National
Semiconductor

LM776

Multi-Purpose Programmable Operational Amplifier

General Description

The LM778 Programmable Operational Amplifier is con-
structed using the Planar Epitaxial process. High input im-
pedance, low supply currents, and low input noise over a
wide range of operating supply voltages coupled with pro-
grammable electrical characteristics result in an extremely
versatile amplifier for use in high accuracy, low power con-
sumption analog applications. Input noise voltage and cur-
rent, power consumption, and input current can be opti-
mized by a single resistor or current source that sets the
chip quiescent current for nano watt powsr consumption or
for characteristics similar to the LM741. Internal frequency
compensation, absence of latch up, high slew rate and short
circuit current protection assure ease of use in long time
integrators, active filters, and sample and hold circuits.

Features

u Micropower consumption
| +1.2V to 18V operation
| No frequency compensation required
| Low input bias currents

B Wide programming range
| High slew rate

m Low noise

W Short circuit protection

u Offset null capability

& No latch up

Applications

| Battery-powered instrumentation
& High-gain amp

| Filters

& Sample-and-Hold

Connection Diagrams

Ordering Information

Device Package Package
a-Lead Metal Pckage Code Code Descﬂptlon
OFFSET Iser LM776H HOBA Metal
NULL LM776CH HOBA Metal
LM776CN NOSE Molded DIP
=IN ouT
(J +OFFSET
N NULL
¥- TL/H/10073-1
Top View
Lead 4 connected to case.
8-Lead DIP
-OFFSET 1 N L
NULL SET
=IN 2 N -7—V+
N ‘>—'—s—ou1
_ 4 S +OFFSET
NULL
TL/H/10073-2
Top View
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E Absolute Maximum Ratings
-l If Miiitary/Aerospace specified devices are required, Supply Voltage +18vV
please contact the National Semiconductor Sales Differential Input Voltage + 30V
Office/Distributors for avallabllity and specifications. Input Voltage (Note 3) 115V
s‘;’gtg; (T::r’:"’e’a‘“'e Range e5C 1o + 175°C Voltage Between Offset Nultand V- £0.5V
Molded DIP —B5°C to + 150°C Output Short Gircuit Duration (Note 4) Indefinite
Operating Temperature Range lseT (Maximum Current at lseT) 500 pA
Extended {(LM776M) —55°Cto +125°C VseT (Maxdémum Voltage to
Commercial (LM776C) 0°Cto +70°C Ground at Isgt) (V+ —20V) S Vger < V+
Lead Temperature ESD Tolerance (to be determined)
Metal Can (Soldering, 60 sec.) 300°C
Molded DIP (Soldering, 10 sec.) 265°C
Internal Power Dissipation (Notes 1, 2)
8L-Metal Can 1.00W
8L-Molded DIP 0.93W
LM776
Electrical Characteristics 1, = 25°C, voc = + 15V, unless otherwise specified
Symbol Parameter Conditions IseT = 15 1A IsET = 16 1A | ypite
Min | Typ | Max{ Min | Typ | Max
Vio Input Offset Voltage Rs < 10kQ 20| 50 20 | 50 mv
Vioadj | Input Offset Voltage Adjustment Range 8.0 18 my
