ANALOG
DEVICES

High-Speed, Current Feedback
Operational Amplifier

0P-160

FEATURES

Easy To Use — Drives Large Capacitive Loads

Very High Slew Rate (A, = +1) ovvcccerannnne 1300 V/us Typ
Bandwidth (A, = +1) 90MHz Typ
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 '
PACKAGE

T,=+25C
Ve MAX

OPERATING
\os CERDIP PLASTIC Lce TEMPERATURE
(mV) 8-PIN 8-PIN 20-CONTACT RANGE

5.0 OP160AZ* — OP160ARC/883 MIL
5.0 OP160FZ  OP160GP —
5.0 — OP160GS" —
* For devices processed in total compliance to MIL-STD-883, add /883 after par
number. Consult factory for 883 data sheet.
t Burn-in is available on extended industrial temperature range parts in CerDIP
and plastic packages.
tt For availability and burn-in information on SO package. contact your local saies
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%)

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

Slew rate of the OP-160 is typically 1300V/us and is guaranteed
to exceed 1000V/us. 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! 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
op amps. With its high speed and bandwidth, the OP-160 is ideal
for a variety of applications including video amplifiers, RF am-
plifiers, and high-speed data acquisition systems.

The OP-160is 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

8-PIN EPOXY MINI-DIP

(P-Suffix)
8-PIN CERDIP
(Z-Suffix)
8-PIN SO 20-CONTACT LCC
(S-Suffix) (RC-Suffix)

DRIVES CAPACITIVE LOADS

A, =-1,+10V STEP INPUT

100my

I00m¥

A, = +1,C_ = 1000pF
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0P-160

ABSOLUTE MAXIMUM RATINGS (Note 1)

Supply VoRage ... +18V
Input Voltage.... Supply Voltage
Diffarential Input Voltage ..o e 1V
inverting Input Current .. +7mA Continuous
........ +20mA Peak
Output Short-Circuit Duration ... 10 sec
Operating Temperature Range
OP-160A (Z, RC) -55°Cto +125°C
OP-160AF (Z) ... ... ~40°C to +85°C
OP-160G (P,S)... ... ~40°C to +85°C
Storage Temperature (Z, RC).. .. —65°Cto +175°C
P, S) ... —-65°C 1o +150°C
Junction Temperature (Z, RC) .... .. —65°C to +175°C
(P, S) .. —65°C to +150°C
Lead Temperature (Soldering, 10 sec) .. +300°C

PACKAGE TYPE 8y, {Note 2) & UNITS
8-Pin Hermetic DIP (Z) 148 16 °C/W
8-Pin Plastic DIP (P) 103 43 °C/W
20-Contact LCC (RC) 98 38 °C/W
8-Pin SO(S) 158 43 °C/IW

NOTES:

1. Absolute maximum ratings apply to both DICE and packaged parts, unless
otherwise noted.

2. 8, is specified for worst case mounting conditions, i.e., 8, is specified for
davice in socket for CerDIP, P-DIP, and LCC packages; 8'A is specified for
device soldered 10 printed circuit board for SO package.

ELECTRICAL CHARACTERISTICS at Vg =15V, V(,, =0V, Ry = 8200, T, = +25°C, unless otherwise noted.

OP-160A/F OP-160G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MiN TYP MAX UNITS
Input Offset
Vv - ) - 2 5 mV
Voltage 108 2
Input Bias la, Noninverting Input - 0.2 1 - 0.4 15 A
Current la_ Inverting Input - 6 20 - 10 30 a
Input Bias Current VCM = £11V
Common-Mode CMRFIIB+ Nomnverting Input - 40 75 - 50 125 nANV
Rejection Ratio CMF{RIB_ Inverting Input ~ 30 75 - 40 125
Input Bias Current Vs = $9V1io+18V
Power Supply PSRRIB‘ Noninverting Input - 1 5 - 1.5 10 nANV
Rejection Rato PSRRI Inverting input - 20 50 - 25 75
[of -Mod
ommon-Mode CMR V,,, = 11V 60 65 - 60 65 - 8
Rejection M
Power Suppl
er Supply PSR Vo =13Vio 18V 74 80 - 74 80 - dB
Rejection s
Open-Loop R = 500Q
R L _ _
Transimpedance T Vg = 10V 8 4 8 4 Ma
Input Voltage
out Volag R (Note 1) 11 - - £11 - - v
Range
QOutput Voltage
vt votiag Vo R = 5000 1 - - +11 - - v
Swing L
Qutput Current ls Vo = 110V 35  +60/-45 - +35  +60/-45 - mA
Supply Current Jsv No Load - 6.5 8 - 65 8 mA
A,=+1, V. =110V
v Yo . . _ _ 1 _
R, = 5000, TestatV,, = 5V All Grades 1300 300
Slew Rate SR OP-180A 1000 1300 e
A, =+2,V =110V, . - i} B B
\5,3 = 508(2 TestatV, = 15V OP-160F 800 1300 - - " -
Lo ’ o~ OP-160G - - - 800 1300 -
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0P-160

