ANALOG DEVICES FAX-ON-DEMAND HOTLINE - Page @
ANALOG High-Speed, Current Feedback

FEATURES topology for very high slew rate and wide bandwidth perform-
e Easy To Use — Drives Large Capacitive Loads b

e Very High Slew Rate (A, = +1) ....cc.cc.c........ 1300 V/ps Typ Slew rate of the OP-160 is typically 1300V/us and is guaranteed
e Bandwidth (A, = +1) v 90MHz Typ 1o exceed 1000V/us. In addition, the OP-160's current feedback
o Low Supply CUFFent .....ccececreenerinnssssssrensancnnenn: 6.5MA Typ design has the added advantage of nearly constant bandwidth
o Bandwidth independent of Gain versus gain. In a gain of +1 the =3dB bandwidth is 90MHz! The
e Unity-Gain Stable OP-160 also requires only 6.5mA of supply current, a consider-
e Power Shutdown Pin able power savings over other high-speed amplifiers.

ORDERING
T, =+25°C
VosMAX CERDIP  PLASTIC  —tee”
(mv) 8-PIN 8-PIN 20-CONTACT
50  OP160AZ" - OP160ARC/883 MIT
50  OP160FZ  OP160GP - XIND
5.0 - opisoGs" — XIND

* For devices procassed in total compliance to MiL-STD-883, add /883 after parn
number. Consult factory for 883 data sheat.

t Burn-in is available on extended industrial temperature range parts in CerDIP
and piastic packages.

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

GENERAL DESCRIPTION

The OP-160is 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 PMl's high-
speed complementary bipolar process with a current feedback

FAST SETTLING (0.01%)

Applications using the OP-160 canbe implemented with the same
circuit assumptions utilized for conventional voltage feedback
opamps. Withits 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, ADB46,
EL2020 and EL2030.

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

IN CONNECTKIDNS

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

125.0m

Sns
- S—1

|

A, =-1,+10V STEP INPUT

A, =+1,C,_=1000pF
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ABSOLUTE MAXIMUM RATINGS (Note 1)

SUPPY VORAGE wvciaas suvmmsiismimansaveons saieiiiasaiiidiims +18V
Input Voltage ........ovvvciiivomniicicccecccin e Supply Voltage
Ditferential lnputVoltage iRy LRIV
Inveiting Input Gerrent . unvsamnsnsaas +7mA Commuous

............................................................. +20mA Peak
Output Short-Circuil Duration ............ccecvvveeer v e, 10 S€E

Operating Temperature Range

OP-160A (Z, RC) -55°C to +125°C

CHPLBOB (L) sonvsinmsmnssamnisivimninmivrivaasminiis —40°C to +85°C
OP-160G (P,S)..cvieiiiiirrirreescnrves s irnianns —40°C to +85°C
Storage Temperature (Z, RC).....ccccvveecnen, —65°C to +175°C
{Pe B) cinnsonmsmnisimnmmmasinsisranasivis —65°C to +150°C
Junction Temperature (Z, RC) ..................... =65°C to +175°C
(RS umsnnnnn s .. =65°C to +150°C
Lead Temperature (Soldering, 10 s€€) ....coccveevcnennnnn... +300°C

PACKAGE TYPE 8,, (Note 2) O UNITS
B-Pin Hermetic DIP {2) 148 16 SCIw
8-Pin Plastic DIP (P) 103 43 W
20-Contact LCC (RC) a8 38 *Cw
8-Pin SO (S) 158 43 W

NOTES:

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

2. 8, is specilied for worst case mounting conditions, 1.e. - 8, 1s specified for
davice in socket for CerDIP, P-DIP, and LCC packages; 8, 1s specified for
device soldered 1o printed circuil board for SO package.

EYELCTRICAL WI%TICS at Vg =+15V, V,, =0V, R, = 8200, T, = +25°C, unless otherwise noted.

