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Operational amplifiers

Universal building block for analog computers:
http://www.analogmuseum.org/
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Operational amplifiers

Universal building block for analog computers:
http://www.analogmuseum.org/

Analog computing:
- addition

- subtraction

- multiplication (gain)

- integration

- differentiation

- absolute value
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Operational amplifiers

Universal building block for analog computers:
http://www.analogmuseum.org/

Analog computing:

- addition

- subtraction
1952: First commercially - multiplication (gain)
available OpAmp - integration

- differentiation

George A. Philbrick: K2-W - absolute value
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Universal building block for ana

http://www.analogmuseum.org/

1952: First commercially
available OpAmp

George A. Philbrick: K2-W

Operational amplifiers

Ana

0g computers:

og computing:
addition

multiplication (gain)

- subtraction
- integration
- differentiation

1967: Philbrick: EP35AU

1" CASE i
2 +INPUT
3 —INPUT

absolute value

PHILBRICK

Models EP35AU and PP35AU

Differential Operational Amplifiers

Models EP35AU and PP35AU are fully differential Operational
Amplifiers featuring high input impedances and excellent

mode ratio. 1 are in feedback
operations in computing, measuring, and controlling, es-
pecially where a fully must

low voltage offset and low input current over a very wide
temperature range. The output may be shorted to ground or
either supply voltage without damage.

Mechanically, there are two versions. EP35AU is a plug-in
amplifier in a plastic case withbuilt in voltage offset control,
A mating edge connector is supplied.

PP35AU is an epoxy-embedded module with wire leads for
direct mounting on etched circuit boards by soldering, but
can also be used with an optional connector US-PPwhich, in
turn, can be mounted on, and soldered to, the board. The
voltage* trim adjustment is tailored by the user to his appli-
cation, and is applied externally.

*The amplifier will not operate with the trim terminals left
open.

OUTLINE DIMENSIONS

g = EP35AU
D Aceens ol Recemsod
— SR
ey 3%
rr Pi Comections
1 3 Swor
E L
5 e,
Ln_ 6. ouTPUT
;@m@ L v, Yisv pows
2.40. Chassis. 1 9. POWER COMMON
o) | i’ Conn. | s, 7 10. 15 V POWE!
+ =t
Snor of o rorsEm \um'-» Top or Clearance For ®4-40
PP35AU
fa—ri—} Pia Comecticns
].T;, CR [YTPR
B S vour
m b
e i
e -
[ ® |- [0)
SlET - @ |+ i 8
< ® |- _
sl I8
=yyrre Sorrow vew

PHILBRICK RESEARCHES

A TELEDYNE COMPANY
ALLIED DRIVE AT ROUTE 128, DEDHAM, MASSACHUSETTS 02026

Large signal: Full output
Rate limit.

INPUT VOLTAGE RANGE
Voltage range, both inputs

Voltage r
CMRR, DC

Current from positive supply: (Quiescent)
(Full Load)
Current from negative supply: (Quiescent)
(Full Load)

POWER SUPPLY REJECTION
Input Offaet/change either supply ......... 204/V

TEMPERATURE RANGE (°C)
Operat

. 25
58 0 4100
WEIGHT
| RS e R o.4on

PPISAU

100,000
200,000
1,000,000
40,000

4wz
N

sk
0.8 V/pesee

a0y

sV
20,0001

sMa i s pF
2x 10 || 27 pF
2 10% | 27 p¥

2.5 k0 Pot.
10uv/°C
2my

204V/V

FRT™S

AL 485°C power requirements will be 10% higher than those stated at +25°C.

For worst case

at any temperature add 4108,

L9 Amg 191/ AVSEdd B AVEEdd
NLLITING
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Universal building block for ana

http://www.analogmuseum.org/

1952: First commercially
available OpAmp

George A. Philbrick: K2-W

Operational amplifiers

Ana

0g computers:

og computing:
addition

multiplication (gain)

- subtraction
- integration
- differentiation

1967: Philbrick: EP35AU

1" CASE i
2 +INPUT
3 —INPUT

absolute value

1964: First IC: UA702 Bob Widlar, Fairchild

PHILBRICK

Models EP35AU and PP35AU

Differential Operational Amplifiers

Models EP35AU and PP35AU are fully differential Operational
Amplifiers featuring high input impedances and excellent

mode ratio. 1 are in feedback
operations in computing, measuring, and controlling, es-
pecially where a fully must

low voltage offset and low input current over a very wide
temperature range. The output may be shorted to ground or
either supply voltage without damage.

Mechanically, there are two versions. EP35AU is a plug-in
amplifier in a plastic case withbuilt in voltage offset control,
A mating edge connector is supplied.

