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introduction

This application note describes the SPICE macro-modsi for
the HA-2600/02, wideband, high Impedance op-amp. The
modsl was dssignad to be compatible with the well known
SPICE program developed by the University of California in
hope that most simulation software vendors follow this
basic format and syntax. A schematic of the macro-modal,
the Spice net listings and various simulatad performance
curves are inciuded. The macre-model schematic Includes
nodse numbers to help relate the SPICE listing to the sche-
matic. The model is designed to emulate a typical rather
than a worst case part. Most AC and DC paramaters are
simulated. DC parameters for the HA-2802 macromodal
are slightly degraded from those of the HA-2800, with the
AC parameters remaining squivalent. Significant poles ars
included to give the most accurate AC and transient simula-
flon with minimum complexity.

Model Description
Input Stage

BP and DN represant the differential input resistance. fnput
bias currents are created by I1 and offset current is mod-
eled with FA. Source VN represents the input offset voltags,
C1 limits slew rate. No input parasitics due to package ca-
pacitance and lead Inductance are included,

Gain Siage

G2, R2, CC, GOL, and RD simulate open icopgain.CC is
the macro-modsl dominant pole capacitor.

Harriz Corporstion, Semiconducior Secior, makes no warraniy, sither sxpn

&g oF i

Polses

The two most significant poles of the HA-2800/02 are
modsied by RC networks,

Output Stage

EX1, D1 and D2 model output current limiting. IH and IL are
the power supply currents. DPH, DPL and GPS vary the
supply currents based on the opamps output current. DL,
DH, ECC and EEE provide voltage clamping on the output
to simulats the typical output voltage swing. Some effects of
output parasitics dues {o package capacitance and
Inductance are lumped with the poles.

Parameters Not Modeled

To maintain a simple macro-model not all op amp
parameters are modeled. Most of the paramestars not mod-
eled are listed below:

® Temperature Effacis

¢ Diffarential Voltage Restrictions.

¢ Input Voitage and Current Noise.

¢ Common Mode Restrictions

® Tolerances for Monte Cario Analysis

¢ Power Supply Range

fied, including but not limited to any warf or merchaniability and

fitnoss for a particular purpose using this macro-model. This macro-modsi is providad solsly and axclusively {or uss by Harris customars 1o assist them in the
assessment of this product for possibls appliications, In no avent will Harris be fiabls for special, collateral, incidenial, or consequantial damages in connsction
with or arising out of the use of the macro-model. Although every effort has been made 1o ensure accuracy of the information contained in this application note,

Harris a0 re

e ibility for inadverient arrors, Harris reserves the right io make changes {6 the product and the macro-model without prior notice.
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Application Note MM2600/02

Spice Listing

L3

*COPYRIGHT (C) 1991 HARRIS CORPORATION
* ALL RIGHTS RESERVED

*

*HA-2600 MACROMODEL

*REV: 8-01-91

*BY: D.W. RIEMER

=

*PINOUT +iN

=

SUBCKTHAZ260012453

-IN VCC VEE ouT

MODELDPD IS=1E-14 N=+1.5417
MODELDND IS=+1.1428E-14N=+1.5417
MODELDVD IS=+1.7684E-15N=.2
MODELD1D iS=1E-9 N=1
MODELD2D IS=1E-9 N=+1.0
MODELDXD (S=1E-20 N=+30.0

=

“INPUT STAGE

*VALUE OF SOURCE VYN MODELS VIO AND
MAY BE ADJUSTED AS DESIRED.

k3

VP180

VN27 +5E-04

11 804+1.0714E-03

FAZOVN+1.825

bPs88DP

BN78DN

FPSOVP +1.8427E+05

FNOSVN +1.4373E+05

GC 0880 +8.5568E-08

GPP 9040 +6.5568E-08

GPNS8050+1.16588E-07

IRX 09 -7.3735E-07

RTso1.0

F

“POLES
-

EP1100901.0

RP1 10 11 +6.388E+01
CP11101E-10
EP21201101.0

RP2 12 13 +4.5486E+01
CP21301E-10

*

*QUTPUT STAGE

'

G20141801.0

R2 14 0 +8.56577E+02

CC 14 15 +2.2E~11

GOL 150 140 +1.2257E+03

RD 150+80.0

DH 1516 DV

DL1715DV

ECC160POLY 1 4 0 -27 1.0
EEE170POLY 1 5 0 +29 1.0
IH 40 +3.0E-03

IL 0 5 +3.0E-03

GPS 18 0 153 +0.8998E-01

DPH 4 18 DX

OPL 18 5 DX

D1 1518D1

D2 19 15 D2

EX1190POLY 2 15 0 3 0 00
RO 153+10.0

[ENDS HA2800

-8.8481E-01 +1.881
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Application Note MM 2600/02

Spice Listing

*COPYRIGHT (C) 1951 HARRIS CORPORATION
“ALL RIGHTS RESERVED

&

“HA-2802 MACROMODEL

*REV:8-01-91

*BY: D.W. RIEMER

&

*PINOUT +IN

*

SUBCKTHA280212453

-iN VCC VEE OUT

MODELDPD IS=1E-14 =+1.1563
MODELDND S=+1.1428E-14N=+1.1563
MODELDVD I1S=+1.061E-15 N=.2
MODELD1D IS=1E-9 N=1
MODELD2D IS=1E-9 N=+1.0
MODELDXD I1S=1E-20 N=+30.0

&

*INPUT STAGE

*VALUE OF SOURCE VN MODELS VIO AND
MAY BE ADJUSTED AS DESIRED.

YP1860

VYNZ27 +2E-03

1 80+5.3571E-08

FAZOVN+1.825

bDP&e8DP

DN78DN

FPSOVP +3.2853E+04

FNOSVN +28747E+04

GC0880+1.5548E-07

GPPS040+4.9182E-08

GPNS8O050+1.5548E-07

IRX 09 -1.5371E-08

AT2010

3

*POLES
EP1100901.0

RP1 10 11 +8.368E401
CP1 11 01E-10
EP21201101.0

RPZ 12 13 +4.5483E+01
CP23301E-10

=

*OQUTPUT STAGE
G20141301.0

RZ2 14 0+8.5577E+02

CC 14 15 42.2E-11

GOL 150140 +7.3545E4+02
RD 150+80.0

DH15168DV

DL17 15DV

ECCiB8OPOLY 1 4 ©
EEE170POLY 1
IH40+3.56-03
ILO5+3.5E-03
GPS 180 153 +0.9999E-01

DPH4 18 DX

bPL 1885DX

D1 1518D1

D2 19 158D2

EX1180POLY 2 156 0 3 0 00
RO 153+100

ENDS HAZ2802

=27 1.0
E O 428 1.0

-8.4731E-01

+1.8438
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Application Note MM2600/02

Macro-Modef Schematic
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Model Performance

GAIN/PHASE RESPONSE vs FREQUENCY
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Application Note MM2600,/02

Model Performance {Continued)
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e s By H 3
5 —+ '
139: .................... . ......................
my GE
~f0ol.. R AL LT D PP S U
-3m‘11::13r1a:1t||!!113:=:§|r1;1t I I T
0 208 488 840 800
TIME (ns}
LARGE SIGNAL RESPONSE
R B
= B R R
VOLYS R ) e /AR

-3.0

s + = - £
Tols - . . . 1
«-8.0 !!lf!lf'il!!‘]iil!'il!!IIll!'?Ei!!!Il?’iii?fli;i'?f%!iflIi
0.0 1.0 2.0 3.0 4.0 5.0
TIME (us)

8.0

47




