"6367253 MOTOROLA SC (
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' MC1776
@ MOTOROLA MC1776C

Specifications and Applications

Information PROGRAMMABLE
OPERATIONAL AMPLIFIER

MONOLITHIC MICROPOWER

PROGRAMMABLE OPERATIONAL AMPLIFIER SILICON MONOLITHIC
. . . g INTEGRATED CIRCUIT
This extremely versatile operational amplifier features low power -

consumption and high input impedance, In addition, the quiescent
currents within the device may be programmed by the choice of
an external resistor value or current source applied to the lggy input.
This allows the amplifier’s characteristics to be optimized for input G SUFFIX
current and power consumption despite wide variations in operating METAL PACKAGE

power supply voltages. . CASE 601-04

/)
® 11.2V to +18 V Operation 81 .
® Wide Programming Range bl
® QOffset Null Capability Oftset Null (7§ @ Vee
. . R
No Frequenc.y Compensation Required inverting nput () > oot
® Low Input Bias Currents
® Short-Circuit Protection . Non-Inverting Input(3) @ (& ottset Nuil
RESISTIVE PROGRAMMING (See Figure 1.} Vee
{Top View)
Rget to GROUND Rget to NEGATIVE SUPPLY
(Recommended for supply voltage
tess than $6.0 V) / P1 SUFEIX
vee PLASTIC PACKAGE
CASE 626-05
s (MC1776C Only)

U SUFFIX \;il

CERAMIC PACKAGE

veg 06 Vg CASE693-02 = 8
= Rygy 1
Typical Rgqe Values . Typical Rgqq Values D SUFFIX

Vee. VEE | lser = 1.5 HA | gy = 16 gA Vee. Veg[lset= 15 pA [ 1= 15 uA PLASTIC PACKAGE

6.0V 3.6 MS2 360 k§2 1.5V 1.6 MQ2 160k Q2 CASSEO7_21'°2

t1ov 6.2 MQ2 620 k2 3.0V 3.6 M2 360 k§2

4 + . 750 k¢

5:3 7{2 m:’: 7153:1?1 ;?50\\5 725:) ::g 2.0 M{i Offsat Null [7] [8] 150¢

Invertirg input [2

o> Py
ACTIVE PROGRAMMING Non-inverting input H‘G Output

Vee (4] [6] otfset Nunt
FET CURRENT SOURCE BIPOLAR CURRENT SOURCE e
{Top Viaw)
Tovee
ORDERING INFORMATION
Device [Temperature Range [Package
MC1776G Metal Can
—66to +126°C
MC1776U Ceramic DIP
MC1776CD SO-8
MC1776CG Metal Can
Cto +70°C
MC1776CP1 Plastic DIP
) MC1776CU Ceramic DIP
Pins not shown are not connacted.
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6367253 MOTOROLA SC (TELECOM) " D1E 80660
MC1776, MC1776C
MAXIMUM RATINGS (Tp = +25°C unless otherwise noted.)
Rating Symbol Value Unit
Power Supply Voltages Vee. VEE +18 Vde
Differential Input Voltage Vip + 30 Vdc
Common-Mode Input Voltage Viem
Veg and iVEgI < 16V Vee. VEE Vde
Vecand IVEgl 2 16V 15
Offset Null to VEg Voltage Voft-VEE 0.5 Vde
Programming Current lset 500 BA
Programming Voltage Vset {(Vee-20V) Vde
{Voltage from lggq terminal to ground} to
Vee -
Output Short-Circuit Duration*® 15 Indefinite s
Operating Temperature Range Ta oc
MC1776 -65to +125
MC1776C 0to +70
Storage Temperature Range Tstg °c
Metal and Ceramic Packages -65 to +160
Plastic Package -651t0+125
Junction Temperature Ty Sc
Metal and Ceramic Packages 176
Plastic Package 180
*May be to ground or either Supply Voltage. Rating applies up to a case temperature of +125°C
or ambient temperature of +70°C and lgey < 30 pA,
SCHEMATIC DIAGRAM
8 Qlgat
7
[\I [l PJ PJ o
>
20;_K 350
INPUTS
30 |
* % 100 3:
100 OUTPUT
| +—"W—05
30pF
T
LAY 9
03
10——9 l:
S0
OFFSET NULL 4
50
> >
%3 0k N l/ r
N N
—O04
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ELECTRICAL CHARACTERISTICS (VEe =+3.0 V, VEE =-3.0 V, lgey = 1.6 uA, Ta = +25°C unless otherwise noted.)

