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INTRODUCTION

The SPICE macro models for Microchip’s operational
amplifiers (op amps) aid in the design and analysis of
various circuits by allowing for detailed simulation of
the circuit being designed.

This application note covers the function and use of
Microchip's op amp SPICE macro models. It does not
explain how to use the circuit simulator but will give the
user a better understanding how the model behaves
and tips on convergence issues.

MODEL DESCRIPTION

Microchip’s op amp SPICE macro models were written
and tested in Orcad's PSPICE 10.0 which is equivalent
to Cadence PSPICE 15.x. The type of modeling
technique that was used to model the op amps is called
"Macro Modeling". It is based on treating the op amp as
a black box and using mathematical equivalents of the
internal functions. As opposed to macro modeling, tran-
sistor level modeling is used for modeling of the device
under development and fabrication.

There are many advantages of macro modeling over
transistor level modeling. Since the op amp internal
circuity has been simplified to mathematically
represent the functions, the simulation runs much
faster and is more robust. This allows the user to
simulate their circuitry at the board or system level with
the op amps within a reasonable simulation time. Since
the model is more robust, it allows flexibility in the
convergence criteria so that it can more easily work
with more types of circuits.

However, with transistor level modeling, there are
many interactions between the transistors such as the
variations of voltage and current with time or
temperature. In a macro model, some of these
variations have to be simplified. For example, the
quiescent current will vary smoothly over temperature
for an actual IC or transistor level model. To model this
using the macro modeling technique, a look-up table is
used. This causes the macro model results to not be as
smooth as the actual IC. However the discrepancies
between the look-up table and the actual IC
performance are minimal.

What The Models Cover

Microchip’s op amp SPICE macro models cover a wide
aspect of the op amp’s electrical specifications. Not
only do the models cover voltage, current, and
resistance of the op amp, but it also covers the
temperature and noise effects on the behavior of the op
amp.

The models have been verified by comparing
simulation results against actual op amp specifications
contained in the appropriate op amp data sheet.

The op amp SPICE macro models have not been
verified outside of the specification range listed in the
op amp data sheet. The model behaviors under these
conditions cannot be guaranteed that it will match the
actual op amp performance.

Some of the op amps with high output impedance could
not be easily modeled to operate in both linear
applications and in comparator applications. For these
op amps, it was decided that two op amp models be
developed. One operates normally as an op amp in
linear applications and the other one as a comparator.
The comparator models are denoted with the word
"COMP" after the name of the model. For example, the
model MCP6031 should be used for op amp in linear
applications and another model MCP6031COMP
should be used for comparator applications.
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Using The Op Amp SPICE Macro Models

Microchip’s op amp SPICE macro models are provided
in netlist format. This is useful for simulating the models
in a number of different simulators. Please refer to your
simulator software reference manual on how to create
a schematic symbol and relating a netlist to the symbol.
All SPICE simulation schematic tools are different in
their creation of a schematic symbol and relating it to
the library file.

The op amp model is in sub circuit format. An example
of this sub-circuit can be found in Figure 1.

.SUBCKT MCP6241 1 2 3 45

* [ I I |

* I 11 | Output

* | | | Negative Supply
* | | Positive Supply
* | Inverting Input

* Non-inverting input
... (Rest of MCP6241 Netlist)

-ENDS MCP6241

FIGURE 1: MCP6241 Sub Circuit.

This model has five nodes: Non-inverting Input,
Inverting Input, Positive Supply, Negative Supply and
Output that correspond to the appropriate pins of the
MCP6241 op amp.

The op amp model is self contained and requires no
other models or libraries to run. Figure 2 shows how to
call the op amp sub circuit from a netlist.

.LIB "./mcp6241.1ib"
.TRAN O 100us 0O O.l1lus
_PROBE V(*) I(™)

R_RG 02 10k

R_RL 0 ouT {RL}

C CL 0 ouT {CL}

V_VDD 3 0 {vDD}

V_VSS 0 4 {vDD}

V_VIN IN O

+PULSE -2.25 2.25 10u 1p 1p 50u 100u
R_RP IN 1 10k

R_RF 2 5 {RF}

R_RZ 5 OUT 1m

XOPA 1 2 3 4 5 MCP6241
.PARAM VDD=2.5 RF=1 CL=60p RL=10k
.END

FIGURE 2: Calling Op Amp Sub Circuit
From Main Circuit Netlist.

