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Many models, many simulators

Spectre
Eldo

ADS
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Nanosim
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MM20

[1] from McAndrew, BMAS 2003

› Compact Models › Simulators
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Brief history of Verilog

› Open Verilog International (OVI), 1991

– Language Reference Manual (LRM)

– making the language specification as vendor-independent as possible.

› Verilog became an IEEE standard

– December, 1995

› Verilog-A Language Reference Manual (LRM)

– Version 1.0 released on August 1996

› “Accellera” was founded from the merger of Open Verilog
International (OVI) and VHDL International

– in 2000 as a new “standards organization”

– Responsible for developing the Verilog-AMS standard

– Infineon is an associate member ☺

› Compact modeling extensions added to Verilog-A LRM 2.2

– 2004
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Background & Motivation

Verilog-A is a “hardware description language”
› Analog subset of Verilog-AMS

› Intended for high-level behavioral modeling

› Less focused on the math, more on the behavior
(physics)
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Verilog-A Diode (sample code)

`include "disciplines.vams"

module diode(a,c);

inout a,c; electrical a,c;

parameter real is = 10p from (0:inf);

real id;

(*desc = "conductance "*) real gd;

analog begin

id = is * (limexp(V(a,c) / $vt) – 1.0);

gd = ddx(id, V(a));

I(a,c) <+ id + V(a,c)*$simparam("gmin", 1e-12);

end

endmodule
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Verilog-A Diode

`include "disciplines.vams"

module diode(a,c);

inout a,c; electrical a,c;

parameter real is = 10p from (0:inf);

real id;

(*desc = "conductance "*) real gd;

analog begin

id = is * (limexp(V(a,c) / $vt) – 1.0);

gd = ddx(id, V(a));

I(a,c) <+ id + V(a,c)*$simparam("gmin", 1e-12);

end

endmodule

• modules combine
entity and architecture

• replaces Spice
primitives
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Verilog-A Diode

`include "disciplines.vams"

module diode(a,c);

inout a,c; electrical a,c;

parameter real is = 10p from (0:inf);

real id;

(*desc = "conductance "*) real gd;

analog begin

id = is * (limexp(V(a,c) / $vt) – 1.0);

gd = ddx(id, V(a));

I(a,c) <+ id + V(a,c)*$simparam("gmin", 1e-12);

end

endmodule

disciplines current and
voltage across nodes
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Verilog-A Diode

`include "disciplines.vams"

module diode(a,c);

inout a,c; electrical a,c;

parameter real is = 10p from (0:inf);

real id;

(*desc = "conductance "*) real gd;

analog begin

id = is * (limexp(V(a,c) / $vt) – 1.0);

gd = ddx(id, V(a));

I(a,c) <+ id + V(a,c)*$simparam("gmin", 1e-12);

end

endmodule

parameters have ranges
(and defaults)
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Verilog-A Diode

`include "disciplines.vams"

module diode(a,c);

inout a,c; electrical a,c;

parameter real is = 10p from (0:inf);

real id;

(*desc = "conductance "*) real gd;

analog begin

id = is * (limexp(V(a,c) / $vt) – 1.0);

gd = ddx(id, V(a));

I(a,c) <+ id + V(a,c)*$simparam("gmin", 1e-12);

end

endmodule thermal voltage – uses
simulation temperature
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Verilog-A Diode

`include "disciplines.vams"

module diode(a,c);

inout a,c; electrical a,c;

parameter real is = 10p from (0:inf);

real id;

(*desc = "conductance "*) real gd;

analog begin

id = is * (limexp(V(a,c) / $vt) – 1.0);

gd = ddx(id, V(a));

I(a,c) <+ id + V(a,c)*$simparam("gmin", 1e-12);

end

endmodule
built-in differentiator function
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Verilog-A Diode

`include "disciplines.vams"

module diode(a,c);

inout a,c; electrical a,c;

parameter real is = 10p from (0:inf);

real id;

(*desc = "conductance "*) real gd;

analog begin

id = is * (limexp(V(a,c) / $vt) – 1.0);

gd = ddx(id, V(a));

I(a,c) <+ id + V(a,c)*$simparam("gmin", 1e-12);

end

endmodule built-in function with improved
convergence
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Benefits of Verilog-A over SPICE

› Provides advanced features such as looping, events,
conditional statements, arrays and much more

– Higher level of abstraction than achieved by SPICE

› Automatically generates derivatives

– does not require them to be explicitly hand-coded (as in C)

› C/C++ like coding style

– Intuitive and easy to read and learn

– Start with an existing model and modify

› Verilog-A models are compiled to binary

– resulting models are fast and efficient

› Certain model equations needing self-iterating circuit blocks
in SPICE can be coded much easier in Verilog-A

– Example : diode junction width (Xj)
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Implementation of diode junction width

› Newton-Raphson loop

x_old = Wb
x_new = Wb/2

while( (x_old – x_new)/x_old > accuracy)
begin

x_old = xj1 (x_new,V)

x_new = xj1(x_old,V)

end

Equivalent circuit

in SPICE
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› Use Taylor series expansion

