SLE D W 0ALLADD 003L4L3 437 EMANA

ANALOG T79-05°40  Quad Matched
DEVICES 141-Type Operational Amplifiers

0P-09/0P-11

FEATURES PIN CONNECTIONS
o Guaranteed Vogg ........coceneneianniinens 500,V Max

o Guaranteed Matched CMRR ................ 94dB Min

® Guaranteed MatchedVpog ...........ccv0vve 750V Max

¢ RC/RM4136 Direct Replacement (OP-09)

e LM148/LM348 Direct Replacement (OP-11) SR
¢ Low Nolse N ()
e Silicon-Nitride Passivation ouria
¢ Internal Frequency Compensation our &)
¢ Low Crossover Distortion N @
¢ Continuous Short-Circuit Protection -NGE
e Low Input Bias Current v-
¢ Available in Dle Form

14-PIN HERMETIC DIP (Y-Suffix)

ORDERING INFORMATION ! EPOXY DIP (P-Suffix)

PACKAGE

T, =+25°C OPERATING
UysMAX  CERDIP LCC  TEMPERATURE sz &=
{my) 14-PIN PLASTIC  20-CONTACT RANGE ; E g E g
OPOOAY* - - L
05 OP11AY* - OP11ARC/883 MIL 2] ][] out ® [1]
OPOSEY i 2
05 o - coM s 3]
OP11EY OP11EP - v O3]
25 OP11BY* - ~ MIL +IN(B) [5]
- OPO9FP - N (8] [5]
25 OP1IFY OP11FP - XIND our ) [7]
50 QOP11CY/883 - - ML N.C. [3]
- OP11GP -
50 - OP11GS - XIND OP-11ARC/883 16-PIN SOL
*  Fordevicesprocessed in total compliance to MIL-STD-883, add /883 after part LCC (S-Suffix)
number. Consult factory for 883 data sheat. (RC-Suffix) OP-11
t  Buminis availat cial and Industrial temperature range parts in

le on ¢t
CerDIP, plastic DIP, and TO-can packages.

SIMPLIFIED SCHEMATIC (One of Four Amplifiers is Shown)
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ANALOG DEVICES INC

0P-09/0P-11

GENERAL DESCRIPTION

The OP-09 and OP-11 provide four matched 741-type opera-
tional amplifiers in a single 14-pin DIP package. The OP-11is
pin compatible with the LM148, LM348, RM4156, and HA4741
amplifiers. The OP-09 is pin compatible with the RM4136 and
RC4136. The amplifiers are matched for common-mode
rejection ratio and offset voltage which is very important in
designing instrumentation amplifiers. In addition, the ampli-
fier is designed to have equal positive-going and negative-
going slew rates. Thisis an important consideration for good
audio system performance.

Each of the four amplifiers has the proven OP-02 advantages
of low noise, low drift, and excellent long-term stability. Pre-
cision Monolithics’ exciusive Silicon-Nitride “Triple Passiva-
tion" process reduces “popcorn noise”, provides high relia-
bility, and assures long-term stability of parameters.

The OP-09 and OP-11 are ideal for use in designs requiring
minimum space and cost while maintaining OP-02-type
performance.

OP-09's and OP-11's with processing per the requirements of
MIL-STD-883 are available. For dual-741-type versions, see
the OP-04/14 data sheet.

ABSOLUTE MAXIMUM RATINGS (Note 1)
Supply Voltage

OP-09GR and OP-11GR (Only)
Differential Input Voltage
Input Voltage
Output Short-Circuit Duration

Supply Voltage

(One Amplifiar Only)

S5JE D W 081b400 003LuluY 373 EEANA

T=-1-05-40

Storage Temparature Range
RC, Y-Package —-65°C to +150°C
P-Package -65°C to +125°C
Lead Temperature Range (Soldering, 60 sac)
Junction Temperature (T} . -65°C to +150°C
Qperating Toemperature
OP-08A, OP-09B
OP-09E
OP-09F
OP-11A, OP-11B,
OP-11C, OP-11ARC
OP-11E
OP-11F, OP-11G

PACKAGE TYPE

14-Pin Hermatic DIP (Y) 18

14-Pin Piastic DIP () R

20-Contact LCC {RC) 3

16-Pin SOL (S) 30

NOTES:

1. Absofute maxmum raiings apply to both DICE and packaged parts, unless
otherwisa noied.

2. BlAillpod&dblwommanwrﬂ\ng.l.o..e is spacilied for
device in sockst for CerDIP, P-DIP, and LCC packagss: Miupodlodlrx
device adiderad I printed Circuit board for SOL package.