In the above netlist, “XOPA” is the call statement for the
op amp model MCP6241. The statement
.LIB "./ mcp6241.LIB" calls out a file "MCP6241.LIB"
which contains the MCP6241 netlist. No other library of
parts are required.

SIMULATOR COMPATIBILITY

The original SPICE code, also known as “Berkeley
SPICE”, was written by the University of California at
Berkeley. There are many other SPICE simulators,
which have taken this code by Berkeley and modified
to their own use. They have either modified the syntax
structure, usually allowing more features, and/or
modified the convergence algorithm to speed up the
simulation and improve convergence. Out of all these
simulators, PSPICE by Cadence is one of the most
widely accepted general purpose circuit simulators and
many SPICE vendors have included options to be
“PSPICE compatible”. However being compatible does
not remove the possibility of syntax errors or
convergence issues existing between SPICE and
PSPICE simulators.

It was found that in most cases these “PSPICE
compatible” simulators could not fully read in a PSPICE
netlist without a syntax error. Worst case is when the
simulators read in a PSPICE netlist and run it with no
error but the results are not correct. This is due to one
of the commands not being interpreted correctly and
therefore the simulator gives false results. The
following are issues that have been seen with so called
"PSPICE compatible" simulators:

* Not being able to recognize TABLE syntax

¢ Limited by the number of TABLE commands

» Not being able to recognize math formula syntax

* Not being able to recognize TCE syntax for
resistors

« Commands such as TCE are accepted but does
not function and gives no error

* PSPICE adds a resistor to every node to ground
but most simulators do not have this feature
resulting in convergence issues or different
behavior

* MOSFET levels above 3 are not equivalent

« Convergence controls such as tolerance and
maximum/minimum step size not the equivalent

DS01297A-page 2
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CONVERGENCE ISSUES

For most simple circuits with short circuit simulation
times, the default settings are sufficient as shown in
Figure 3.

Complex circuits that have large voltages, currents, or
long circuit simulation time, may result in convergence
issues. These convergence issues could be caused by
the op amp model, the external circuitry, or the
simulators’ default convergence parameters. Typically
the default convergence parameters for PSPICE are
set for certain types of circuits. The following are some
helpful hints in fixing these convergence problems if
encountered.

First change the following parameters. These do not
hurt convergence and can only help.

* Increase the ITL1, ITL2, and ITL4 parameters to
1000. This allows the simulator to try smaller
steps allowing for a better chance at converging

* Check the “Use GMIN stepping to improve
convergence” option if it is available. This will vary
the GMIN parameter which is inversely
proportional to the resistance the simulator adds
to each node

If the convergence is still an issue, RELTOL, VNTOL,
ABSTOL, and CHGTOL parameters can be changed.
However, adjusting these parameters can either help or
hurt the convergence. It is recommended that the
following steps be tried one at a time. If the adjustment
does not fix the convergence issue, set it back to the
default setting before changing the other parameters.

* Increase the RELTOL parameter to 0.01. This
increases the dynamic range of the step size. It is
required for circuits that are switching in
nanoseconds yet the simulation time is
microseconds or higher. This will help the
simulator take smaller steps when needed. Going
above 0.1 will cause the solutions to be unstable
and erroneous results given

 Increase the tolerance parameters such as
VNTOL, ABSTOL, and CHGTOL by a factor of
10x with a maximum factor of 100x. For better
convergence, increase all of the parameters by
the same amount. These parameters set the
tolerance on the simulator for solving equations.
As an example, in IC’s the current can be in pA,
but if simulating a switching power supply the
currents can be in amps and trying to resolve the
currents that are less than 1 pA makes it quite
difficult for the simulator

« Configure the simulator to skip the bias point
calculation or do not use the initial conditions.
Sometimes forcing a condition can cause the
simulator to not find the correct solution for the
whole circuit

* Adjust the maximum step size to a smaller value.
This will force the simulator to take smaller steps,
but it may take significantly longer to run.