Vohags

OP-160A/F OP-160G
s\k\ETER //sv/é k—éoznmo(_s(\\ MIN TYP MAX MIN TYP MAX UNITS
MD“' \\\ /—\\ B 2 5 - 2 5 mv

)

Inpu! Bias la, oninveXting lnput 0. - 0.4 1.5 A
Current g Inverting [~—_'© 30 "
Input Bias Current Ve = 211V \/
Common-Mode CMRRI, Noninverting Input - 4 -
Rejection Ralio CMRRIa_ Inverting Input - 3 7l -
Input Bias Current Vg = 8V 1018V T
Power Supply PSRRiB* Noninverting Input - -
Rejection Ratio PSﬂRlB_ Inverting Input - 20 50
g ‘ : .
et CMR Vo, = 11V 80 65 - 60
Rejection oM™
P I
owe Sym e PSR Vg =10V 10 £18V 74 B0 - 74 80 - a8
Rejection
Open-Loop = 500
R 3 4 - ] 4 - MO
Transimpedance T Vg = £10V
input Vol
Rul Yottage VR (Note 1) +11 - - +11 - - v
Range
Output Volia
iy L v R, = 5000 +11 W 11 = v
Swing o L
Output Current Ia Vo = 10V 135  +60/—45 - +35  +B0/-45 - mA
Supply Curreni fey No Load - 6.5 8 - 65 8 mA
A= +1, V =110V,
v - _ = 5 =
R .}000 Test at Vg = $5V All Grades 1300 i
St Rale SA e e e e T, e i el CENTRE IR \.I',fp_s
SR X s OP-160A 1000 1300 - = ;
= . = »
R, = 5000, Testatv, = sy OF-160F 800 1R - - - ~
L : a7 OP-160G - - - 800 1300
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ELECTRICAL CHARACTERISTICS at Vg =15V, 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 i = 4 i
Rise Time | A:- _ Vg =100mV B - N N i - ns
A= =1 - 55 - - 55 -
—34dB Point z
~3¢B Bandwidih BW fest P - 90 4 - 90 - MHz
R, = 5000 bt :
L Ay=+2 - 65 €5 .
Ay, =-1, 10V Step
Settling Time 1 0.01% - 125 - - 125 = "
0.1% - 75 - - 75 3
Input Capacitance Cn Noninverting Input - 4 - - 4 — pF
input Resistance R Noninverting Input - 17 = = 10 - MO
P IN Inverting Input = 60 - - €0 - Q
e, f=1xHz - §5 - - 55 - vz
Y e O
) = 1kH
Current Nois f ! 5 ;
Densi MNoni Input - 5 - 2 5 K
ki !nvm c 20 = = 20 w: B
. -]
e THD f Qu=+1 N - 0.004 2 - 0.004 = %
| 0 = Do R = 5000 /\ ~
o ~—— f=psemH:
Difterential Gain A ] - ~ - - Q.04 " %
=\, R, = 5¢og —~
Differential Phase 4 = \/ 0.04 ) 04 degrees
Ay=+1,R, =5000 ]~
Disable Supply - DISABLE = oV
Current 'svois No Load 23 - - . - A
NOTE: ~~<

1. Guaranteed by CMRA test.
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ELECTRICAL CHARACTERISTICS at Vg =£15V, V,, = OV, R = 820Q, -55°C < T, < +125°C, for the OP-160A, unless other-
wise noted.

OP-160A
PARAMETER SYMBOL CONDITIONS i MIN ___TYP MAX UNITS
Input Offset Vollage Vios - 3 8 mv
Average Input Ofisel o
Voitage Drift TCvos - 19 B B
; 1 Moninveriing input - 0.35 2
B A
Input Bias Current 'e: Inverting Input - 12 30 s
Input Bias V=10V
Current Common- CMRRIg, Noninverting Input - 55 150 nAN
Made Rejection CMRRI,_ Inverting Input E 45 150
Input Bias Vs;tgv o £18V
Current Power PSRH?M Neoninverting Input - 2 10 RAN

SuWuo PSRAIg_ Inverting Input - 40 100

Sogm .'Mode V., =110V 56 60 - dB
ejfction [~ oM

Pg"{ $ooniaid / ] / m 10 +18V 70 76 . dB
egetion —_ r—\\

O?rW /L T Rﬁﬂov//\\ ~ Tam 2 ' L

I Vol

nput Voltage \?‘b‘ﬂ/

NIy

Ouipui Vollage 5004 \/
Swing Va R = .:00!.2\

Supply Curren lsv No Load . k\

NOTE: ~J
1. Guaranteed by CMH test.

