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r. ANALOG
W DEVICES

I

FEATURES

. Easy To Use - Drives Large Capacitive Loads

. Very High Slew Rate (Av = +1) 1300 V/j.!sTyp. Bandwidth (Av =+1) m 90MHzTyp. Low Supply Current 6.5mA Typ

. Bandwidth Independent of Gain

. Unity-Gain Stable. Power Shutdown Pin

APPLICATIONS

. High-Speed Data Acquisition

. Communication Systems/RF Amplifiers. Video Gain Block

. High-Speed Integrators

. Driving High-Speed ADCs

ORDERING INFORMATION t

TA =+25°C PACKAGE OPERATING
Vias MAX CERDIP PLASTIC LCC TEMPERATURE

(mV) 8-PIN 8-PIN 20-CONTACT RANGE

5.0 OP160AZ. - OP160ARCI883 MIL
5.0 OP160FZ OP160GP - XINO
5.0 - OP160GSit - XINO

. For devices processed in total compliance to Mll-STO.883, add 1883 after part
number. Consult factory for 883 data sheet.

t Burn.in is available on extended industrial temperature range parts in CerOIP
and plastic packages.

ft For availability and burn-in information on SO package, contact your local sales
office.

GENERAL DESCRIPTION

The OP-160 is an easy-to-use high-speed, current feedback op
amp. Designed to handle large capacitive loads, the OP-160
resists unstable operation. The OP-160 combines PMI's high-
speed complementary bipolar process with a current feedback

FAST SETTLING (0.01%)

Ay =-1, +10V STEP INPUT

High-Speed,CurrentFeedback
OperationalAmplifier

OP-160 I

topology for very high slew rate and wide bandwidth perform-
ance.

Slew rate of the OP-160 is typically 1300V/IlS and is guaranteed
to exceed 1OOOV/IlS.In addition, the OP-160's current feedback
design has the added advantage of nearly constant bandwidth
versus gain. In a gain of +1 the -3dB bandwidth is 90MHz I The
OP-160 also requires only 6.5mA of supply current, a consider-
able power savings over other high-speed amplifiers,

Applications using the OP-160can be implemented with the same
circuit assumptions utilized for conventional voltage feedback
opamps. With its high speed and bandwidth, theOP-160 is ideal
for a variety of applications including video amplifiers. RF am-
plifiers, and high-speed data acquisition systems.

The OP-160 is an easy-to-use alternative to the AD844, AD846,
EL2020 and EL2030.

For applications requiring a high-speed, wide bandwidth dual
amplifier, see the OP-260.

PIN CONNECTIONS

,W
'...J

...J i'"
~:; ~!~ ~
z % %,0 %

a-PIN EPOXY MINI-DIP
(P-Suffix)

8-PIN CERDIP
(Z-Suffix)
a-PIN SO
(S-Suffix)

'; ~ <.f j <.f
% z::>z%

20-CONTACT Lce
(RC-Suffix)

DRIVES CAPACITIVE LOADS

Av =+1, CL =1000pF

-1-
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OP-160

ABSOLUTE MAXIMUM RATINGS (Note 1)
Supply Voltage :1:18V
Input Voltage Supply Voltage
Differential Input Voltage , :1:1V
Inverting InputCurrent """""""""""""""" :t7mAContinuous

, , :t20mA Peak
Output Short.Circuit Duration """""""""""""""""""" 10 see
Operating Temperature Range

OP-160A (Z, RC) """""""" ,..,..,... -55°C to +125°C
OP-160A,F (Z) " -40°C to +85cC
OP-160G (P,S) -40°C to +85°C

Storage Temperature (Z, RC) .." -65°C to + 175°C
(P, 5) "" -65°C to + 150QC

Junction Temperature (Z, RC) " -65°C to + 175cC

(P, S) """"""""""""""""""""""""""""" -65°C to + 150"C
Lead Temperature (Soldering, 10 sec) , +300cC

PACKAGE TYPE
BIA (Nole 2)

148

103

UNITSBIC

16 'CIW

'CIW

B.Pin Hermelic DIP (Z)

8-Pin Plastic DIP (P)

2~Con(act LCC (RC)

8.Pin SO (5)

NOTES:

I. Absolutemaximumratings apply to both DICE and packaged pans. unless
otherwise noted.

2. a'A is specified lor worst case mounting conditions. I.e.. HA /s specified for
d~vice in socket for CerDIP, P.OIP. and LCC packages; e'A is specified tor
device soldered to printed circuitboard for SO package. I

43

38 'CIW

'CIW

98

158 43

ELECTRICAL CHARACTERISTICS at Vs = :t15V, VCM= OV,RF = 82011, TA= +25°C, unless otherwise noted.

OP-160A/F OP-160Q
PARAMETER SYMBOL CONDITIONS MIN TV? MAX MIN TYP MAX UNITS

Slew Rate SR ..

OP-160A

OP.160F

OP..160G

Ay = +2, Vo=:t10V,

RL = 5000, Test at Vo = x5V

mV

f1A

60

74 80 dB

3 Mn

:1:11 V

-"--'-"'--

:1:11 y

--..-..-...........

:1:35 +601.-45 mA

6.5 8 mA
......_---

1300
""""""-""""' .....---....---.....-.... VlflS"""""""' """--""'-""'--

1000

800

1300

1300

800 1300

-2-

InpulOffset
V,os 2 5

Voltage
-

Input Bias IB+ Noninverting Input 0.2 1
Current '8- Inverting Input -- 6 20

Inpul Bias Current VCM= ;t11V
Cornmon.Mode CMRRIB+ Noninverling Input -- 40 75
Rejection Ratio CMRRle- Inverting Input - 30 75

Inpul Bias Current Vs = :t9VtO:t1eV
Power Supply PSRRIB+ Noninverting Input -- 1 5
Rejec!ion Ralio PSRRIB- Inverting Input 20 50

""-...'
Cornmon.Mode

CMR VCM :t11VRejeci/on
60 65

-.---.....-...--.---

Power Supply PSR Vs =:t.9Vto :t18V 74 80Rejection

Open-Loop
'\ i'lL = 500(1 3 4

Transimpedance Vo = :t10V

InputVoltage 'VR (Note 1) :1:11
Range

------
Output Voltage

vo AL = soDa :1:11
Swing ......--.

Output Current '0 Vo= :t10V :t35 +60/-45
...-..- .-----.....

Supply Current Isv No Load - 6..5 8

Av= +1, VO=:t10V, All Grades -- 1300
RL -SOOO.TestatVo :t5V

2 5

0.4 1.5

10 30

50 125
40 125

nAN

-

1.5 10
25 75

nAN

- _ ..- --
65 dB
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OP-160

ELECTRICAL CHARACTERISTICS at Vs- .t15V, VCM'" av, RF '" 820Q, TA'" +25°C, unless otherwise noted. Continued

CONDITIONS
OP-160A/F

MIN TYP MAX
OP-160G

MIN TYP MAX UNITS

Ay= ...,
Ay. -1

4
6.4

4

6.4VO=:!:100mV ns

-3dB Point

At =500n

Ay.-1
Ay=+1
Ay = +2

55
90
65

55
90
65

MHz

..---.-------

Ay=-1. 10V Step
0.01%
0.1%

125

75

125

75
ns

Noninverting Input

Noninverting Input

Inverting Input

4 4 pF

17

60

f = 1kHz 5.5

f = 1kHz
Noninverting Input
Inverting Input

1=1kHz.Ay=+1.

