. This load driving ability
makes the OP-50 ideal for amplifying small signals tor trans-
mission through long cables. The amplifier features open-
loop voltage gain of over 10 million with common-mode
rejection and power supply rejection of greater than 126d8
(AVE grades).
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Manutactured under the foliowing patents: 4.471,321 and 4,503,381,
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The OP-50 is stable for closed-loop gains above 50, and can
be externatly compensated for closed-loop gainsin therange
of 5 10 50. The amplifier is designed for use in high-gain
and/or high-output-current applications. For example, an
OR-07 coupled with an output buffer can be replaced by a
single OP-50 amplifier.

lon-implanted superbeta transisiors, combined with a pat-
ented input bias current canceliation circuit, provide aninput
blas current of only SnA and input offset current of InA. Over
the full military temperature range, input bias current and
input oftset current for an A-grade device does not exceed
8nA and 3nA, respectively. Input offset voitages are trimmed
to a maximum of 25,V (A/E grades) and 100uV (B/F grades)
using PMI's zener-zapping technique. This low offset etimi-
nates the need for an oftset trimpot in most applications.

Low voitage-noise, typically 4.5nV/\/Hz at 1kHz, isachieved
in the OP-50 with minimum sacrifice of input protection.
Overioad protection is provided by input resistors of 2501
and emitter-basa diodes. The input resistors provide current

limit protection against differential inputs of up to 10V, and.

the diodes prevent avalanche breakdown which could
degrade the 1. 1os. and matching of the input stage transis-
tors. External resistors can be added to the input to guard
against higher input voltages; however, the added resistors
will degrade noise voltage performance. When minimum
noise voitage is required, source resistance should be kept
below a few hundred ohms.

Separate output-stage power supply pinsare provided on the
OP-50 1o aitow control of device power dissipation and out-
put voitage 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 voitage. When operating both
the main ampiifier and the output stage at the same voltages,
the corresponding power supply pins may be tied together.
Decoupling capacitors are recommended between the power
supply pins and analog ground. it is necessary to use decou-
pling capacitors on sach power supply pin when operating
the output stage at supply voltages less than the amplifier
supply voitage. Do not operale the output-stage negative
power supply pin at a more negative voitage than the nega-
tive suppty 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 internai
temperature rise when operating at high output power levels.
The use of standard dual-in-line package heatsinks will help
1o dissipale 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
5011 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 automaticaily shuts down. The
amplifier input stage remaing 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
S and 50 using a series resistor and capacitor. These vatues
can be adjusted to minimize overshoot for a given applica-
tion. The recommended compensation is:

GAIN RANGE Rc Ce
5< Ay <20 5600} 47nF
20S Ay S 30 3.3k0 nF
AyeL 250 No compensation required
COMPENSATION
n———

ABSOLUTE MAXIMUM RATINGS (Nota 1)

Supply Voltage (Note 2) - . . x18V
Input Voltage Supply Voltage
Differential Input VOtage (NOte 3) ... +10V
Differential input Current (Note 3) 220mA
Output Short-Circuit Duration ..................cccccoecmmenncenee Indefinite
Storage Temperature Range ............ccoen.e... -85°Cto +150°C
Operating Temperature Range

OP-50A, B *C 10 +126°C

OP-50E, F -25°Ct0 +85°C
Lead Temperature (Soldering, 60 sec) ............ rereresensnene 300°C
Junction Temperature (T) ........ccreurerssrersecens -85°C 1o +150C
PACKAGE TYPE e, (NOTE4) L UNITS
14-Pin Hermetic DIP (V) 90 12 W
NOTES:

1. mmmwwm“mwmmm

2. mwmwbumwpﬂym No devics pins should
Dbe connected 10 & vokege more negelive than the supply fo V-, pin 5.

3. The OP50's inpuls are protecied by 250G series resistors and protection
diodes. i the dilferential input voltage exceeds =10V, the input current muat
e Kmited to a20mA.