o Input Offset Current 0.7 | 3.0 20 | 15 nA
hg Input Bias Current 20 | 75 16 | 50 nA
Z Input Impedance 50 5.0 M0
lce Supply Current 20 25 160 § 180 | pA
Pe Power Consumption 0.75 54 | mW
los Output Short Circuit Current 3.0 12 mA
Aysg Large Signal Voltage Gain Vo= 10V,RL 2 75k01 | 200 | 400 V/mv
Vo= 10V, R =2 5.0k 100 | 400
Yop Output Voltage Swing RL =75k +12] 14 v
RL = 5.0k} 10| £13
TR Transient Response Rise Time V= 20mV,RL = 5.0k(1, 16 0.35 us
Overshoot CL = 100pF, Ay = 1.0 0 10 %
SR Slew Rate RL = 5.0k, Ay = 1.0 0.1 0.8 V/ps
The following specifications apply —55°C < Tp £ +125°C
Vio Input Offset Voltage Rg < 10k 6.0 60 | mv
ho Input Ofiset Current Ta = +125°C 5.0 15 nA
Ta = —55°C 10 40
hs input Bias Current Ta = +125°C 7.5 50 nA
Ta = —55°C 20 120
lcc Supply Current 30 200 | pA
Pe Power Consumption 09 6.0 | mw
CMR Common Mode Rejection Rg < 10k 70 90 70 90 dB
VIR Input Voltage Range +10 +10 A
PSRR Power Supply Rejection Ratio Rg < 10k 25 | 150 25 | 150 | pV/V
Ays Large Signai Voltage Gain Vo= +10V,R_ = 75k | 100 75 Vimv
Vop Output Voltage Swing RL = 75kl 10 +10 v
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LM776
Electrical Characteristics 1. = 25°C, vcc = +3.0V, unless otherwise specified
Symbol Parameter Conditions lser = 1.5 pA lser = 15 1A Units
Min | Typ | Max | Min | Typ | Max
Vio Input Offset Voltage Rg < 10 k2 20 5.0 2.0 5.0 mv
Vioadj | Input Offset Voltaga Adjustment 0.0 18 mv
Range
lio Input Offset Current 0.7 3.0 2.0 15 nA
s Input Bias Current 2.0 7.5 15 50 nA
2 Input Impedance 50 5.0 MO
lec Supply Current 13 20 130 | 160 pA
P Power Gonsumption 78 | 120 780 | 960 | MW
los Output Short Gircuit Current 3.0 5.0 mA
Ays Large Signal Voltage Gain Vo= £1.0V,RL = 75k 50 200 V/mV
Vo = £1.0V,R > 5.0k 50 200
‘ TR Transient Response | Rise Time | V| = 20 mV, R = 5.0k{}, 3.0 0.6 ps
‘ Overshoot { CL = 100pF, Ay = 1.0 0 5 %
SR Slew Rate R_ = 5.0k, Ay = 1.0 0.03 0.35 V/ips
The following specifications apply —55°C < T < +125°C
Vio Input Offset Voltage Rg < 10k 6.0 6.0 mV
o Input Offset Current Ta = +125°C 5.0 15 nA
Ta = —55°C 10 40
| s Input Bias Current Ta = +125°C 7.5 50 nA
: Ta = —55°C 20 120
lcc Supply Current 25 180 RA
P Power Gonsumption 150 1080 | pW
CMR Common Mode Rejection Rs < 10k} 70 86 70 86 dB
ViR Input Voltage Range *+1.0 +1.0 A
i PSRR Power Supply Rejection Ratio Rg < 10k 25 150 25 150 | pV/V
| Avs Large Signal Voltage Gain Vo = £1.0V,R_ =2 75kQ 25 V/mV
Vo= +1.0V,R. 2 5.0k 25
Vop Output Voltage Swing R, =75k +201} 24 v
Ry = 5.0k £19 | +2.1

Note 1: T pax = 150°C for the Molded BIP, and 175°C for the Metal Can.
Note 2: Ratings apply to ambient temperature at 25°C. Abave this temperature, derate the 8L-Metal Can at 6.7 mW/°C, and the 8L-Molded DIP at 7.5 mW/°C.
Note 3: For supply voltages less than + 15V, the absolute maximum input voitags is equal to the supply voltage.

