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ANALOG Dual, High-Speed, Current Feedback
DEVICES Operational Amplifier

0P-260

'FEATURES - PIN CONNECTIONS

e VeryHighSlew Rate ............coiiiiiininmsrinsens 550V/us Typ [
e -3dB Bandwidth (A =+10) .cororiniiiniiniians 40MHz Typ i3
» Bandwidth Independent of Gain
« Unity-Gain Stable QUT.A |  OLLE
e Low Supply Current .4.5mA peramp Typ s -
ORDERING INFORMATION' +INA 3 5+INB
PACKAGE 1 EPOXY MINI-DIP
T,=25C OPERATING V— (CASE) (P-Suﬂ‘ix)
Vo MAX T0-39 Lce TEMPERATURE CERDIP
{mv) 8-PIN PLASTIC 2:-0311;:; RA::EE TO-99 (Z-Suffix)
. e S (J-Suffix)
XIND
XIND
............. -iva [F e
sina[Z] j:Dﬁr s
Sl N.C. E 14
v-[+] 13

GENERAL DESCRIPTION

Thedual OP-260 represents anew conceptin monolithic operatien
amplifiers. Built on PMI's high-speed bipolar process, the OP-260
continued

SIMPLIFIED SCHEMATIC (One of Two Amplifiers)
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GENERAL DESCRIPTION Continued-

employs current feedback to provide consistently wideband opera-
tion regardless of gain. The OP-260's —3dB bandwidth of 90MHz at
A, =+1 combines with a slew rate of 1000V/us for extremely high-
speed operation. Forits high- speed bandwidth, the OP-260requires
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Output Short-Circuit Duration .......cc.coooeeeeviieviiiie .
Operating Temperature Range
OP-260A, (J,RC, Z) e,
OP-260E/F (J, Z)......
OP-260G (P, S) ...

~55°C 10 +125°C
..... —40°C to +85°C
.. =40°C to +85°C

only4.5mAof supply current per ampilifier, aconsiderable power savings Storage Temperature Hange cirerennne.—B85°C 10 +175°C
over other high-speed operational amplifiers. Junction Temperature Range (J, RC} ...—85°C to +175°C
The OP-260 is easy to design with, since most of the circuit assump- i:gﬁll?: mT e::;):jrg T{SZE:?I? “:DSSLC) =83"Cia +;ggog
tions for voltage feedback amplifiers can also be used for current P g9 AR
feedback amplifiers. The two independent amplifiers of the OP-260 PACKAGE TYPE 8, (Note 2) 8 UNITS
allow two channel amplification with matched AC performance. itis
also ideal for high-speed instrumentation amplifiers. Other applica- Han 5 L B
tions for the OP-260 include ultrasound and sonar systems, video 8-Pin Hermetic DIP (Z) 134 2 W
amplifiers and high-speed data acquisition systems. 8-Pin Piastic DIP (P) 9% 37 “CW
20-Contact LCC (RC) 88 a3 CW
16-Pin SOL (S) =] 27 CW
NOTES:

wise noted.

1. Absolute maximum ratings apply to both DICE and packaged parts, unless other-

2. 8., is specified for worst case mounting conditions, i.e., 9 is specified lor device
in socke: for TO, P-DIP, and LCC packages; 8,is speahed for device soldered 10
printed circuit board for SOL package.

= +25°C unless otherwise noted.

\J op:2 P 260G
PARAMETER SYMBOL CONDITIONS TYP MIH MAX MAX UNITS
Input Offset
fein Vios s _ _ /% = / /3\/ /%
Input Bias I Noninverting Input - 0.2 1 \/ - 0.5 LA
Current 8- Inverting Input - 3 8 - 5 ij\
Input Bias ! L/ I
Current Commaon- Inverting Input
S - 5 . - . 3 - . - W

Mode Rejection CMRRIB_ ch""*‘ WV 0.04 0.1 0.06 0.2 0.1 ey
Ratio
Input Bias :

Inverting Input - 0.02 0.1 - 0.04 0.2 - 0.05 0.5
gs”im::::m Eggg;b MNoninverting Input - 0.002 0.02 - 0.004 0.04 - 0.01 a1 pAY