MC1776 MC1776C
Characteristic Symbol Min Typ Max Min Typ Max Unit

Input Offset Voltage (Rg < 10 kQ2) Vio mV
Ta =+25°C - . 20 5.0 - 20 6.0
Tiow" < TA < Thigh® - - 6.0 - - 75

Offset Voltage Adjustment Range VIOR — 9.0 - - 9.0 - mVv

input Offset Current lio nA
Ta =+25°C - 0.7 3.0 - 0.7 6.0
TA= Thigh - - 5.0 - - 6.0
TA = Tiow - - 10 - - 10

Input Bias Current Y] nA
Ta =+259C - 20 75 — 20 10
TA = Thigh - - 75 - - 10
Ta=Tiow - - 20 - - 20

Input Resistance A - 50 - - 50 - Mo

Input Capacitance cj - 2.0 - — 20 - pF

Input Voltage Range Vio A\
Tiow < Ta < Thigh +1.0 - - *1.0 — —

Large Signal Voltage Gain AvoL ViV
RL>75kQ, Vo =210V, Tp =+25°C 50k | 200k - 25k | 200k -
RL>75kﬂ,V0=t1.0V,T|°w<TA<Thigh 25k — - 25k - -

Output Voltage Swing Vo v
RL > 75 k2, Tiow < TA < Thigh 220 +24 - £20 2.4 -

Output Resistance To — 6.0 — — 5.0 — k2

Output Short-Circuit Current los = 3.0 - - 3.0 - mA

Common-Mode Rejection Ratio CMRR dB
R <10k, T < Ta < Thigh 70 86 = 70 86 -

Supply Voltage Rejection Ratio PSRR uViv
RS < 10k, Tiow < Tp < Thigh — 25 150 - 25 200

Supply Current Ice. EE HA
Ta =+26°C - 13 20 - 13 20
Tiow S TA < Thigh — - 25 - - 26

Power Dissipation Pp uW
Ta = +25°C - 78 120 - 78 120
Tiow < TA < Thigh - - 180 - - 150

Transient Response {(Unity Gain)

Vin=20mV, R > 5.0 kQ, C|_ =100 pF
Rise Time ITLH - 3.0 - - 30 - us
Overshoot os - 0 = - 0 - %
Slew Rate (R > 5.0 kQ2) s - 0.03 - - 0.03 - Vips

*Tiow = -B5°C for MC1776 Thigh = +125°C for MC1776

0°C for MC1776C +70°C for MC1776C

VOLTAGE OFFSET TRANSIENT-RESPONSE
NULL CIRCUIT TEST CiRCUIT
vee
Pins not shown are not connected.
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O1E

ELECTRICAL CHARACTERISTICS (vog =+3.0 V, VEE = =3.0 V, lsey = 15 pA, Tp = +26°C unless otherwise noted.)

80662

S

MC1776 Mc1776C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage {(Rg < 10 k§2) Vio mV
Ta=+25°C - 20 5.0 - 20 6.0
Tiow" < Ta < Thigh” - - 6.0 - - 75
Offset Voltage Adjustment Range VIOR — 18 — - 18 - mV
Input Offset Current [T} nA
Ta = +25°C - 20 15 - 20 25
TA = Thigh - - 15 - - 25
Ta =Tiow - - 40 - - 40
Input Bias Current Iig nA
Ta = +25°C - 15 50 - 15 50
TA = Thigh - - 50 — - 50
Ta = Tiow - - 120 - - 100
input Resistance 1] - 50 - - 5.0 - Ma
Input Capacitance cj - 20 - - 20 - pF
Input Voltage Range Vip \"
Tiow < TA < Thigh 1.0 - - +10 - -
Large Signal Voltage Gain AvoL VIV
R >5.0kQ,Vp=210V, TA=+25°C 50k 200 k - 25 k 200 k -
RL >5.0k02, Vg =10V, Tigw € TA < Thigh 25 k - - 25k - -
Output Voltage Swing Vo Vv
R >5.0k8, Tiow < TA < Thigh 19 12,1 - 120 +2.1 -
Qutput Resistance To — 1.0 — — 1.0 — k2
Output Short-Circuit Current los - 5.0 - — 5.0 - mA
Common-Mode Rejection Ratio CMRR dB
Rg < 10 k2, Tiow < TA < Thigh 70 86 - 70 86 -
Supply Voltage Rejection Ratio PSRR uviv
Rg < 10 k2, Tigw < TA < Thigh . - 25 150 - 25 200
Supply Current Icc. lEE uA
Ta =+25°C - 130 160 - 130 170
Tiow < TA < Thigh - - 180 - - 180
Power Dissipation Pp W
Ta = +26°C - 780 960 - 780 1020
Tiow < TA < Thigh - - 1080 - - 1080
Transient Response {Unity Gain)
Vin *20 mV, Ry » 6.0 k2, C_ = 100 pF -
Rise Time tTLH - 0.6 - - 0.6 - us
Overshoot Qos - 5.0 - - 50 - %
Slew Rate (Ry_» 5.0 k1) Sp - 0.35 - - 0.35 - Vius
*Tiow = -58°C for MC1776 Thigh = +128°C for MC1776