.FUNC V0(X,Y) {LIMIT(0.5*X*X*((q*NX4/eps0/epsi) +

MAX(Y,0)/eps0/epsi ),-1e6,1e6)}

.FUNC V0abl(X,Y) {LIMIT(X*((q*NX4/eps0/epsi) + MAX(Y,0)/eps0/epsi

),-1e12,1e12)}

.FUNC V1(X) {LIMIT(q*LX1**2*NX3*( exp( -WX3/LX1) - (LX1-

X)/LX1*exp(-(WX3-X)/LX1))/eps0/epsi,-1e6,1e6)}

.FUNC V1abl(X) {LIMIT(q*NX3*X/eps0/epsi*exp(-(WX3-X)/LX1),-

1e12,1e12)}

.FUNC VS(X,Y) {LIMIT(V0(X,Y) + V1(X),-1e6,1e6)}

.FUNC VSabl(X,Y) {LIMIT(V0abl(X,Y) + V1abl(X),-1e12,1e12)}

.FUNC xj(V,X,Y) {LIMIT((V - VS(X,Y))/VSabl(X,Y) + X,-1e12,1e12)}

Direct implementation in
Verilog-A
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Compact model for power diode

› Based on the work of R. Kraus, P. Türkes

Top level circuit of the diode model

› Same essential physics, just different implementation
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Simulation setup for comparison

Chopper circuit schematic in SIMetrix
(IGBT4 + EMCON4)

Diode Verilog-A block

IGBT with Verilog-A/
SPICE model

202017-06-12 restricted Copyright © Infineon Technologies AG 2017. All rights reserved.

Same simulator options
used for the comparison



SPICE & Verilog-A comparison for
IGBT4/EC4 - 1200V

Diode current

Voltage across diode

 Chopper circuit
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SPICE & Verilog-A comparison with
EMCON4 1200V
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SPICE & Verilog-A simulation time comparison
(chopper circuit)

Spice Diode
+ Spice
IGBT

Verilog-A
Diode +
SPICE
IGBT

Spice
Diode +
Verilog-A
IGBT

Verilog-A
Diode +
Verilog-A
IGBT

300 ns time
step

3.62 sec 3.55 1.10 0.78

20 ns time step 4.48 sec 3.85 1.35 0.98

1 ns time step 33.2 sec 27.85 6.75 5.05
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Less number of circuit equations

Faster run times

Higher time step resolution

SPICE VERILOG-A

Total iterations 4224 2009

Transient
iterations

2331 1989

Circuit
equations

155 30
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Why auto-generate compact models ?

› To have standardized main behavioral model blocks

› Reduce typos from manual conversions

› Create new models efficiently

› Addition/modification of the physics

– Modified new models can generated without much effort

› Enables any user to generate a model if all required inputs are
available

– Calibration parameters

– Layout & process parameters

– Tool for customers to generate models they need
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Compact models in Verilog-A
Automated code generation (M. Bina / A. Biswas)
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Input FS profile

Curve fitting … Npk,
Wpk, b parameters

FS profile function
generation with

fitted parameters

Code snippets for
different model blocks:
newton, ddt, transport

etc…

Main model
parameter input:

geometry, dopings,
lifetime, channel

parameters, oxides,
etc.

Model Code
Generator
(Python)

Verilog-A code
generated with

fitted FS parameters

SIMetrix subcircuit
code generated with
fitted FS parameters

IGBTDiode IGBTDiode



Diode reverse recovery
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Simulate effect of different Diode FS

Verilog-A code
generated with

fitted parameters

Model Code
Generator
(Python)

Example: Optimization of diode vertical structure

Diode reverse recovery

FS-1 FS-2

Effect of different FS
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3 peak FS

4 peak FS

Turn-off transients

1200V-IGBT4-HiPo

1200V-EMCON4-HiPo

Verilog-A code
generated with

fitted parameters

Model Code
Generator
(Python)

Example: Optimization of IGBT vertical structure

FS-1 FS-2

Simulate effect of different IGBT FS
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1200V PrimePack-3 Module level simulation

› 24 diodes and 24 IGBTs



SPICE-Verilog-A simulation comparison
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› Differences due different differentiator(ddt) used in IGBT/Diode SPICE/Verilog-A

Diode current

Voltage across diode



Runtime comparison
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Spice Diode +
Spice IGBT

Verilog-A
Diode +
Verilog-A
IGBT

300 ns time step 165 sec 36 sec

20 ns time step 332 sec 92 sec

10 ns time step 510 sec 160 sec

5 ns time step 836 sec 315 sec

› Big improvement in simulation time ☺



3.3KV XHP Module level simulation

All diodes replaced
by Verilog-A block

332017-11-09 Copyright © Infineon Technologies AG 2017. All rights reserved.

› 12 diodes and 12 IGBTs



› Red: SPICE
Blue: Verilog-A› Simulations with identical parameter set
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SPICE-Verilog-A simulation comparison
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Future Outlook

– Development of Verilog-A models for all IGBT and Diode
families

– Implementation of a GUI for the auto code generator

– Auto-generation of all present models in the IPC SPICE library
both with SPICE and Verilog-A

– Extend present calibrated models (basic types) to more
products

– Integration of auto code generator in TCAD simulation flow

– Have a web/GUI based interface, wherein an user can type in
the name of a product whose model is needed

– Generates the model code from inputs of a database

– Request for a model if not present
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Conclusion

– Verilog-A is a powerful and easy-to-use compact modeling language

– Many benefits over SPICE

– Verilog-A based compact model developed for IGBTs and EMCON
diodes

– Good convergence achieved in different voltage classes

– Simulation time comparison shows faster Verilog-A run times with
identical parameter sets

– Automated model generation from input FS profile demonstrated

– Faster evaluation of vertical design change

– XHP module simulation with 12 Verilog-A diodes up to 20-30%
faster than SPICE

– PP3 module simulation with 24 Verilog-A IGBT and diode upto 5
times faster than SPICE
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