Vo=2VRMS' At =5000

S
20

0.004

f = 3.58MHz

Ay=+1.Rl=500n

f = 3.58MHz

Ay.+1.Rt -soon

0.04

0.04

DISABLE = OV

No load
2.3

-3-

-- --- ---

PARAMETER SYMBOL

Rise Time tR

-3dB Bandwidth BW

SettlingTime t.
InputCapacitance CIN

Input Resistance AIN

Voltage Noise
enDensity

Current Noise
i

Density n

Total Harmonic
THO

Distortion

Differential Gain

Differential Phase

Disable Supply
ISVDISCurrent

NOTE:
1 Guaranteed by CMR test.

..-.-----.-----

10 - MO

60 .. n

5.5 .. nVIVHz

5 ..
pAi .,1HZ

20 ..
.........

0.004 %

0.04 %

0.04 - degrees

2.3 - mA
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OP-160

ELECTRICAL CHARACTERISTICS at Vs = :t15V. VCM= OV,RF = 8200, -55°C ~ TA~ + 125°C. for the OP-160A. unless other-
wise noted.

PARAMETER SYMBOL CONDITIONS MIN
OP-160A

TVP

3

MAX UNITS

t"put Offset Voltage

Average Input Offset

Voltage Drift

Vies 8 mV

TCVQS 10 ilV/"C

Input Bias Current 18+

18-

Noninver!ing Input
lovertlng Input

VCM=:!:10V
Noniovening loput
Inverting Input

0.35
12

2
30 !LA

Input Bias
Current Common-

Mode Rejection

Input Bias
Curren! Power

Supply Rejection RaIla

CMRRIB+
CMRRIB-

55
4S

150

150
nAN

PSRRfB+
PSRAIe-

VS=:1:9VtO:!:18V
Noninverting loput

Inverting Input

2
40

10
100

nAN

Common. Mode

f<ejection
CMR VCM= :t10V 56 60 dB

Power Supply
Rejection

Open-Loop
Transimpedance

PSR Vs =:I:9V to :l:18V 70 76 dB

RT Rt =soon
Vo=:i:10V

1.75 3 Mn

tnput Voltage
Range--......------.-

Output Voltage
Swing

IVR (Nole 1) :1:10 v
.., ,....--

Vo RL-soon :i:10 V

Supply Curren! 'SY No Load 6.75 9 mA

NOTE;

1. Guaranteed by CMR lest.

-4-

-~-

OBSOLETE



ANALOG DEVICES fAX-ON-DEMAND HOTLINE -Page 6

OP-160

-5-

ELECTRICAL CHARACTERISTICS at Vs =:!:15V, VCM= OV,RF" 8200, -40°C:s; TA:s;+85°C, for the OP-160F/G, unless
otherwise noted.

OP-160F OP.160G
PARAMETER SYMBOL CONDITIONS MIN TV? MAX MIN TVP MAX UNITS

InputOffset
V'es - 2.75 8 - 2.75 8 mVVoltage

--...--
Average Input

TCVos - 10 - .. 10 /,-V/"COffsetVoltage

Input Bias 'B+ Noninverting Input - 0.3 2 0.5 3
Current IB- Inverting Input - 10 30 - 15 40 I1A

Input Bias VCM;:l:10V
Current Common- CMRRIB+ Noninverting Input - 45 150 - 55 250

nAN
Mode Rejection Ratio CMRRIB- Inverting Input - 35 150 45 250------

Input Bias Vs;:t9Vto:l:18V
Curren! Power PSRRIB+ Noninverting Input - 1.5 10 2.5 20

nAN
Supply Rejection Ratio PSRRIa- Inverting Input - 30 100 3.5 150

Common-Mode
CMR VCM; :l:l0V 56 62 56 62 dB- -

Rejection
'-'-"-"""-"'...." .. - ....-------

Power Supply PSR Vs=:l:9VI0:t18V 70 80 - 70 80 - dB
Rejection

Open-Loop
RT RL; 5000 1.75 3 1.75 3 - Mu

T ransimpedance VO=:l:l0V

Input Voltage tVR (Note 1) i:10 - - :1:10 - VRange

Output Voltage
Vo RL; soon :1:10 - - :1:10 - VSwing

SupplyCurrent
ISY

No load,
6.75 g 6.75 9 mA- -

Current Both Amplifiers

NOTE:
, Guaranteed by CMR lesl.
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OP-160

DICE CHARACTERISTICS
r
I

1. Vos NULL
2. -IN
3. +IN
4. V-
5. Vos NULL
6. OUT
7. V+
8. DISABLE

DIE SIZE 0.071 X0.099 Inch. 7.029 sq. mils
(1.80 X2.52 mm, 4.54sq. mm)

WAFER TEST LIMITS at VS = :!::15V,VCM'" av, RF '" 82012. TA- +25°C. unless otherwise noted.

NOTES:

1. Guaranteed by CMR le$1.
Eleclricallesls are performed al waler probe 10the limits shown. Due 10variations in a$$embly methods and normal yield loss. yield atrer packaging IS not guaranteed for
standard product dice. Consult lactory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing.

-6-

OP-160GBC
PARAMETER SYMBOL CONDITIONS UMITS UNITS

Input 01f$et Voltage V1O$ 5 mV MAX
------....---------.--

Inpul Bia$ Current 18+ Noninverting Input 1.5
!-LAMAX

18- Inverling Input 30

Inpul Bia$ VCl,lx:l:11V
Currem Common- CMRRIB+ Noninverting Input 125

nNV MAX
Mode Rejection Ratio CMRRIB- Inverling Input 125

Input Bia$ Vs =:!:9V to :t18V
Current Power PSRR'B> Noninverling Input 10

Supply Rejection Ralio PSRR'B- Inverting Input 75
nNV MAX

Common-Mode
CMA VCIA=t11VRejection

60 dBMIN

Power Supply PSR Vs:!:9Vto:t18V 74 dBMIN
Rejection

Op(ln-loop
RT

RL= 500U 3 MUMIN
Transimpedance V0 = :t10V

Inpul Vorlage Range IVR :t1t VMIN

Output Voltage
Vo RL: 500.0 :1:11 VMIN

Swing --.