Simulation Settings - DC

Categony:

Analog Simulation
Gate-level Simulation
Qutput file

General] Analysiz ] Configuration Filez  Options lData Callection l Probe Window]

Relative acouracy of ¥'s and I's: 0.0 [RELTOL]
Best accuracy of voltages:
Best accuracy of currents:
Best accuracy of charges:
Minimurn conductance for any branck: |1.0E12 14ohm  [GMIN]

DC and biaz "blind" iteration limit: 150 [ITL1]
DC and bias "best guess" iteration fimit; |20 ITLZ)

Tranzient bime point iteration limit;

Drefault nominal kemperature:

[LOFTION]

1.0u walts [MTOL]
1.0p amps [ABSTOL]
0.0p  coulormbs [CHGTOL)

10 (1TL4]
70T [THOM]

[ Use GMIM stepping to improve convergence. [STEPGMIN]
[ Use preordering ta reduce matris fill-in, [FREORDER)
MOSFET Options... | Advanced Options. . | Beset |
0k | Cancel | | Help ‘

FIGURE 3: Default PSPICE Settings.

© 2009 Microchip Technology Inc.
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Convergence between different simulators is always an
issue. Each simulator's “claim to fame" is that it can
converge better and quicker than the other. They may
have better convergence but it is usually on specific
types of circuits so it may or may not be better with the
op amp model. For example, one simulator may work
well with switching power supply circuits that are
simplified but not detailed models of linear circuits. The
best way to resolve this issue is to compare the
different settings for the options such as RELTOL,
VNTOL and so forth. In some cases, not all the
convergence controls are accessible. In cases such as
this, you may need to place small capacitors (1-10 pF),
across GTABLES set up as ideal diodes or current
limits and actual diode models. If available, you can try
the CSHUNT command which adds a capacitor from
each node to ground in the circuit. Do not exceed 10 pF
because it may start to effect the op amp model
characteristics.

One issue to watch for is the GMIN parameter with
PSPICE and some other simulators. The input
resistances on some of the models are as high as
20 x 10120, This equates to a conductance as low as
5 x 1014 mhos. The default GMIN setting is 1 x 10712
mhos, which is like putting a 1 x 1012Q resistor on
every node to ground. This will decrease the input
resistance and effect currents and impedance
measurements. If the simulation circuit relies on the
input impedances being as high as 20 x 10120, then it
is recommended setting GMIN to a conductance less
than 5 x 1016 mhos so it will only effect the simulation
by 1%. Designers may also need to tighten the relative
tolerances to improve accuracy. If GMIN is not
available in the simulator, then most likely it does not
add a resistor to ground at every node and this will not
affect the input impedance.

DS01297A-page 4
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PRACTICAL EXAMPLE

The following examples show various application
circuits where the op amp models can be used. These
examples give an idea on how to test some of the op
amp parameters and how to set up the simulator. All
examples are based on MCP6241 model and use the

default Options control shown in Figure 3.

Large Signal Response

The following is an example of a large signal response
of the op amp. A pulse is applied to the input and the
output is examined.

Large Signal Pulse Response
Rp Transient Analysis
IN M v(ouT)
10 kQ
Voo s ViN|  v1=-225V 3
Voo @) V2z22 o
TD=10uF 1_\d : o
TR =1pF .inc dut.inc 7
PW = 58 = to add op amp 5 ANV , OUT
- PER = 100 uf 2 under test 1mQ J
=0
Vss = 4 RL Cu
(Voo) T- (R I(CL)
Rg Re =, =
0 0
J_ %\ AWV _
1 10 kQ (Rp) ParaTeters.
T0 VDD =2.5V
R, = 10 kQ
C_ =60 pF
Rr=1Q
FIGURE 4: Large Signal Response Circuit.
Simulation Settings - LSPULSE X]
General Analpzis }Eonfiguralion Filesl Elptiu:unsl [rata Collection ] Frobe Windu:uw]
Analyziz bype:
Time Domain [T B to tirme: 100us seconds [TSTOF]
Dt Start zaving data after: |0 econds
General Settings Transient options
[IMonte Carlo/wWorst Caze Marimum step size: | Tus secohds
[C1Parametic Sweep ) - ) ) } )
[ |Temperature [Sweep] [ Skip the initial transient bias point calculation [SEIPBF)
[]5ave Biaz Paint
[|Load Bias Point Output File Options...
0K | Cancel Help
FIGURE 5: Large Signal Simulation Settings.