Note 4: Short Circuit may be to ground or either supply. Rating applies to 125°C case temperature or 75°C ambient temperature for Iget < 30 pA.
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E| Lm776C
= | Electrical Characteristics 7, = 25°C, voc = 15V, unless otherwise specified
Symbol Parameter Conditions Iser = 1.5 1A lser = 15pA | ynis
Min | Typ | Max | Min | Typ | Max
Vio input Offset Voltage Rg < 10k 20 | 6.0 20 | 6.0 mv
VIO adj Input Offset Voltage Adjustment 0.0 18 mv
Rangse
ho Input Offset Current 0.7 6.0 20 25 nA
1) Input Bias Current 2.0 10 15 50 nA
Z Input Iimpedance 50 50 Mo
lcc Supply Currant 20 30 160 | 180 MA
P Power Consumption 0.9 57 | mwW
los Qutput Short Circuit Current 3.0 12 mA
Avs Large Signal Voltage Gain Vo = 10V,RL 2 75kQ 50 400 v/imv
Vo = 10V, R, = 5.0k 50 400
Vop Output Voltage Swing RL = 75k} 12 | £14 Vv
RL=5.0kn +10 | +£13
TR Transient Response Rise Time | V| = 20 mV, Ry > 5.0 k2, 1.6 0.35 1S
Overshoot | CL = 100pF, Ay = 1.0 0 10 %
SR Siew Rate RL =5.0k0, Ay = 1.0 0.1 0.8 V/us
The fellowing specifications apply 0°C < T < +70°C
Vio Input Offset Voltage Rs < 10kQ2 7.5 75 mv
o Input Oftset Current Ta = 70°C 6.0 25 nA
Ta=0C 10 40
g Input Bias Current Ta = 70°C 10 50 nA
Ta=0C 20 100
lce Supply Current 35 200 RA
Pc Power Consumption 1.05 6.0 mw
CMR Common Mode Rejection Rs < 10k 70 90 70 a0 d8
VIR Input Voltage Range +10 +10 v
PSRR Power Supply Rejection Ratio Rs < 10k 25 200 25 200 | pV/V
Ays Large Signal Voltage Gain Vo = £10V,R_ = 75k 50 50 V/mv
Vop Output Voltage Swing R = 75k +10 $10 v
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LM776C
Electrical Characteristics 1, = 25°C, voc = £3.0V, unless otherwise specified
Symbol Parameter Conditions lser = 15 pA IseT = 15 1A Units
Min | Typ | Max | MIn | Typ | Max
Vio Input Offset Voltage Rg < 10 k2 2.0 6.0 20 6.0 mv
Vioadj | Input Ofiset Voltage Adjustment 0.0 18 mv
Range

o Input Offset Current 0.7 | 6.0 2.0 25 nA

hs Input Bias Current 2.0 10 15 50 nA

Z Input impedance 50 5.0 MO

Ico Supply Current 13 20 130 | 170 pA

Pe Power Consumption 78 120 780 | 1020 | pW

los Output Short Circuit Current 30 5.0 mA

Ays Large Signal Voltage Gain Vo = £1.0V, R = 75k 25 200 v/mV
Vo = +1.0V,R = 5.0k&X 25 200

TR Transient Response | Rise Time | V| = 20 mV, R > 5.0 k1, 3.0 06 ns

Overshoot | CL = 100PF, Ay = 1.0 0 5 %
SR Slew Rate R, = 5.0k, Ay = 1.0 0.03 0.35 V/us
The following specifications apply 0°C < Ty < +70°C

Vio Input Offset Voltage Rg < 10k 75 75 my

ho Input Offset Current Ta = 70°C 6.0 25 nA
Ta=0C 10 40

s Input Bias Current Ta = 70°C 10 50 nA
Ta =0°C 20 100

lcc Supply Current 25 180 BA

Pc Power Consumption 150 1080 | pW

CMR Common Mode Rejection Rg < 10 k2 70 86 70 86 dB

Vir Input Voitage Range 1.0 +1.0 A

PSRR Power Supply Rejection Ratio Rg < 10kQ2 25 200 25 200 | pV/V

Ays Large Signal Voltage Gain Vo = £1.0V,R_ 2 75k 25 v/mv
Vo = £1.0V,R_ = 50k 25

Vop Output Voltage Swing RL = 75k 20| 24 v
R = 5.0kn +20 | 21
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LM776
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Typical Performance Characteristics for LM776 and LM776C