PPly Hej B+ V_=20Vio18V

Ratio s
Common-Mode
Aejection CMR Vc w=x1 v 56 62 - 50 60 - 50 60 - d8
Rower Euppsy PSR Vg =40V [0 £18V 66 72 - 60 66 - 60 66 - d8
Rejection s
Open-Loop R =1k}

L @ = 5 -
Transimpedance By Vo =210V = ¢ = & 4 o o
Wyt Viaiisge VR £11 s = £11 = =t £11 = u v
Range
QOutput Voltage v RL = 1k{} +12 1286 - +$2 2126 - +12  +126 - v
Swing o loyr =+20mA 11 115 - 11 N5 = +11 £11.5 -
Supply No Load,
Current lsy Both Amplifiers = LA = B "ok = % 0s A

e

v Yo ' - - = o 5 =

R = 1kQ, Testat V, = £5V e A ipag

A, =+10,V, = +10V

v Yo ' - - .

HL = 1k, Test at Vc) = 45V 375 550 300 550 300 550
Slew Rate SR Ay =410, Vg = 210V, Vips

& V.=
R =1kQ, TestatV,, = 35V 300 = _ — B _ N B _

B-pin Hermetic DIP (Z)
Package
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ELECTRICAL CHARACTERISTICS at Vg =16V, V., =0V,R_= 2,5kn, T, = 25°C, uniess otherwise noted. Continued

OP-260A/E OP-260F OP-260G
PARAMETER SYMBOL CONDITIONS MIN - TYP MAX MIN  TYP  MAX MIN TYP MAX UNITS
— - = : - - - - = -
_3:; a BW ;3“5;:‘;';; Ay =t - %0 = - 90 2 2 30 - MHz
L A, =+10 - 40 - - 40 - - 40 -
Settling Time t Ay =1, - 250 B ” . 250 - 250 ;
0 s 10V step, 0.1% = = e
input Noninverting
Capacitance Cin and Inverting Inputs A B - b - N 4.5 N pF
e e
Ct;:"";'a“m cs 0 = 10Vp-p. -~ 100 2 - 100 & = 100 % a8
g R, = 1000

ise noted.

LC ACTERIST#CS at Vg =15V, V,, = 0V, R = 2.5k}, -55°C < T, < +125°C, for the OP-260A, unless other-

Msha‘;l ms - 1.8 3 my

-y /Rgm@ I —

Average Input Offset
TCV il
Voltage Drift HVIPC
1
Inpul Bias Current IB *
..................... B
Input Bias
Current Common Inverting input
M
Mode Rejection CMARl.. Vou=t11V
Ratio.
Input Bias :
I
Current Power PSRRI, _ ;::T:::r:;‘;’:npm
Supply Rejection PSRRI,
‘ V. =19V1io 18V
Ratio § 2
Comman Mode
CMR =% #h
Rejection V=111V 52 58 o8
Prowsr Supesty PSR V, =0V 10 £18Y 62 70 - dB
Rejection 5
Open-Loop R =1k,
Transimpedance By Vg =+10V 3 4.8 - -
Wil Vafinge IVR £11 = " v
e O R B
Output\r‘oltags R = 1ki2 +11.5 +12.4 -
Vo I +20mA v
Swing S oyt = ... WO...... 5 2
No load,
Su, =
pply Current |s¥ Bc!hAmpllTsers 9 11.5 mA
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ELECTRICAL CHARACTERISTICS atV =+15V,V_,
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=0V, R_ =2.5kQ, —40°C < T, <+85°C forthe OP-260E/F/G, unless other-

wise noted.
OP-260E OP-260F OP-260G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS
Input Oﬂset
- 1.4 [3 - : - 3. 1
Volage Vios 25 8 3.7 0 mv
Average Input
Offset Voltage TCVJD s o & - - 8 - - 10 - puvrec
Drift
Input Bias " Moninverting Input - 0.3 2 - 0.4 3 " 06 5 h A
Current b Inverting Input - 4 12 - 5 15 - 7 20 H
Input Bias _ - .
Current Commeon Inverting Input
. MRRA! - 0.05 0.2 - a.7 0.4 — 1 15
Mode Rejection Vgp =211V G R Y
Ratio
Inverting input - .03 0.2 - 0.05 0.4 - 0.1 1.0 ANV
inverting Input - 0003 005 - 0.005 0.1 - o001 02 *
11V m 50 58 - 50 se - 9B
?owW @)&w to +1\5b%\ / Ex dB