0°C for MC1776C

+70°C for MC1776C
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ELECTRICAL CHARACTERISTICS (Voo =+16V, VEE = -15 V, Iget = 1.6.4A, Ta = +25°C unless otherwise noted.}

MC1776 MC1776C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10 kQ) Vio mV
Ta = +25°C - 20 5.0 - 20 6.0
Tiow*" < Tao < Thigh' - - 6.0 - - 7.5 R
Offset Voitage Adjustment Range VIOR - 9.0 - - 2.0 - mv
Input Offset Current Ito nA
TA= +25°C - 0.7 3.0 - 0.7 6.0
TA = Thigh — - 5.0 - - 6.0
Ta=Tiow - - 10 - - 10
Input Bias Current Iig nA
Ta = +25°C - 20 75 - 20 10
TA = Thigh - — 75 - - 10
Ta = Tiow . - - 20 - - 20
input Resistance i - 50 - - 50 - MQ
Input Capacitance cj - 2.0 - - 20 - pF
input Voltage Range Vio v
Tiow < TA < Thigh +10 - - +10 - -
Large Signal Voltage Gain AyoL ViV
RL>75k0,Vg =10V, Tp =+259C 200k | 400k - 50k | 400k -
RL 275k, V0 =10V, Tjow < TA < Thigh 100 k - - 50 k - -
Output Voltage Swing Vo v
RL > 76 k€2, Tp = +25°C. : : 12 £14 - £12 214 -
Ry =275 kn:TIongA<Thigh +10 - - +10 - -
Output Resistance o - 5.0 - - 5.0 - ks
Output Short-Circuit Current log — 3.0 - - 3.0 - mA
Common-Mode Rejection Ratio CMRR dB
Rs € 10 kR, Tigw < TA < Thigh 70 80 - 70 90 -
Supply Voltage Rejection Ratio PSRR uVviv
Rg € 10k, Tigw < TA < Thigh — 25 150 - 25 200
Supply Current Ice, IgE BA
Ta =+25°C - 20 25 - 20 30
Tiow < TA < Thigh - - 30 - - 35
Power Dissipation Pp mW
Ta =+26°C - - 0.76 - - 0.9
Tiow < TA < Thigh — - 0.9 - - 1.05
Transient Response {Unity Gain)
Vin=20mV, R > 5.0 k2, C_ = 100 pF
Rise Time tTLH - 16 | - - 1.6 - us
Overshoot 0s - 0 - - 0 - %
Slew Rate {Rp_ > 5.0 k$2} SR - 0.1 - — 0.1 - Vius
*Tiow = -55°C for MC1776 Thigh = +125°C for MC1776
09C for MC1776C +70°C for MC1776C

oo ... U1E 80883 'p- T—79-09
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ELECTRICAL CHARACTERISTICS (Ve =+15V, VEE = —16 V, lsgr = 15 uA, Ta = +26°C unless otherwise noted.)

(TELECOM) .

- ‘BVNi»