© 2009 Microchip Technology Inc.
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Date/Time run: 02/21/0% i i Temperature: 27.0

(&) modelcreator-1l6_LSPULSE-LSPULSE.dat (actiwve)

wiin])
4.0
|‘_'|'._.'
-4.0V :
0= 20us 4dus 6lus 80us 100us
wiout)
Time
FIGURE 6: Large Signal Response Waveforms.
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Small Sighal Response

The following is an example of a small signal AC The figures below show how to perform a small signal
response of the op amp. An AC voltage source is AC analysis on the circuit.
applied to the input and output is examined.

AC Loop
Rp AC Analysis
AMY DB(V(OUT)/V(IN))
1mQ P(V(OUT)/V(IN))
Vop _|+ 3
(Vop) T~ |
o
.inc dut.inc
R to add op amp 5 ouT,
1 IN_ 3N 2| under test l
=0 1mQ
Vss 1 V1 m 4 RL €1
(Vo) T- 1Vac R (CV)
PP 0Vdc6" R
Rg Re =0 =0
11 12 ANy
1MQ (Rp) Parameters:
= Vpp = 2.75V
R, = 10 kQ
C_ =60 pF
RE=1MQ
FIGURE 7: Small Signal AC Response Circuit.
Simulation Settings - ACGAIN X

General Analpsis lEaniguraliDn Filesl Dptiu:uns] Data Collection ] PrDbEWindDW]

Analyzis type:

AL Sweep Type

© Linear Start Frequency: |100m
Dptichs: f+ Laogarithmic EndFrequency:  [10MEG
General Settings Decade il Pointz/Decade: |50
[IMonte Carloswiorst Caze
[Parametric Sweep

1T emperature [Sweep]
["1Sawve Bias Point [ Enabled
[Load Bias Paint

Moize Analysis

111

Output File Dptions

[ Include detailed bias paint informmation far nonlinear
controlled zources and semiconductors [[OP]

Ok | Cancel Help

FIGURE 8: Small Signal AC Simulation Settings.

© 2009 Microchip Technology Inc. DS01297A-page 7
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Date/Time run: Eéf?L;ﬁg

Temperature: 27.0

1204

1 2

20d 4

40d

==
2044

1e0d

(C) modelcreator-1_AC GZ MARGIN-ACGAIN.dat

jactive]

150d+

1004

5044

044

—50d

—a0d
100mHz

l.0Hz 108z 100H=z 1.0KHz

[o] OB (v (OUT ) /W (IN) ) (o] (¥ (OUT)/V(IN} )

Fregquency

10KH=z

100KHz 1.0MHz 10MH=z

CLl: {474.570K, 72.025m) C2: (474.570K, 57.554) DIFF(C): (0.000,-57.47¢&)

FIGURE 9:

Small Signal AC Response Waveforms.

DS01297A-page 8
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Output Short Circuit Current vs.
Power Supply Voltage

This was done at -40°C, +25°C, +85°C and +125°C.
The figures below show how to perform sweeps with

voltage and temperature on the circuit.

The following is an example of output short circuit
current as a function of Vpp, the supply voltage.

3
Short Circuit Current
Rp DC Analysis
INF’ 1 |(VL)
2.5kQ
VDD —= VP e
(Vop) T 01-T
o .inc dut.inc 5
to add op amp
under test
= R C
0 4L L
Ves 1L Vy 2L 1mQ T 60 pF
(Vop) -T 0-T
R R =V
| G F =
e -0
5kQ 5kQ Parameters:
?O VDD =275V
4
FIGURE 10: Output Short Circuit Current Circuit.

Simulation Settings - SCI_V5_T_VDD

General Analpsis | Configuration Filesl Dptiu:uns] Data Collection F'ru:ul:ueWindu:uw]

Analyzis type:

[IMonte Carlo/worst Caze
[Parametric Sweep

[w| T emperature [Sweep]
["1Sawve Bias Point

[Load Bias Paint

Sweep variable
" oltage source
" Current source

{* Global parameter

Parameter name: |YOD

" Model parameter
" Temperature

Sweep upe
& Linear Start value: 049
o End walue: 275
" Logarithmic
Increment; B0m
" Walue ligh |

Cancel Help

o]

FIGURE 11:

Output Short Circuit Current Simulation Primary Sweep Settings.