Rejection

Epe;g;p L T

Transnmpedance

Input Voltage

R = 1kQ.
Ry v = +10V

\t//

Range IVR +1
Output Vaitage - H =1kQ +11.5 12,5
Swing o IDUT_ +20mA +10.5 +11.1
Supply ) Na i.oad B
Curreni sY Both Amplifiers
CHANNEL SEPARATION TEST CIRCUIT BURN-IN CIRCUIT
|
2.5%00 +18Y E
p é
+ OV, 10V, , @ 100kHz

v,
CHANNEL SEPARATION = 20 log (W)

-18v
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DICE CHARACTERISTICS

.0UT A
. =IN A
+IN A

+INB |
-IN B
OuUT B
Va+

PNOGAON

DIE SIZE 0.089 x 0.086 inch, 7,654 sg. mils

(2.26:21amm 4.93 3q. mm) J
WAFERJ)EZ /}@ m\f Re = 2.5k, T, = 25°C, unless otherwise noted.

OP-260GBC

PARAMETER "

N r——

Input Offset Voltage

Input Bias Current
input Bias
C Inverting |
Current _om.mon CMRRI ing Input
Mode Rejection 8 Vep=+11V
Ratio
Input Bias )
| I
Current Power PSRRI, _ r::: :" ::n:;; »
pply Rejection PSRRI
S Be Vg =0V 10 £18V
Ratio
Common Mode
CMR Vo=t dB MIN
Rejection cp= 11V 50 B
P
ke SUnply PSR Vg =9V10£18V 60 dBMIN
Rejection 3 S R
Open-Loop R =1k}, .
4 IN
Tfanslrnpedance i Vo:ﬂov MM
Ty — RS R R
put Votiage VR £11 VMIN
Range
QOutput Voltage R =1k +12
; v, L W MIN
o]
Swing - oupedOMK g b
Na Load,
1 10. A
Supply Current sy Both Amplifiers 05 mA MAX
NOTE:

Electrical tests are performed at wafer probe 1o the limits shown. Due to variations in assembly methods and normat yield loss, yield after packaging is not guaranteed for standard
product dice. Cansult factory to negotiate specifications basad on dice lot qualification through sample lot assembly and testing.
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TYPICAL ELECTRICAL CHARACTERISTICS

SLEW RATE (V/us)

PHASE SHIFT {DEGREES)

PHASE (DEGREES)

SLEW RATE vs GAIN SUPPLY VOLTAGE
Pl T f
R o | Ae s =
b bt "’3:1-' MAX SWING /,
_ 500
\_\ ES Ry = 50002
n .
Z 300
F /
o 4
100
a
o 5 +10 +15 20
SUPPLY VOLTAGE (VOLTS)
S ING TIMENYS\QUT STEP
Ay=\=
0 -
NN T T
RSRSANE
& 4 \‘\ —
rerryy §- 2 \i —
""W&J N\ E ° ~/
500
I | 5 A
\ E . |
1% | 0.1%
- :
1 e 0o -msno 130 1;0' 180 220 250 280 310 M40
FREQUENCY {MHz) SETTLING TIME (ns)
SETTLING TIME
PHASE vs FREQUENCY vs OUTPUT STEP
Ay=-10 Ay=-10
T 10 : t
i \ Rr =280
T | . L\ veinev \
I "'----,.1 T — } \ Ta=25C \
M Rp= 5.k — L3 ! o.1%
\\ \ § \ § \
N s ? | ! i
Lo Ry = 500 E [
\ | E ] i
N / 1
- g 11‘/' /Ql%
Rp= 2.5k / /
BHE »
e Y.
1 0 100 0O 130 160 180 220 250 280 3I10 340
FREQUENCY (MHz) SETTLING TIME (ns)
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SLEW RATE vs

GAIN (g8)

GAIN (d&)