ELECTRICAL CHARACTERISTICS at Vg =215V, V= 0V, R. = 820Q, T, =+25°C, unless otherwise noted. Continued

OP-160A/F OP-160G
PARAMETER SYMBOL  CONDITIONS MIN TYP  MAX MIN TYP  MAX UNITS
A, =+1 - 4 - - 4 -
T v _ ns
Rise Time tr Ay=—1 Vo = £100mv _ 6.4 _ B 6.4 _
A, =-1 - 55 - - 55 -
. Poi v
—-3dB Bandwidih BW HBd_Bs 0;'{"; Ay=+1 - 90 - - 90 - MHz
L A, =42 - 65 - - 65 -
Av =~1, 10V Step
Setiling Time 1y 0.01% - 125 - - 125
0.1% - 75 - - 75 -
input Capacitance CIN Noninverting Input - 4 - - 4 - pF
. Noninverting input - 17 - - 10 - MQ
Input Resistance B Inverting Input - 60 - - 60 - Q
Voliage Noise e £ = 1kHz - 55 - -~ 58 - VWV
Density o
= 1k
Current Noise i d Non:ier(ing Input 5 5 fram
. N - - - _
Density Inverting Input - 20 - - 20 _ PAVHZ
th:t.al Harmomc THD {/: 1kHz, Av =+1, ~ 0004 _ ~ 0004 _ %
istortion o= ZVRMS, RL =500Q
Ditterential Gain f=3.58MHz - 0.04 - - 004 - %
AV= +1, RL = 500Q
. f=8.58MHz
Differential Ph - K - . . -
ifferential Phase Ag= 41, RL 5000 0.04 0.04 degrees
Disabie Supply _ DISABLE = oV
Current sy No Load - 23 - - 238 - mA
NOTE:

+. Guaranteec by CMR test.
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ELECTRICAL CHARACTERISTICS at V = +15V, Vi =0V, R = 8200, -55°C < T, < +125°C, for the OP-160A, unless other-

wise noted.
OP-160A
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Input Offset Voltage Vios - 3 8 my
Average Input Offset
. TC - 10 - Vi°C
Voltage Drift vos *
Input Bias Current IB+ Nonm‘vemng Input - 0.35 2 uA
lg_ Inverting Input - 12 30
Input Bias VCM= +10V
Current Common- CMRRIg, Noninverting Input - 55 150 nANV
Mode Rejection CMRHIB_ Inverting Input - 45 150
Input Bias VS=19V o £18V
Current Power PSRRIm Noninverting input - 2 10 nAN
Supply Rejection Rato PSRRIB_ inverting input - 40 100
C -Mode
ommon-o CMR v, = £10V 56 60 - 8
Rejection CcM
P |
ower Supply PSR V=9V 10 £18V 70 76 - 8
Rejection S
Open-Loop R, = 500Q
L _
Transimpedance Ry Vg =10V 1.75 3 MQ
input Voltage
pu 9 VR (Note 1) +10 - - v
Range
Cutput Voitage
Swing v, R_=5000 110 - - v
Supoly Current loy No Load - 6.75 9 mA

NOTE:

1.

Guaranteed by CMR test.
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ELECTRICAL CHARACTERISTICS at V = £15V, V,,, = OV, R, = 8200, -40°C < T, < +85°C, for the OP-160F/G, unless

otherwise noted.