PP35AU is an epoxy-embedded module with wire leads for
direct mounting on etched circuit boards by soldering, but
can also be used with an optional connector US-PPwhich, in
turn, can be mounted on, and soldered to, the board. The
voltage* trim adjustment is tailored by the user to his appli-
cation, and is applied externally.

*The amplifier will not operate with the trim terminals left
open.
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ALLIED DRIVE AT ROUTE 128, DEDHAM, MASSACHUSETTS 02026

Large signal: Full output
Rate limit.

INPUT VOLTAGE RANGE
Voltage range, both inputs

Voltage r
CMRR, DC

Current from positive supply: (Quiescent)
(Full Load)
Current from negative supply: (Quiescent)
(Full Load)

POWER SUPPLY REJECTION
Input Offaet/change either supply ......... 204/V

TEMPERATURE RANGE (°C)
Operat

. 25
58 0 4100
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| RS e R o.4on
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AL 485°C power requirements will be 10% higher than those stated at +25°C.

For worst case

at any temperature add 4108,
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Operational amplifiers

Universal building block for analog computers: 1964: First IC: UA702 Bob Widlar, Fairchild

http://www.analogmuseum.org/ _ 1965: Commercial success:
Analog computing: UA709 Bob Widlar, Fairchild

addition . +— Vecs
subtraction 2 1ok I oo | gk
multiplication (gain) g
integration o J 1
differentiation

absolute value .8

1952: First commercially
available OpAmp

George A. Philbrick: K2-W

out
30 k2

PHILBRICK |

Models EP35AU and PP35AU
. . Differential Operational Amplifiers
L] L] Models EP35AU and PP35AU are fully differential Operational
M I rI C . Amplifiers featuring high input impedances and excellent
mode ratio. 1 are in feedback
operations in computing, measuring, and controlling, es-

pecially where a fully must
low voltage offset and low input current over a very wide "/ 3 6 k.(!
temperature range. The output may be shorted to ground or A
either supply voltage without damage. IN - I ouT FREQ COMP
Mechanically, there are two versions. EP35AU is a plug-in
amplifier in a plastic case withbuilt in voltage offset control, /= N
A mating edge connector is supplied. - a SPECIFICATIONS lN + 18 ks
Z e | e y
CASE » PP35AU is an epoxy-embedded module with wire leads for :
5 O direct mounting on etched circuit boards by soldering, but %
PuT m can also be used with an optional connector US-PPwhich, in
z + IN & turn, can be mounted on, and soldered to, the board. The
z voltage* trim adjustment is tailored by the user to his appli-
’ cation, and is applied externally.
8 *The amplifier will not operate with the trim terminals left
(7] open.
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A TELEDYNE COMPANY
ALLIED DRIVE AT ROUTE 128, DEDHAM, MASSACHUSETTS 02026
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Operational amplifiers

Universal building block for analog computers: 1964: First IC: UA702 Bob Widlar, Fairchild

http://www.analogmuseum.org/ _ 1965: Commercial success:
Analog computing: UA709 Bob Widlar, Fairchild

addition ] — e,
subtraction 2 1ok I %,m 20k
multiplication (gain) . 7
integration o J 1
differentiation

absolute value (8

1952: First commercially
available OpAmp

George A. Philbrick: K2-W

out
30 k2

PHILBRICK

Models EP35AU and PP35AU
Differential Operational Amplifiers

L] L]
[ [ Models EP35AU and PP35AU are fully differential Operational
M . Amplifiers featuring high input impedances and excellent

mode ratio. 1 are in feedb

operations in computing, measuring, and controlling, es-
pecially where a fully ial must

low voltage offset and low input current over a very wide 3 6 kS )
temperature range. The output may be shorted to ground or A
either supply voltage without damage. |N - OUT FREQ COMP
Mechanically, there are two versions. EP35AU is a plug-in ~
amplifier in a plastic case withbuilt in voltage offset control, /= N
A mating edge connector is supplied. SPECIFICATIONS lN +
z o i et grsSny | PeAU 18 kQ2
1 CASE » PP35AU is an epoxy-embedded module with wire leads for :
o O direct mounting on etched circuit boards by soldering, but oy %
o INPUT m can also be used with an optional connector US-PPwhich, in
P 2 + a turn, can be mounted on, and soldered to, the board. The
by 4 voltage* trim adjustment is tailored by the user to his appli-
(‘j cation, and is applied externally.
{ g *The amplifier will not operate with the trim terminals left
N @ =
[$)] 0
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Nowadays:
Just have a look at:

= - Analog Devices: Operational Amplifiers
¥ A - é) 13

- Texas Instruments: Operational Amplifiers

PHILBRICK RESEARCHES

A TELEDYNE COMPANY
ALLIED DRIVE AT ROUTE 128, DEDHAM, MASSACHUSETTS 02026

L9 Amg 191/ AVSEdd B AVEEdd
NILIATING
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Operational amplifiers

Universal building block for ana

http://www.analogmuseum.org/

1952: First commercially
available OpAmp

George A. Philbrick: K2-W
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Ana

1" CASE
2 +INPUT

0g computers:

0g computing:

addition

subtraction
multiplication (gain)
integration
differentiation
absolute value

1967: Philbrick: EP35AU
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PHILBRICK

Models EP35AU and PP35AU
Differential Operational Amplifiers

Models EP35AU and PP35AU are fully differential Operational
Amplifiers featuring high input impedances and excellent

common mode ratio. 1 are in feedback
operations in computing, measuring, and controlling, es-
pecially where a fully ial must

low voltage offset and low input current over a very wide
temperature range. The output may be shorted to ground or
either supply voltage without damage.

Mechanically, there are two versions. EP35AU is a plug-in
amplifier in a plastic case withbuilt in voltage offset control,
A mating edge connector is supplied.

PP35AU is an epoxy-embedded module with wire leads for
direct mounting on etched circuit boards by soldering, but
can also be used with an optional connector US-PPwhich, in
turn, can be mounted on, and soldered to, the board. The
voltage* trim adjustment is tailored by the user to his appli-
cation, and is applied externally.

*The amplifier will not operate with the trim terminals left
open.
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1964: First IC: UA702 Bob Widlar, Fairchild

1965: Commercial success:

UA709 Bob Widlar, Fairchild

*
%10“2

FREQ <
CcCompP

. B

IN +

Nowadays:
Just have a look at:
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- Analog Devices: Operational Amplifiers
- Texas Instruments: Operational Amplifiers
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Operational Amplifier Types
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Operational Amplifier Types

1. Voltage feedback operational amplifiers
Symmetrical (balanced) input stage

a. High CM and DM input impedance
b. Low equivalent input offset voltage
c. Can have rail-to-rail input
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Operational Amplifier Types

1. Voltage feedback operational amplifiers
Symmetrical (balanced) input stage

a. High CM and DM input impedance
b. Low equivalent input offset voltage
c. Can have rail-to-rail input

2. Current feedback operational amplifiers
Asymmetrical (push-pull) input stage

a. High input impedance between noninverting input and ground
b. Low input impedance between inverting input and ground
c. High output voltage slew rate
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Operational Amplifier Types

1. Voltage feedback operational amplifiers
Symmetrical (balanced) input stage

a. High CM and DM input impedance
b. Low equivalent input offset voltage
c. Can have rail-to-rail input

2. Current feedback operational amplifiers
Asymmetrical (push-pull) input stage

a. High input impedance between noninverting input and ground
b. Low input impedance between inverting input and ground
c. High output voltage slew rate

3. Fully differential operational amplifiers
Intended for driving high-frequency, differential-input ADCs

a. Balanced input and output
b. Control input for CM output voltage (unity gain)
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Operational Amplifier Types

. Voltage feedback operational amplifiers
Symmetrical (balanced) input stage

a. High CM and DM input impedance
b. Low equivalent input offset voltage
c. Can have rail-to-rail input

. Current feedback operational amplifiers
Asymmetrical (push-pull) input stage

a. High input impedance between noninverting input and ground
b. Low input impedance between inverting input and ground
c. High output voltage slew rate

. Fully differential operational amplifiers
Intended for driving high-frequency, differential-input ADCs

a. Balanced input and output
b. Control input for CM output voltage (unity gain)

. Zero-drift operational amplifiers
Complex internal architecture for reduction of input offset

a. Application of auto-zero techniques (auto-zero amplifiers)
b. Application of modulation and demodulation techniques (chopper amplifiers)
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Operational Amplifier Types

. Voltage feedback operational amplifiers
Symmetrical (balanced) input stage

a. High CM and DM input impedance
b. Low equivalent input offset voltage
c. Can have rail-to-rail input

. Current feedback operational amplifiers
Asymmetrical (push-pull) input stage

a. High input impedance between noninverting input and ground
b. Low input impedance between inverting input and ground
c. High output voltage slew rate

. Fully differential operational amplifiers
Intended for driving high-frequency, differential-input ADCs

a. Balanced input and output
b. Control input for CM output voltage (unity gain)

. Zero-drift operational amplifiers
Complex internal architecture for reduction of input offset

a. Application of auto-zero techniques (auto-zero amplifiers)
b. Application of modulation and demodulation techniques (chopper amplifiers)
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