GAIN vs FREQUENCY
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10 -
Bl o LR 1
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Ay =-10
FEEEEES y T
= 1 i
Vg = v i
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mnuau;:snm 8 f\’ \ i
\ N\\i.-
Lof8.1ka2 Ry
D 7 so0u e 3
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on 1] S \
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] 10 100
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TYPICAL ELECTRICAL CHARACTERISTICS continued

SMALL-SIGNAL
-3dB BANDWIDTH

vs SUPPLY VOLTAGE

Ay =+1
0T
a5 }— Rp=25a L~
R = 5002 /
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TYPICAL ELECTRICAL CHARACTERISTICS continued

PHASE SHIFT vs FREQUENCY GAIN vs FREQUENCY
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TYPICAL ELECTRICAL CHARACTERISTICS continued

OUTPUT SWING vs POWER SUPPLY REJECTION COMMON-MODE REJECTION
OUTPUT CURRENT @ 1kHz vs FREQUENCY vs FREQUENCY
b T e [ %9 ] | T
R 2.5k = 2.5KE = 2.8kt
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P
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yeen the noninverting and inverting inputs. The inverting
t"isinrealitya iow impedance output Currentcan flowinto

op amps. Figure 1 compares models of these two-diffe
amplifier configurations.

A voltage feedback op amp mulitiplies 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
high impedance inputs, the current feedback amplifier has a
high and a low impedance input. The current feedback state, only a very small buffer output current must flow tGsustain
amplifier's input stage consists of a unity-gain voltage buffer the proper output voltage. The ratio (1 + R,/R,) determines the

CONVENTIONAL OP AMP CURRENT FEEDBACK OP AMP

O Vout

@ (b)
j )
R
= =1+ —2
Ay=1+ R,
VOLTAGE CONTROLLED CURRENT CONTROLLED
VOLTAGE SOURCE 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,
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closed-loop gain of the circuit. The resultis that when designing
with current feedback amplifiers the familiar op amp assump-
tions 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-loop 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-
trated in Figure 2 which shows the frequency response of the
OP-260 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-260 is much less
dependent upon closed-loop gain than the voitage feedback op

b
Ap= 2 1
1AL\ 108Q
Vg =X
Tas2
: 11t
Ay =a10
_ 20 — N
g || NN
z I ¥
= Ay = et ~ i
L ]
}
| b
| VOLTAGE FEEDBACK OP AMP-
20 GBW = 30MHz BEH
I i i
il *
—40 . l
100k ™ 10M 100M
FREQUENCY (Hz)

FIGURE 2: Frequency response of the OP-260 when con-
nected in various closed-loop gains with R, = 2.5kQ and R, =
100Q. Note that the frequency response of the OP-260 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-260 shown in Figure
2 applies for a fixed feedback resistor of 2.5kQ. The frequency re-
sponse of a current feedback amplifier is primarily dependent on the
value of the feedback resistor. The design of the OP-260 has been
optimized for a feedback resistance of 2.5k<2. By holding the feed-
backresistor value constant, the —3dB frequency pointwill alsoremain
constant within a moderate range of closed-loop gain.

Vi O—

p—O Vour

vy

= Ay = SMALL SIGNAL TRANSIMPEDANCE
Cc = INTERNAL COMPENSATION CAPACITANCE
Ay = 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
edback resistance is easily seen.

rgm thle fmodel of Figure 3, nodai equations may be written for

v 26 E
where |y = YN =V1 _y, ( - 1) - VouT  and Vour= Vs

Rinv Rz

Combining these equations yields:

[ VIN{ﬂ)wouT

Vour= | —\Rinv/ "7 ( 1 L} _Vour! Rt
i{ 1.B2, R2 J\R1+ R2/ Rz | 1+sRTCc
R1 Rinv |
If the transimpedance of the amplifier, Ry.is>» R,and R, then
. the transfer function may be simplified to:
1+ R
Vourt _ R

T
Vin 1+S[Hz+(1+-%]ﬂlmv20c
g 1 J
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The transfer 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.

Vour _ 1
Vin 1+ sRzCc

f-adB = ...._._1_.._.__..
2n R2Cc

where R, » R .

For higher gains, the —3dB frequency is determined by R, plus
the output resistance of the buffer, R, (typically 100Q), 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-260 for various closed-loop gains.

