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INTRODUCTION

The simulation models for Microchip’s power MOSFET
drivers 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 the
SPICE simulation models, tips on solving convergence
issues, and provides a boost converter example using
the TC1410N simulation model.

MODEL DESCRIPTION

The power MOSFET driver 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 MOSFET drivers
is called “Macro Modeling”. The model is based on
treating the MOSFET driver as a black box and using
mathematical equivalents of the internal functions.

There are many advantages of macro modeling over
transistor level modeling. Since the internal circuitry
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 MOSFET drivers
within a reasonable simulation time.

However with transistor level modeling, there are many
interactions between the transistors. For example how
voltage and current vary 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.

Parameters Covers By Model

The power MOSFET driver simulation model covers a
wide aspect of the MOSFET driver’s electrical specifi-
cations. Not only does the model cover voltage,

current, and resistance of the MOSFET driver, but they
also cover the temperature effects on the behavior of
the MOSFET driver.

The models have been verified by comparing simula-
tion results against actual driver behavior and
specifications contained in the appropriate MOSFET
driver data sheet.

The MOSFET driver simulation models have not been
verified outside of the specification range listed in the
MOSFET driver data sheet. The behavior under these
conditions can not be guaranteed that it will match the
actual driver performance.

Using The Power MOSFET Simulation
Models

The MOSFET driver simulation 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 MOSFET driver model is in sub circuit format. An
example of this sub circuit can be found in Figure 1.
.SUBCKT TC1410N 1 2 3 4

11

1 1 | Negative Supply

I | Positive Supply

| Output

Input

L B T .

... (Continuation of TC1410N Netlist)

.ENDS TC1410N_RevA

FIGURE 1: TC1410N Sub Circuit.

This model has four nodes: Input, Output, Positive
Supply, and Negative Supply that correspond to the
appropriate pins of the TC1410N MOSFET driver.
Certain MOSFET driver netlist models have more
nodes that correlate to the addition features present on
those MOSFET drivers. However their sub circuit for-
mat follows the same node naming convention as
shown in Figure 1.

The MOSFET driver models are self contained and
require no other models or libraries to run. Figure 2
shows how to call the MOSFET driver sub circuit from
a netlist.
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.DC LIN V_V1 -6 20 0.1
.STEP PARAM VDD LIST 4, 16
LIB "../../../ TC1410N_RevA_LIB"

.PARAM VDD=10 PW=1 CL=500pF RL=1MEG
-END

_PROBE V(alias(*)) I(alias(*)) W(alias(*)) D(alias(*)) NOISE(alias(*))
V_VL N15201 0 O

R_RL G N15201 {RL}

X_Ul_u1 10 11 12 13 TC1410N_RevA

C_CL N15201 G {CL}

V_VGND 1300

V_Vi IN 0 Ovdc

R_RG 11 G 1m

V_VDD 12 0 {VvDD}

R_RS 10 IN 50

FIGURE 2:

The “X_U1_U1" is the call statement for the MOSFET
driver model TC1410N_RevA. The statement “.LIB “../
.1../TC1410N_RevA.LIB" calls the
TC1410N_RevA.LIB which contains the
TC1410N_ReVA netlist.

SIMULATOR COMPATIBILITY

The original SPICE code, also known as “Berkeley
SPICE”, was written by the University of Berkeley, CA.
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

Calling MOSFET Driver Sub Circuit From Main Circuit Netlist.

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.

CONVERGENCE ISSUES

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

Simulation Settings - DC @
Eeneral] Analysis ] Configuration Files  Options l Data Collection ] Frobe 'W'indu:uw]

Categony: [OPTION]
-'1'-.r'|-5|||:n:| Sirmulation Felative accuracy of ¥'s and I's: ||:|.|:||:|'| [RELTOL]
gatE-IEFFI Sirnulatian Best accuracy of voltages: |'I 0w wialts [MTOL]

fpuit

el Best accuracy of currents: |'| .Op amps [ABSTOL)
Best accuracy of charges: |D.D'I p  coulombs [CHGETOL]
Mirnimurn conductance for ary branch: [1.0E-12 1labm  [GMIN]
DC and biaz "'blind" iteration limit; |'I RO [ITL1]
DC and bias "best guess" iteration limit; |2|:| [ITLZ]
Tranzient time point iteration limit; |'I ] [ITL4]
Default norminal bermperature: |2?.D T [THOM]
[ Use GMIM stepping ta improve convergence. [STEPGHMIM]
[ Usze preardering to reduce matrix fill-in. [FREORDER)