~55°C to +125°C
0°C to +70°C
—40°C to +85°C

~55°C to +125°C
0°C to +70°C
=40°C 1o +85°C

MATCHING CHARACTERISTICS at Vg=*15V, To=+25°C, Rg < 1000, unless otherwise noted.

PARAMETER 8YMBOL  CONDITIONS

OP-09A, OP-09E
OP-11A, OP-11E OP-11B, OP-11F
MN  TYP MAX MIN  TYP  MAX

OP-0§B, OP-09F

Input Offset Voltage Maich AVos

- 05 075 - 08 20

Common-Mode Rejection
Ratio Match

Ven=112V
Vemu=*12V

- 1 2 - 1 20
- ™ 120 -

MATCHING CHARACTERISTICS at Vg =15V, -55°C< T, <+125°C for OP-09A, OP-09B, OP-11A, OP-11B, 0°C< T, <+70°C
for OP-09E, OP-11E and —40°C < T,, < +85°C for OP-09F, OP-11 F, Rg 5 100£, unless otherwise noted.

PARAMETER CONDITIONS

OP-09A, OP-09E
OP-11A, OP-11E
MIN  TYP MAX

OP-098, OP-0§F
OP-11B, OP-11F
MIN TYP MAX

Input Offset Voltage Match

- 0.8 1.0

— 1.0 25

Common-Mode Rejection
Ratio Match

Vou=212V
Veu=ti2v

-— 3.2 20
[ 110 -—

- 32 20
o4 10 -
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0P-09/0P-11

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg =+15V Ta = 25°C, unless otherwise noted.

OP-09A/E OP-08B/F
OP-11A/E OP-11B/F OP-11C/G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN  TYP MAX MIN  TYP MAX UNITS
Input Offset Voltage  Vpg Rg < 10k} — 03 0.5 - 0.6 25 - 1.2 5.0 mV
Input Offset Current  lgg — 5.5 20 — 25 50 — 75 200 nA
Input Bias Current Ig — 180 300 - 300 500 - 300 500 nA
Input Resistance
17 .2 — 041 017 - 041 0.17 — MO
Differential Mode TN {Note ) 0 029
Input Voltage Range  IVR +12  *13 — +12 +13 — £12 %13 - v
Common-Mode
=4 < - —_— 7 —
Rejaction Ratio CMRR Vo =+12V, Rg< 10k{1 100 120 100 120 0 100 dB
Power Supply Vg==5to £15V,
—_ 32 - 4 32 —_ 10
Rejsction Ratio PSRR Rg =< 10k} 4 100 wnN
Output Voltage Swing Vg Ry =2k +11 +13 — *H +13 - *1 *13 - v
";;"i‘:s'g"a' Voltage 4 o Ry < 2k03, Vo= 210V 100 650  — 100 650 — 50 50 — vimv
Power Consumption
= — - 123 1 -
(Note 1) Py Vo=0V 105 180 80 210 340 mw
Input Noige Voltage e, 0.1Hz to 10Hz — 0.7 — — 0.7 — — 0.7 - #Vpp
. fo=10Hz - 18 - - 18 - — 18 -
'g‘;”:s?t;'se Voltage 1o=100Hz - 4 - - 1’ - - ¥ — nwwFz
fo=1000Hz - 12 - — 12 - — 2 -
Input Noige Current  ipp.p 0.1Hz to 10Hz - 17 -— — 17 — _ 17 —_ pAp.p
. fo=10Hz — 18 — —_ 1.8 - - 1.8 -
";L“n's?t;"” Current fo=100Hz - 15— - 15 = - 15  — panHz
fo=1000Hz — 1.2 — —_ 1.2 — — 1.2 —
Channel Separation CS 100 130 — 100 130 - — 130 — dB
Slew Rate {Note 2} SR 0.7 10 - 07 10 — 0.7 10 —_ V/us
Large-Signal
= — 1t 16 — 1 —
Bandwidth (Note 2} Vo =20pp " 16 16 kHz
Closed-Loop
=41 24 . — 24 3.0 — . .0 —
Bandwidth (Note 4) =" AyoL=+10 3.0 24 3 MHz
Risetime (Note 2) t, Ay=+1, V|y=560mV — 110 145 - 110 145 bad 110 145 ns
Overshoot (Note 2} os - 15 26 - 15 25 - 15 25 %

NOTES:

1. Total dissipation for all four amplifiers in package.

. Sample tested.

2
3. Guaranteed by input bias current.
4. Guaranteed by risetime.
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ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vs = =15V, -55°C < T < +125°C, unless otherwise notsd.