Supply Current Isv No Load 8 mA MAX

OBSOLETE
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OP-160
TYPICAL PERFORMANCE CHARACTERISTICS

a
~ 1500
UJ
!;;:
a:
~ 1000w...J
(jJ

Iii -45
w
~ -90

~ -135
e.
I- -180u..
* -225
UJ

~ -270
I
Cl. -315

Iii -45
UJ

i'i! -90
(;)

~ -135
~ -180
:I:
I./) -225
UJ

~ -270
:r
Cl. -315

SLEW RATEvs
NONINVERTINGGAIN

2500

2000

500

0 .
1 2 3 5 6

GAIN
7 8 9 104

PHASE SHIFTvs FREQUENCY
Av = +1

0

-360

10

FREQUENCY (MHz)

PHASE SHIFT V$ FREQUENCY

Av:::+2

0 i1--, I I T 9','~
Rl = soon I -filii..

f-- 2O0n iIIIi
son 'Iii

TA- +2S'C
Rr - 8200
Vs=i15V-360

10

FREQUENCY (MHz)

~
<':. 1500
UJ
!;;:
a:
~ 1000
w-'
(jJ

100

Cii
E.
z
<:
(;)

100

SLEW RATE vs
INVERTING GAIN

2SO0

500

2000

0
-1 -2 -3 -4 -5 ~ -7 --a -9 -10

GNN

95

-3dB BANDWIDTH vs
SUPPLY VOLTAGE

Av = +1

90

5:
~ 85
:rI-
0 80

~
~ 75
cD
cD

7 70

65

60
2 4 6 8 10 12 14 16 18

:1SUPPLY VOLTAGE (VOLTS)

15

GAINvs FREQUENCY
Av =+5

T A = +25"C

101-RF- 8200
VS=i15V
NORMAUZEDTQOdB

5

0

-5

-10

-15
1 10

FREQUENCY (MHz)

-7-

ifi -45w
UJ -90

5
UJ -135
e..

t;: -180

i}5 -225
w

~ -270
:r
no -315

-360

100

GAIN vs FREQUENCY

Av =+1

-15
1 10

FREQUENCY (MHz)
100

GAIN vs FREQUENCY

Av ;:: +2

-15.
1 10

FREQUENCY(MHz)
100

PHASE SHIFT vs FREQUENCY
Av = +5

0

10

FREQUENCY (MHz)
100

I I II- TA- +25.C
AF= 82OD.

I- Vo- i1OV
Vs=:115V
Al = 5000

'-.
,,
I\.' '-" f',.:....!!!SING

"""'-J.
FALI -

II
I
I I

'/'RL- 5000

2000 'lson

TA=..25'C
RF= 8200
Vs=j:15V

I I
TA- +25OC
RF- 8200
Vo=i10V

RISING Vs-:115V-A

.....'"
!'.. FALLING'r---

TA'=..2'C
r- RF- 8200 ,.....

RL- 5ooD. /

1---" I
/

J

15

10

5

CD

z 0
<
CI

-5

-10

15

10

5

Cii
E.
z 0
<:
CI

-s

-10

I -'.. j )
TA = +2S'C
RF = 8200
Vs-:t15V
NORMALIZED

Rl = SOOOTO OdB

I

2000

SOO \--
'" ..-

-

I I I I
TA= +2S'C
Rr - 8200
Vs=i15V
NORMALIZED
TO OdB

Rl - SooD.'"
2000-.,\
soo, "-, -'\-

I

RL-sOon -
- 2000 I '-- sou

TA- ..25OC
AF - 8200
Vs -:t1SV
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TYPICAL PERFORMANCE CHARACTERISTICS Continued

10

GAIN vs FREQUENCY
Av=+10

TA~+25.C
RF ~ 820a

51- Vs =:t15V
NORMALIZED TO OdB

0

25
J2.
z
<i'
(;J

-5

-10

-15

-20
1 10

FREQUENCY (MHZ)

PHASE SHIFT vs FREQUENCY
Av =-1

0

(jj -45
\.1.1
w -90
ffi
w -135
0
;:: -180
~
it -225
w

~ -270
a: -315

-360

10
FREQUENCY (MHz)

0

C;; -45
!.U
~ -90
&1 -135
e.
I- -180~

~ -225
!.U

~ -270
J:
Q. -315

100

PHASE SHIFT vs FREQUENCY
Av =+10

-360

10
FREQUENCY(MHz)

ANALOGDEVICES FAX-ON-DEMANDHOTLINE

100

0

[j) --45
w

~ -90

~ -135
e.

-180
LL.

1)5 -225
w
~ -270

if -315

-360

PHASE SHIFT vS FREQUENCY

Av =-5
I III II

~
A = +25OC

'. R,: = 820n

_RL=500nJI" Vs=t15V
2OOn3: ,II

- son=!

10

FREQUENCY (MHz)

-8-

--

100

15

GAIN vs FREQUENCY
AV =-1

TA- +25°C
10 I-RF = 620'1

Vs.;t15V
NORMALIZEDTO OdB

5

-10

-15
1 10

FREQUENCY(MHz)
100

PHASE SHIFT vs FREQUENCY
Av = -2

10

FREQUENCY (MHZ)

100

GAIN vs FREQUENCY
Av = -10

-20 I
I 10

FREQUENCY (MHz)

100

, """I-.'- Rl = soon I- I200n""
- son ./

TA = +25°C
RF = 8200
Vs = :t15V

GAIN vs FREQUENCY
Av = -5

151 I I I I I IIII
TA = +25°C

10 I- RF = 820n
VS=:t15V
NORMALIZED TO Ode,

5
2i

z 0
«
'-'

--5

-10

-15
1 10 100

FREQUENCY(MHz)

Cii
:!:!.
z 0
:(
c.:1

-5

10

5

0

Cii
:!:!.
Z -5
;;:
(!J

-10

-15

GAIN vs FREQUENCY

Av = -2
15 I I I

TA= +25°C 0
10 I- RF= 820n -..Vs=i1SV [j) -45

....NORMALIZED TO OdB UJ
-RL = soonUJ -905 a:

200n,c.:1
2i UJ -135 - son
:!:!. e.
z 0 c---... t -160
:( to- :i: -225(!J

V/I U)
-5 - - ---- /""" UJ

U) -270.q:
:r:
"- -315

TA = +25°C-10
RF= 820n-360
Vs - tlSV

-15
1 10 100

FREQUENCY (MHz)

TA = 25cl I I 1111
RF = 8200
Vs t15V
NORMALIZED TO OdB

.......
r-.

/'-
RL=sooa

'
1'-.'"

