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ANALOG
W DEVICES

Wide-Bandwidth

PrecisionOperationalAmplifier(Av 2: 10)

. OP-61 I

FEATURES. HighGain-BandwidthProduct 200MHzTyp. Low Voltage Noise 3.4nV/VHZ @ 1kHz. High Speed 45V/ s Typ. Fast Settling Time (0.01 %) , 330ns Typ. High Gain """"""""""""""""""""""""""'" 475V/mV Typ. Low Offset Voltage 100 V Typ

APPLICATIONS. Low Noise Preamplifier.Wideband Signal Conditioning. Pulse/RF Amplifiers. Wideband Instrumentation Amplifiers. Active Filters. Fast Summing Amplifiers

GENERAL DESCRIPTION

The OP-61 is a wide-bandwidth,precision operational amplifier
designed to meet the requirements offast, precision instrumen-
tation systems. The OP-61's combination of DC accuracy with
high bandwidth, fast slew rate and low noise, makes it unique
among high-speed amplifiers. It is ideal for wideband systems
requiring high signal-to-noise ratio, such as fast 12-16 bit data
acquisition systems. The OP.61 maintains less than 3nV/v'HZ
of input referred spot voltage noise over its closed-loop band-
width.

The OP-61 offers noise and gain performance similarto that of
the industry standard OP-27/37 amplifiers, but maintains a
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much larger gain-bandwith product of 200MHz.Withslew rate
exceeding 45V/j.ls,and settling timefor 12 bits (0.01%)typically
330ns, the OP-61 has excellent dynamic accuracy.

The OP-61 is an excellent upgrade for circuits using slower op
amps such as the HA-5111,and the HA-S147.The OP-61 can
also be used as a high-speed alternative to the HA-5101.HA-
5127, HA-5137, OP-27, and OP-37 amplifiers, where closed-
roop gains are greater than 10.
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OP-61

ORDERING INFORMATION t

PACKAGE
OPERATING

TEMPERATURE
RANGE

MIL
XtND
XIND

CERDIP
8-PIN

OP6tAr
OP61FZ

PLASTIC
8-PlN

Lce
2G-CONTACT

OP61AAC/883'

OP61GP
OP61GS

, Fordevices processed in total compliance to MIL-STD-Baa. add/8B3af1er part
number. Consult factory for 883 data sheet.

t Burn.in is available on commercial and industrial temperature range parts in
CerDIP. and plastic DIP packages.

ABSOLUTE MAXIMUM RATINGS (Note2)
Supply Voltage :t18V
Differential Input Voltage :t5.0V
InputVoltage , Supply Voltage
Output Short-Circuit Duration , Continuous

Storage Temperature Range
p, RC, S, Z Package -65°C to +150°C

Lead Temperature Range (Soldering, 60 sec) W"""""" 300°C
Junction Temperature (Tj) 150°C
Operating Temperature Range

AllA Grades -55°C to +125°C
F &G Grades -40°C to +85°C

NOTES:

I. ejA is specified for worst case mounting conditions. i.e.. <3jAIs specified for
device in socket for CerDIP. P.DIP. and LCC packages; ajA is specified for
device soldered to printed circuit board for SOpackage.

2. Absolute maximum ratings apply to both DICE and packaged parts. unless
otherwise noted.
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PACKAGE TYPE ell. (Note I) alc UNIT

8.Pin Hermetic DIP (Z) 148 16 °CtW

8.Pin Plasuc DIP (P) 103 43 'CIW

20-Contact LCC (RC) 98 38 .CIW

B.Pin SO (S) 158 43 -CiW

ELECTRICAL CHARACTERISTICS at Vs = :t15V, TA= 25°C. unless otherwise noted.

