ANALOG
DEVICES

Low Voltage Micropower
Quad Operational Amplifier

FEATURES
Single/ Dual Supply Operation
+1.6 Vio +36V
+0.8V to 18V
True Single-Supply Operation; Input and Qutput
Voltage Ranges Include Ground
Low Supply Current: 80 pA max
High Output Drive: 5 mA min
Low Offset Voltage: 0.5 mA max
High Open-Loop Gain: 700 V/mV min
Outstanding PSRR: 5.6 pV/V min
Industry Standard Quad Pinouts
Avalilable in Die Form

GENERAL DESCRIPTION

The O P490 isa high-perform ance m icropow er quad op am p
that operates from a single supply of +1.6 V to +36 V or from
dualsuppliesoft 0.8V to £18 V. Input voltage range includes
the negative rail allow iIng the O P490 to accom m odate input sig—
nals down to ground in single-supply operation. T he OP490’s
output sw ng also includes ground w hen operating from a single
supply, enabling “zero-in, zero-out” operation .

T he quad O P490 draw s kess than 20 YA of quiescent supply
current per am plifier, but each am plifier is able to deliver over
5m A ofoutput current to a oad . Input offset volfage is under
0.5mV with offsetdrift below 5 uv fC over them ilitary tem —
perature range. G ain exceeds over 700,000 and CM R is better
than 100 dB .A PSRR ofunder5.6 uv &/ m inin izes offset vol=
age changes experienced in battery pow ered systam s.

T he quad 0P 490 com bines high perform ance w ith the space
and cost savings of quad am plifiers. T hem inin al voltage and
current requirem ents of the O P490 m akes it ideal for battery
and solarpow ered applications, such as portable instrum ents
and rem ote sensors.
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OP490-SPECIFICATIONS

ELECTRICAL CHARACTERISTICS (@ Vs= =15 Vto 15V, Ty = +25°C, unless otherwise noted)

OP490A/E OP490F OP490G
Parameter Symbol | Conditions Min Typ Max | Min Typ Max | Min Typ Max|Units
INPUT OFFSET VOLTAGE Vos 02 0.5 04 075 06 10 |mV
INPUT OFFSET CURRENT Ts Vey =0V 04 3 04 5 04 5 niA
INPUT BIRS CURRENT L Vew = 0V 42 15 42 20 42 25 |nA
LARGE SIGNAL VOLTAGE RAvo Vg =215V, Vo =210V
GAN Ry = 100 kQ 700 1200 500 1000 400 800 Vhv
Ry = 10 kQ 350 600 250 500 200 400
Ry = 2 kQ 125 250 100 200 100 200
V+=5V,V-=0V,
1V <Vy<4v
Ry = 100 kQ 200 400 125 300 100 250
Ry = 10 kQ 100 180 75 140 70 140
INPUT VOLTAGE RANGE R V+=5V,V-=0V 0/ 0/4 0/4 v
Vg=+15V?! -15/35 -15/13.5 -15/13.5
OUTPUT VOLTAGE SW ING Vo Vg =215V
Ry = 10 kQ 135 %142 135 £142 135 14 v
Ry = 2 kQ 105 %11 105 11 105 £115
Von V+=5V,V-=0V
Ry =2 4.0 42 40 42 40 42 v
Vor V+=5V,V-=0V
Ry = 10 kQ 100 500 100 500 100 500 |uv
COMMON-MODE CMR V+=5V,Vv-=0V, 20 110 80 100 80 100 dB
REECTION 0V <Vgy <4V
Vg =215V, 100 130 90 120 90 120
15V < Vey <135V
POW ER SUPPLY
REECTION RATIO PSRR 1.0 56 3210 3210 |uwA
SLEW RATE SR Vg =215V 5 12 5 12 5 12 Vs
SUPPLY CURRENT Vg=21.5V,NoLoad 40 60 40 60 40 60 |uA
(ALL AM PLIFIERS) Ty Vg=215V,No Load 60 80 60 80 60 80
CAPACIT IVE LOAD STABILITY Ay =+1 650 650 650 pF
INPUT NOISE VOLTAGE e, PP 5 =01Hzto10HzZ 3 3 3 W p-p
Vg =215V
INPUT RESISTANCE
D FFERENTIAL MODE Ry Vg =215V 30 30 30 MQ
INPUT RESISTANCE
COMMON MODE Rweu Vg =215V 20 20 20 GQ
GAIN BANDW D TH PRODUCT GBWP Ay =+1 20 20 20 ki z
CHANNEL SEPARATION cs $=10Hz 120 150 120 150 120 150 dB
Vo =20V pp
Vg=115V*

NOTES
!G naranteed by CM R test.
“G uaranteed butnot 100% tested.