I- 2ooa ...
soo

1'-....
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OP-160

TYPICAL PERFORMANCE CHARACTERISTICS Continued

PHASE SHIFTvs FREQUENCY
Av =-10 TOTAL HARMONIC DISTORTION vs FREQUENCY

TA.. ..2S"C
RF" 8200
VS" t15V

0

flj -45
UJ

i'j! -90
(:J

~ -135

ti: -180

~ -225
UJ

~ -270
:I:
0.. -315

-360

10

FREQUENCY (MHz)

100

INVERTINGINPUT
CURRENTNOISE DENSITY

vs FREQUENCY
INPUTVOLTAGENOISE

DENSITYvs FREQUENCY
1000

~ 100
:;
E..
>t-
en
Z
'"
0
UJ
VI

@
UJ

~
~
....::>
0..
;!'::

~

~~
::><00..1--::»
o..!::
Z<n-z
~n:
~w
a:<nw-
~~

10010

10
10

1
10 100 lk

FREQUENCY (Hz)

10k100 lk

FREQUENCY (MHz)

10k

INVERTING INPUT
BIAS CURRENT

vs COMMON-MODE VOLTAGE
10

TOTAL SUPPLY CURRENT
vsSUPPLY VOLTAGE

a

<
E
;: 6
Z
w
a:
~
u 4
~
0..
0..
::>
JI)

<l 2
~
0
~

0
-20 -15 -10 -5 0 II 10 15 20

COMMON-MOOEVOLTAGE (VOLTS)

0
0 :1:5 110 115

SUPPLY VOLTAGE (VOLTS)

120

-9-

~--

NONINVERTING INPUT
CURRENT NOISE DENSITY

vs FREQUENCY
100

Z Rfs 820il
i'j! Vss.t15V
a:J:
::J
0<1-0..

10
(:J!2
i;w
!X:°wW>zO
Zz

1
10 100 lk 101<

FREQUENCY(Hz)

TA....25.C
..... RF- 8200

Vs -t15V-
-

'"

-
-

-

TA.. ..25.C ....
RF"8200-
VS...t15V-

'"

......

-

I
TA- ..25.C
Vs", :t15V

- ........---

,

I
TA" .25"C
RF.. 8200
NOLOAD

I
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TYPICAL PERFORMANCE CHARACTERISTICS Continued

NONINVERTING INPUT
BIAS CURRENT vs

COMMON-MODE VOLTAGE
<' 1200
S

~ 1000
UJ
a: 800

§ 600
<J')

~ 400
II]

5 200
CL
~ 0
"
z -200
;::
15 -400>
~ -600z
~-800

-20 -15 -10 -5 0 5 10 15 20
COMMON.MODEVOLTAGE(VOLTS)

APPLICATIONS INFORMATION
CURRENT VERSUS VOLTAGE FEEDBACK AMPLIFIERS
The OP-160 employs a unique circuit topology that sets it apart
from conventional op amps. By using a transimpedance ampli-
fier configuration, the OP-160 provides substantial improve-
ments in bandwidth and slew rate over voltage feedback op
amps. Figure 1 compares models of these two different ampli-
fier configurations.

A voltage feedback op amp multiplies the differential voltage at
its inputs by its open-loop gain. The feedback loop forces the
output to a voltage that, when divided by R, and Rz' equalizes
the input voltages. Unlike a voltage feedbackopamp, which has

CONVENTIONAL OP AMP

a)
VIN

RZ

A,

-;-
AV-l~

VOLTAGE-GONTAOLLED
VOLTAGE SOURCE

VOlIr

COMMON-MODE REJECTION
vs FREQUENCY

0
100 lk 10k lOOk 1M

FREQUENCY (Hz)

10M

high impedance inputs, the current feedback amplifier has a
high and a low impedance input. The current feedback
amplifier's input stage consists of a unity-gain voltage buffer
between the noninverting and inverting inputs. The inverting
"input" is in reality a low impedance output. Current can flow into
or out of the inverting input. A transimpedance stage follows the
input buffer that converts the buffer output current into a linearly
proportional amplifier output voltage.

The current feedback amplifier loop works in the following fash-
ion (Figure 1b). As the non inverting input voltage rises, the in-
verting input follows and the buffer sources current through R,"

CURRENT FEEDBACK OP AMP
b)

vll'~

VOUT

R2

R,

- R2
- AV=1+R;

CURRENT-CONTROLLED
VOLTAGE SOURCE

FIGURE 1: The conventional op amp (a) can be modelled as a voltage-controlled voltage source. In contrast, the current feedback
op amp (b), resembles a current-controlled voltage source.

-10-

.-
TA=+25'C
Vs= i15V

""
"""""

POWER SUPPLY REJECTION
vs FREQUENCY

100 90
TA = +2S"C 80

"'- RF = 820n 00
z 80 E
0 ;Z 70
;:: 0
() j::

60w ()
., 60 w
w .,
a: w 50a:

w
CL 40 a 40CL 0::)
(/J 30cr z
w 0
3: 20 ::i: 20
0
Q. () 10

a
lk 10k lOOk 1M 10M

FREQUENCY(Hz)

TA=+25"C
RF= 820n
Vs =.t15V

--. '"
""
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OP-160

This current, multiplied by the transimpedance stage, causes
the amplifier's output voltage to rise until the current flowing into
R2from the amplifier's output equalizes the current through R"
replacing the buffer's output current. At steady state, only a very
small bufter output current must flow to sustain the proper out-
put voltage. The ratio (1 + R/R,) determines the closed-loop
gain of the circuit. The result is that when designing with current
feedback amplifiers the familiar op amp assumptions can still be
used for circuit analysis:
1. The voltage across the inputs equals zero.
2. The current into the inputs equals zero.

BANDWIDTH VERSUS GAIN

A unique feature of the current feedback amplifier design is that
the closed-loop bandwidth remains relatively constant as a
function of closed-joop gain. Voltage feedback op amps suffer
from a bandwidth reduction as closed-loop gain increases, as
quantified by the gain-bandwidth product (GBWP). This is illus-
Irated in Figure 2 which shows the frequency response of the
OP-160 for various closed-loop gains and the frequency re-
sponse of a voltage feedback op amp with a gain-bandwidth
product of 30MHz. The bandwidth of the OP-160 is much less
dependent upon closed-loop gain than the voltage feedback op
amp.

40

I

I

L-

FIGURE 2: Frequency response of the OP-160 when con-
nected in various closed-loop gains with RF= 82OQand RL '"
1OlXtNote that the frequency response of the OP-160does not
fol/owthe asymptotic rol/-offcharacteristicof a voltage feedback
op amp.

-20
1 10

FREQUENCY (MHz)

100

FEEDBACK RESISTANCE AND BANDWIDTH
The closed-loop frequency response of the OP-160 shown in
Figure 2 applies for a fixed feedback resistor of 82012. The fre-
quency response of a current feedback amplifier is primarily
dependent on the value of the feedback resistor value. The
design of the OP-16D has been optimized for a feedback resis.
tance of 820H. By holding the feedback resistor value constant,
the -3dB frequency point willa!so remain constant within a mod-
erate range of closed-loop gain.

V,N

VOUT

V,
A2

R,

'::"
AT =SMALL.sIGNAL TRANS IMPEDANCE
Cc = INTERNAL COMPENSATIONCAPACITANCE
R,NV = INPUT BUFFER OUTPUTRESISTANCE

FIGURE 3: Simple frequency response mode/of the current
feedback amplifier.

The mode! shown in Figure 3 can be used to determine the fre-
quency response of a current feedback amplifier. With this
mode!, the frequency response dependency on the value of the
feedback resistance is easily seen.

From the model of Figure 3, nodal equations may be written for
V, and V2.