MOSFET Optiong... | Advanced Options. .. | Beset |
Ok | Cancel | Help
FIGURE 3: Default PSPICE Settings.
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For complex circuits that have large voltages, currents,
or long circuit simulation time, convergence issues
could result. These convergence issues could be the
MOSFET driver 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 con-
vergence” option if its 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 fol-
lowing 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 nanosec-
onds 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 toler-
ance 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 is skip the bias point cal-
culation or do not use initial conditions. Some-
times forcing a condition can cause the simulator
not to 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

PRACTICAL BOOST EXAMPLE

The following is an example of a boost converter using
the TC1410N MOSFET driver model.

5 RL1 L1 o1 auT
1 2 )
taa luH BR340
IC =10
N RS 1 o , RE M .
o i U1 DRV My = R
&0 + ! IRFZ4T <oy 10
YN 1u
B W=D IC =24
— OO @ W2=§
T 12 T = %0
TR = 10p
TF = 10p
Py = &D0n
PER =1 -
! 0
0 0 0
FIGURE 4: Boost Converter Example.

Proper simulation of the boost converter results in a
long simulation time. This results in the need to change
the simulation setting from their default settings. The
RELTOL parameter was increased to 0.01. Alternately
the maximum step size could be set to 1 nsec resulting
in the same performance. Figure 5 shows the changes
made to the default simulator settings. The results from
the simulation can be found in Figure 6 and Figure 7.

The complete netlist for the simulated boost converter
shown in Figure 4 can be found in Appendix A:
“Boost Converter Example Simulation Netlist”.
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LCategon:

Analog Simulation
Gate-level Simulation
Output file

Simulation Settings - Tran

General] Analyziz ] Configuration Files  Options | Data Collection ] Probe 'W'ind-:nw]

[LOPTION]

Relative accuracy of W'z and |'s: ||:|.|:|'| [RELTOL)
Best accuracy of voltages: W wols MAHTOL)
Best accuracy of cunents: |1 Op amps [&BESTOL)
Eezt accuracy of charges: W coulombs [CHGTOL]
Minimum conductance for any branch:  [1.0E-12 1/0bhm  [GRIMN]
DC and bias "blind"" jteration limit 1000 [ITL1)
DT and biaz "'best guess" iteration limit; |'| Qoo [ITLZ
Tranzient time poiat iteration lirnit: IW [ITL4]
Default hominal kemperature: |2?.|:| T [THOR]
v ze GMIM stepping to improve convergence. [STEPGHIM]
| Usze preordering to reduce matrix fill-in. [FREORDER]

MOSFET Options... | Advanced Options. .. | Bezet |

(] | Cancel | | Help

Analyzis tppe:

Time Domain [Trans

Options:

General Settingz
[Ckaonte Carlo/ W orzt Case
[CJParametric Sweep
[C1Temperature [Sweep]
[15awve Biaz Point
[[ILoad Biaz Paint

Simulation Settings - Tran

General Analvsiz | Configuration Filesl Elpticuns] Data Collection ] Probe Windnw]

Bun to time: |5Du zeconds [TSTOF]
Start zaving data after: |EI zeconds

Tranzient options

b adirurm step size: | geconds

[ Skip the initial transient bias point calculation [SEIFBR)

Output File Options. ..

OF. | Cancel Help

FIGURE 5: Default Simulator Setting Changes.
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FIGURE 6: Boost Convert Waveforms.