Input Blas Current vs
© Set Current
H=25% [T 1]
230V <V <& 18Y
T
A 4
=10
™}
&
]
3
1
P
z
F
ot
LY T X 1 10 100
SET CURRENT (A}
Change In Input Offset
= Voltage vs Set Current
3 [TI 1 Ta=25%
W £3.0V Voo S 18V
< 300
5
g
G100
£ P
,
g =100 a
z AN
=300 N
:
0 1 10 100
SET CURRENT (uA)
Input Noise Volitage and
oy Current vs Frequency
¥ T 1 1 £
£ wigarsw ]| 2
i e p—. 3
‘é‘ 230V Vo, <2 1BY
X g1 Tas 28 1' 10'”%
§ el 150 3
: N F1 ¢
§ 10 C NS (s =15 4A) §
3 = —F— T
z fy2llggy=1.5 wA) ;
= ‘0'17 1 ] 10-27 s
10 100 10k 19k 100k
FREQUENCY (Hz)
Output Voltage Swing vs
Load Resistance
s Mm% A
= T Vo =2 15V
§ 7 / A= 154
Ve =215V
E 18 4 = 1.5 A
3 Ll I
A i
& Vep S£ 3.0V
s ; 1.5 ph sy < 15 44
é - =
o
1.0k 10k 100k 1

LOAD RESISTANCE (&)

CHANGE IN INPUT OFFSET VOLTAGE (V) INPUT BIAS CURRENT (nA)

MEAN SQUARE NOISE CURRENT (A2/Hz)

OUTPUT VOLTAGE SWING (V)

Input Blas Current vs
Temperature
% IV SV =218V

24

~N

~ =15
12 AT = 1964

ISET= 15 HA

-0 =20 2 60

TEMPERATURE (°C)

100 140

Change in Input Offset Voitage
vs Temperature (Unnulled)

Voo =2 157
lgr= 15 pA

P

/f

-3 BE8 8

=20 20 ]

TEMPERATURE (°C)

100 140

Input Noise Current vs
Set Current

=25
10 TT

10728

xd -

10728

T, =25%
4 3.0V = Vior < £18Y
Af=1Hz
f=1kHz

0.1 1 10 100
SET CURRENT (uA)

102

107%
0.01

Output Voltage Swing vs
Supply Voltage

Tp=25%C | lger=15,A
—REsa N\

1.5 uh = lgpy = 15 ph /5

R =75k /
L /
P

< ]
lger =15 pA

8 R =5k0 _|

l,

16 4

0 $3 6 29 212

SUPPLY VOLTAGE (v}

215 218

OPTIMUM SOURCE RESISTOR (MQ) MEAN SQUARE VOLTAGE (v2/Hz} {NPUT OFFSET CURRENT (nA)

GAIN BANDWIDTH PRODUCT (Hz)

Input Offset Current vs
Temperature
5 230V Vg S 218V
4
N
3
logr= 15 #A
2 ser=1 |
[
1 lsgr=1.5 ph
1
0 [
~60 =20 20 60 100 140
TEMPERATURE (°C)
Input Noise Voltage vs
;2 Set Current
10 [TIIT=25%
3.0VS Voo S 418V
L s f=1kHz
Af=1Hz
10-14 M,
10"15 .
10718
10-17
0.0t 0. 1 19 100

SET CURRENT (uA)