OP-61 A OP-61F OP.61 G
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS

InputOffset Voltage vos - 100 500 - 150 750 - 200 1000 v

Input Offset Current los VCM OV - 30 ISO - 40 200 - 40 200
> nA

InputBias Current 18 VCM-OV - 130 500 - 200 600 - 200 600 nA

Input Noise
eo 10 - 1000Hz - 3.4 - - 3.4 - 3.4 - nV/v'Ri

Vollage Density

InpU1Noise
in 10 10kHz - 1.7 - - 1.7 - - 1.7 pAlv'Hi

Current Density

InputVoltage Range IVA (Note 1) :l:t1.0 - - :1:11.0 - - :1:11.0 - - V

Common-Mode
CMA VCM-t11V 100 108 94 100 94 100 dB

Rejection
- - -

Power Supply PSRR Vs-::I:5VtO:l:18V - 1.2 4.0 2.0 5.6 - 2.0 5.6 IlVN
Rejection Ratio

RL-l0kO 225 475 - 175 425 - 175 425
Large-Signal

Avo RL2kO 200 400 - 150 350 - 150 350 - V/mV
Voltage Gain AL-1kO 150 340 - 120 300 - 120 300

Output Voltage
Vo

Al-1kn :1:12.0 1:13.2 - 1:12.0 1:13.2 - :t12.0 :t13.2
V

Swing Al 5000 :1:11.0 :t12.8 - :1:11.0 :1:12.8 - .t11.0 :t12.8

Slew Rate SA AL lkO 40 45 - 35 45 - 35 45 - VIIlS
CL - 50pF

Gain BandwidthProd. GBWP 10=1MHz - 200 - - 200 - 200 MHz

SetllingTime ts Av -10. 10V Step. 0.01% - 300 - - 330 - - 330 - ns

SupplyCurrent ISY No Load - 6.1 7.5 - 6.1 7.5 - 6.1 7.5 mA

NOTES:
1. Guaranteed by CMA test.
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OP-61

ELECTRICAL CHARACTERISTICS atVs ==15V, -55°C:s TA:S +125°C, unless otherwise noted.

OP-61A
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS

Input OffsetVoltage Vas - 200 1000 j4V

Average Input
TCVos

- 1.0 5.0 .,.VI"COffset Drift

Input Offset Current '05 VCMOV - 70 400 nA

InputBias Current IB VCM:OV
- 1BO BOO nA

Input Vollege Range IVR (Note 1) ",11V - - V

Common-Mode
CMR VCM"'",'1V dB94 104 -

Rejection

Power Supply PSRR Vs "".5Vto,.1BV - 2.0 5.6 .,.VN
Rejection Ratio

Large-Signal RL'" 10ka 175 400

Voltage Gain Aye RL=2ka 1SO 340 - V/mV

AL" 1kg 120 260

Output Vollege
Va

ALa:1ka ",'1.0 ,.13.0 V
Swing At" SOOa :010.0 ",'2.7 -

Supply Current lay No Load - 6.5 B.O mA

ELECTRICAL CHARACTERISTICS at Vs ;;;; :t15V, -4QoC:s TA :s +85°C.

OP-61F OP-61G
PARAMETER SYMBOL CONDtTIONS MIN TYP MAX MIN TYP MAX UNITS

Input Offset Voltage Vas - 300 1250 - 400 1500 .,.V

Average Input
TCVes

- 3.0 7.0 - 3.0 7.0 ,.V/DCOffset Drift

Input Offset Current los VCM"OV - 125 500 - 125 500 nA

InputBias Current IB Vc...=OV - 250 900 - 2SO 900 nA

Input Vo/teglt Range IVA (Note 1) ,.11V - - ,.11V - - V

Common-Mode
CMR VCM":o11V BB 96 BB 96 dB

Altjectlon
- -

Power Supply PSAR Vs"",5Vto:o1BV - 4.0 10.0 - 4.0 10.0 .,.VN
Rejection Ratio

Large-Signal At" 10ka 150 350 - 150 350

Voltage Gain Ayo Rt ,,2kO 120 300 - 120 300 - V/mV

At" 1kQ 100 240 - 100 240

Output Vo/lege
Vo

RL ,,1kO ",11.0 ,.13.0 - ,.11.0 ",'3.0
V

Swing Rt ,,5000 ,.10.0 ",12.7 - ",10.0 ",12.7

Supply Current 'Sy No Load - 6.4 8.0 - 6.4 8.0 mA

NOTES:
1. Guaranteed by CMA1est.
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DICE CHARACTERISTICS