© 2009 Microchip Technology Inc. DS01256A-page 5



AN1256

{A) Tran.dat [(actiwve)
10V
|:|'I.?_
=10V
20V
e
-20V
VI{G)
-
1 25,0V 3 104 T l
22,5V
30, - i : : i i i : i i : : : i
30.0us 30. 2us 30. 4us 30.6us 30. Bus 31.0us
V{0oUT) e I{L1)
Time
FIGURE 7: Boost Convert Expanded Waveform.
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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: BOOST CONVERTER EXAMPLE SIMULATION NETLIST

*Libraries:

* Profile Libraries :

* Local Libraries :

-LIB ""C:/0rCAD/OrCAD_10.0/tools/pspice/library/nom.lib"
LIB "../../../mcp_drv._lib"

*Analysis directives:

.TRAN 0 50u O

-OPTIONS EXPAND

-OPTIONS LIBRARY

.OPTIONS STEPGMIN

-OPTIONS 1TL1= 1000

.OPTIONS ITL2= 1000

-OPTIONS I1TL4= 1000

.OPTIONS RELTOL= 0.01

.PROBE V(alias(*)) I(alias(*)) W(alias(*)) D(alias(*)) NOISE(alias(*))

* Main Circuit

D_D1 D OUT MBR340

M_M1 DGO O IRFZ34

L L1 N25602 D 1uH 1C=10
R_RL1 3 N25602 10m
V_VDD 30 12

R_R1 0 OUT 10

R_RS 1IN 50

cc1 OUT 0 1u IC=24
R_RG 26 1

X_U1 U1 1 2 3 0 TC1410N_RevA
V_VIN IN O

+PULSE 0 5 50n 10p 10p 500n 1u
.END

**** FROM LIBRARY diode.lib ****
.model MBR340 D(1s=823.9n Rs=18.27m I1kf=.5654 N=1 Xti=0 Eg=1.11 Cjo=477.2p
+ M=.4787 Vj=.75 Fc=.5 Isr=838.6n Nr=2)

**** FROM LIBRARY pwrmos.lib ****
.model 1RFZ34 NMOS(Level=3 Gamma=0 Delta=0 Eta=0 Theta=0 Kappa=0.2 Vmax=0 Xj=0

+ Tox=100n Uo=600 Phi=.6 Rs=38.1m Kp=20.42u W=2 L=2u Vto=3.247
+ Rd=3.031m Rds=266.7K Cbhd=2.887n Pb=.8 Mj=.5 Fc=.5 Cgso=472.1p
+ Cgdo=292.8p Rg=6.827 1s=1.981p N=1 Tt=365n)

***x EROM LIBRARY ../../../mcp_drv._lib ****

-SUBCKT TC1410N_RevA 1 2 3 4

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 85) degrees Celsius
DC, AC, Transient, and Noise analyses.
Most specs, including: propgation delays, rise times, fall times, max sink/source current,
input thresholds, voltage ranges, supply current, ... , etc.
Temperature effects for lIbias, lquiescent, output current, output
resistance,....,etc.

ook X ok % X o X ok % X o X
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Rl 4 1
Cl 4 1
G3 3 1
G4 1 4

* Threshold

Gl11 O 30
G12 0 30
G21 0O 11
G22 0 12
R21 0O 11
R22 0 12
C30 30 O

* HL Circuit

Known Discrepancies in Model vs.

Not Supported:
Some Variation in specs vs.
Vos distribution,
Some Temperature analysis
Process variation
Behavior outside normal operating region

Power Supply Voltage
Ib distribution for Monte Carlo

Datasheet:

Input Impedance/Clamp

100MEG
10.0P
TABLE { V(3, 1) } ((-770M,
TABLE { V(1, 4) } ((-5.94,

-1.00)(-700M,-10.0M) (-630M, -1 _00N) (0,0) (20.0,1.00N))
-1.00)(-5.4,-10.0M)(-4.86,-1.00N)(0,0)(20.0,1.00N))

TABLE { Vv(1, 11) } ( (-1m,10n)(0,0)(0.78,-.1)(1.25,-1)(2,-1) )

TABLE {V(1,12)} ( (-2,1)(-1.2,1)(-0.6,.1)(0,0)(1,-10n))

TABLE { V(3, 4) } ((0,1.35)(4.00,1.35)(6.00,1.5)(10.0,1.48)(13.0,1.49)(16.0,1.5))
TABLE { V(3, 4) } ((0,1.35)(4.00,1.16)(6.00,1.25)(10.0,1.24)(13.0,1.24)(16.0,1.25))
1 TC 504U 2.33U