OP-08A OP-09B
OP-11A OP-11B8 OoP-11C
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN  TYP MAX UNITS
Input Offset Vollage Vo Ra < 10k} - 04 1.0 - 1.0 as - 15 a0 mV
Average Input Offset - 1 - 4 18 _ 40 - vr
Voltage Drift (Note 3; 1CY0s  As=0kn 20 0 0 ' VrC
Input Offset Current  lpg - 20 40 - LY 80 - 250 300 nA
Average input Offset
- Al - 03 o8 - 03 0 nASC
Current Drift {Note 3; TClos 0 03 o
Input Bias Current Ig - 200 3375 — 400 680 —~ 400 800 nA
input Voitage Range VR 12 *13 - 212 13 - 12 *13 - v
Common-Mode
=% — 1, — -
Rejection Ratlo CMRR Vem=112V, Rg < 10k} 100 120 100 20 70 100 [:]:]
Power Supply Vg=25to£15Y, _ 4 _ _
RejsctionRatioc  '°'h  Res 10k 2 ‘. = 0 w00 N
Large-Signal _ _ _ -
Voltage Gain Avo Ry 2 2k(l, Vo=%10V 50 250 50 250 25 W00 vimy
Output Voltage Swing Vo Ry 22k 11 *13 - 11 =13 - 11 *13 - v
Power Gonsumption Vo=V - U5 20 — w5 200 — 250 400 mw

(Note 1)

ELECTRICAL CHARACTERISTICS (Each Amplifier) at Vg =15V, 0°C< T, £+70°Cfor OP-09E, OP-11E,~40°Cs T, $+85°C
for OP-09F, OP11F, OP-11G, unless otherwise noted.

OP-09E OP-09F

OP-11E OP-11F oP-11G
PARAMETER S8YMBOL CONDITIONS MIN TYP MAX NN TYP MAX NIN TYP MAX UMNITS
input Offset Voltage Vo Rg < 10kfl - 04 08 - 08 30 - 15 6.0 mv
Average input Offset

g Drift TCVos Rg< 10k0 - 20 0 40 0] - 490 - arC

Input Oftsst Current  log - “ 30 - 40 80 - 250 300 nA
Average Input Offset _ - _

Current Drift (Note 3; TClog 01 03 03 08 03 1.} nAfC
Input Bias Current g — 200 350 — AD0 550 — 400 800 nA
Input Voltage Range  IVR 12 13 - 12 x93 - 212 213 - v
Common-Mode

Relsction Ratlo CMRR Vo™ +12V, Rg s 10k0 100 120 - w120 - 70 100 - d8
Power Supply Vg=*510 £15V, - - -

Reiection Ratlo PSRR Ry 10k0 4 32 4 32 v 100 BN
Large-Signal _ — - _

go Gan Avo Ry 2 2k(), Vo =110V 50 250 50 250 25 100 vimv
Output Voltage Swing Vo R 2 2k0 1 *13 - =1 *13 - = 213 - v
Power Consumption

(Nots 1) Py Vo=V — 15 200 - s 200 — 250 400 mw

NOTES:

1. Total dissipation for all four ampliliers in package.

2. Sample tested.

3. Guaranteed but not tested.
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DICE CHARACTERISTICS (125°C TESTED DICE AVAILABLE) T-719-05-40

1. INVERTING INPUT (A) 1. OUTPUT (A)

2. NONINVERTING INPUT (A) 2. INVERTING INPUT (A)

3. OUTPUT (A) 3. NONINVERTING INPUT (A)
4. OUTPUT (B) 4 v+

5. NONINVERTING INPUT (B) 5. NONINVERTING INPUT (8B)
6. INVERTING INPUT (B) 6. INVERTING INPUT (B)

7. v- 7. OUTPUT (B)

8. INVERTING INPUT (C) 8. OUTPUT (C)

9. 9

NONINVERTING INPUT (C)
10. OUTPUT (C)

11. v+

12. OUTPUT (D)

13. NONINVERTING INPUT (D)
14. INVERTING INPUT (D)

15. V+

DIE SIZE 0.086 X 0.072 inch, 6192 sq. mils DIE SIZE 0.086 X 0.072 inch, 6192 sq. mils
(218 X 1.83 mm, 3.99 sq. mm) (2.18 X 1.83 mm, 3.99 sq. mm)

1 9. INVERTING INPUT (C)
= 10, NONINYERTING INPUT (C)
[of 11. v-

12. NONINVERTING INPUT (D)
13. INVERTING INPUT (D)

14. OUTPUT (D)

15. V+

NOTE:
Either or both V+ pads may be used without any change in performance.