DIE SIZE 0.064 x 0.068 inch, 4,352 sq. mils
(1.63x1.73mm,2.81 sq.mm)

WAFER TEST LIMITS atVs=:t15V, TA=25°C.

- rag!! 2~

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

CONDmONS

VCM-:!:11V

Vs -15V to :t18V

Al- 10kQ

Al-21U1
Rl-11U1

Rl-1kQ
AL- 500n

RL" 11U1

Cl- 50pF

No Load

NOTE:
Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss. yield after packaging is not guaranteed for
standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing.

ANALOG DEVICES
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PARAMETER SYMBOL

InputOffset Voltage Vos

Input OHsetCurrent 105

Input Bias Current Is

Input Voltage Range IVA

Common-Mode
CMR"

Rejection

Power Supply PSRR
Rejection Ratio

Large-Signal
Avo

Voltage Gain

Output Voltage Swing Vo

Slew Rate SA

Supply Current Isy

OP-61GBC
LIMITS UNITS

750 v MAX

200 nA MAX

600 nA MAX

111.0 VMIN

94 dBMIN

5.6 IlVN MAX

175
150 V/mV MIN
120

:t12.0
VMIN

t11.0

35 V/I'sMIN

7.5 mA MAX

OBSOLETE
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OP-61
TYPICAL PERFORMANCE CHARACTERISTICS

VOLTAGE NOISE DENSITY
vs FREQUENCY
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TYPICAL PERFORMANCE CHARACTERISTICS Continued

MAXIMUMOUTPUTSWING
vs FREQUENCY
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TYPICAL DISTRIBUTION OF
INPUT OFFSET VOLTAGE
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OP-61

TYPICAL PERFORMANCE CHARACTERISTICS Continued

OPEN-LOOP GAIN
vs TEMPERATURE-
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UP-51
SIMPLIFIED SCHEMATIC

NULL NULL

t t

.IN

V.

OUT

V-

to any op amp are simply another set of sensitive differentially
balanced inputs. Therefore, care must always be exercised in
layingout signal paths by not placing the trimmer, or the nulling
inputlines.directlyadjacentto highfrequency signal lines.

APPLICATIONS INFORMATION

The OP-61combines highspeed witha levelofprecisionand noise
performance normally only found with slower amplifiers. Data
acquisition and instrumentation technology has progressed to
where dynamic accuracy and high resolution are both maintained
to a very highlevel.The OP-61 was specifically designed to meet
the stringent requirements of these systems.

Signal-to-noise ratio degrades as input referred noise or band-
width increases. The OP-61 has a very wide bandwidth, but its
input noise is only 3nV/..;RZ. This makes the total noise gener-
ated over its closed-loop bandwidth considerably less than
previously available wideband operational amplifiers.

The OP-61 provides stable operation in closed-loop gain con-
figurations of 10 or more. Large load capacitances should be
decoupled with a resistor placed inside the feedback loop (see
Driving Large Capacitive Loads).

OFFSET VOLTAGEADJUSTMENT
Offset Yoltage can be adjusted by a potentiometer of 10ka to
100kil resistance. This potentiometer should be connected be-
tween pins 1and 5with the wiper connected directly to the OP-61
V+ pin (see Figure 1). By connecting this line directly to the op
amp V+ terminal, common impedance paths shared by both
return currents and the nullinputs willbe avoided. Nulling inputs

.V
0.1~F

I---:L

Vas
ADJUST

-y

POTENTIOMETERSRANGINGFROM 101<0TO 100Ic.U
CAN BE USED TO OBTAINA MINIMUMOF "ZmV OF
Vas ADJUSTMENT.