AL
y

(
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ELECTRICAL CHARACTERISTICS at Vg =115V, V,,, = 0V, R = 820Q, —-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 Oftset
Vv - 7 =
Voltage FE 2.75 8 2.75 8 mv
Average Input Tev 10 10 vie
Offsel Voliage os N ' N - - g
Input Bias Ia. Noninverting Input - 0.3 2 - 0.5 3 A
Current lg_ nverting Input - 10 30 - 15 40 £
Input Bias Vo =110V
Currant Common- CMRRIm Noninverting Input - 45 150 - 55 250 SR
Mode Rejection Ratio CMRRI,_ Inverting Input - 35 150 - 45 250 o
BT Vg=19V 1018V
urren r PSRRIg Noninverting Input = 1.5 10 - 25 20 SART
Supply Rejycipn RMRI& Inverting Input - 30 100 - 35 150 -
Commor_"my 7 / U@ mg\tmv 56 62 - 56 62 ~ @B
Rejection
80 - 70 80 - q8

= [

Open-Loop Q/’H/
A

Transimpedance

—
R D\ | S | Sy~ VO
Range [
Output Valtage v R = 5000 10 _N 1 - v
Swing < L
Supply Current No Load, :
Current lsy Both Amplifiers 675 < ] o ' "
—

1. Guaranleed by CMR lest.
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DICE CHARACTERISTICS

VOS NULL !
~IN

+IN

V=

Vg NULL
ouT

V+
DISABLE

PN

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

FQF{ TEST )1174@ = 8200Q, T, = +25°C, unless otherwise noted.

Sy \\w“ N\

Input Offset Vol!age

: IEh \NJI:M(emn 1

Input Bias Curremt A
Inverting inp!

ut

B-
Input Bias Vey=x11V
Current Common- CMRRI s Noninverting Input
Maode Rejection Ratio CMRRI,_ Inverting Input
Input Bias Vg=18Vio 218V
Current Power PSRRI, Noninverting Input AV MAX
Supply Rejection Ratio PSRAI,_ Inverting Input 75 Z
C -M
omman:hade CMR v =11V B0 W
Rejection (Y]
Power Suppi
aitd PSA Vg =19V 1o 18V 74 dB MIN
Rejection
Open-Loop R, = 50042
R L PN
Transimpedance T Vo= 10V 2 tle
Input Voltage Range IVR 11 V MIN
Output Voltage
SRR e v R, = 5000 £11 V MIN
Swing ] L
Supply Current lsy No Load 8 mA MAX
NOTES:

1. Guaranteed by CMR test.
Electrical 1esls are performed at waler probe 1o the limits shown. Due lo vanations in assembly methods and normal yield loss, yield alter packaging is nol guaranieed lor
standard product dice. Consult laclory lo negonale specifications based on dice lot qualifications through sample lot assembly and 1esting
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS continued

GAIN vs FREQUENCY

- Page
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TYPICAL PERFORMANCE CHARACTERISTICS Continved
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TYPICAL PERFORMANCE CHARACTERISTICS continued
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ments in bandwldth and slaw rate over voltage feedback Op
amps. Figure 1 compares models of these two different ampli-

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 R, equalizes
the input voltages. Unlike a voltage feedback op amp, which has

verting input follows and the buffer sources current throug

CONVENTIONAL OP AMP
a)

Vin o—oi

VOLTAGE-CONTROLLED
VOLTAGE SOURCE

b)

CURRENT FEEDBACK OP AMP

3

CURRENT-CONTROLLED
VOLTAGE SOURCE

Rz
Ay =1 -hFT‘-

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.

<ip=
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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 butter output current must flow ta 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 bandwld!h reduction as closed-loop gain increases, as
the gam bandwidth product (GBWP). Thisisillus-
shows the frequpncy response of the

adg

~N! Al
Ta = +25°C
Ap = B200
3 A = 5000
e 2 Vg = 115V

20 =

x 2 \\

o
re -

GAIN (¢B)
F

~
Ay = +1 \'n‘ /’.‘

T TRk

VOLTAGE FEEDBACK 19
OF AMP
GBW = 30MHz
_2p ] 5o | O OO [ LI
1 10 100
FREQUENCY (MHz)

4
l{

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 8200. 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-160 has been optimized for a teedback resis-
tance of 82012, By holding the feedback resistor value constant,
the —3dB frequency point will also remain constant within a mod-
erate range of closed-loop gain.