Optimum Source Resistor for

o Minimum Nolse vs Set Current

10 AN
{ \\
0.8 ~
001 o1 1 10 100
SET CURRENT (uA)
Gain Bandwidth Product vs
Set Current
10M T
1.0M Pl
Voo =215V AT A
- A
Voo =230V ]
100k ',1’ ce
w4
10k
1.0k
0.1 1 10 100

tggy = SET CURRENT ()
TL/H/10073-4

Downloaded from Elcodis.com electronic components distributor

3-601

9LINT



http://elcodis.com/parts/6247705/LM776.html

w0
M
= | Typical Performance Characteristics for LM776 and LM776C (Continued)
-
Voltage Gain vs Voltage Gain vs Power Supply Rejection
Temperature Temperature Ratlo vs Set Current
ey m L YmEm=T
T o Yoo =300 g 100 Yo T 1 3 3.0V Vg = 18Y
™ =15 3 1™ N E »
3 200 __IE_EI'RL=5::; g 1000 / legr=15 A N
g w -~ TN EVARITYAN g »
§ 200 - § 800 l, \\ =
lger=15pk 7 L4 lgey =15 A >
g 100 R =75ka | E 400 R =78 k0 ™ g 1
g o § =
0 g 0
=50 =20 0 80 100 140 -4 =20 20 0 100 140 0.1 1 10 100
TENPERATURE (%) TEMPERATURE (°C) SET CURRENT {uA)
Thermal Respanse of Input
Supply Current vs Standby Supply Current vs Otfset Voltage to Step Change
Temperature 000 Set Current 0 of Case Temperature
=5k [Ta=25% [T ] 3 T T
- Vo =£157 3 :‘s.ovsvécsnuv § zs°c-|zs°c[
— 24 I J—J: -3 600
2 Voo =43.0V é 100 2
E 18 3 E 0 -~
= 10
g 12 ; 5 0 /
[ = =
L e E o : AR
! <10V
0 [Voc=430¥ . o g i
-8 -2 20 0 100 140 001 04 1 e 100 =20 0 2 0 ® N
TEMPERATURE (°C) SET CURRENT (uA) TWE FROM HEAT APPLICATION (5)
Stabllization Time of Input Offset Input Offset Voltage Drift
Voltage from Power On vs Time Slew Rate vs Set Current
< 100 10
o 3 Voo =218Y
TA=125%C
g § ® ]‘ i 5 ! Voo =215V “a
E -1 ® TREND LINE é s H
§ =20 E . e Q.1 b’
; ; : :
-50 ||/ = 32 001 Voc = £3.0V
E Ve =15V g : A
-8 TA=25°C
initial Offest Voltage < 1.0 u¥ o 0.001 1
-1 01234567839 0 200 400 600 80 1000 o0 0. 1 0 10
TWE FROM POWER APPLICATION (Min) TME (Hrs) SET CURRENT (uA)
Voltage Follower Transient
- Response (Unity Gain) oo Set Current vs Set Resistor
T]
° S v :'ei i:Ev
N R 1L Vee= 15V
£ » g ™ N "}‘ 7
g = - =
gz II E 1M |vog =3y T L]
18 -
Veo=215V ™
E s Il lg-;ls,u B 100k ey 2 ~.~\“
0 kL=ska —ee R to GND
- G =100PF B Lo i
<5 0 05 10 15 20 25 X} 1 10 100
TME (i) SET CURRENT (uA)
TL/H/10073-5

Downloaded from Elcodis.com electronic components distributor

3-602



http://elcodis.com/parts/6247705/LM776.html

Applications Information

Quiescent Current Setting Resistor

(Isgrto V)
Vs IseT
1.5 pA 15 pA
£1.5V 1.7 MO 170 k2
+3.0V 3.6 MO 360 kN
+6.0V 7.5 MO 750 k)
+15V 20 M 2.0M0

Note: The LM776 may be operated with RgeT connected to ground or V.

Biasing Circuits

Resistor Blasing

TL/H/10073-6
RgeT Connected to Ground

2 —

3

TL/H/10073-7
Rger Connected to V-

*“Recommended for supply voltages less than + 6V,

Transistor Current Biasing

TL/H/10073-8

Iser Equations
_MH)-e7-(v)

IseT
Rser

where:
RseT is connected to V—
Vt)—-07
ST R
SET
where:

RsgT is connscted to ground.

Voltage Offset Null Circuit

FET Current Source Blasing

Transient Response Test Circuit

TL/H/10073-8

TL/H/10073-10

TL/H/10073-11
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