FIGURE 1: Input Offset Voltage Nulling

-8-
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OP-61

Voo

10.000v

DIGITAL
CONTROL

18

V.e.
PM-T228

DACA

DACB

DACC

DB,
T I (IISBI OACO

AGNO OONO

.

+v

22 OTHER OUTPUTS
AVAIlABLE FOR
OTHER FUNCTIONS

IV

~

FIGURE 2: Trimming OP-61 Voltage Offset with 0 to 10V Voltage Output, PM-7226 Quad D/A

D/A converters can also be used for offset adjustments in sys-
tems that are microprocessor controlled. Figure 2 illustrates a
PM-7226 quad, B-bitD/A. used to null the OP-61's offset volt-
age. Astable fixed bias current is provided intopin 5 of the OP-
61, from A2' and a AEF-10, +10Vprecision voltage reference.
Current through A" from the D/A voltage output provides the
programmed Vas adjustment control. Symmetric control of the
offset adjustment is effected since equal currents are sourced
into A1and R2when the D/A is at half scale, binary inputcode =
10000000.

V,N

With the circuit components shown in Figure 2, the maximum
Vas adjustment range is ::t:500mV,referred to the input of the
OP-61. Incremental adjustment range is approximately 2f.tVper
bit, allowing Vos to be trimmed to ::t:2""V.

5pF

2000

Your

2kQ 20pF

-= -= Ay.-10

FIGURE 3: Large- and Small-Signal Response TestCircuit
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OP-61

TRANSIENT RESPONSE PERFORMANCE

Figures 4 and 5, respectively, show the small-signal and large-
signal transient response of the OP-61 driving a 20pF load from
the circuit in Figure 3. Both waveforms are symmetric and exhibit
only minimal overshoot. The slew rate symmetry. apparent from
the large-signal response, decreases the DC offsets that occur
when processing input signals that extend outside the range of
the OP-61's full-power bandwidth.

FIGURE 4: Small-Signal TransientResponse

FIGURE5: Large-Signal Transient Response

DRIVING CAPACITIVE LOADS

Direct capacitive loading will reduce the phase margin of any op
amp. A pole is created by the combination of the op amp's output
impedance and the capacitive load that induces phase lag and
reduces stability. However, high-speed amplifiers can easily drive
a capacitive load indirectly. This is shown in Figure 6. The OP-61
is driving a 1OOOpFcapacitive load. R1 and C1 serve to counter-
act the loss of phase margin by feedforwarding a small amount of
high frequency output signal back to the amplifier's inverting input.

+vs

v'"
3

R.
9QO(l

100j
vOlJT

2OpF
ClOAO

I lOOOpF

-v.

RS
10011

"::"

FIGURE 6: OP-61 Noninverting Gain of 10 Amplifier.
Compensated to Handle Large Capacitive Loads

thereby preserving adequate phase margin. The resulting pulse
response can be seen in Figure 7. Extra care may be required to
ensure adequate decoupling by placing a 1!J.Fto 1OIlF capacitor
in parallel with the existing decoupling capacitor. Adequate
decoupling ensures a low impedance path for high frequency
energy transferred from the decoupling capacitors through the
amplifier's output stage to a reactive load.

FIGURE 7: Pulse Response of Compensated X1 0 Amplifier in
Figure 6. V,N = 1O0mVp_p.VOUT= 1Vp-p,Frequency of Square
Wave =' 1MHz, CWAD = 1000pF!

-10-
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OP-61

DECOUPLINGANDLAYOUTGUIDELINES
The OP-61 op amp is a superb choice for a wide range of preci-
sion high-speed, low noise amplifier applications. However.
care must be exercized in both the design and layout of high-
speed circuits in order for the specified performance to be real-
ized.