© 2009 Microchip Technology Inc.
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Simulation Settings - SCI_V5_T_VDD

General Analisiz | Configuration Filesl Elptiu:uns] Data Collection F'ru:ul:ueWindu:uw]

Analyzis type: Sweep vanable

I Sweep " “oltage source
" Current source I—_|

f* Global parameter

= " Model parameter

Secondarny Swee Ii
gMDnte Ea-lrr;cu.-"'\-\-"curzt Caze £ Iemperature Earameter name: [VDD

[“]Parametric Sweep
[ Temperature [Sweep) Sweep ype

[]5ave Biaz Paint & Linear Start walue: 0.9
[JLoad Biaz Paoint End value: ’72.?5
" Logarithmic
Increment; A0m

" Walue list |

Ok | Cancel Help

FIGURE 12: Output Short Circuit Current Simulation Temperature Sweep Settings.

Date/Time run: 04/21/0% Temperature: -40.0, 25.0, 85.0, 125.0
(A) medeloreator-10_SHORTCCTCUR_VS_T WDD-3CI_VS_T_WDD.dat (actiwve)

lomA

0.8V 1.2v 1.6V 2.0V 2.4V 2.8V
@ % IiVL}

VLoD

FIGURE 13: Output Short Circuit Current vs. Power Supply Voltage Waveforms.
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Input Noise Voltage Density vs.
Frequency

This was done at -40°C, +27°C and +125°C. The
figures below show how to perform a Noise analysis on

the circuit.

The following is an example of the noise generated
from the op amp as a function of frequency.

3
. VNOISE
10kQ - no n0|sle AC Analysis With Noise
R eni = V(ONOISE), unit: VIrtHz
P since G = +1 VIV
Vp ©
Vpp == ]
— N AIN = 1
(VDD) == 1V%C (_) G OOH
o .inc dut.inc
to add op amp 5 *
under test J
=0
VSS L Ry Cl
(Voo) T c RV )
til
11
Rg 0.5 pF = =
0 0
AWy 2
1 1me Re Parameters:
=0 G Vpp = 2.75V
lggBAIN =1 R, =10 kW
- no noise C_ = .60 pF
FIGURE 14: Noise Voltage Density Circuit.
Simulation Settings - VNOISE X
General Analpsis ]Eon[iguration Fi|E.'S| Dptiu:unsl [rata Collection ] Probe Windu:uw]
Analyziz ppe: AL Sweep Type
© Linear Start Frequency: |1100m
Dptions: f*" | agarithric End Frequency: 100k
[ General Settings Decade - Paints/Decade: |20
[IMonte Carlo " orst Caze
[]Parametric Sweep e —
[w] T emperature [Sweep)
[]5ave Bias Paint ¥ Enabled Dutput Yaoltage: [v(5)
[]Lnad Biaz Paint 1 S e, vai
Interval: A0
Output File Options
[ Include detailed bias paint information for nanlinear
controlled gources and semiconductors [LOF)
(] | Cancel Help
FIGURE 15: Noise AC Sweep Settings.

© 2009 Microchip Technology Inc.
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Simulation Settings - VNOISE 3

Genheral Analysis }Eonfiguralion Filesl Elptiu:unsl [rata Collection ] Probe ‘W'indu:uw]

Analysis type:
|.-’-'«E Sween/Moise ﬂ ™ Run the simulation at temperature: T

{+ Repedt the simulation for each of the temperatures:

Optiong:
. 40, 27 125 T
¥ General Settings
CMorte Carlofwiorst Case Enter a ligt of temperatures, separated by spaces.
. For erample, 0 27 125
[|Parametric Sween
T ermperature ]
[]5awe Biaz Paoint
[ILoad Biaz Paint
Ok | Cancel Apply Help
FIGURE 16: Noise Temperature Sweep Settings.

Date/Time run: 04/21/0%

Temperature: -40.0, 27.0, 125.0
(A) modeleoreator-18_VHOISE-VNOISE.dat (actiwve)
10uv
1.0usb
100nV
125C;
27C
-40¢:
100V H H i : : : H H : : Pl H H
100mHz 1.0Hz 10Hz 100H=z 1.0EHz 10KHz LOOKHzZ
¢ v V(ONOIZE)
Freguency
FIGURE 17: Input Noise Voltage Density vs. Frequency Waveforms

The complete SPICE macro models netlist for the
simulated MCP6241 in the practical example can be

found in Appendix A: “MCP6241 SPICE Macro
Model Netlist”.

DS01297A-page 12 © 2009 Microchip Technology Inc.
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Software License Agreement

The software supplied herewith by Microchip Technology Incorporated (the “Company”) is intended and supplied to you, the
Company'’s customer, for use solely and exclusively with products manufactured by the Company.