Specifications subfct to change w ithout notice.
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OP490
E.ECTRICN. CHARPCTERlS'ﬂCS (@ Vs= £1.5 Vio =15V, -55°C < T, < +125°C, unless otherwise noted)

OP490A
Parameter Symbol Conditions Min Typ Max Units
INPUT OFFSET VOLTAGE Vos 04 1.0 mV
AVERAGE INPUT OFFSET
VOLTAGE DRIFT TCVos Vg =215V 2 5 uv C
INPUT OFFSET CURRENT Ts Vey =0V 1.5 5 niA
INPUT BIRS CURRENT L Vey =0V 44 20 niA
LARGE-SIGNAL VOLTAGE GAIN RAyo Vg =215V, Vo =210V
Ry = 100 kQ 22 400 Vv
Ry = 10 kQ 125 240
Ry = 2 kQ 50 110
V+=5V,V-=0V,
1V <Ve<4v
Ry = 100 kQ 100 200
Ry = 10 kQ 50 110
INPUT VOLTAGE RANGE VR V+=5V,V-=0V 0435 v
Vg=+15V?! -15/35
OUTPUT VOLTAGE SW ING Vo Vg =215V
Ry = 10 kQ 13 137 v
Ry = 2kQ 10 11
Von V+=5V,V-=0V
Ry = 2kQ 39 41 v
Vor V+=5V,V-=0V
Ry = 10 kQ 100 500 uv
COMMONMODEREECTION CMR V+=5V,V-=0V,0V <Vgy <35V| 85 105 dB
Vg =215V, -15V < V¢y <135V 95 115
POW ER SUPPLY REECTION RAT IO PSRR 2 10 uv A7
SUPPLY CURRENT (ALL AM PLIFIERS) Ty Vg=21.5V,NoLoad 70 100 I
Vg=215V,No Load 90 120

NOTES
'G uaranteed by CM R test.

Specifications subfct to change w ithout notice.
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OP490-SPECIFICATIONS

(@Vs= £1.5Vio =15V, -25°C< T, < + 85°C for OP490E/F, —40°C < T, < +85°C for

ELECTH CN. CHpRme STI CS OP490G, unless

otherwise noted)

OP490E OP490F OP490G
Parameter Symbol | Conditions Min Typ Max | Min Typ Max| Min Typ Max| Units
INPUT OFFSET VOLTAGE Vos 032 08 0.6 1.35 08 15 [mv
AVERAGE INPUT OFFSET
VOLTAGE DRIVE TCVos Vg=115V 2 5 4 4 W fC
NPUT OFFSET CURRENT Tos Vew =0V 08 3 10 5 13 7 nA
WNPUT BIRSCURRENT L Vew =0V 4.4 15 44 20 44 25 nA
LARGE SIGNAL VOLTAGE GAIN | Ay, Vg=215V,Vy =210V
Ry =100 kQ 500 800 350 700 300 600 VAV
Ry =10kQ 250 400 175 250 150 250
Ry =2kQ 100 200 75 150 75 125
V+=5V,Vv-=0V,
1V <Vg<4v
Ry =100kQ 150 280 100 22 80 160
Ry =10%xQ 75 140 50 40 90
WNPUT VOLTAGE RANGE R V+=5V,V-=0V 035 0/3.5 0/3.5 v
Vg=+15V?! -15/13.5 -15/35 -15/35
OUTPUT VOLTAGE SW ING Vo Vg=115V
Ry =10kQ +14 +13 +14 +13 +14 v
Ry =2kQ + +11 +10 +11 +10 +11
Von V+=5V,Vv-=0V
Ry =2kQ 39 41 3.9 41 3.9 41
Vor V+=5V,Vv-=0V
Ry =10kQ 100 500 100 500 100 500 | uv
COMMON-MODE CM R V+=5V,Vv-=0V, 90 110 80 100 80 100 dm
REECTION 0V <Vgy <35V
Vg=2%15V, 100 120 90 110 90 110
“15V < Vgy <135V
POWER SUPPLY
REECTION RATIO PSRR 1.0 5.6 32 10 56 178 | WAH
SUPPLY CURRENT Vg=115V,No Load 65 100 65 100 60 100 | pa
ALL AM PLTFIERS) Toy Vg=2115V,No Load 80 120 80 120 75 120
NOTES
'G uaranteed by CM R test.
Specifications subct to change w tthout notice.
SIMPLIFIED SCHEMATIC
O V+