Althoughthe OP-61 has excellent power supply rejectionover a
wide bandwidth. the negative supply rejection is limitedat high
frequencies since the amplifier's internal integrator is biased via
the negative supply line.This operation is typical performance
for all monolithic op amps. and not unique to the OP-61. Since
the negative supply rejection will approach zero for signals
above the close-loop bandwidth, high-speed transients and
wideband power supply noise, on the negative supply line, will
result in spurious signals being directlyadded to the amplifier's
output. Adequate power supply decoupling prevents this prob-
lem.

Generally, a 0.1~F tantalum decoupling capacitor, placed in
close proximityacross the amplifier's actual power supply pin
and ground is recommended. This willsatisfy most decoupling
requirements, especially when the circuitis builton a lowimped-
ance ground plane. When a heavy copper clad ground plane is
not used, it becomes especially important to confine the high
frequency output load currents confined to as small a high-fre-
quency signal path as possible. as suggested in Figure 8.

+v

-y -=-

FIGURE 8: Proper power supply bypassing is required to obtain
optimum performance with the OP-61. Maintain as small wide-
band signal current path as possible. Where signal common is a
low impedance ground plane. simply decouple O.1tAFto ground
plane near the OP-61.

Power management of complex systems sometimes results ina
complex L-C network that has high frequency natural reso-
nances that cause stability problems in circuits internal to the
system. Resistors added in series to the supply lines can lower
the Q of the undesired resonances, preventing oscillations on
the supply lines. Resistors of 3 to 10 ohms workwelland serve
to ensure the stabilityofthe OP-61 in such systems.
ADDITIONALCAVEATS FORHIGH-SPEEDAMPLIFIERSIN-
CLUDE:
1. Keep all leads as short as possible, using direct point-to-point

wiring. Do not wire-wrap or use "plug-in" boards for prototyp-
ing circuits.

2. Op amp feedback networks should be placed inclose proxim-
ity to the amplifiers inputs. This reduces stray capacitance
that compromises stability margins.

3. Maintainlowfeedback and source resistance values. Imped-
ance levels greater than several kilo-ohmsmay result in de-
grading the amplifier's overall bandwidth and stability.

4. The use of heavy ground planes reduces stray inductance.
and provides a better return path for ground currents.

5. Decoupling capacitors must have short leads and be placed
at the amplifier's supply pins. Use low equivalent series resis-
tance (ESR) and low inductance chip capacitors wherever
possible.

6. Evaluation of prototype circuits should be performed with a
low input capacitance, X10 compensated oscilloscope
probe. X1uncompensated probes introduce excessive stray
capacitance which alters circuit characteristics by introduc-
ing additional phase shifts.

7. Do not directly drive either large capacitive loads or coax
cables withhigh-speedamplifiers(see DRIVING COAXIAL
CABLES).

8. Watch out for parasitic capacitances at the +/- inputs to wide-
band noninverting op amp circuits. Since these nodes are not
maintained at virtual ground as in the inverting amplifier con-
figuration, parasitics may degrade bandwidth. Wideband
noninverting amplifiers may require the ground plane trace
removed from local proximity to the op amp's inputs.
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FIGURE9: High-Speed Settling Time Fixture (for0.1 and 0.01%)

SETTLINGTIME
Settling time is the time between when the input signal begins to
change and when the output permanently enters a prescribed
error band. Figure 9 illustrates the artificial summing node test
configuration, used to characterize the OP-61 settling time. The
OP-61 is set in a gain of -10 with a 1.0V step input.The error
bands on the output are 5mV and 0.5mV, respectively, for 0.1 %
a'1d 0.01% accuracy.

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. Preceeding stages are complemen-
tary emitter follower stages. providing adequate drive current for
a 50a oscilloscope input. The OP-97 establishes biasing for the
input stage, and eliminates excessive offset voltage errors.