4. oui-mwmﬁ-nwiwmmn ol‘bwﬁodhr
device in sacket for CerDIP package.
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ELECTRICAL CHARACTERISTICS at V+ = +Vgp = +15V, V- = -Vop = -15V. Ta = 25°C, no compensation. uniess otherwise

notad.
OP-S0A/E OP-50B/F
PARAMETER sYmMsOL CONDITIONS N TV MAX WN TYP  MAX uNITS
input Offset Voltage Vos - ) - so 00 WV
tnput Bias Current Il - - 15 - E3 +10 nA
input Ofiset Current los - o1 1 - o 3 nA
input Voltages Range VR CMAR 2 100dB $12 - - 112 - - v
R, 25000 313 2134 - 113 1134 -
Output Vottage Swing Vo R, 2 500 {Now 1) 125 40 - 125 240 - v
‘ Vi = +Vgg = 45V,
X V== ~Vop = =5V
Outgut Voltage Swing Vo R, = 5000 tas  +a8 - +35 138 - v
R, =%0n 225 28 - 125 *28 -
Rz 20
Siew Rate sA Re = 3600 25 30 - 25 a0 - Vius
Ce = 4TnF
mm“;m CMRR Vear® 110V 2% W - w2 - a8
: "I" ?"’:;io PSAR Vg=28Vio 218V - o1 o5 -  os 1 WV
"’w‘ :::.;::n Avo Vo = $10V. Ry = 1k 0w 2 - 75 15 - vigV
Gain-Bandwidth Product GBW Aygy = 50 (Nots 2) N - 15 2 - MHz
°a' :"’""x; Rp = 100K0 +10 12§  — ©no 25 - -~
Input Noise Voltege s 12 0.1Hz to 1WHz - om - - on - WVe-p
] ) 1= 10Hz - 55 85 - 55 &S —
Noise Voltage Density on 1= 1 N0t - a5 60 — a5 8o WH
Noise Current ing-p t = 0.YHz to 10Hz - 2 - - 2 - pAp.p
. 1= 100H2 - 03 - - 03 - —
Noise Cusrent Density in = 1KH2 - 023 - _ 023 _ PA/\ HE
oot Supply lev No Load - 28 33 - 28 23 mA
Poaitive Current Limit Hee Output shored 1o Ground 0 95 120 0 9 120 ma
Negstive Current Limit ~lgg Output shorted 1o Ground 60 85 120 60 8s 120 mA
Ditforontial-Mode
- - 2 —
input Resistance Rwo : Mt
Common-Mode
— 20 — — 20 - (31}
tnput Resistance Amcn
o Ay 2
°c':‘°'""‘ Load G Rc= 56011 (Note 2) v - - - - oF
pabsity Com 4InF
Settling 10 0.01%, Vo = 20V,
Settling-Time ta AyeL = 500 - 30 - - 30 - e
Avey = 1000 - ®w - - & -
NoTER:

1. Guarantsed by currant limit teste.

2. Guaranteed by design.

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

OP-SOE OP-SOF
PARAMETER SYMOOL CONDITIONS MIN  TYP  MAX MIN  TYP  MAX uNITS
input Offsst Voltags Vos - 0 48 - 50 150 w
nput Otfset
Voltage Orift TCVops (Note 1) - 0.15 03 - 03 1 w/ee
Input Biss Current e - 32 7 - R 25 nA
Input Offset Current los - 0.2 25 - 0.2 20 nA
Input Offset -
Cunent Drift TClos - 3 5 - pA/*C
input Blas ‘ .
Current Drift TClo x - so - pAITC
input Voltago Range VR CMRR 2 100¢8 18 - - 2118 -
Output Voitage Swing Vo R, 5000 312 134 - 12 2134 -
Common-Mode
-t I —_ -
Reisction Rstio CMRR Vou = T10V 120 30 105 120 aB
Power Supply - _
Reisction Ratio PSAR Vg - £5V to 215V 05 125 05 1.25 wrv
Quiescent Supaly sy No Load - 28 4 - 28 4 mA
Current .
. Vour = 210V, - -
Open-Loop Gain Avo A= N {Note 2) 4 15 4 15 Viuv
NOTES:

1. TCVqg tested on E grade. gusrantead by design on F grade specification.
2. Gusraniesd by design.

ELECTRICAL CHARACTERISTICS atV+ = +Vgp= 115V, V- =-Vpp=-18V. -556°C = T, = +125°C. no compensation, unless

otherwise noted.
OP-S0A oP-508
PARAMETER SYMBOL CONDITIONS MN TYP MAX MmN TYP MAX uNITS
Input Offset Voltage Vos - 20 S5 - 50 200 w
input Otfset
- 0.15 0.3 - 0.3 1 VvreC
Voltage Drift TCVos . #
tnput Bias Current ig - 12 8 - 2 +20 nA
input Otfeet Curcent los - 0.5 3 - 0S8 12 nA
input Offset
- 3 - - 5 - A/°C
Current Dritt TClos e
input Bias
20 - - 50 - AL
Current Drit TCle o PA/C
Input Voltage Range IVR CMRAR > 10008 15 - - !‘1.5 - - v
H Output Voltage Swing Vo R, > S000 112 132 - 2 1132 - v
Common-Mode
MRR = 1 130 - 105 120 - a8
Rejaction Ratio c Vo = 21V o 20
Power Sunply
Vg = 5V to 115V - o5 1.2 - 05 125 VIV
Asiaction Matio PSAR s=5Vio L .
Quisacent Supply - No Loas - 28 . - 28 . ma
Current
Open-Loop Gain Avo Vo= X10V, {Note 1) 4 10 - 4 10 - VigV
R, = i}
NOTE:

1. Tested st +125°C. guaranteed by design at ~SS°C.
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DICE CHARACTERISTICS

1. NONINVERTING INPUT
2. INVERTING INPUT

§. V-

6. OUTPUT

T. ~VYop

9. V+

0. +Vo»

11. COMPENSATION

12. COMPENBATION

13. NULL

", NULL

5. V- (OPTIONAL BONDING PAD)"

DIE $1ZE 0.140 X 0,911 Inch, 16,539 9. mits
{3.78 X 2.62 mm, 10.86 5q. mm)

WAFER TEST LIMITS at V4 = +Vop = +15V, V- = -Vop = ~15V, Tp = 25°C. no compensation, uniess otherwise noted.

OP-50G
PARAMETER SYMSOL CONDITIONS [ 1] UNITS
input Ofiset Voltage Vos 100 uV MAX
Input Bias Curront Ig 10 NA MAX
tnput Offset Current los 3 nA MAX
Output Voltage Swing Vo R, 2 5001 =13 V MIN
V4 = $Vpp = 8V, V- = ~Vgp = -5V
Output Voitage Swing Vo R, = 8001 38 V MIN
R, = 501! 25
Common-Mode
+ 110

Reiection Rat CMRR Veu = 90V e d8 MIN
Power Supply -

-ection Reho PSRR Vg=1S5Vic 18V ) 1 WV MAX
Large-Signal -

Vottage Gain Avo Vo= $10V. R, = 1k 75 ViuV MIN
Positive Curreat Limi oo Output shorted 10 Ground 60 mA MIN
Negative Current Limit ~lgc Otput shorted to Ground 60 mA MIN
Quisscant Supply sy No Losd 33 mA MAX

Current
NOTE:

Electrical tests are nrfemod at wafor probe 10 the limits shown. Due %0 variations in b and normal yield l0ss, yield after packaging is nor
g d for p t dice. Consult tactnfy 1o negotiate w-cwmwmdmmmw gh sample tot bly and testing.
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TYPICAL ELECTRICAL CHARACTERISTICS at V+ = +Vop = +15V, V- =—Vgp=-15V. To = 25°C, no compensation, uniess

otherwise noted.