22%
VA

O v-

——O OUTPUT
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OP490

Wafer Test LimitS (@ Vs= =15 Vio £15V, Ty= +25°C, unless otherwise noted)

Parameter Symbol Conditions Limits Units
Input O ffset Volage Vas 0.75 mV m ax
Tnput O ffeet C urrent Tos Vew =0V 5 nA m ax
Tnput Bias C urrent Is Vey =0V 20 nA m ax
Large SignalVolage G ain Avo Vg=x15V,V, =210V
Ry = 100 kQ 500 VAaVmih
Ry = 10 kQ 250
V+=5V,Vv-=0V 125 VAV min
1V<Vy<4V,Ry=100kQ
Input Volage Range VR V+=5V,V-=0V 0/4 V min
Vg=115V! -15/13 5
O utputVolage Swing Vg=x15V
Vo Ry = 10 kQ +135 V min
Ry = 2 kQ +105
Vo V+=5V,V-=0V
Ry = 2 kQ 4.0 V min
Vor V+=5V,V-=0V
Ry = 10 k€ 500 LV m ax
C omm on-M ode Regction CMR V+=5V,V-=0V,0V <V¢ey <4V 80 dB m In
Vg=115V,-15V <V y <135V 90
Power Supply Regction Ratio PSRR 10 W A m ax
Supply Current @A 11Am plifiers) Tay Vg==x15V,No Load 80 HA m ax

NOTES
'G uaranteed by CM R test.

E lectrical tests are perform ed at w afer probe to the lin its shown.D ue to variations in assem bly m ethods and nom alyiel loss, yiek after packaging is not guaranteed
for standard product dice. C onsulk factory to negotiate specifications based on dice Iot qualifications through sam ple lot assam bly and testing.

ABSOLUTE MAXIMUM RATINGS'
Supply Voltage . ... oot t18V

D ifferential InputVolage JV-)-20V]to [V+) +20V]
Common-M ode InputVolage .[(V-) -20V]to [V+) + 20 V]
O utput Short=C ircuitD uration ............... C ontinuous
Storage T em perature R ange

TC,Y,PPackage .......ouvuvvuunnnnn. -65°C to +150°C
O perating T em peratiire Range

OP490A ... e -55°C to +125°C

OP490E,0P490F .. ... . ... ... -25°C to +85°C

OP490G ... —-40°C to +85°C
Jdanction Tem perature (T oooeeveennn.. -65°C to +150°C
Lead T em perature Range (Soldering, 60 sec) ...... +300°C
Package Type 042 0, Units
14-Pin HemeticD P (Y) 99 12 °cCM
14-PinPlasticD IP ) 76 33 °cCM
28-Contact LCC (TC) 8 30 °cCM
16-Pin SOL (S) 92 27 °cCM
NOTES

'Absolute m axin um ratings apply to both D ICE and packaged parts, unlkss
otherw ise noted.

0y is specified forwors: case m ounting conditions, ie., 8z is specified fordevice
in socket®rC erdip, P-D P ,and 1LC C packages; 0 isspecified ordevice sodered
o printed circuitboard for SO L package.
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ORDERING GUIDE'

Ta=+25°C Operating

Vos max Temperature | Package
M odel (mV) Range D escription
OP490AY? 0.5 M IL 1491 Cerdip
OP490ATC B3| 05 M IL 28ContactLCC
OP490EY 05 IND 14Pin Cerdip
OP490FY 0.5 IN D 4P Cerdip
OP490GP 1.0 XIND 14PinPlastcD P
OP490G §° 1.0 XIND 16Pin SO L
NOTES

'Bum-in is available on com m ercial and industrial tem peratiire range parts in
cerdip, plstic D IP and T O —can packages.

“F or devices processed in total com pliance toM IL-STD 883, add 883 after
partnum ber. C onsulk factory for 883 data sheet.

*F or availability and bum—in infom ation on SO and PLCC packages, contact
your local sales office.

DICE CHARACTERISTICS

Die Size 0.139x 0.121 inch, 16,819 sq. mils
(3.63%x 3.07mm, 10.84sq. mm)



OP490-Typical Performance Characteristics
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OP490

COMMON-MODE REJECTION (dB)
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Channel Separation Test Circuit

APPLICATIONS INFORMATION
BATTERY-POWERED APPLICATIONS

The OP490 can be operated on am Inim um supply voltage of
+1.6 V, orwih dualsuppliesoft 0.8 V, and drawsonly 60 pA
of supply current. In m any battery-pow ered circuits, the O P490
can be continuously operated for hundreds of hoursbefore re-
quiring battery replacem ent, reducing equipm ent downtim e and
operating costs.