Figure 10 illustrates the OP-61's typical settling time of 330ns.
Moreover, problems in settling response, such as thermal tails
and long-term ringing are nonexistent. This performance of the
OP.61 makes it a suberb choice for systems demanding both
high sampling rates and high resolution.

+ISV
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':" <; <OkQ
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FIGURE10: SettlingCharacteristicsof the OP-61to0.01%.
No Thermal Settling Tail Appears as Part of the Settling
Response.
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FIGURE 11: Transient Output Impedance Test Fixture

TRANSIENTOUTPUTIMPEDANCE
Settling characteristics of operational amplifiers also includes
an amplifier's abilityto recover, Le., settle, froma transient cur-
rent output load condition. An example of this includes an op
amp drivingthe input froma SARtype NO converter. Although
the comparison point ofthe converter is usually diode clamped,
the input swing of plus-and-minus a diode drop stillgives rise to
a significant modulation of input current. Ifthe closed-loop out-
put impedance is lowenough and bandwidth of the amplifieris
sufficiently large, the output will settle before the converter
makes a comparison decision whichwillprevent linearityerrors
or missing codes.

Figure 11 shows a settling measurement circuitfor evaluating
recovery from an output current transient. An output disturbing
current generator provides the transient change in output load
current of 1mA.As seen in Figure 12, the OP-61 has extremely
fast recovery of 180ns, (to0.01%), fora 1mAload transient. The
performance makes it an ideal amplifier for data acquisition
systems.

FIGURE12: OP-61's Extremely Fast Recovey Time from a
1mA Load Transient to 0.01%

-13-

OBSOLETE



ANALOGDEVICES fAX-ON-DEHAND HOTLINE - rag!! 3~

OP-61

DRIVING COAXIAL CABLES
The OP-61 amplifier, and a BUF-O3 unity-gain buffer, make an
excellent drive circuit for 7SQ or SOQ coaxial cables. To main-
tain optimum pulse response, and minimum reflections, op amp
circuits driving coaxial cables should be terminated at both
ends. Unterminated cables can appear as a resonant load to the
amplifier, degrading stability margins. Also, since coaxial
cables represent a significant capacitive load shunting the driv-
ing amplifier,it is not possible to drivethem directlyfrom the op
amp's output (RG-58 coax. typically has 33pF/foot of capaci-
tance).

Figure 13illustrates an OP-61 noninverting,gain 0110, amplifier
stage, driving a double-matched coaxial cable. Since the
double-matching of the cable results involtage gain loss of6dB,
the composite voltage gain 01the entire circuit is 5, or 14dB.

+V +V

V...

Vour

CI
2Op~

":'"

-V -V

"2

IIOOQ
"1
100II

~

FIGURE 13: OP-61 Noninverting Amplifier Driving Coaxial
Cable, Composite Gain =5 from V/N to VOUT' Adjust C, for
DesiredPulseResponse.

FIGURE 14: Pulse Response from Amplifier Circuit in Figure
13. Driving 15 Ft. of RG-58 Coaxial Cable

Resistors R3 and R4 serve to absorb reflections at both ends of
the cable. The OP-61's wide bandwidth and fast symmetric sle-
wing, results in a very clean pulse reponse, as can be seen in
Figure 15. The BUF-O3 serves to increase the output current
capability to 70mA peak, and the ability to drive up to a 1~F
capacitive load (or a longer cable). The value of C, may need to
be slightly adjusted to provide an optimum value of phase lead,
or pulse response. This capacitor serves to correct for the cur-
rent buffers phase lag, internal to the OP-61's feedback loop.

NOISE MODEL AND DISCUSSION

The OP-61's exceptionally low voltage noise (en = 3.0nV/Hz,
high open.loop gain, and wide bandwidth makes it ideal for ac-
curately amplifying wideband low-level signals. Figure 15a
shows the OP-61 cleanly amplifying a 5mVp-p, 1MHz sine wave,
with inverting gain of 100. Noise or limited bandwidth prevents
most amplifiers from achieving this performance.