WAFER TEST LIMITS at Vg= £15V, To=25°C for OP-09/11N, OP-09/11G and OP-09/11GR devices; Ta=125°C for
OP-09/11NT and OP-09/11GT devices, uniess otherwise noted.

OP-0SNT OP-09N OP-09GT OP-09GR
OP-1INT OP-11N OP-11GT OP-11G OP-11GR
PARAMETER SYMBOL CONDITIONS LIMIT LIMIT LIMIT LIMIT LIMIT UNITS
input Offset Voitage Vos Rg= 10k 1.0 05 3.5 25 5.0 mV MAX
Input Offset Current  log 20 20 50 50 200 nA MAX
Input Bias Current g 300 300 500 500 500 nA MAX
input Voltage Range IVR *12 +12 £12 +12 *12 VMIN
Gommon-Mode Vou==%12v
Rejection Ratio CMRR Re < 10k 100 100 100 100 70 dB MIN
Power Supply Vg =15V to £ 15V
Rejection Ratio PSAR  Res 10k 82 o % % 100 WV MAX
o R =10kn 11 +12 *1t £12 11
Output Voitage Swing Vo Ro =2kl £11 +11 £11 +11 1 VMIN
Large-Signal Re=2k0
Voltage Galn Ayo Vg=10V 50 100 50 100 50 V/mVMIN
Power Consumption Vour =0
out
{Four Amplifiers) d No Load 200 180 200 160 340 mW MAX

NOTES:
For 25°C characteristics of NT & GT devices, see N & G characteristics, respectively.

Electrical tests are performed at wafer probe to the limits shown. Due {o variations in assembly methods and normal yield loss, yield after packaging Is not
guaranteed for standard product dice. Consult factory to negotiate specifications based on dice lot qualification through sample lot assembly and testing.

TYPICAL ELECTRICAL CHARACTERISTICS at Vg = +15V, Ty = +25°C, unless otherwise noted.

OP-09NT OP-09N OP-09GT OP-09GR
OP-1INT OP-11N OP-11GT OP-11G OP-11GR
PARAMETER SYMBOL CONDITIONS TYPICAL TYPICAL TYPICAL TYPICAL TYPICAL UNITS
Ay=1
Slew Rate SR A, = 20 1 1 1 1 1 Vius
Unity Gain Bandwidth GBW 2 2 2 2 2 MHz
Ay=100
Channel Separation cs f=10kHz 130 130 130 130 130 dB
Rg= 1k}

REV. A OPERATIONAL AMPLIFIERS 2-551




ANALOG DEVICES INC S51E D WW 081kLA00 003L4LA TL9 MMANA

0P-09/0P-11 T-19-05-Y0

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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NOISE VOLTAGE DENSITY

vs FREQUENCY
1000 i =
ar
& 1]
Vg=:15v 4

2 Tp=+25°C
S 100
£ Ht
2
ur
a
w
e ]
1 I A
o 10
3
=
)
= il

1

{VOLTS)

QUIESCENT CURRENT {mA)

OUTPUT VOLTAGE
|

b

100 1k
FREQUENCY {Hz}

VOLTAGE FOLLOWER
PULSE RESPONSE

— B —

i las |
0 2 4 6 8 10 12 14 168 18 20
TIME (]
QUIESCENT CURRENT vs
SUPPLY VOLTAGE
|
4
/ Ty = #25°C
1l
2
1
[}
[} 10 20 30 40

TOTAL SUPPLY VOLTAGE (VOLTS)

T-19-05-90

NOISE CURRENT DENSITY

vs FREQUENCY
100 o —
E BN ¥::igyc H
4 X CLHE
s ! L
E T
g :
a = -
I I i
g1
g -
3 T i
! i
0.1 i - L H
10 100 1k 10k
FREQUENCY {H2)
MAXIMUM OUTPUT SWING
vs FREQUENCY
28
50 I TH
£ sy
s A=z |
&)
g l |
E1s
: il
g 2 il
K I
5 |
5 N
£ 4
3 \\\“
0'"( 10% 100k ™
FREQUENCY {Hz}
POWER CONSUMPTION vs
TEMPERATURE
140 | l
— Vg = £15V
gro
g T
=4 ]
E M~
§ 120 \\\\
z
~
g 1o
100

—60 40 —20 0 20 40 60 80 100 120 140
TEMPERTURE (°C}

OPERATIONAL AMPLIFIERS 2-553