OP-160F OP-160G
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Input Ofiset
- 75 8 - 2.75 8 mV
Voltage Vios 2
Average Input
- 1 - - 10 - Vi°C
Offset Voltage TCVos o s
Input Bias IB’ Noninverting Input - 03 2 - 0.5 3 A
Current ls_ Inverting Input - 10 30 - 15 40 b
Input Bias Ven =110V
Current Common- CMRRIg, Noninverting Input - 45 150 - 55 250 nAN
Mode Rejection Ratio CMRF{IB Inverting Input - 35 150 - 45 250
Input Bias Vg =19V 10 £18V
Current Power PSRRig, Noninverting input - 1.5 10 - 25 20 DAV
Supply Rejection Ratio PSRRIE_ Inverting Input - 30 100 - 35 150
Common-Mode CMR v, =10V 56 62 - s6 62 - dB
Rejection oM
P |
ower Supply PSR V=0V 10418V 70 80 - 706 80 - dB
Rejection S
Open-Loop R =500Q
L - _
Transimpedance Rr Vg=210v 175 3 175 3 Ma
input Vol
put Voliage VR {Note 1) 10 - - 10 - - v
Range
QOutput Volt
Upy oltage \' R, =500Q +10 - - +10 - - \%
Swing o L
Supply Current No Load,
{ - . - 75 A
Current sY Both Amplifiers 6.7 s 5 9 m
NOTE:

1. Guaranteed by CMR test.
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DICE CHARACTERISTICS

. Vog NULL
~-IN

+IN

V-

Vog NULL
out

V+
DISABLE

PN BN

DIE SIZE 0.071 x 0.099 inch, 7,029 sq. mils
(1.80 x 2.52 mm, 4.54 3q. mm)

WAFER TEST LIMITS at \IS =+15V, VCM =0V, RF = 8204, TA = +25°C, unless otherwise noted.

OP-160GBC
PARAMETER SYMBOL CONDITIONS uMITs UNITS
Input Offset Voltage Vios 5 mV MAX
. i Noninverting Input 1.5
{ B+ MAX
Input Bias Curren o Inverting Input 20 A
input Bias VCM= 11V
Current Common- CMRRI Noninverting input 125
B+ V MAX
Mode Rejection Ratio CMRRI,_ Inverting Input 125 nAYV M
Input Bias VS=19V 1o +18V
Current Power PSRRI Noninverting Input 10
B+ AV MAX
Supply Rejection Ratio PSRRig_ inverting Input 75 AV M
C -
ommon-Mode CMR V. =1ty 80 dB MIN
Rejection oM
P Suppt
ower Supaly PSR V, =0V 10 £18V 74 dB MIN
Rejection s
Open-Loop R, =500Q
R, L MQ MIN
Transimpedance ' Vg = £10V 3 M
Input Voltage Range IVR +11 VMIN
Output Vol
vibut Veltage v R, = 5000 11 VMIN
Swing o t
Supply Current 'sv No Load 8 mA MAX
NOTES:

1. Guaranteed by CMR test.
Electrical tests are performed at wafer probe 1o the iimits shown. Due to vaniations .~ assembly methods and normal yield loss, yield alter packaging is not guaranteed for
standard product dice. Consuit factory to negotiate specifications based on dice lot gualifications through sample lot assembly and testing

2-770 OPERATIONAL AMPLIFIERS REV. B



0P-160

TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS Continued
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TYPICAL PERFORMANCE CHARACTERISTICS Continved

PHASE SHIFT vs FREQUENCY

Ay =-10 TOTAL HARMONIC DISTORTION vs FREQUENCY
11 2y
~ Rr = 8200 7 Rp = 8200
& — Vg = £15V :
{ o l—
§ -135 — 5004 N
£ -180 o
T 2z
W N
@ 270
I
a -315
-360
1 10 100
FREQUENCY (MH2)
INVERTING INPUT NONINVERTING INPUT
INPUT VOLTAGE NOISE CURRENT NOISE DENSITY CURRENT NOISE DENSITY
DENSITY vs FREQUENCY vs FREQUENCY 100 vs FREQUENCY
= — 1000 -
E Ta = +25°C | Ta=+25°C - H Ta = +25°C
% Re = 8200 — [ Re = 82002 E H Rr = 8200
s N Vg = $15V §§ [ vg=ttsv ] i Vg =415V
i . !
a 53
4 10 \ éé 00 \ ¢z 10
8 <5 zg ' g2
F4 oW gr]
w 1 m g o E o 110
g i s = 5y
= o g z0
2 [l I 3 N z3
: [ i ||
z 1 10 1
10 100 1k 10k 10 100 1k 10k 10 100 1k 10k
FREQUENCY (MHz) FREQUENCY (Hz) FREQUENCY (Hz)
INVERTING INPUT
TOTAL SUPPLY CURRENT OUTPUT CURRENT BIAS CURRENT
vs SUPPLY VOLTAGE vs OUTPUT SWING vs COMMON-MODE VOLTAGE
8 T 14 ] = 10 T T
Ta = +25°C \{\ | Ta=s+25C
2 A - 8200 12 ™ Hour é Ay
3 NO LOAD = Vg =215V Jour Z 8
 © & o —— AN £
o ]
g 2 Ta=+25°C N 3 s -~
] Q@ BT Re=s20n 2
3 2 F = N - [—
s H Ay =1 5 5
g . t 5
& = ] | a ¢
2 z Vg = £5V Z
2 E 4 g ?
gz 3 _I‘ r~{slour g ,
© T e 2 g
\ X
0 o N T o
1 15 10 115 20 0 10 20 30 40 SO & 70 ~20 15 <10 -5 0 5 10 15 20
SUPPLY VOLTAGE (VOLTS) +OUTPUT CURRENT (mA) COMMON-MODE VOLTAGE (VOLTS)