FIGURE15a: Example of Low Level Amplifier in an Inverting
Configuration, Gain =VoulV/N =-RIR, = -100

FIGURE15b: OP-61. Gain =-100.0, Wideband Amplifier,

VI", =5mVp.p Signal at 1MHz, V OUT =500mVp.p
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FIGURE 16: Inverting Gain Configuration Noise Model for the
OP-61

The invertingamplifiermodel, seen in Figure 16, can be used to
calculate the equivalent inputnoise, enl' enlis the voltage noise,
modeled as part of the input signal. It represents all the current
and voltage noise sources lumped into one equivalent input
voltage.

Typicalvalues for the OP-61 noise parameters are:

e =3.4nV/VHz @ 1kHzn

i =1.7pA/ VHz @ 10kHzn

(where it is assumed that in =in- =in+).

It can be defined from the model in Figure 16:

enl =total inputreferredspot voltagenoise (allnoise
contributions lumped into one equivalent voltage
noise source).

~n =spot voltage noise of OP-61

in =spot current noise of OP-61

Zs =total input impedance

Z =impedance at OP-61 + input node

A..tCL= closed-loop gain for inverting amplifier

N.G. =1 + IAyCLI =noise gain for inverting amplifier

izs =spot noise current generated by Zs' IfZs = As' then

izs = iRS= 0.12~ nV/-/Hz.

elf = spot voltage noise generated by Zf . If Zt = At '

then ezt = eRt= 0.129VR; nV/v"RZ.

Note: Equation is derived from Johnson noise relationship of
resistor A:

eR =v4kTA =V4kT../R = 0.129 v'R nV/v'Hz. Ais in ohms.

The equivalent input voltage noise, referred to the output, can
be found by adding all the noise sources in a sum-of-square
fashion:

en02 =en2 (N.G. )2+ in21Z12 (N.G.)2 + in2 1412+ iZS2 1412+ eZI2

Aeferred back to the amplifiers input:

eni =~ =
IAveL!

'/(e02 (N.G.)2 + i021Z12(N.G.)2 + in2 IZtl2+ iZS2 IZtf + ezt2)
IAvcu

To capitalize on the low voltage performance ofthe OP-61 , Z, Zf

and especially Zs must be as low impedance as possible. With
low impedance values of Zfand Zs:

e . Ven2 (1 + IAvCll) 2 0 e . en (N.G.)01- r, 01---
IAvcll (N.G.)-1

All noIse contributions are now easily modelled as a signal
equivalent noise voltage source, eni (see Figure 17).

2,

z.

-=- -=-

FIGURE 17: Equivalent Noise Model, Where All Noise Contri-

butionsareLumpedInto eni

OP-61 SPICE MACROMODEL
Figures 18and 19show the node and net listfor a SPICE macro-
model of the OP-61. The model is a simplifiedversion of the
actual device and simulates important DC parameters such as
Vos' los' 'B'A..to'CMA,V0 and ISY'ACparameters such as slew
rate, gain and phase reponse and CMAchange withfrequency
are also simulated by the model.

The model uses typical parameters for the OP-61. The poles
and zeros in the model were determined from the actual open
and closed-loop gain and phase reponse of the OP-61. 'n this
way the model presents an accurate AC representation of the
actual device. The model assumes an ambient temperature of
25°C (see followingpages).
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FIGURE18: OP-61 SPICEMacro-ModelSchematic and Node List
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OP-61 MACROMODEL AND TEST CIRCUIT <PAO11990

, subckt OP-61 1 238 99 50-

- POLE AT 20 OM Hz

'INPUT STAGE & POLE AT 300 MHz

r1 2 3 5E11
r2 1 3 5E11
r3 5 99 51.6
r4 6 99 51.6
cin 1 2 5E-12
c2 5 6 5.141E-12
i1 4 50 1E-3
ios 1 2 2E-7
aos 9 1 poly(1) 26 32 400E-6 1
q1 5 2 4 qx
92.6 9 4 qx