11—

Rt = SMALL-SIGNAL THANSIMPEDANCE
= INTERNAL COMPENSATION CAPACITANCE
Riyy = INPUT BUFFER OUTPUT RESISTANCE

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

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

Y e~ I
1+sRrCc
Vin =
where Iy =M =V L+L —VOUT-, and Vour = V2
Rinv Ri Ro Re
Combining these equations yields:
Vin (E—] + Vour
v Rinv 1 1 Vout Rr
ouT = — =
1+R2+ R R Rg Rz 1 +sRtCc
¢ R Rinvy

if the transimpedance of the amplifier, Ry is » Ryand R, . then
the transfer function may be simplified tc

Lre
Vourt _ R

ViN 1+ S{Rz +11 +g-z-]ﬂmv]Cc

1
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The transier 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 R, is infinite, R, determines the -3dB fre-
quency.

Vout _ 1

Vin 1+ sRzCc

f3dB = ———
2n Rz Cc

where R> » Ry
For higher gains, the —3dB frequency is determined by R, plus
the output resistance of the buffer, R, (typically 80$), which is

multiplied by the closed-loop gain. As the closed-loop gain in-
creases, the multiplying eftect 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 valtage 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 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 Q,, Q,, and Q,,, or the bottom current mirror,
formed by Q,, Q,,, and Q,,. When the buffer sources current 1o
a load, current flows out of the inverting input, increasing Q;'s
collector current and causing more current to flow through Q,

SRREQUENCY
| a) m 00Q —

NI TUT ] ~
Tf =prese o
o |- d, o 5000 e \
5 £ 115V PN
5 |- [NIBMALIZED 9 dB XK
o u /.l
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FIGURE 4: Bandwidth will vary with feedback resistance. Peaking increases as the feedback resistance is decreased. R, = 8200

is the recommended value. All graphs are normalized to 0dB.
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FiGURE 5: Simplified schematic of the OP-160 showing the three sragesmm% / / /

|
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SLEW RATE vs
NONINVERTING GAIN
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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 output transistor
Q,,. Simultaneously, the increased current in Q, drives Q,,
which reduces base drive tothe complementary output transis-
tor Q,, This push-pull action produces a very fast output slew
rate. Forasmallvoltage step, the OP-160’s slew rate isdepend-
ent on the available current from the two current sources {IA and
Ig) that drive Q  and Q.

13-

To increase the slew rate, transistors Q, and Q, have been
added to boost the base drive to Q, and Q,. Inlow gains, a large
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
a) shows the OP-160 in a gain of +1 and —1 driving a 1000pF load
withaut 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,
Ajait Re = 8200, R, = 5000, Vg = +15V.
A_ = 8200
R, = 5000 CAPACITANCE (pF) -3dB BANDWIDTH (MHz)
CL' 1000pF
Vg = £15V 4] 55
20 55
;5 b) 50 50
75 48
100 40
200 24
500 13
1000 g

AMPLIFIER NOISE PERFCRMANCE

Output stage compensation is used to reduce the effe
capacitive loading. With low capacitive loads, the gain from the
compensation node to the output is unity and C, does not con-
tribute to the overall compensation. As the load capacitance is
increased, a pole is formed with the output resistance of the e
amplifier. The gain is reduced and C, begins to contribute to the i noninverting input current n
overall compensation capacitance leading to a reduction in i inverting input current noise
bandwidth. As the load capacitance is increased, the bandwidth ﬁs source resistance

A, = closed loopgain=1+R/R,

ST

a) b)

Ry

Vin

FIGURE 8: Simplified noise models for the OP-160 in noninverting (a} and inverting (b) gain.

-14-
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For the inverting amplifier, the equivalent input voltage noise,
referred to the input, is:

En= ,\/ o? (1 +|Ach1)+{Ra ini)

[Avet | [Avct|
assuming Rg « R. A, =closed-loop gain = -R,/R,.

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

e, =55nVA/Hz
inn = 5pA}'V Hz
i, = 20pAn/Hz

SHORT-CIRCUIT PERFORMANCE

To avoid sacrificing bandwidth and slew rate performance the
OP-180's output is not short-circuit protected. Do not short the
exlg output to ground or to the supplies. Also, the bufter

0.1uF 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-
guency 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 paint-1o-
point wiring, keeping all lead lengths as short as possible. Do
not use wire-wrap boards or “plug-in” prototyping boards.