VIN
(
~

)
+VOUT

V, R,NV
R2 A21 +-+-
R, R,NV

AT
V2'" J,

, + SRT Q:;

V,N- V,
(

1 1

)

VOUT
wherel1'" =V, -+- --, andVOUT=V2

RINV R1 R2 A2

Combining these equations yields:

i(

(

R2

)

) j

V,N - + VOUT

V R,NV 1 1 VOUT RT

OUT = 1 +~+~ (R;+RJ-~ 1 +SRTCC
L R1 RINV

Ifthe transimpedance of the amplifier, RT' is ) Rz and R'NV'then
the transfer function may be simplified to:

1 + R2
VOUT R1

~ = 1 + s [R2 + (1 + ~ ) RtNVJ Q:;

-11-
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The transfer function shows that the dominant closed-loop pole
is mainly dependent on the value of the feedback resistance, R2'
and the internal compensation capacitor, Cc' For example, at
unity gain, where R, is infinite, R2 determines the -3dB fre-
quency.
VOUT

VIN

1

1 + sRz Cc
1

f-3dB =
2n R2 Cc

where R2 » RINV

For higher gains, the -3dB frequency is determined by R2 plus
the output resistance of the buffer, RJNV(typically GOn),which is
multiplied by the closed-loop gain. As the closed-loop gain in-
creases, the multiplying effect on RINV becomes dominant,

.--------------..--

a)
GAIN vs FREQUENCY

RF = soon
15

10

5

CD
~

a

z -5
;;;:
~ -10

-15

-20

-25 .
1 10

FREQUENCY (MHz)

100

c)
GAIN vs FREQUENCY

RF =1kn
15

10

CD
~

0

z -5
;;;:
~ -10

-15

-20

-25
1 10

FREQUENCY (MHz)

100

causing the bandwidth to decrease. However, the closed-loop
bandwidth of a current feedback amplifier still far exceeds that
of a voltage feedback op amp for moderate values of gain.

Figure 4 shows the effect of the feedback resistance on the

bandwidth of the OP-160 for various closed-loop gains.

SLEW RATE AND GAIN

The simplified schematic in Figure 5 shows the three stages of
the OP-160. The input stage consists of a unity-gain emitter-
follower amplifier. °sand °6form a class AB output stage at the
inverting input which can source or sink current. The current
flowing through the inverting input is sensed by the top current
mirror, formed by °7' Qg, and Q'0' or the bottom current mirror,
formed by Q8' Q", and °,2' When the buffer sources current to
a load, current flows out of the inverting input, increasing Os's
collector current and causing more current to flow through Og

b)
GAIN vs FREQUENCY

RF=8200
15

10

5

CD
~

0

z -5
;;:
~ -10 Av = +10

-15

-20

-25 -
1

FIGURE 4: Bandwidth will vary with feedback resistance. Peaking increases as the feedback resistance is decreased. RF= 82on
IS the recommended value. A/f graphs are normalized to OdS.
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r

I

I

I

Vos NULL vas NULL

v+

+IN

O,SDISABLE

VOOT

0,6

INPUT STAGE
I

TRANSIMPEDANCE I
STAGE I,

v-
OUTPUT
STAGE

FIGURE5: Simplified schematic of the OP-160 showing the three stages of the amplifier.

SLEW RATE vS
NONINVERTING GAIN

SLEW RATEvs
INVERTINGGAIN

500

b)
2SO02500

SOO

a}

2000 2000

'[
~ 1500
w

~
iE 1000
c;I

:j
~ 1SO0
w
!;(a:
:;: 1000w-'
CI)

I

I,'--

0 , 2 3 4 5 6
GAIN

7 8 9 10
0
-1 -2 -3 -4 -5 -9 -7 -8 -9 -10

GAIN

FIGURE 6: Slew rate of the OP-160 in noninverting (a) and inverting (b) configurations-

and 0'5- This increases the base drive to the output transistor
0,7' Simultaneously, the increased current in 09 drives 0'3
which reduces base drive to the complementary output transis-
tor a,s This push-pull action produces a very fast output slew
rate. For a small voltage step, the OP-160's slew rate is depend-
ent on the available current from the two current sources (IAand
18)that drive as and °6"

To increase the slew rate, transistors 0, and °2 have been
added to boost the base driveto 05 and 06" Inlowgains, a large
inputstep willturn on A, or O2increasing the slew rate dramati-
cally as illustrated in Figure 6.
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r
I

a)

,,=+1
R, =8200
RL = 5OOU

CL=1000pF
VS.:t15V

b)

"=-1
Rf = 8200
Rl = 50011
CL=1000pF
Vs =:t15V

- Page 15

FIGURE 7: The OP-160 remains stable when driving large
capacitive loads.

DRIVING CAPACITIVE LOADS

The OP-160 is capable of driving capacitive loads athigh speed.
Output stage compensation is used to reduce the effects of
capacitive loading. With low capacitive loads, the gain from the
compensation node to the output is unity and Co does not con-
tribute to the overall compensation. As the load capacitance is
increased, a pole is formed with the output resistance of the
amplifier. The gain is reduced and Co begins to contribute to the
overall compensation capacitance leading to a reduction in
bandwidth. As the load capacitance is increased, the bandwidth

a)
As

Your

is further reduced and the amplifier remains stable. Figure 7
shows theOP-160 in a gain of + 1 and -1 driving a 1000pF load
without any sign of oscillation. Table 1 shows the effects of
capacitive load on the -3dB bandwidth for Av =-1.

TABLE1: -3dB Bandwidth vs. Capacitive Load; Av" -1,
RF..820n, RL.. soon, Vs =d:15V.

CAPACITANCE (pF)

0

20

-3dB BANDWIDTH (MHz)

55

55

R2

"'IVIN
2.5kO

50

75

100

50

48

40

24

13

"::' =

200

500

1000 9

"::'

AMPLIFIER NOISE PERFORMANCE

Simplified noise models of the OP-160 in the noninverting and
inverting amplifier configurations are shown in Figure 8. All re-
sistors are assumed to be noiseless.

For the noninverting amplifier, the equivalent input voltage
noise, referred to the input, is:

EN ..~(Rs innf + en2 +(R2 inif/AvcL
where:

EN == total input referred noise
en ==amplifier voltage noise
inn ==noninverting input current noise

~I = inverting input current noise
lis .. source resistance
AVCL==closed loop gain ==1 + R:lR1

b)
R2

R1

vour

",IVIN

"::" "::" -=-

FIGURE 8: Simplified noise models for the OP-160 in noninv9rting (a) and inverting (b) gain.
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For the inverting amplifier, the equivalent input voltage noise,
referred to the input, is:

EN="! en2 (
1+IAvcLl)+(R2ini

IAVCL! IAI£LI

assuming Rs « R,. AVCL= closed-loop gain = -R/R1'

Typical values @ 1kHz for the noise parameters 01the OP-160
are:

en

!nn
I.
01

;; 5.5nV/vIHz

;; 5pA/VHz

= 20pA/-/Hz

SHORT-CIRCUIT PERFORMANCE

To avoid sacrificing bandwidth and slew rate performance the
OP-160's output is not short-circuit protected. Do not short the
amplifier's output to ground or to the supplies. Also, the buffer
output current should no! exceed a value of :t20mA peak or
:t 7mA continuous.