OP-50G
PARAMETER SYMBOL CONDITIONS TYPICAL UNITS
R 2 2k}
Slaw Hate SR R¢ = 5601} 3 Vips
Ce=4TnF
(= 10M 55
’” ’-'—
Noise Voltage Density on 1= WHz .S oV Hz
inpul Noiss Vohage ®np-p = 0.9M2 0 10Hz 0.12 wVp-p
. X . = 10H2 02 f—
Noise Current Density in { = tkiz 048 pA/\ H
Capacitive Load Avo 28 ‘
Capability Co R = 5601) 10 oF
' Cc - 4InF

NOISE TEST CIRCUIT (0.1 TO 10Hz)

- BURAN-IN CIRCUIT OFFSET NULLING CIRCUIT

AL RFJISTORS ARE 1% METAL FLM.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TCVosg TEST CIRCUIT

SVISHAY TYPE SWI2K RESISTORS

APPLICATIONS INFORMATION
HIGH-SENSITIVITY VOLTAGE COMPARATOR

cverdriving of the long-tailed 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 falil times
as the output slews over a reduced voitage range. This, in
turn, reduces the cutput response time.

it is common practice with voltage comparators to ground
one input terminal and to use & single-ended input. The
historic 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-
encaes in the presence of large common-mode signals.

The comparator is not fast, but it is very sensitive and can
detect signal differences as low as 0.3uV. With large input
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.

A comparator capabie of resolving a submicrovolt difference INPUT OVERDRIVE 0omV  10mV  1mV 1004V 104V
signal is shown in Figure 1. The OP-50, operating without - 300 Y
feedback. drives a second gain stage which generatesa TTL- ::;‘:"‘::' Ogm‘zﬁ;:zy :"iz g““‘: ‘53:“: 390:: i
compatible output signal. Schottky-clamp diodes prevent ‘ .
i‘lhr p e
>

A/

FIGURE 1: HIGH-SENSITIVITY VOLTAGE COMPARATOR

-10-
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INTEGRATOR AND UNITY-GAIN BUFFER

Figure 2 shows a method of obtaining unity-gain in a buffer
configurstion. 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.

W

Vi Ot

o

FIGURE 3: INTEGRATOR

20mA CURRENT SOURCE

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

Compliance is better than 11V at an output current of 20mA
and the trimmed output resistance is typically 2M01 with
R < 5000). The transter function is given by:

= Yin (oiFp) X 10.1
101

tour Amps

Vin (oiFr) is the differential input voltage. For the resistor
vaiues shown in Figure 4, the maximum Vi (pier) is 200mV.

MR 20.1% W 1%
vy ooy
MAA AN/
+18v
10nF
wopen |, :
A
1015 £0.7%
Van(OIFF) —AA -0 'our
10882 £0.1%
O AAA
WA
‘°“l‘l"‘°"‘ !- 1
VWA~ AN
k1)
Royy TRIM

WOWLAND CURRENT PP
VOLTAGE COMPLIANCE: TV1.0V @ loyy - 20mA

QUTPUT REBSTANCE. Rout (AT = 20mA AND A <50011): S2MT
STABLE WiTH ALL VAL oF ¢, ITIVE LOAD.

FIGURE 4: 20mA CURRENT SOURCE

DRIVING 5001 LOADS

The OP-50can provide up to 50mA into a 50{} load andup to
26mA into a 50011 ioad. The output is stable driving capacitive
loads of up to 10nF.

Applications that make use of the high output current capa-
pility of the OP-50 will cause increased power dissipation in
the amplitier. To reduce intarnal dissipation in these applica-
tions, external voliage dropping resistors can be connected
in series with the cutput-stage power supply pins. As shown
in Figure 5, 130N resistors can be attached to pin 7 (~Voe) and
10 pin 10 (+Vop). 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.

-3V

NOTE:
AESISTOAS RT AND R2 AEDUCE IC POWER DISSIPATION.

FIGURE §: DRIVING 50() LOADS
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