GAIN vs FREQUENCY
Re = 1k$2

g I T
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v,.zsv
[ ) I
1/ /
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o
5 £7 SRSV
h—/
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-20 N =X !
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. Wil

1 10 100
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10 ™
Ay = 1k ‘ |
5 |- Vs=s15v
Tu=25C !HI‘//
0 e—— e
H""\..""‘
- % NG
@ § ]
@ 10— N\ -
N ™N
- H lv'ﬂ\
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- *
> N
1 10 100
FREGUENCY (MHz)

GAIN vs FREQUENCY

Rr = 2.5kQ
10 ey
g 5;:22&1 | . ]f "J
T, = 25°C i \
I *{\i \
§ - i -
g 10 \‘ ‘:l“s?_\
- N ||
. :: \ | a
LT Ql\ \
L
~=17 / n

10 00
FREGUENCY {tHz

GAIN vs FR
Rg = 10kQ2

I T 1BE

ENCY

Ry = 1ka
5 | ¥s=#15V

|

via|
27 ]

g
(d) z

" *_,:\\ : \
20 N

-25

1 10
FREQUENCY (MHz)

FIGURE 4: Bandwidth will vary with feedback resistance. Peaking increases as the feedback resistance is decreased. A, =2.5kQ

is the recommended value. All graphs are normalized to 0dB.

=
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SLEW RATE AND GAIN

The simplified schematic in Figure 5 shows the three stages of
the OP-260. The input stage consisis 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 to
a load, current flows out of the inverting input, increasing Q,'s
collector current and causing more current to flow through Q,
and Q,,. This increases the base drive to the output transistor
Q,,. Simultaneously, the increased current in Q, drives Q,,
which reduces base drive to the complementary output transis-
tor Q,, This push-pull action produces a very fast output slew
rate. Forasmallvoltage step, the OP-260's slew rate is depend-
ent on the available current from the two current sources (1, and
Ig) that drive Q; and Q,

To increase the slew rate, transistors Q, and Q, have been
added to boost the base drive to Q; and Q. In closed-loop gains
below 10, a large input step will turn on Q, or Q, increasing the
slew rate dramatically as illustrated in Figure 6.

AMPLIFIER NOISE PERFORMANCE

Simplified noise models of the OP-260 in the noninverting and
inverting amplitier configurations are shown in Figure 7. All re-
sistors are assumed to be noiseless.

T
FIGURE 5: Simplified schematic of the OP-260 showinWe?of the amph'ﬁef/ \ ﬁ
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FIGURE 6: Siew rate of the OP-260 is highest in gains
below +10.

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

E,= ’\/{F!S inn)e + en +

(RE in|)2
(Ayic)?
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(a)

(b)

FIGURE 7: Simplified noise models for the OP-260 in noninverting (a) and inverting (b) gain.

where:

t veitdge noise,

referred to the inpuf¥s
e . \/eng (1 + Ayl )3+ (Rz in)
IAvLcl (IAvLch?

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

Typical values @ 1kHz for the noise parameters of the OP-260
are:

e,

5.0nV/VHz
3.0pA/VHz
20.0pA/ V Hz

1nn

Ini
SHORT CIRCUIT PERFORMANCE
To avoid sacrificing bandwidth and slew rate performance the
OP-260'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 x20mA 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-260, the
power supplies must maintain a low impedance-to-ground over
an extremely wide bandwidth. This is most critical when driving
alow resistance orlarge capacitance, since the currentrequired
to drive the load comes from the power supplies. A 10pF and

o

=

0.1uF bypass capacitor are recommended for each supply, as
shown in Figure 8, and will provide adequate high-frequency
bypassing in most applications. The bypass capacitors should
be placed at the supply pins of the OP-260. As with all high fre-
quency amplifiers, circuit layout is a critical factor in obtaining
optimum performance from the OP-260. Proper high frequency
layout reduces unwanted signal coupling in the circuit. When
dboarding a high frequency circuit, use direct point-to-point

ground.