POWER SUPPLY BYPASSING AND LAYOUT
CONSIDERATIONS

Proper power supply bypassing is critical in all high-frequency
circuit applications. For stable operation of the OP-160, the
power supplies must maintain a low impedance-to-ground over
an extremely wide bandwidth. This is most critical when driving
a low resistance or large capacitance. since the current required
to drive the load comes from the power supplies. A 10JlF and

r-'

+15V

820n

"::" "::"

10I.J.F

!i~
O.1I-lF "::"

1

HP 5802.2810

0.1 ~F bypass capacitor are recommended lor each supply, as
shown in Figure 9. and will provide adequate high-frequency
bypassing in most applications. The bypass capacitors should
be placed at the supply pins of the OP-160. As with all high fre.
quency amplifiers. circuit layout is a critical factor in obtaining
optimum performance from the OP-160. Proper high-frequency
layout reduces unwanted signal coupling in the circuit. When
breadboarding a high-frequency circuit, use direct point-to-
point wiring, keeping all lead lengths as short as possible. Do
not use wire-wrap boards or "plug-in" prototyping boards.

v+

v- I O.1~F

FIGURE 9: Proper power supplying bypassing is required to
obtain optimum performance with the OP-160.

+'5V

Y

1000 D.1I.J.F

I ~ 4k!~
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J
4kU 1MH

O.If'F

~ -1SV

FIGURE 10: High-Speed SeWing Time Fixture (for 0.1 and 0.01%)
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a)

- Page 17

INPUT

OUTPUT

b)

OUTPUT

INPUT

FIGURE11: Settling Time Performance oftheOP-160 to 0.1% (a) and 0.01% (b) Av=-1

SETTLING TIME

Settling time is the time between when the input signal begins to
change and when the output permanently enters a prescribed
error band. Figure 10 illustrates the artificial summing node test
configuration, used to characterize the OP-160 settling time. The
OP-160isset inagainof-1 with a 10VstepinputThe error bands
on the output are 5mV and 0.5mV, respectively, for 0.1% and
0.01% accuracy.

-15V

82011

3OOpF

+15V

!
1.11kU

+15V 22011

rO.t~F

.NOTE: DECOUPLE CLOSE
TOGETHER ON GROUND PLANE
WITH SHORT LEAD LENGTHS

f+7A13 PLUG.IN

~ I- 7A13 PLUG,",N

tien

I I VREF I
. tJ 0111 ~ 1k'i)

-=-

VR£F

FIGURE12: Transient Output Impedance Test Fixture

The test circuit, built on a copper clad circuit board, has a FET
input stage which maintains extremely low loading capacitance
at the artificial sum node. Preceding stages are complementary
emitter follower stages, providing adequate drive current for a
5012 oscilloscope input. The OP-97 establishes biasing for the
input stage, and eliminates excessive offset voltage errors.

TRANSIENT OUTPUT IMPEDANCE

Settling characteristics of operational amplifiers also includes an
amplifier's ability to recover, I.e., settle, from a transient current
output load condition. An example of this includes an op amp
driving the input from a SAR type AID converter. Although the
comparison point of the converter is usually diode clamped, the
input swing of plus-and-minus a diode drop still gives rise to a
significant modulation of input current. If the closed-loop output
impedance is low enough and bandwidth of the amplifier is suf-
ficiently large, the output will settle before the converter makes
a comparison decision which will prevent linearity errors or
missing codes.

Figure 12 shows a settling measurement circuit for evaluating
recovery from an output current transient. An output disturbing
current generator provides the transient change in output load

current of 1mA. As seen in Figure 13, the OP-160 has extremely
fast recovery of 80ns, (to 0.01%), for a 1mA load transient. The
performance makes it an ideal amplifier for data acquisition
systems.

Ullt:llnJIIiij

.

...'.. "'.'.'.."~"_'!'-'.-'~"-.;:i')'-.'..i.-".i'..za\".'.'.'

FIGURE 13: OP-160's Extremely Fast Recovery Time from a
1mA Load Transient to 1mV (0.01%)
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v+

RPOT = 1110 TO 1Okn

OUT

DISABLE

v-

FIGURE 14: Input Offset Voltage Nulling

OFFSET VOLTAGE ADJUSTMENT
Offset voltage is adjusted with a 20kn potentiometer as shown
in Figure 14. The potentiometer should be connected between
pins 1 and 5 with its wiper connected to the V+ supply. The
typical trim range is :!::40mV.

DISABLE AMPLIFIER SHUTDOWN
Pin 8 of the OP-160, DISABLE, is an amplifier shutdown control
input. The OP-160 operates normally when Pin 8 is left floating.
When greater than 1O00j.1Ais drawn from the DISABLE pin, the
OP-160 is disabled. To draw current from the DISABLE pin, an
open collector output logic gate or a discrete NPN transistor can
be used as shown in Figure 15. An internal resistor limits the
DISABLE current to around 500j.lA if the DISABLE pin is
grounded with the OP-160 powered by :t15V suppHes. These
logic interface methods have the added advantage of level

v+

'ltN

vour

2V n
ov--.J L

5110

"::'
v-

.---
FIGURE 15: Simple circuits allow the OP-160 to be shutdown.

+15V
10j1F

~F---,
0.111F' ...L

~"::'
820(1-

2V n
ov--.J L

-:

vaJT

11<n

1011f

=1+
0"11F~

~-
-15V ':"

FIGURE 16: DISABLE Turn-On/Turn-aff Test Circuit

shifting the TTL signal to whatever supply voltage is used to
power the OP-160.

In the DISABLE mode, the OP-160 maintains 40dB of input-to-
output isolation if the input signal remains below :!::1.5V.Output
resistance is very high. over 100kn. if the output is driven by
signals of less than :t1.5V. Higher signals will be distorted.

Figure 16 shows a test circuit for measuring the turn-on and
turn-off times for the OP-160. The OP-160 is in a gain of +1with
a + 1V DC input. As the input pulseto the inverter rises its output
falls, drawing current from the DISABLE pin and disabling the

v+

"'t'i
VOUT

LOGIC GATE
WITH OPEN

COLLECTOAiDRAIN
OUTPUT

v-
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i--
I
I
I
I
I

a) ;:T:llmi~
~'.'_""."'-W ~_.ttJ

~=1i1MlOGIC INPUT

OUTPUT

b)

lOGIC INPUT

OUTPUT

FIGURE 17: (a) OP-160 turn-on and turn-off performance. (b)
Expanded scale showing turn-on performance of the OP-160.
Be aware of the high-frequency spike during turn-on.

amplifier. The output voltage delay is shown in Figure 17 and
takes 200llS to reach ground. The turn-on time is much quicker
than the turn-off time. In this situation as the input to the inverter
falls its output rises, returning the OP-160 to normal operation.
The amplifier's output reaches its proper output voltage in
4500s.