HP 5802-2810

Ay = =1

2N4416 ]
5
| SEE

L

7 1N4148

4k

§1 Ma

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

-15-
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a)

INPUT

1
1
H
H
i
¥
H
'
i
i

——

ouTPUT

= g

b)

INPUT

QUTPUT

FIGURE 11: Setliing Time Performance of the OP-16010 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 |Ifustrates the artificial summlng node test

itha 10V step input.The error bands
, respectively, for 0.1% and

F }— 7A13 PLUGHN

8200 = =

4
‘T" ka2

o VRee |
Aoyr | TkG

10uF
-
]

0.4TuF

Veer

.|}J_

* 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
at the artificial sum node. Preceding stages are complementary
emitter follower stages, providing adequate drive current for a
50Q 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 alsoincludes an
amplifier's ability to recover, i.e., settle, from a transient current
ulpuz Ioad condition. An example of this includes an op amp

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

-16-

FIGURE 13: OP-160's Extremely Fast Recovery Time from a
1mA Load Transient to TmV (0.01%)
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Rpor = k62 TO 10k

ouT
o DISABLE

© o Vour

ka2

-15V

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

gthe TTL s;gnal to whatever supply voltage is used to

When greater than 1000uA is drawn from the DISABLED
OP-160 is disabled. To draw current from the DISABLE pln an
open collector output logic gate or adiscrete NPN transistor can
be used as shown in Figure 15. An internal resistor limits the
DISABLE current to around 500uA if the DISABLE pin is
grounded with the OP-160 powered by +15V supplies. These
logic interface methods have the added advantage of level

LOGIC GATE
WITH CPEN
COLLECTORMDRAIN Ve
OUTPUT

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

-17-
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a)
QuTPUT
LOGIC INPUT
b)
§ OUTPUT

LOGIC INPUT

thanthe turn-off time. In this situation as the input to the inv
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-
160. Typical recovery time is 120ns from paositive and negative
overdrive.

APPLICATIONS
NONINVERTING AMPLIFIER
The OP-160 can be used as a voltage-follower or noninverting
amplifier as shown in Figure 20. A current feedback amplifier in this
configuration yields the same transfer function as a voltage feed-
back op amp:
2 =1 +Bl

Vin R
Remember to use a B20Q2 feedback resistor in voltage-follower
applications.

Vout

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

3

1us, +1V
SQUARE WAVE

FIGURE 18: Overdrive Recovery Test Circuit

~y
FIGURE 19: The Q
negaltive overdrive in 120075:

vers fro

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 effectontheclosed-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.
This resistor combineswith the stray capacitance at the noninverting
inputto form alow-passfilter that will reduce the peaking. The value
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 azero in
the voltage feedback amplifier response to offset the loss of phase
duedQ a parasitic pole. In current feedback amplifiers, this

Vour . _R2
Vin R

Vour

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. Inintegrator
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 all frequencies. At high
signal frequencies, the integrator capacitor, C,, is a short circuit;
the feedback impedance is equal to R, 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 to affect the integratar's performance.

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/(2rR,C,) = 16kHz.

A more strenuous test of integrator performance is the pulse
response, ldeally, 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.

; GAl

- Page E1

z

L L. L

\
Y i .~ a4

N g

o 100k
QUENGY (Hz)

FIGURE 23: Gain and phase respons
a ane-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 eventhese may notfulfill the 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

GAIN (dB)

IR || |
| Ta=25°C
Ay =42 CC‘NPFI
|- R; = Rg = 9100 |
Ry = 5000
— Vg = £15V
)4
Tl cc-opF
\
{ -6dB SZMHzr\ \
- e/ R N

LIt |
10

FREQUENCY (MHz)

100

FIGURE 25: Gain roll-off and peaking of current feedback
amplifiers is dependent upon a number of factors including load-
ing and parasitic capacitance.

_T_ O Vour

CL

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 methad of
improving gain flatness over a desired frequency range.

Consider the noninverting amplifier of Figure 26. The gain
equals:

and at low frequencies

A,=1+82 -1, 810Q

R, 9100

% =2
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At higher frequencies the gain increases or peaks due to the
effect of the parasitic capacitance, Cg, onthe gain equation. Any
capacitance at the inverting input wiil create azero inthe ampli-
tier's response. This fact can be used to compensate for gain
roll-off due to loading on the amplitier.