H igh perform ance portabl equipm entand instrum ents fre-
quently use lithium cells because of their long shelf-life, light
weight, and high energy density relative to older prim ary cells.
M ost lithium cells have a nom ihaloutput voltage of3 V and are
noted fora flat discharge characteristic. T he low supply current

©w

\
\

LITHIUM-SULPHUR DIOXIDE
CELL YOLTAGE (VOLTS)
N

k,_
I —

L] 250 500 750 1000 1250 1500 1750
HOURS

Figure 1. Lithium-Sulphur Dioxide Cell Discharge Charac-
teristic with OP490 and 100 kQ Loads

requiram ent of the O P 490, com bined w ith the flat discharge
characteristic of the lithium cell, Indicates that the OP490 can
be operated over the entire usefiil life of the cell. F igure 1 show s
the typical discharge characteristic ofa 1 Ah lithium cell pow er-
ng an O P490 w ith each am plifier, In tum, driving full output
aw Ing nto a 100 kQ Joad.

SINGLE-SUPPLY OUTPUT VOLTAGE RANGE

In shglk-supply operation the O P490’s input and output ranges
nchide ground. T his allow s true “zero-in, zero-out” operation .
T he output stage provides an active pull-down to around 0.8 V
above ground. Below this kvel, a load resistance ofup to 1 M Q
to ground is required to pull the cutput down to zero.

Tn the region from ground to 0.8 V the O P490 has volage gain
equal to the data sheet specification . O utput current source ca-
pability ism aintained over the entire voltage range including
ground.

INPUT VOLTAGE PROTECTION

The OP490 usesa PN P hput stage w ith protection resistors in
series w ith the Inverting and noninverting nputs. T he high
breakdown ofthe PN P transigtors coupled w ith the protection
resistors provides a large am ount of input protection, allow ing
the inputs to be taken 20 V beyond either supply w thout dam -
aging the am plifier.
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OP490

MICROPOWER VOLTAGE-CONTROLLED OSCILLATOR
An OP490 in com bination w ith an inexpensive quad CM O S

sw itch com prise the precision V., of Figure 2. T his circuit pro-
vides triangle and square w ave outputs and draw sonly 75 pA
from a5V supply.A actsasan ntegrator; S1 sw itchesthe
charging current sym m etrically to yield positive and negative
ram ps. T he integrator is bounded by B which actsasa Schm it
trigger w ith a precise hysteresis of 1 .67 volts, setby resistorsR 5,

Cc1
11
1

R6,and R7, and associated CM O S sw iches. T he resultdng out—
putofA isatriangle wave w ith upper and lower kvelsof 3 .33
and 1.67 volts. T he output of B isa square wave w ith aln ost
raiHo-tail sw ing. W ith the com ponents shown, frequency of op-
eration isgiven by the equation :

four =Vcontror Volts)x10 HzN
but this is easily changed by varying C 1. T he circuit operates
wellup o a few hundred hertz.

+5v

F
+5V 750F
A1 2 [
200k0) 14 .
VeonTROL a2 OP-490E
3] A SQUARE
+ 1" p—0 ouT
200k01
éna R4 =
S 100kn 200k TRIANGLE
ouT
- RB
y +5v
CD4066 200k
1] nvvout 7]
Vpo —O +5V > RE R7
200k S 200kn
z]outnN CONT |13 =
3outiN NT
52 CONT| 12
4] njouT INOUT | 11
5] CONT out/IN] 10
§] CONT oUT/IN| 9
Q +5v
7 * IN/OUT | 8

Figure 2. Micropower Voltage Controlled Oscillator
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OP490

MICROPOWER SINGLE-SUPPLY used n volage sw itchingm ode and each D AC has an output re—-
QUAD VOLTAGE-OUTPUT 8-BIT DAC sistance 10 kQ) independent of the digital nput code. T he
T he circuit of F igure 3 usesthe D AC 8408 CM O S quad 8-bit output am plifiers act asbu ffers to avoid lbading the D AC s. T he

DAC,and the OP490 to orm a single-supply quad voltage-out— 100 k€ resistors ensure that the O P490 outputs w ill sw ing be-
putD AC with a supply drain ofonly 140 yA . TheD AC 8408 is low 0.8V when required.