.FIRST GAIN 8T AGE.

r23 23 99
r24 23 50
c9 23 99
c10 23 50
91199 23
91223 50

- POLE AT 200MHz

1E6
1E6
.796E-15
.796E-15
2232 1E-6
3222 1E-6

r7 11 99 1E6
r8 11 50 1E6
d11 11 10 dx
d12 12 11 dx
91 99 11 5 6 2E-4
92 11 50 6 52E-4
a1 99 10 poly(1) 99 32 -4.4 1
~2 12 50 poly(1) 32 50 -4.4 1

-SECOND GAIN STAGE & POLE AT 205kHz-
r9 13 99 S.1598E6
r10 13 50 5.1598E6
c3 13 99 12.338E-12
c4 13 50 12.338E-12
93 99 13 poly(1) 11 32 4.24E-3 9.69E-5
94 13 50 poly(1) 32 11 4.24E-3 9.69E-5
v2 99 14 2.3
v3 15 50 2.3
d1 13 14 dx
d2 15 13 dx.
-POLE.ZERO PAIR AT 4MHz /8MHz
-

r25 24 99
26 24 50
c11 24 99
c1224 50
91399 24
91424 50

:POLE AT 200MH~
r27 25 99 1E6
r28 25 50 1E6
c1325 99 .796E-15
c14 25 50 .796E-15
915 99 25 2432 1E-6
916 25 50 32 24 1E-6
- COMMON-MODE GAIN NETWORK WITH ZERO AT 40kHz

1E6
1E6
.796E-15
.796E-15
23 32 1E-6
32 23 1E.6

r17 19 20
r18 19 21
r19 20 99
r20 21 50
13 20 99
14 21 50
97 99 19
98 19 50
- POLE AT 40MHz

1E6
1E6
2.529E6
2.529E6
1.342E-3
1.342E-3
1632 1E-6
32 16 1E-6

r11 16 99 1E6
r12 16 50 1E6
r13 16 17 1E6
r14 16 18 1E6
c5 17 99 19.89E-15
c6 18 50 19.89E-15
95 99 16 1332 1E-6
96 16 50 32 13 1E-6-ZERO-POLE PAIR AT 85MHz /300MHz-

r21 22 99
r22 22 50
c7 22 99
c82250
g9 99 22
91022 50

1E6
1E6
3.979E-15
3.979E-15
1932 1E-6
32 19 1E-6

-MODELS USED
-

-model qx NPN(BF= 1250)
-modaldx O(lS",,1E.15)
-model dy O(lS"" 1E-15 BV '" 50)
-ends OP.61

FIGURE 19: OP-61 SPICE Net List

. PSpice is a regislered trademark of MicroSim Corporation.

..HSPICE is a tradename of Mela.Software. Inc.
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r29 26 27 1E6
r30 26 28 1E6
15 27 99 3.979
16 28 SO 3.979
917 99 26 3 32 1E-6
91826 50 323 1E-6
v4 99 29 2.5
v5 30 50 2.5
d3 26 29 dx
d4 30 26 dx-
- POLE AT 300MHz

r32 31 99 1E6
r33 31 50 1E6
c15 31 99 .531E-15
c1631 50 .531E-15
91999 31 25 32 1E-6
920 31 50 32 25 1E-6

- OUTPUT STAGE.
r34 32 99 20.0E3
r35 32 50 20.0E3
r36 33 99 30
r37 33 50 30
17 33 38 1.65E-7
921 36 50 31 33 33.3333333E-3
92237 50 33 31 33.3333333E-J
92333 99 99 31 33.J333333E-3
92450 33 31 50 33.3333333E-3
v6 34 33 .2
v7 33 35 .2
d5 31 34 dx
d6 35 31 dx
d7 99 36 dx
d8 99 37 dx
d9 50 36 dy
d10 50 37 dy.
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