REV. B OPERATIONAL AMPLIFIERS 2-773



0P-160

TYPICAL PERFORMANCE CHARACTERISTICS Continued
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APPLICATIONS INFORMATION

CURRENT VERSUS VOLTAGE FEEDBACK AMPLIFIERS
The OP-180 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 ditferential voltage at
its inputs by its open-loop gain. The feedback loop forces the
output 1o a voltage that, when divided by R, and R,, equalizes
the input voltages. Unlike avoltage feedback opamp, which has

FREQUENCY (Hz)

FREQUENCY (Hz)

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 alow impedance output. Currentcan flowinto
orout of the inverting input. A transimpedance stage follows the
input buffer that converts the buffer output current into alinearly
proportional amplifier output voltage.

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

CONVENTIONAL OP AMP
a)

Vino

—O Vour

VOLTAGE-CONTROLLED
VOLTAGE SOURCE

CURRENT FEEDBACK OP AMP
b)

2
Ay =1 4=
v =1 Ry

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-controlfed voltage source.
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0P-160

This current, multiplied by the transimpedance stage, causes
the amplifier's output voltage to rise until the current flowing into
R, from the amplifier's output equalizes the current through R,
replacing the buffer's output current. At steady state, only avery
small buffer 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 stillbe
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-loop gain. Voltage feedback op amps suffer
from a bandwidth reduction as closed-loop gain increases, as
quantified by the gain-bandwidth product (GBWP). Thisis illus-
trated 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.

| «0 . TTTT]

| [ Ta = 425°C
\ | Ry = 8200
| e R = 500Q
! N Vg = 15V

|
~ ~
; . ™~
TR
-~ Lo i

c Ay = +1 AP%

GAIN (d8)

T * F‘

VOLTAGE FEEDBACK 14|

‘ OP AMP

X GBW = 30MHZ

50 SN [

1 10 100
FREQUENCY (MHz)

FIGURE 2: Frequency response of the OP-160 when con-
nected in various closed-loop gains with R = 820Q and R, =
100Q). Note that the frequency response of the OP-160 does not
follow the asymptotic roll-off characteristic of a voltage feedback
op amp.

FEEDBACK RESISTANCE AND BANDWIDTH

The closed-loop frequency response of the OP-160 shown in
Figure 2 applies for a fixed feedback resistor of 820Q. The fre-
quency response of a current feedback ampilifier is primarily
dependent on the value of the feedback resistor value. The
design of the OP-160 has been optimized for afeedback resis-
tance of 820¢). By holding the feedback resistor value constant,
the -3dB frequency point will also remain constant within a mod-
erate range of closed-loop gain.

REV. B

Vino—

2

<>

3

A7 = SMALL-SIGNAL TRANSIMPEDANCE
Cc = INTERNAL COMPENSATION CAPACITANCE
Py = INPUT BUFFER OUTPUT RESISTANCE

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

The model shown in Figure 3 can be used to determine the fre-
quency response of a current feedback amplifier. With this
model, 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,andV,.