The software is owned by the Company and/or its supplier, and is protected under applicable copyright laws. All rights are reserved.
Any use in violation of the foregoing restrictions may subject the user to criminal sanctions under applicable laws, as well as to civil
liability for the breach of the terms and conditions of this license.

THIS SOFTWARE IS PROVIDED IN AN “AS IS” CONDITION. NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATU-
TORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICU-
LAR PURPOSE APPLY TO THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

APPENDIX A: MCP6241 SPICE MACRO MODEL NETLIST

-SUBCKT MCP6241 1 2 345

* I I

* I 11 | Output

* | | | Negative Supply

* | | Positive Supply

* | Inverting Input

* Non-inverting Input

*

* Software License Agreement *
* *
* The software supplied herewith by Microchip Technology Incorporated (the *
* "Company®) is intended and supplied to you, the Company®s customer, for use *
* soley and exclusively on Microchip products. *
* *
* The software is owned by the Company and/or its supplier, and is protected *
* under applicable copyright laws. All rights are reserved. Any use in *
* violation of the foregoing restrictions may subject the user to criminal *
* sanctions under applicable laws, as well as to civil liability for the *
* breach of the terms and conditions of this license. *
* *
* THIS SOFTWARE 1S PROVIDED IN AN “"AS IS" CONDITION. NO WARRANTIES, WHETHER *
* EXPRESS, IMPLIED OR STATUTORY, INCLUDING, BUT NOT LIMITED TO, IMPLIED *
* WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE APPLY TO *
* THIS SOFTWARE. THE COMPANY SHALL NOT, IN ANY CIRCUMSTANCES, BE LIABLE FOR *
* *

SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES, FOR ANY REASON WHATSOEVER.

The following op-amps are covered by this model:
MCP6241,MCP6242 ,MCP6244

Revision History:
REV A: 21-Aug-06, Created model
REV B: 27-Jul-07, Updated output impedance for better model stability w/cap load

Recommendations:
Use PSPICE (other simulators may require translation)
For a quick, effective design, use a combination of: data sheet
specs, bench testing, and simulations with this macromodel
For high impedance circuits, set GMIN=100F in the .OPTIONS statement

Supported:
Typical performance for temperature range (-40 to 125) degrees Celsius
DC, AC, Transient, and Noise analyses.
Most specs, including: offsets, DC PSRR, DC CMRR, input impedance,
open loop gain, voltage ranges, supply current, ... , etc.
Temperature effects for lbias, lquiescent, lout short circuit
current, Vsat on both rails, Slew Rate vs. Temp and P.S.

Not Supported:
Some Variation in specs vs. Power Supply Voltage
Monte Carlo (Vos, 1b), Process variation
Distortion (detailed non-linear behavior)
Behavior outside normal operating region

Ok X b 3 R ok X b 3 o ok X R X o o X b % X ok X ok % X %

© 2009 Microchip Technology Inc. DS01297A-page 13
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*

* Input Stage

V10 3 10 -500M
R10 10 11 6.90K
R11 10 12 6.90K
C11 11 12 7.20P
Cl2 1 0 6.00P

E12 71 14 POLY(4) 20 0 21 0 26 0 27 O 5.00M 34.9 34.911

G12 1 0 62 0 1m

M12 11 14 15 15 NMI

M14 12 2 15 15 NMI

G14 2 0 62 0 1m

Cl4 2 0 6.00P

115 15 4 50.0U

V16 16 4 -300M

GD16 16 1 TABLE {V(16,1)} ((-100,-1p)(0,0)(1m,1u)(2m,1m))
V13 3 13 -300M

GD13 2 13 TABLE {V(2,13)} ((-100,-1p)(0,0)(1m,1u)(2m,1m))
R71 1 0 20.0E12
R72 2 0 20.0E12
R73 1 2 20.0E12
180 1 2 500E-15