1 TC 231U -103N

1n

G310 31 TABLE { V(3, 4) } ((0,130)(4.00,47.0)(6.00,28.8)(10.0,19.1)(13.0,17-.3)(16.0,18.5))
R31 31 O 1 TC 3.72M 18.4

G33 0 30 TABLE { V(31, 30) } C (-1M,-10)(0,0)(1,10N) )

S31 31 30 31 30 SS31

* LH Circuit

G3232 O TABLE { V(3, 4) } ((0,150)(4.00,45.0)(6.00,27.6)(10.0,16.6)(13.0,15.9)(16.0,15.0))
R32 0 32 1 TC 4.95M 42.

G34 30 O TABLE { V(30, 32) } C (-1M,-10)(0,0)(1,10N) )

R30 32 30 1MEG

* DRIVE

G51 0 50 TABLE { V(O, 30) } ( (-5,-1U)(-3,-1U)(0,0)(6,697M)(16,702M) )
G52 50 O TABLE { V(30, 0) } ( (-5,-1U)(-3,-1U)(0,0)(6,997M)(16,1002M) )
R53 0 50 1

G50 51 60 VALUE {V(50,0)*200M/((200M-1)+16.0/(V(3,4) + 1M))}

R51 51 0o 1

G53 3 0 TABLE {V(51,0)} ((-100,100)(0,0)(1,1n))

G54 O 4  TABLE {V(0,51)} ((-100,100)(0,0)(1.1n))

R60 0O 60  100MEG

H67 O 69 V67 1

V67 60 59 0OV

C60 561 60  100P

R59 59 2 4.39

L59 59 2 10.0N

* Shoot-through adjustment

VC60 56 0 OV

RC60 56 561 1m

H60 58 0 VC60 56

G60P 0 3 TABLE { V(58, 0) } ((-1,-1u)(0,0)(25,0.01)(40,0))

G6ON 4 0
* Source

TABLE { V(0, 58) } ((-1,-1u)(0,0)(25,0.01)(40,0))
Output

E67 67 0 TABLE { V(69, 0) } ( (-500M,-500M)(0,0)(1,2.00) )

G63 0 63 POLY(1) 3 4 60.7 -5.97 194M

R63 0 63 1 TC 3.75M 321n

E61 61 65 VALUE {V(67,0)*V(63,0)}

V63 65 3 100U

G61 61 60 TABLE { Vv(61, 60) } (-20.0M,-50.0)(-15.0M,-25.0)(-10.0M,-5.00)(0,0)(10,1N))
* Sink Output

E68 68 0 TABLE { V(69, 0) } ( (-1,-2.00)(0,0)(500M,500M) )

G64 0 64 POLY(1) 3 4 16.1 -1.19 38.8M

R64 0 64 1 TC 5.19M 21.8U

E62 62 66 VALUE {V(68,0)*V(64,0)}

V64 66 4 100U

G62 60 62 TABLE { Vv(60, 62) } (-20.0M,-50.0)(-15.0M,-25.0)(-10.0M,-5.00)(0,0)(10,1N))
* Bias Current

G55 0 55 TABLE { V(3, 4) } ((0,0)(4.00,270U)(6.00,350U)(10.0,330U)(16.0,350U))

G56 3 4 5501

R55 55 0 1 TC 462U 6.89U

G57 0 57 TABLE { V(3, 4) } ((0,0)(4.00,30.0U)(6.00,50.0U)(10.0,50.0U)(16.0,50.0U))
G58 3 4 5701
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R57 57 0 1 TC -692U 11.9U

S59 55 0 1 0 SS59

* Models

_MODEL SS59 VSWITCH Roff=1m Ron=100Meg Voff=1.2V Von=1.5V
.MODEL SS31 VSWITCH Roff=100MEG Ron=800 Voff=0.2V Von=0.1V

-ENDS TC1410N_RevA
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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.
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China - Xiamen

Tel: 86-592-2388138
Fax: 86-592-2388130
China - Xian

Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Zhuhai
Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India - Bangalore
Tel: 91-80-3090-4444
Fax: 91-80-3090-4080

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829

France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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