R
VIN(——Z— +Vour
Riny
V1 =
R Re
1T ——
R Rinv
RT
2e——— |y
1+sRTCc
wherel In -V, =Vi L+—1~)—VOUT , and Vout = V2
Rinv Ri Re
Combining these equations yields:
VIN (—R—z—) + Vour
N Rinv 1 1} Vour Rt
oyT=||l——m—m || —+—1|~
R R R4 Rz) R, | 1+sR7Cc
T+ —=4——
| R Rinv

If the transimpedance of the amplifier, RT, is » R2 and R, then

the transfer function may be simplified to:

INV*

Ro

1+—

Vour _ Ri
Vin 14 S{Rz +[1 +%) RINV] Cc

1
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The transter function shows that the dominant closed-loop pole
is mainly dependent on the value of the feedback resistance, R,,
and the internal compensation capacitor, C.. For example, at
unity gain, where Fi1 is infinite, R2 determines the —3dB fre-
quency.

Vour _ 1

Vin 1+ sRB2Cc

fagg=——
21 R Co

where Ry » By

For higher gains, the —3dB frequency is determined by R, plus
the output resistance of the buffer, R (typically 800), which is
multiplied by the closed-loop gain. As the closed-loop gain in-
creases, the multiplying effect on R, becomes dominant,

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. Q_and Q,form a class AB output stage atthe
inverting input which can source or sink current. The current
flowing through the inverting input is sensed by the top current
mirror, formed by Q,, Q,, and Q,, or the bottom current mirror,
formed by Q,, Q,,, and Q,,. When the buffer sources current to
a load, current flows out of the inverting input, increasing Q,'s
collector current and causing more current to flow through Q,

GAIN vs FREQUENCY
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FIGURE 4: Bandwidth will vary with feedback resistance. Peaking increases as the feedback resistance is decreased. R =820Q

is the recommended value. Al graphs are normalized to 0dB.
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INPUT STAGE

TRANSIMPEDANCE
STAGE

FIGURE 5: Simplified schematic of the OP-160 showing the three stages of the amplifier.
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FIGURE 6: Slew rate of the OP-160 in noninverting (a) and inverting (b) configurations.

and Q.. This increases the base drive to the cutput transistor
Q,,. Simultaneously, the increased current in Qg drives Q,,
which reduces base drive to the complementary output transis-
tor Q,, This push-pull action produces a very fast output slew
rate. For asmallvoltage step, the OP-160's slew rate is depend-
ent on the available current from the two current sources (1, and
Ig) that drive Q, and Q,.

REV. B

To increase the slew rate, transistors Q, and Q, have been
added to boost the base drive to Qs and Oe. Inlow gains, alarge
input step will turn on Q, or Q, increasing the slew rate dramati-
cally as illustrated in Figure 6.
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is further reduced and the amplifier remains stable. Figure 7
shows the OP-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 A, = —1.

TABLE 1: -3dB Bandwidth vs. Capacitive Load; A, =1,
R; = 8209, R, = 5000, Vg = +15V.

CAPACITANCE (pF) -3dB BANDWIDTH (MHz)

0 55

20 55

50 50

75 48

100 40

200 24

: 500 13

1000 9

FIGURE 7: The OP-160 remains stable when driving large AMPLIFIER NOISE PERFORMANCE

capacitive loads. 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:

DRIVING CAPACITIVE LOADS

The OP-160is capable of driving capacitive loads athigh speed.
QOutput stage compensation is used to reduce the effects of

capacitive loading. With low capacitive loads, the gain from the En= \/( Rsinnf + en? + (R i/ Avce
compensation node to the output is unity and C does not con- where:

tribute to the overall compensation. As the load capacitance is E, = totalinput referred noise
increased, a pole is formed with the output resistance of the e, amplifier voltage noise

amplifier. The gain is reduced and C, begins to contribute to the noninverting input current noise
overall compensation capacitance leading to a reduction in inverting input current noise
bandwidth. Asthe load capacitance is increased, the bandwidth Rg = source resistance

closed loop gain= 1+ R/R,

2
non

b) A
25k

a)

Ry 8n

FIGURE 8: Simplified noise models for the OP-160 in noninverting (a} and inverting (b} gain.
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For the inverting amplifier, the equivalent input voltage noise,
referred to the input, is:
. 2
(R2 lni)

En=4/ en? (———1 +[AVCL|)+
[Avc) Al

assuming Rg « R. A, = closed-loop gain = -R,/R,.

VCL

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

e, =5.5nVA/Hz
i = 5pAn/ Hz

nn

i, = 20pAn/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 not exceed a value of £20mA peak or
+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
alow resistance or large capacitance, since the current required
to drive the load comes from the power supplies. A 10uF and

0.1pF bypass capacitor are recommended for 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 ampilifiers, 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.