OVERDRIVE RECOVERY

Figure 19shows the overdrive recovery performance of the OP-
160. Typical recovery time is 120ns from positive and negative
overdrive.

APPLICATIONS

NONINVERTINGAMPUFIER
The OP-160 can be used as a voltage-followeror noninverting
amplifier as shown in Figure 20. A currentfeedback amplifier inthis
configuration yields the same transfer function as a voltage feed-
back op amp:

~-1 +&
VIN Ai

Remember to use a 8200 feedback resistor in voltage-follower
applications.

In non inverting applications, stray capacitance at the inverting in-
put of a current feedback amplifier will cause peaking which wiJIin-
crease as the closed-loop gain decreases. The gainsetting resis-
tor, A, ' is in parallel with this stray capacitance creating a zero in the

+i5V

WS.i:1V
SQUARE WAVE

VOUT

10).I.F

:1:n=-,
O.i~ 1-

I~ -:c

son
1kil

.6
vlN

':;"
O.1ILF

1OILF~
_.~ -

-15V -=

-=-::-

FIGURE 18: Overdrive Recovery Test Circuit

FIGURE 19: The OP-160 recovers from both positive and
negative overdrive in 120ns.

+i5V

VIN

+~O~
O.1ILF-

~
6.SEE TEXT VOUT

A,

R2
NY'-
620'1

101LF+

--If2i
O.i/iF-

~
-=

VOUT = 1 + ..&...
VIN R,

-i5V

FIGURE 20: The OP-160 as a voltage follower or noninverting
amplifier.
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closed-loop response. For large noninverting gains, R1 is small,
creating a very high-frequency open-loop pole which has limitedef-
fect on the closed-loop response. As the non inverting gain is de-
creased, R, becomes larger and the stray zero becomes lower in
frequency, having a much greatereffectontheclosed-Ioop response.
To reduce peaking at low non inverting gains, place a series resis-
tor, Rc' in series with the non inverting input as shown in Figure 20.
This resistor combines withthe stray capacitance at the noninverting
inputto form a low-pass fifterthat willreduce the peaking. The value
of Rc should be determined experimentally in the actual PCB lay-
out. Less peaking willoccur in inverting gain configurations since
the inverting input is a virtual ground which forces a constant volt-
age across the stray capacitance.
A common practice to stabilize voltage feedback op amps is to use
a capacitor across the feedback resistance. This creates a zero in
the voltage feedback amplifier response to offset the loss of phase
margin due to a parasitic pole. In current feedback amplifiers, this
technique willcause the amplifier to become unstable because the
closed-loop bandwidth will increase beyond the stable operating
frequency.

INVERTING AMPLIFIER
The OP-160 is also capable of operation as an inverting amplifier
(see Figure 21). The transfer function of this circuit is identical to
that using a voltage feedback op amp:

~.. _A2
VIN R,

I--
I
I

+1SV

1°f~
+-1~
O.1J1F-

~
Rz

R,

VOUT

82OQ

VIN

6

';' 10JlF+

_.~
O_'~F

~
VOVTRz
-v;-;~- ~

-1SV

FIGURE 21: The OP-160 as an inverting amplifier.

USING CURRENT FEEDBACK OP AMPS IN INTEGRATOR
APPLICATIONS
The small-signal model of a current feedback op amp shown
earlier in Figure 3 assumes a non-varying value of feedback
impedance- A non-varying feedback impedance ensures that
the bandwidth of the amplifier does not extend beyond its 1800
phase shift point and create unwanted oscillations. In integrator
circuits, the feedback element is a capacitor whose impedance
does vary with frequency. By definition then, integrator applica-
tions using current feedback amplifiers should be unstable.
However, a simple trick, shown in Figure 22, enables high-
speed, wide bandwidth current feedback op amps to be used in
integrator applications.

Resistor RF is placed between an artificial sum node and the
inverting input of the amplifier. This resistor maintains a mini-
mum value of feedback impedance over all frequencies. At high

signal frequencies, the integrator capacitor, C" is a short circuit;
the feedback impedance is equal to RF only and the amplifier
has maximum bandwidth. At low frequencies, C, adds to the
overall feedback impedance. This lowers the amplifier's band-
width but not enough 10 affect the integrator's performance.

FIGURE 22: An Integrator Using a Current Feedback Op Amp
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Figure 23 shows the gain and phase performance ofthe integra-
tor. The integrator has the desired one-pote response for signal
frequencies

Ie» 1/(21tRP1) "" 16kHz.

A more strenuous test of integrator performance is the pulse
response. Ideally, this should be a linear ramp. The current
feedback integrator's pulse response is exhibited in Figure 24.
The response closely approximates the ideat linear ramp.

;

i

I
,~

10k 1OOk 1M 10M

FREQUENCY (Hz}

0
100M

180 -
UJ
LJ.j

135 a:
CJw

90 e.
45

w
(/)

~
0..

FIGURE 23: Gain and phase response of the integrator shows
a one-pole response.

SOOmv SOOmv

- .~

; -.

--~C

FIGURE 24: Pulse response of the current feedback integrator.
f = 2MHz.

ACHIEVING FLAT GAIN RESPONSE WITH CURRENT FEED-
BACK OP AMPS

In high-performance systems, flat gain response is often re-
quired. Current feedback op amps provide wide bandwidth per-
formance but even these may notfulfillthe gain flatness require-
ments of some systems.

Current feedback op amps exhibit both gain roll-off and peaking
as shown in Figure 25. Peaking is primarily due to parasitic

-2
1 '0

FREQUENCY (MHz}

'00

FIGURE 25: Gain roll-off and peaking of current feedback
amplifiersis dependent upon a number offactors includingload-
ing and parasitic capacitance.

v+

VIN

-:

3

Your2

~'OjJ.F

R2

- -=-
v-

FIGURE26: A current feedback op amp configured for nonin-
veTtinggain. Parasitic capacitances affecting gain are also
shown.

capacitance; gain roll-off is determined by the amount and type
of toad on the amplifier. Peaking is controlled by careful layout
and circuit design; however, its cause can provide a method of
improving gain flatness over a desired frequency range.

Consider the non inverting amplifier of Figure 26. The gain
equals:

1 R2+ .

R,IIZ(CcIICs)

and at low frequencies

Av = 1 + ~ "" 1 + 910n "" 2
R, 910n
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At higher frequencies the gain increases or peaks due to the
effect of the parasitic capacitance, Cs. on the gain equation. Any
capacitance at the inverting input will create a zero In the ampli-
fier's response. This fact can be used to compensate for gain
roll-off due to loading on the amplifier,

Begin by measuring or estimating the amplifier's -6dB point
(this is the freq uency at which the output signal is half its original
amplitude). This can be easily determined from a network
analyzer plot of the amplifier's frequency performance. From
this the amount of capacitance, Cc' which will double the gain
at the -6dB frequency and restore the original gain, can be
determined.