+5V

1

SIGNALS ——| DS
—‘ bsz
L

+5V !
S L, |
PSS
o —— !
REFVEOR:r:g: ° 4 I ouTIA 1D/A‘C a VgeA l 2 3| ——0O VoutA
bl | S DAC-8408 | : S R1
N | 100k {2
| ‘ | i
i L -
| | 1
I | !
5] loutaasze ' |
] | | 6|
L — ' o
= { DAC B VagrB ! N s l VourB
6, louts < e ! >
: DAC-8408 | | R2
| | 100k
| ]
| |
Nl
l | 13 |
251 loutic / ?/:c c VgrC ! 2 2 ! —0 VourC
| DAC-8408 [ i [ S A3
l ! I i 100K}
| L | =
| | 1
T l | l
24 | ‘ourzcizo | l ' |
—— | L !,
= | o/:c o Vaer® 2 i ]| ! VourD
23 ' loutio g DAC-8408 T i s
l % ’g : ’ OP-490EY J jwo"ﬂ
- — =
DAC DATA BUS
é PINS 9(LSB)—16(MSB) I
i1 p |
DIGITAL —E] AW DAC-8408ET l
CONTROL |

Figure 3. Micropower Single-Supply Quad Voltage Output 8-Bit DAC
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Figure 4. High Output Amplifier

HIGH OUTPUT AMPLIFIER

T he am plifier shown in Figure 4 iscapablk of driving 25 V pp
into alkQ Jbad.D esign of the am plifier is based on a bridge
configuration . A am plifies the nput signaland drives the load

w ith the help of B. Am plifier C isa unity-gain inverter w hich
drives the load w ith help from D .G ain ofthe high outputam -
plifierw ith the com ponentvalues shown is 10, but can easily be
changed by varyingR1 orR2.

SINGLE-SUPPLY MICROPOWER QUAD
PROGRAMMABLE GAIN AMPLIFIER

T he com bination ofquad O P490 and the D AC 8408 quad 8-bic
CM OS DAC, creates a quad program m able-gain am plifier w ith
a quiescent supply drain ofonly 140 pA . T he digial code

REV. B

presentatthe D AC , which iseasily setby am icroprocessor, de-
temn ines the ratio betw een the fixed D AC feedback resistor and
the resistance of the D AC ladder presents to the op am p feed-
back loop. G ain ofeach am plifier is:

VOUT _ _256

VIN h n
where n equals the decin alequivalent of the 8-bit digital code
presentatthe D AC . Ifthe digital code presentatthe D AC con-—
sists ofall zeros, the feedback loop w illbe open causing the op
am p output to saturate. The 10 M Q resistors placed in parallel
w ith the D AC feedback loop elin inates thisproblem with a very
an all reduction in gain accuracy. The 2 5V reference biases the
am plifiers to the center of the linear region providingm axin um
output sw ing.

—11-




OP490

r——————— = ———— |
c1 i Voo I Q +5V
VinA 2y fret AAA- | 4
wh Ol ! VagrA | 2 _ | e |
oF | i t
| | R1 !
| | 1M1 |
loutia |4 2[
! oaca  \ —e-
| 14 > ! v
DAC-8408 | |
! 3
| | ]
| !
i loutzane |5 :
c2 RenB I
VinB 0—:‘ f - 7: =2 A VeerB 18 |
M f
| |
\ | A2 |
| DAC B > | 10MQ |
14
l DAC-8408 lourte f § * J t
I ‘ | [
5
{ | i
€3 6l ReC : :
AAA——
Vine 0—01‘ ,F I VeeeC 27 . X
i , ' 1
' R3 I
I | 10M1 '
i DACC - loume 'l 2 —— 9!
| 174 > | '
DAC-8408
I | | 1] |
| T
| | |
I
| lourzcrzo | 24 I |
c.‘ 22| RreD . ! I |
VinD O——*Io 'F i VW—— VRerD l 2 _ J [
A I T T
I |
R4
| pacp ) ' 1M1 | |
’ :)/:c_“oa > loutio l 23 13 = |
| | J a
| | } OP-490E l
12| +D
t—5ac ostasus | i |
) PINS 9(LSB)—16(MSB) , L OP-490EY J
alaw bt TTT T T T
& | +2.5v
DIGITAL —131 RwW DAC-8408ET 1 L0 REFERENCE
CONTROL J— VOLTAGE
siaNaLs | 18] DS |
2o| Ds2 I
Lo J

Figure 5. Single Supply Micropower Quad Programmable Gain Amplifier
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