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

| —
| 8200 8206

| s =

! HP

7. 1N4148

Ay=-1

1009

2N3906

2N3906

2N3904

L
:_[ 0.1).1F_§5V

FIGURE 10: High-Speed Settling Time Fixture (for 0.1 and 0.01%)
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INPUT

OUTPUT

b) 1250

INPUT

OUTPUT

FIGURE 11: Settling Time Performance of the OP-160t0 0.1% (a) and 0.01% (b) A, = —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 iliustrates the artificial summing node test
configuration, used to characterize the OP-160 settling time. The
OP-160is setinagain of -1 witha 10V stepinput.The error bands
on the output are 5mV and 0.5mV, respectively, for 0.1% and
0.01% accuracy.

15V
Y gauF

0)+ TA13PLUG-IN
2 -
4\ 0.1uF

‘[——?— 7A13 PLUG-N

<
>
<
> 1kQ
S

~ Ve !
Sigyr 1k

2N3904

1k

.|F_(T)

+15V

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

The test circuit, built on a copper clad circuit board, has a FET
input stage which maintains extremely low loading capacitance
atthe artificial sum node. Preceding stages are complementary
emitter follower stages, providing adequate drive current for a
509 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 A/D 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
currentof 1mA. As seenin Figure 13, the OP-160 has extremely
fast recovery of 80ns, (1o 0.01%), for a 1mA load transient. The
performance makes it an ideal amplifier for data acquisition
systems.

FIGURE 12: Transient Output Impedance Test Fixture
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FIGURE 13: OP-160's Extremely Fast Recovery Time from a
1mA Load Transient to TmV (0.01%)
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V+

RporT = 1K TO 10k

out
DISABLE

FIGURE 14: Input Offset Voltage Nulling

OFFSET VOLTAGE ADJUSTMENT

Offset voltage is adjusted with a 20k potentiometer as shown
in Figure 14. The potentiometer should be connscted 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-180 operates normally when Pin 8 is left floating.
When greater than 1000pA is 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
DIiSABLE current to around 500pA if the DISABLE pin is
grounded with the OP-160 powered by +15V supplies. These
logic interface methods have the added advantage of level

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

shifting the TTL signal to whatever supply voltage is used to
powaer 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 100kQ, if the output is driven by
signals of less than £1.5V. 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 s in a gain of +1 with
a+1V DC input. As the input pulse o the inverterrises its output
falls, drawing current from the DISABLE pin and disabling the

LOGIC GATE

WITH OPEN
COLLECTORDRAIN A
OUTPUT

FIGURE 15: Simple circuits allow the OP-160 to be shut down.
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a)

QuTPUT

l| LOGIC INPUT

b)
ouTPUT

LOGIC INPUT

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 200us 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
450ns.

OVERDRIVE RECOVERY

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

APPLICATIONS

NONINVERTING AMPLIFIER

The OP-160 can be used as a voltage-follower or noninverting
amplifier as shown in Figure 20. Acurrentfeedback amplifierin this
configuration yields the same transfer function as a voltage feed-
back op amp:

Vour _ 4 .,,&
ViN Ry
Remember to use a 820Q feedback resistor in voltage-follower

applications.

In noninverting applications, stray capacitance at the inverting in-
put of a current feedback amplifier will cause peaking which will in-
crease as the closed-loop gain decreases. The gain setting resis-
tor, R, , isin parallel with this stray capacitance creating a zero in the

2-782 OPERATIONAL AMPLIFIERS

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

VIN

—0 Vour

Vour_,, Re
Vin Ry

FIGURE 20: The OP-160 as a voltage follower or noninverting
amplifier.
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closed-loop response. For large noninverting gains, R, is small,
creating a very high-frequency open-loop pole which has limited ef-
fect on the closed-loop response. As the noninverting gain is de-
creased, R, becomes larger and the stray zero becomes lower in
frequency, having a much greater effectonthe closed-loop response.
To reduce peaking at low noninverting gains, place a series resis-
tor, R, in series with the noninverting input as shown in Figure 20.
Thisresistor combines with the stray capacitance at the noninverting
inputto form alow-passfilter that will reduce the peaking. Thevalue
of R should be determined experimentally in the actual PCB lay-
out. Less peaking will occur 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 ampilifier response to offset the loss of phase
margin due to a parasitic pole. In current feedback amplifiers, this
technigue will cause 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:
Var_ _Re

VIN Ry

i
|
O Vour l
I
I
i
1

FIGURE 21: The OP-160 as an inverting amplifier.
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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 180°
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 R 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 allfrequencies. At high
signalfrequencies, the integrator capacitor, C,.is ashortcircuit;
the feedback impedance is equal to Rg only and the amplifier
has maximum bandwidth. At low frequencies, C1 adds to the
overall feedback impedance. This lowers the amplifier's band-
width but not enough to affect the integrator's performance.