0.1uF

0.1uf

FIGURE B: Proper power supplying bypassing is required to
obtain optimum performance with the OP-260.
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APPLICATIONS

NONINVERTING AMPLIFIER
The OP-260 can be used as a voltage-follower or noninverting
amplifier as shown in Figure 9. A current feedback amplifier in this
configuration yields the same transter function as a voltage feed-
back op amp:
Vour _4, Rz :

Vin Ry
Remember to use a 2.5kQ2 feedback resistor in voltage-follower
application.

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-

FIGURE 9: The OP-260 as a voltage follower or noninverting
amplifier.

+15V
e}

tor, R, , is in parallel with this stray capacitance creating a zero in the
ciosed-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, havingamuch greater effecton the closed-loopresponse.
To reduce peaking at low noninverting gains, place a series resis-
tor, R, in series with the noninverting input as shown in Figure 9.
This resistor combines with the stray capacitance atthe noninverting
inputto form alow-pass filter that will reduce the peaking. The vaiue
of R, shouid 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 amplifier response to offset the loss of phase
margin due to a parasitic pole. In current feedback amplifiers, this
technique will cause the amplifier to become unstable because the
closed-loop bandwidth will increase beyond the stable operating
frequency. For the same reason, current feedback amplifiers will
not be stable in integrator applications.

VERTING AMPLIFIER

er function of this circuit is identical to

+15Y

+15¥
15ki2

-15¥

FIGURE 10: The OP-260 as an inverting amplifier.

=4

FIGURE 11: Optional offset voltage trim circuit for the OP-260.
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Q, on harder, reducing the channel resistance and increasing the
gain. Figure 13 shows the pulse response of the AGC amplifier.
rAGC loop maintains aconstant peak outputamplitude forasquare
¢ inputsignal range of ﬂOmVp_ptc tG.OVDvp.
biases, closing the loop omamplifiend \,
onthe anode of D,,; but, if the output voltas
= ilizes the monolithic
prevents the amplifier from saturating to the negative rait g : 258 arror
sult is an accurate positive rectification of the output signal.
The output of the rectifier is then compared with a reference current

setup by the 604k(2 resistor which is biased to-15V. The output of
the error amplifier A, will drive the FET (Q,) to the proper voltage

2
there is insufficient signal, the error amplifier will detect an imbal- ..i‘?‘F‘ @

necessary to achieve a zero voltage at the inverting input of A,. If
ance. This causesthe error amp todrive more positive, turning FET

0.1pF
1
_2.\5:‘ 2 E\, 8 2,560
l 12 1
(a)
2,51 2582
QO Vour
(b)
-15V
|
FIGURE 13: Pulse response of the AGC amplifier at (a} low level FIGURE 14: Active feedback allows cancellation of the dominant
input signal, and (b) large input signal. poie, therefore reducing the phase shift significantly.
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designs. This technique relies on the matched frequency charac- voltage of the instrumentation amplifier is determined by the Vio
teristics of the two current feedback amplifiers in the OP-260. Re- matching of the OP-260, which is typically under 0.5mV.

ferring to the circuit, notice that each amplifier has the same feed- Figure 17 shows the relationship between gain and bandwidth for
back resistor network, corresponding to again of 100. Since these the instrumentation amplifier. Reducing resistors R, to R, t0 2.5kQ
two ampiifiers are set at equal gain and are matched due to the increases the bandwidth but makes circuit performance more de-
monolithic construction of the OP-260, they will have an identical pendent on board layout.

frequency response. A pole in the feedback loop of an ampilifier
becomes a zero in the closed loop response. With one amplifierin
the feedback loop of the other, the pole and zero are at the same
frequency, thus cancelling and reducing low phase error. Figure 15
shows that the low phase error amplifier at a gain of 100 exhibits 1°
of phase error up to a frequency of 1MHz. For a single voltage
feedback op amp to match this performance, it would require again-
bandwidth product exceeding 10GHz!