*

* Noise, PSRR, and CMRR

120 21 20 423U

D20 20 0 DN1

D21 0 21 DN1

G26 0 26 POLY(2) 3040 0.00 -158U -3U
R26 26 0 1

G27 0 27 POLY(2) 1 0 2 0 -776U 35.5U 35.5U
R27 27 01

* Open Loop Gain, Slew Rate
G30 03012111
R30 30 0O 1.00K

C30 30 0 10p
G31 031342
131 0 31 DC 65

R31 31 0 1 TC=3.67M,5.32U
GD31 30 0 TABLE {V(30,31)} ((-100,-1u)(0,0)(1m,.1)(2m,2))
63232034 -1.9

132 32 0 DC 105

R32 32 0 1 TC=3.43M,4.42U

GD32 0 30 TABLE {V(30,32)} ((-2m,2)(-1m,.1)(0,0)(100,1u))
G33 0 33 30 0 1m

R33 33 0 1K

G34 0 34 33 0 316M

R34 34 0 1K

C34 34 0 81.8U

G37 0 37 34 0 1m

R37 37 0 1K

€37 37 0 22.7P

G38 0 38 37 0 1m

R38 39 0 1K

L38 38 39 26.5U

E38 350380 1

G35 33 0 TABLE {V(35.3)} ((-1,-1n)(0,0)(48,1n))(49,1))
G36 33 0 TABLE {V(35,4)} ((-49,-1)((-48,-1n)(0,0)(1,1n))
*

* Output Stage

R80 50 O 100MEG

G50 0 50 57 96 2

R58 57 96 0.50

R57 57 0 1650

C58 5 0 2.00P

G57 0 57 POLY(3) 3040350 0 0.21M 0.21M 0.6M

GD55 55 57 TABLE {V(55,57)} ((-2m,-1)(~-1m,-1m)(0,0)(10,1n))
GD56 57 56 TABLE {V(57,56)} ((-2m,-1)(-1m,-1m)(0,0)(10,1n))

E55 55 0 POLY(2) 3 0 51 0 -0.85M 1 -51.0M
E56 56 0 POLY(2) 4 0 52 0 1.33M 1 -42.0M
R51 51 0 1k
R52 52 0 1k

DS01297A-page 14
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GD51 50 51 TABLE {V(50,51)} ((-10,-1n)(0,0)(1m,1m)(2m,1))
GD52 50 52 TABLE {V(50,52)} ((-2m,-1)(-1m,-1m)(0,0)(10,1n))
G653 3 0 POLY(1) 51 0 -50.0U 1M

G54 0 4 POLY(1) 52 0 -50.0U -1M

* Current Limit

G99 96 599 0 1

R98 0 98 1 TC=-1.92M,-7.58U

G97 0 98 TABLE { V(96,5) } ((-11.0,-21.0M)(-1.00M,-20.7M)(0,0)(1.00M,20.7M)(11.0,21.0M))
E97 99 0 VALUE { V(98)*((V(3)-V(4))*166M + 416M)}

D98 4 5
D99 5 3

* Temperature / Voltage Sensitive IQuiscent
R61 0 61 1 TC=3.14M,7.28U

G61 346101

G60 0 61 TABLE {V(3, 4}

+ ((0,0)(750M,450N) (800M,1.00U) (900M, 4 .00U)
+ (1.2,41.0U)(1-4,45.0U0)(5.5,46.0U))

*

* Temperature Sensistive offset voltage
173 0 70 DC 1uA

R74 0 70 1 TC=3.00U

E75 1717001

*

* Temp Sensistive IBias
162 0 62 DC 1uA

R62 0 62 REXP 55.78U

*

* Models

-MODEL NMI NMOS(L=2.00U W=42.0U KP=20.0U LEVEL=1 )
.MODEL DESD D N=1 1S=1.00E-15

.MODEL DN1 D 1S=1P KF=146E-18 AF=1

.MODEL REXP RES TCE=10.14

.ENDS MCP6241
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NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet.

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code.

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicity or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

= I1S0/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro, PICSTART,
rfPIC and UNI/O are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MXDEV, MXLAB, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial
Programming, ICSP, Mindi, MiWi, MPASM, MPLAB Certified
logo, MPLIB, MPLINK, mTouch, Octopus, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICKkit,
PICtail, PIC32 logo, REAL ICE, IfLAB, Select Mode, Total
Endurance, TSHARC, UniWinDriver, WiperLock and ZENA
are trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated
in the U.S.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2009, Microchip Technology Incorporated, Printed in the
U.S.A., All Rights Reserved.

Q Printed on recycled paper.

Microchip received 1ISO/TS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandler and
Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping
devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design
and manufacture of development systems is ISO 9001:2000 certified.
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