Vi
[+]
Rz
A'A'A
100k02
Ry C
ke i}
1000t — T L
+.
0.01 10uF
oo
————0V0oy1
! 1
FT R 10uF
u
- v_ - -

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

fo >> 1/(2nR,C,) = 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 ideal linear ramp.

40 —|- m -}
30 H M
20 ] il
10 l Il
g o il
: I
g -10 H il 180
o N im
-20 135 %
2
-30 SaHl 0 o
I w
—40 45 2
I
- o &

50
1k 10k 100k ™ 10M  100M
FREQUENCY (Hz}

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

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 notfulfill the gain flatness require-
ments of some systems.

Current feedback op amps exhibit both gain roli-off and peaking
as shown in Figure 25. Peaking is primarily due to parasitic
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T T T
18 _A\A,;+2 Fcc“zop’:
14 - Ry =Rp =100
RL = 5000
12 1= vg =115V
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4
2
L
o 1-6dB = 32 MHz \
= LU |
1 10 100
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FIGURE 25: Gain roll-off and peaking of current feedback
amplifiers is dependent upon a number of factors including load-
ing and parasitic capacitance.

. \AAd
Cc %Rz l

FIGURE 26: A current feedback op amp configured for nonin-
verting gain. Parasitic capacitances affecting gain are also
shown.

capacitance; gain roll-off is determined by the amount and type
of load 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 noninverting amplifier of Figure 26. The gain
equals:

1+L

R1//z(cc//cs)
and at low frequencies
Ay=1+B2 214 9102 o
R, 910Q
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At higher frequencies ths gain increases or peaks due to the
effect of the parasitic capacitance, Cg, onthe 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 frequency 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, C,. which will double the gain
at the -6dB frequency and restore the original gain, can be
determined.

From the —6dB frequency, G, can be calculated:

=Cg+ ! + 1

2nR 1 g 2nRf g

c

for noninverting configuration, where Cg is the combination of
the amplifier's input capacitance and the stray capacitance at
the input.
Inthe example shown,
Cg = 9pF = OP-160 input capacitance (4pF) + stray capacitance
(5pF)
Cq = 9pF + 1 + !

2n(910Q)32MHz  2r(910Q)32MHz

= 20pF

Figure 27 is an expanded scale plot of the gain performance of
the compensated amplifier at A, = +2. Gain performance is flat
to £0.1dB out to beyond 9MHz. For low gains (A, £ 5) peaking

6.3 r
Ta=+25°C
62— Av=+2
Cc = 20pF
=Rg =910
6.1 R, = 5000
- Vg =£16V
g 60 /
Zz
S ss9
5.8
5.7
I
5.6
1 2 3 4 5 678910

‘ FREQUENCY (MHz) |
{

FIGURE 27: Expanded Gain/Frequency Graphof the Compen-
sated Amplifier, A, =+2

REV. B

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

OP-160 with A, = +10. In this example 1 seg =22 MHz s0,
Cq=9F + i + 1

2n(91Q)22MHz 2n({820Q)22MHz
=97pF

The nearest standard capacitor value is 100pF,

Gain performance is flat to 0.5dB 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,

26
24
22 Cc = 100pF T
20 _—
Py
N
& 18
g e =0 IN \
g LTI
S 14 - P,
12| Ta=+25°C o
Ay =410 I“
10}~ R = R = 8200 I
R = 5000
8- vg =115V
6 Lot
1 10 100
FREQUENCY (MHz)

FIGURE 28: Gain/frequency graph for the compensated ampli-
fier, A, = +10, showing the effect of the compensation capaci-
tance, CC, on gain flatness.