FIGURE 15: Phase response of the ultra-low phase error ampli-
fier compared to that of a single current feedback amplifier. Note
that there is only one degree of phase error over a 1MHz band-

width at a gain of 100. S

+O
Vin
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HIGH-SPEED INSTRUMENTATION AMPLIFIER

The circuit of Figure 16 is a high-speed instrumentation amplifier
constructed with a single OP-260. Gain of the amplifier is set by
resistor R ; according to the following formula:

Vour _10kQ
Vin Ra

The advantages of the two op amp instrumentation amplifier is that
the errors in the individual amplifiers tend to cancel one another. ] " 5721
Common-mode rejection is limited by the matching of resistors R, GAIM (dB)

"to R,. For the best CMR performance, these resistors should be
matched to 0.01% ora CMR trim canbe performed on R,. ACMRR FIGURE 17: Bandwidth versus gain for the high speed instrumen-
of 90dB (measured at 60Hz) is achievable at all gains. Input offset tation amplifier.

BANDWIDTH (MHz)

* PSpica is a registered trademark of MicroSim Corporation,
** HSpice is a rad w of Meta Inc.

-16-
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OP-260 SPICE MACRO-MODEL

Figure 18 shows the SPICE macro-model for the OP-260 dual,
high-speed, current feedback operational amplifier. This model
was tested with, and is compatible with PSpice* and HSpice*".
The schamatic 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 the OP-260. In addition, this model can accommodate any
number of poles and zeros to further shape the AC response.

This model consists of one of the op amps in the dual OP-260
package. To use this model as adual, justcall upthe modsltwice
and specify the same powaer supplies for each op amp. The OP-
260 SPICE macro-model uses four BJT transistors to create the
input buffer just as the actual device does. However, the rest of

=medel contains only ideal linear elements and ideal diodes

sgnd simplifies model development. It
Ameters such as Vg, g, CMR, .Vo
g S~qpen-loop transim-

current are accurately modelled

* PSpice is a registered trademark of MicroSim Corporation.
“*HSpicais a of Meta-Softy L Ing,

e

To keep the OP-260 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
— Varying slew rate with closed-loop gain
— No limits on power supply voltages
—Maximum input voltage range
— Temperature effects (i.e., model parameters are assumed
at 25°C)
— Input noise vaoltage 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.

LETE
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FIGURE 18: OP-260 Macro-Model Schematic
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9?—260 MACRO-MODEL orMm! 1989
. SUBCKT OP-260 1 2 24 99 50
: INPUT STAGE

Rt 99 8 4K
A2 10 50 4K
V1 99 9 1.k
DI 9 DX
v 11 50 1.1
Dz 10 1 DX
1 99 150U
0 150U

HNONONOQLWO O~ hm

18 4E-8
* GAIN STAGE & DOMINAN E
RS 12 99 10E6
R6 12 50 10E6
Cc3 12 99 0.6P
C4 12 50 0.6P
G1 99 12 POLY (1) 99 8 4E-3 0.25e-3
G2 12 50 POLY (1) 10 50 4E-3 0.25E-3
V3 99 13 2.2
V4 14 50 2.2
D3 12 13 DX
D4 14 12 DX
* POLE AT 64 MHz
R7 15 99 1E6
A8 15 50 1E6
Cc5 15 99 2.5E-15
Cé 15 50 2.5E-15
G3 99 15 12 18 1E-6
G4 15 50 18 12 1E-6
" POLE AT 72 MHz
Rg 16 99 1E6
R10 16 50 1E6
C7 16 99 2.2E-15
ca 16 50 2.2E-15
G5 98 16 15 18 1E-6
Gs 16 50 i8 15 1E-6
*POLE AT 80 MHz
Rt1 17 99 1EB
Ri2 17 50 1E6
Co 17 99 2E-15
Cio 17 50 2E-15
G7 9% 17 16 18 1E-6
G8 17 50 18 16 1E-8

:OUTPUT STAGE

R13 18 99
R14 18 50
R15 23 99
R16 23 50
L1 23 24
CF1 24 2

Gs 21 50
G10 22 50
Gi11 23 99

*MODELS USED

3.333E3
3.8333E3
150
150

MODEL QN NPN (BF = 1E9
MODEL QP PNP (BF = 1E9
MODEL DX D(IS=1E-15)
MODEL DY D(IS=1E-15

.ENDS OP-260

6.66667E-3
6.66667E-3
6.66667E-3
6.66667E-3

IS=1E-15 VAF = 150)
IS=1E-15 VAF = 150}

BV =50)

FIGURE 19: OP-260 SPICE Net-List
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