v

80664

MC1776 MC1776C
Characteristic Symbol Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg < 10 k) Vio . mvV
Ta =+25°C - - 20 50 - 20 6.0
Tiow* < Ta < Thigh® - - 6.0 - = 75
Offset Voltage Adjustment Range VIOR - 18 - - 18 - mv
Input Offset Current lio nA
Ta = +25°C - 20 15 - 20 25
TA = Thigh - - 15 - - 25
TA = Tiow i ~ 40 — _ 40
Input Bias Current g nA
Ta = +25°C - 15 50 - 15 50
Ta = Thigh - - 50 _ _ 50
Ta=Tiow - = 120 - - 100
Input Resistance T - 5.0 - - 5.0 - MR
Input Capacitance cj - 20 - - 20 — pF
Input Voltage Range Vip v
Tiow < TA < Thigh +10 - - +10 - -
Large Signal Voltage Gain AvoL ViV
R >B.0kQ2, Vg =+10V, Tp = +25°C 100k | 400k - 50k | 400k -
R > 75k, Vo =10V, Tiow < Ta < Thigh 75 k - - 50 k - -
Output Voitage Swing Vo Vv
RL »5.0k0, Ta = +25°C 10 +£13 - 10 13 —
R > 75 k2, Tiow < TA < Thigh 10 - - +10 - -
Output Resistance [ 1.0 — - 10 - kQ
Output Short-Circuit Current los - 12 - - 12 - mA
Common-Mode Rejection Ratio CMRR dB
Rg < 10 k2, Tiow < TA < Thigh 70 90 - 70 g0 -
Supply Voltage Rejection Ratio PSRR uviv
Rg < 10k, Tiow < TA < Thigh - 25 150 - 25 200
Supply Current lee. tEE HA
Ta =+25°C - 160 180 - 160 190
Tiow < TA < Thigh - - 200 - - 200
Power Dissipation D mW
Ta =+25°C - - 54 - - 6.7
Tlow < TA = Thigh - - 6.0 — - 6.0
Transient Response {Unity Gain)
Vin =20 mV, Ry > 6.0 k2, C_ =100 pF
Rise Time tTLH - 0.36 - - 0.35 - Hs
Overshoot os - 10 - - 10 - %
Slew Rste (R|_ > 5.0 k2) Sy - 08 - - 08 - Vips

*Tow = -56°C for MC1776
0°C for MC1776C-

Thigh = +125°C for MC1776
+70°C for MC1776C
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‘= MC1776, MC1776C ' SR

TYPICAL CHARACTERISTICS
{T A = +26°C unless otherwise noted.)

. FIGURE 2 — POSITIVE STANDBY SUPPLY
FIGURE 1 — SET CURRENT versus SET RESISTOR CURRENT versus SET CURRENT
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FIGURE 3 — OPEN-LOOP GAIN versus SET CURRENT FIGURE 4 — INPUT BIAS CURRENT versus SET CURRENT
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FIGURE 5 — INPUT BIAS CURRENT FIGURE 6 ~ GAIN-BANDWIDTH PRODUCT (GBW)
versus AMBIENT TEMPERATURE : versus SET CURRENT
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V(RMS), MEAR-SQUARE VOLTAGE (V2/Hz)

FIGURE 7 — OUTPUT VOLTAGE SWING

‘TYPICAL CHARACTERISTICS (continued)

versus LOAD RESISTANCE

{Ta = +25°C unless otherwise noted.}

FIGURE 8 — SUPPLY CURRENT
versus AMBIENT TEMPERATURE

Isat. SET CURRENT (uA)
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FIGURE 9 — OUTPUT SWING FIGURE 10 — SLEW RATE
versus SUPPLY VOLTAGE versus SET CURRENT
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FIGURE 11 — INPUT NOISE VOLTAGE FIGURE 12 ~ OPTIMUM SOURCE RESISTANCE
versus SET CURRENT FOR MINIMUM NOISE versus SET CURRENT
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APPLICATIONS INFORMATION

FIGURE 15 — MULTIPLE FEEDBACK BANDPASS FILTER

FIGURE 13 — WIEN BRIDGE OSCILLATOR T {1.0kHz)
- : 2k ) i
M - * +15V
¢ b
1 A1 2 1
@ —ANA 14 .
INPUT @—AAA- {€ 6
- | ¢ 3 MC1776,C —o
nz::i e QUTPUT
j._.— = 4 M -
fora 1.0kHzfilter Ry =160k
with @ = 10 R2=820 15V
amdAlfgh=1 . Rs=300k
C=0.014F

FIGURE 16 — GATED AMPLIFIER °

“sgc T -

{for fg = 1.0 kHz)

- CR=16ks2
: C=0014F

INPUT

"FIGURE 14 - MULTIPLE FEEDBACK BANDPASS FILTER

GATE

g 1
R Vin @—AAA

@ VWA

-8 Vo

foragiven: ~ VEE
fo = canter fraquancy
A (fo} = Gain at canter fraquancy
_ Q=quality fsctor
Choose a vajue for C, then

0
P65 et
A= A8
2A (o)
~ pz=0L8S
402R1RS .
Yo obtain dass than 10% ecror from the operational amplifier:

oly ¢y
GRW

where {g and GEW are exprassed in Hz. GBW is available from - ~
Figuee § as  function of Sat Current, {gqq.
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