From the -6dB frequency, Cc can be calculated:

1 1
Cc= Cs+ + -

2nR1f-6dB 27tR2f-6dB

for non inverting configuration, where Cs is the combination of
the amplifier's input capacitance and the stray capacitance at
the input.

In the example shown,

Cs = 9pF = OP-160 input capacitance (4pF) + stray capacitance
(5pF)

1 1
Cs = 9pF +. + -

2n(910n)32MHz 27t(910n)32MHz

= 20pF

Figure 27 is an expanded scale plot of the gain performance of
the compensated amplifier at Av = +2. Gain performance is flat
to :to. 1dB out to beyond 9MHz. For low gains (Av S 5) peaking
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FIGURE 27: Expanded Gain/Frequency Graph of the Compen-
sated Amplifier, Av = +2

will be increased. At higher gains, gain flatness can be signifi-
cantly improved without gain peaking. Figure 28 depicts the

OP-160 with Av = +10. In this example f--6dB'" 22 MHz so.

1 1
Cs = 9pF + +

27t(91Q)22MHz 21t(820Q)22MHz
= 97pF

The nearest standard capacitor value is 100pF.

Gain periormance is flat to O.5dB to 30MHz and the amplifier's
-3dB point is 38MHz. This gives the amplifier an effective gain-
bandwidth of 380MHz! Compensating the OP-160 does not ef-
fect the pulse response as shown in Figure 29.
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FIGURE 28; Gain/frequency graph for the compensated ampli-
fier. Av .. +10, showing the effect of the compensation capaci-
tance, Ce, on gain flatness.
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FIGURE 29; Pulse Response of the OP-160 in a Gain of + 10
Compensated for Gain Flatness
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OP-160 SPICE MACRO-MODEL

Figures 30 and 31 showtheSPICE macro-modelfortheOP-160
high-speed. current feedback operational amplifier. This model
was tested with, and is compatible with PSpice* and HSpice".
The schematic and net-list are included here so that the model
can easily be used. This model uses a unique current feedback
topology to accurately model both the AC and DC characteris-
tics of theOP-160. tn addition, this modelcan accommodate any
number of poles and zeros to further shape the AC response.

The OP-160 SPICE macro-model uses four BJT transistors to
create the input buffer as in the actual device. However, the rest
of the model contains only ideal linear elements and ideal diodes
to model the OP-160's behavior. Using only four transistors
reduces simulation time and simplifies model development. II
simulates important DC parameters such as Vas' la' CMR, Va
and ISY'AC parameters such as slew rate, open-loop transim-
pedance and phase response and CMR changes with fre-
quency are also simulated by the model. In addition, the model
includes the change in input bias current with varying common-
mode and power supply voltages. Both output swing and supply
current are accurately modelled.

One aspect of theOP-160's behavior is that slew rate varies with
closed-loop gain. Slew rate of the basic model is set to the typi-
cal values for the OP-160 in a gain of + 1. For other gains, the

. PSpiceis a registered trademarK 01MlcroSim Corporation.

.. HSPICE is a tradename 01Mela-Software. Inc.

~~

rising and falling slew rates can be adjusted by varying the
values of V1 and V2 in the model. Slew rates for various gains
can be determined from Figures 6a and 6b.

V + O.6V1
Rising Slew Rate = (1k!l){5pF)

V + O.6V2
Falling Slew Rate = (1k!l){SpF)

To keep the OP-160 model as simple as possible and thus save
computer and development time, not all features of the op amp
were modelled as listed below:

-PSR
- Crosstalk
- No Hmits on power supply voltages
- Maximum input voltage range
-Temperature effects (i.e.. model parameters are assumed

at 25°C)
-Input noise voltage and current sources
- Parameter variations for Monte Carlo analysis (i.e., all

parameters are typical only)
These parameters are considered second-order effects and are
not considered necessary for circuit simulation under normal
operating conditions. However. users can easily add these func-
tions as needed.
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FIGURE 30: OP-160SPICEModel
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.NODE ASSIGNMENTS. NONINVERTING INPUT
INVERTING INPUT

I

OUTPUT
POSITIVE SUPPLY

I I ,NEGATIVE SUPPLY
.SUBCKTOP-160 1 .2 24 99 50.

.OP-160 MACRO-MODEL e PM11990

.INPUT STAGE

GSI 99 1
GB2 99 2
VOS 3 1
CS1 99 2
CS2 50 2.

POLY(1) 1 22 2E-7 4E-8
POLY(1) 1 22 6E-6 4E-B
1E-3
2.5E-12
2.5E-12

.MODELS USED.
'MODELONNPN(BF=IE9 IS=IE-15 VAF=92)
. MODEL OP PNP (BF=1E9 IS=1E-15 VAF=92)
. MODEL OX D(lS=IE-15)
. MODEL OY O(IS=1E-15 BV=50)
. ENDS OP-160

FIGURE 31: OP-160 SPICE Net-List
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* POLEAT300MHZ.
R8 17 97 lEG
C4 17 97 0.531E-15
G4 97 17 15 22 1E-6..POLEAT300MHZ.
R9 18 97 1E6
C5 18 97 0.531E-15
G5 97 18 17 22 1E-6

.POLEAT500MHZ.
R10 19 97 1E6
CB 19 97 0.318E-15
G6 97 19 18 22 1E-6..POLEAT500MHZ.
R11 .20 97 1E6
C7 20 97 0.318E-IS
G7 97 20 19 22 1E-6..POLEAT 500MHZ.
R12 21 97 1E6
C6 21 97 0.318E-15
G8 97 21 20 22 1E-6..OUTPUTSTAGE.
lSY 99 50 1.75E-3
R13 22 99 3.333E3
R14 22 50 3.333E3
R15 27 99 40
R16 27 50 40
L2 27 28 4E-8
G9 25 50 21 27 25E-3
G10 26 50 27 21 25E-3
G11 27 99 99 21 25E-3
G12 50 27 21 50 25E-3
V5 23 27 1.55
VB 27 24 1.55
05 21 23 DX
06 24 21 OX
07 99 25 OX
08 99 26 OX
09 50 25 OY
010 50 26 OY

RI 99 8 1K
R2 10 50 1K
V, 99 9 9.4
01 9 8 OX
V2 11 50 4.4
02 10 11 OX
11 99 5 125U
12 4 50 125U
01 50 3 5 OP
02 99 3 4 ON
03 8 6 2 ON
04 10 7 2 OP
R3 5 6 143K
R4 4 7 143K
CI 99 6 0.O133P
C2 50 7 0.0133P..INPUTERRORSOURCES.

EREF 97 0 22 0 1..GAINSTAGE& DOMINANTPOLE.
R5 12 97 SE6
C3 12 97 5P
G1 97 12 99 8 IE-3
G2 12 97 10 50 1E-3
V3 99 13 2.2
V4 14 50 2.2
03 12 13 OX
04 14 12 OX
CF 29 28 30P
RF 12 29 300.
.ZERO/POLE PAIR AT 50MHZ/300MHZ

R6 15 16 1E6
L1 16 97 2.65E-3
R7 16 97 5E6
G3 97 15 12 22 1E-6.
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