INPUT

OuTPUT

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 show the SPICE macro-modelforthe OP-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 mode! both the AC and DC characteris-
tics of the OP-160. In 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
ofthe 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. It
simulates important DC parameters such as Vos' IB, CMR, Vo
and lg,. 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 aspectofthe OP-160's behavioris 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

* PSpice is a regi tr ot MicroSim C ion
" HSPICE is a tradename of Meta-Software, Inc.
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rising and falling slew rates can be adjusted by varying the
values of V, and V,, in the model. Slew rates for various gains
can be determined from Figures 6a and 6b.

. V, +0.6V
Rising Slew Rate = {(1kQ)(5pF)
Falling Slew Rate = M

(1kQ)(5pF)

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 limits 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.

REV. B



0P-160

pad —o
Vv, V3
GB, i ==¢, 3SR 9 GB; ==Cs, 13
D, D3
»
Rs 12
5 A Q3
PO LS J_
0 2 Gy Ga Rs Cs
N T 97
1 Vos . o
+IN o——-—@—ar——Koe % Eqer
2 =
-IN O =
Ra 7
Py YV o KQ % =cs,
10
D
2 o,
s 8|
e Cz Rz 14
BEA
Va
> . O
50
15 17 18 18 20
Rg
16 1 A4 > 1
G Gq Rg  ==C4 Gs Ry =G5 Gs 2ZRio ==Ce Gy Riq Cy
Ry Ly —’V
97 +—0
) ; SE SE
2R3 D D7 Dg vs Gy % Ris
23
21 [—blL v ‘@_ﬁ
A 28
Gg 12 —[— Cs lsy 922 27 o~ ‘TO Vour
Cr
97 O— - Dg V,
24 6 29
- ——9 Re
P25 26
12
Risg Dg @Gg Gy Dig @@2 Ryg
50 0—— :

FIGURE 30: OP-160 SPICE Mode!
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[

+ SUBCKT OP-160
*INPUT STAGE

R1 99 8

R2 10 50

2l 99 9

D1 9 8

V2 11 50

D2 10 N

11 99 5

12 4 50

Q1 50 3 5
Q2 g9 3 4
Q3 8 6 2
Q4 0 7 2
R3 5 8

R4 4 7

C1 99 6

c2 50 7

GB1 99 1
GBz2 99 2
vOs 3 1
CS1 99 2
¢cs2 50 2
EREF 97 0
RS 12 97
C3 12 97
Gi1 97 12
G2 12 97
V3 99 13
V4 14 50
D3 12 13
D4 14 12
CF 29 28
RF 12 29

R& 15 16
L1 16 97
R7 16 97
G3 97 15

* OP-160 MACRO-MODEL ® PMmi 1990
* NODE ASSIGNMENTS

NONINVERTING INPUT
INVERTING INPUT
OUTPUT

12 24

POSITIVE SUPPLY

NEGATIVE SUPPLY

99 50

POLY(1) 1 22 2E-7 4E-8
POLY(1) 1 22 BE-6 4E-8
1

25E-12
2/5E-12

22 01

5E6

1E8
2.65E-3

5E6
12 22

. GAIN STAGE & DOMINANT POLE

* ZERO/POLE PAIR AT 50MHZ/300MHZ

1E-6

* POLE AT 300MHZ

R8 17 97 1E6

C4 17 97 0.531E-15
'G4 97 17 15 22 1E-6
* POLE AT 300MHZ

R9 18 97 1E6

o1] 18 97 0.531E-15
G5 97 18 17 22 1E-6
* POLE AT 500MHZ

R10 18 97 1E6

Ccé 19 97 0.318E-15
G§ 97 19 18 22 1E-6
* POLE AT 500MHZ

R11 20 97 1E6

Cc7 20 97 0.318E-15
G7 97 20 19 22 1E-6
* POLE AT 500MHZ

Ri2 21 97 1E6

cs 21 97 0.318E-15
538 97 21 20 22 1E-8
*OUTPUT STAGE

ISY 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
G111 27 99 99 21 25E-3
Gi12 50 27 21 50 25E-3
V5 23 27 1.55

V6 27 24 1.55

Ds 21 23 DX

D& 24 21 DX

D7 89 25 DX

D8 99 26 DX

D9 50 25 DY

D10 50 26 DY

* MODELS USED

+MODEL QN NPN (BF=1E9 I1S=1E-15 VAF=92)
+MODEL QP PNP (BF=1E9 IS=1E-15 VAF=92)
+ MODEL DX D§lS=1E-15)

*MODEL DY D(IS=1E-15 BV=50)

+ENDS OP-160

FIGURE 31: OP-160 SPICE Net-List
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