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, C_ can be calculated:

1

21, g8

Q. where Cs is the combination of
stray capacitance at

tray fapa

=9pF + ___ +

2r(9100)32MHz  2n(ITOTTIoMHz
= 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 : l
Ta = +25°C i
62— Ay=+2
Ce = 20pF
Ay = Rg = 9100
6.1 R =5000
— Vg = 115V
Z 60 ¢ /l_~
g se
5.8
5.7
56
1 2 3 4 5 678910
FREQUENCY (MHz)

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

2“9

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 f__,, =~ 22 MHz so,

1 1

Cg = 9pF + -
2m(916)22MHz 2n{820£2)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 Ce = 100pF 111
20 P
e
& 18
g C¢ = OpF '\ \
z 16
S N
S 14 -
N
!\ I
: S\t
l' il
1 10
OU!:NGY

FIGURE 28.
fier, A, = +10, showmg

"y grap o rhe compeas mpli-
effect pf fhe comglerfsation aci-
tance, C on gain flatness.

INPUT

QuUTPUT

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 showthe SPICE macro-model forthe OP-160
high-speed, current feedback operational amplifier. This model
was lested with, and is compatible with PSpice" and HSpice**.
The schematic and net-list are included here so that the model
can easity be used. This model uses a unique current feedback
topology to accurately model both the AC and DC characteris-
tics of the OP-160. In addition, this madelcan 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 ideallinear elements and ideal diodes
to mode! the OP-160's behavior, Using only four transistors
reduces simulation time and simplifies model development. It
simulates important DC parameters such as Vos: Ig CMR, V,

gmeters such as slew rate, open- Ioop transun-

" PSpice is a regisiered trademark of MicroSim Corparation.
" HSPICE is a tradename of Meta-Software. Inc.

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

V, +0.6V
{1k2)(5pF)

\:‘2 + 0.6V
(1kQ2)(5pF)

Rising Slew Rate =

Falling Slew Rate =

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)
hese parameters are considered second-order effects and are
ered necessary for circuit simulation under normal
conditions. ver, users caneasily add these func-

e
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FIGURE 30: OP-160 SPICE Madel
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: OP-160 MACRO-MODEL & pwmi 1990

" NODE ASSIGNMENTS
% NONINVERTING INPUT
INVERTING INPUT
OUTPUT
POSITIVE SUPPLY
| E1‘\|EG;¢\TI\.|’E SUPPLY

- SUBCKTQP-160 1 2 24 99 50

o s oa %

" INPUT STAGE

R1 88 8 1K
R2 10 50 1K
V1 93 9 9.4
D1 g 8 DX
V2 11 50 4.4
D2 10 11 DX

csz 50

EREF 97 © 22 01

* GAIN STAGE & DOMINANT POLE
RS 12 97 5E6

c3 12 97 5P

G1 g7 12 99 8 1E-3
G2 12 97 10 50 1E-3
va 99 13 2.2

V4 14 &0 2.2

D3 12 13 DX

D4 14 12 DX

CF 29 28 30P

RF 12 29 300

* ZEROQ/POLE PAIR AT 50MHZ/300MHZ
Ré 15 16 1E6

L1 16 97 2.65E-3

R7 16 97 S5E6

G3 97 15 12 22 1E-6

* POLE AT 300MHZ

R8 17 97
C4 17 97
G4 97 17
* POLE AT 300MHZ
Rg 18 97
Cc5 18 97
G5 97 18
* POLE AT 500MHZ
Ri0 19 87
ce 19 97
Gé g7 19
* POLE AT 500MHZ
Ri11t 20 97
c7 20 97
97 97 20
: POLE AT 500MHZ
Ri2 21 97
cs 2t 97
98 87 21

QUTPUT STAGE

Dio 50 26
* MODELS USED
-MODELQN NPN (BF=1E9 IS=1E-15 VAF=92)

~MODEL QP PNP (BF=1E9 IS=1E-15 VAF=92)
» MODEL DX D?S.—JEJE)

-MODELDY D
« ENDS OP-160

1E6
0.531E-15
15 22 1E-8

1E6
0.531E-15
17 22 1E-6

1E6
0.31BE-15
18 22 1E-6

1E6
0.318E-15
19 22 1E-6

1E6
0.318E-15
20 22 1E-6

1S=1E-15 BV=50)

o

FIGURE 31: OP-160 SPICE Net-List
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