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Introduction - Compact modeling approaches

Behavioral approach

o PN-junction and MOS channel:

- Function fitting

- SPICE primitives or direct mathematical 

description

o Device capacitances:

- Function fitting

- Voltage dependent

o Static and transient behavior of     drift 

region charge and resistance:

- Function fitting

- Exponential decay of tail current / reverse-

recovery current

Physics-based approach

o PN-junction and MOS channel:
- Based on layout and process
- SPICE primitives or direct mathematical 

description

o Device capacitances:
- Based on layout and process
- Voltage and current dependent

o Static and transient behavior of          
drift region charge and resistance:
- Charge-control equation
- Poisson equation for space charge 

region considering base doping and field 
stop

- Analytical solution of the ambipolar 
diffusion equation

Modeling approaches implemented for IGBTs and Si diodes as bipolar power devices
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Compact modeling optimization
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Compact modeling optimization

Optimization 

algorithm

› Base Data

▪ Model (Diode & IGBT)

▪ Default parameter values

▪ Parameter ranges

▪ Test circuits

› Reference Data

▪ Measurements

▪ TCAD

▪ Datasheets curves

› Set of optimized parameters

› Call of Simulator 
(SIMetrix, TITAN, 
Hspice, …)

› Error Metric 
(reference and 
simulation output)

General optimization strategy 
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Compact models GA Matlab GA Python Ansys optiSLang® Synopsys® Mystic

Behavioral X X X

Physics-based X X X?

Compact modeling optimization

› Genetic algorithm (GA) in Matlab

– In-house development

– Prototype of GA Python

– Will be replaced with GA Python

› Genetic algorithm (GA) in Python + GUI

– New input format for reference data

– Integration in a TCAD flow possible

› Ansys optiSLang®

– Standalone web app. for physics-based models

– Powerful optimizer behind it (commercial)

– Interface to other Ansys simulators

› Synopsys ® Mystic

– Easy integration in TCAD flows → CMs for device developers

– Flexible usage because of Python

– Several algorithms available for optimization

– Supports only Hspice (native models, sub-circuits, Verilog-A)

GA needs huge number of simulations:

› A fast simulator without extra license costs (in-house simulator)

› Large compute farm for massive parallelization

Uses in-house circuit simulator 
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In-house optimizer using genetic algorithm
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Iteration [1]

Error evolution

› Individuals

gene: model parameter value

Individual: model parameter set (approx. 100 params)

› Population

Large group of model parameter sets (e.g. 50)

› Fitness score → several cost functions

mean squared error btw. measured and simulated curves

Genetic Algorithm

Introduction to genetic algorithm (GA)
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Compact modeling optimization – multi-stage approach

› Base data

▪ Model (diode & IGBT)

▪ Default parameter values

▪ Parameter ranges

▪ Test circuits

› Reference data

▪ Measurements

▪ TCAD

▪ Datasheets curves

Development

in cooperation with

Infineon automotive 

division

Consistency check
References

Stage 1 (9 parameters)

Diode static Tmin & Tmax

Stage 2 (4 parameters)

Diode dynamic Tmin & Tmax

Stage 3 (28 parameters)

IGBT static Tmin & Tmax

Stage 4 (9 parameters)

IGBT dynamic

Stage 5 (6 parameters)

IGBT switching Tmin & Tmax

Calibrated level 1 model

D
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Differential 

evolution 

algorithm

IFX In-house 

simulator as

circuit simulator
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Compact modeling optimization – One-stage approach

Base data

▪ Compact model         

(Diode & IGBT)

▪ Default fit parameters

▪ Parameter ranges

▪ Predefined netlists

Reference Data

▪ .mea file format

• Different characteristics

• Different devices

One-stage calibration
(>100 parameters already 

tested)

Calibrated Models
(Behavioral and physics 

based)

Optimizer configuration

▪ Parameters for DE 

algorithm

▪ Select and weigh 

predefined cost functions

Differential 

evolution 

algorithm

IFX In-house 

simulator as

circuit simulator

Development

in cooperation with

Infineon automotive 

division



12Copyright © Infineon Technologies AG 2022. All rights reserved.restricted2022-09-20

Compact modeling optimization – One-stage approach

Diode static characteristic

IGBT transfer characteristic

IGBT C(V) curves

Cge

Cgc

Cce

Output characteristics  @ 25°C

Output characteristics @ 175°C

Results of an all-in-one static and 

dynamic calibration of a physics-

based IGBT and diode model
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Compact modeling optimization – One-stage approach

Nominal switching parameters @ 25°C

Verification of transient model accuracy: results for double-pulse switching with inductive load

Nominal switching parameters @ 175°C

Turn-on event Turn-off event
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Ansys optiSlang as web application
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Ansys optiSLang as web application

› Back End

– for physics-based models

– multiple stages

– in-house simulator

– Ansys-internal optimizer

› Front End

– Web App (under development)

– accessible parameters for each stage

– next: Adjustable boundaries 

› Planned:

– plots with overlap of reference and 

simulation

– output file with optimized model card

– flow extension to transient calibration
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Ansys optiSLang as web application

Input measurements & SPICE model

Parameter reference value and value range

Click to start optimization process
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Ansys optiSLang as web application

Calibration of collector-emitter voltage waveform for nominal switching conditions during turn-on

Transients matching the measurements

Starting point Optimized
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Synopsys Mystic for TCAD integration



19

CONFIDENTIAL INFORMATION
The information contained in this presentation is the confidential and proprietary 

information of Synopsys. You are not permitted to disseminate or use any of 

the information provided to you in this presentation outside of Synopsys 

without prior written authorization. 

IMPORTANT NOTICE
In the event information in this presentation reflects Synopsys’ future plans, such plans 

are as of the date of this presentation and are subject to change. Synopsys is not 

obligated to update this presentation or develop the products with the features and 

functionality discussed in this presentation. Additionally, Synopsys’ services and products 

may only be offered and purchased pursuant to an authorized quote and purchase order 

or a mutually agreed upon written contract with Synopsys.

Synopsys Confidential InformationSynopsys Confidential Information
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Synopsys Mystic for TCAD integration

Mystic is an advanced compact model parameter extraction tool for SPICE models, which 

has been specifically designed for accurate variability aware compact model extraction.

Features of Mystic

› TCAD to SPICE database connection allowing target data from simulation

or measurement to be used for extraction

› PLT and CSV reading and writing capabilities

› Individual model, sub-circuit or full netlist parameter extraction

› Flexible optimisation backend

› Extensive library of optimisation method and algorithms

› Powerful Python-based scripting interface

› Interactive GUI

What is Mystic?
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Synopsys Mystic for TCAD integration

Sentaurus Workbench

Database

Mystic

SPICE 

Model

TCAD / 

Measurement 

Data

Extraction 

Strategy

Initial

Modelcard

Fitted Data

Metadata

Target Data

Data is attached with SPICE 

model instance parameters, 

simulation temperature and user 

defined metadata fields before it is 

uploaded to the project database

Target data coming from TCAD or 

measurement in PLT or CSV format can 

be uploaded to the Mystic database prior 

to running Mystic

DC, AC, transient and RF simulation 

types are supported
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Conclusions and outlook
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› GA has been applied for calibration of behavioral models for all discrete IGBT products available on 

the Internet

› New GA implementation has been successfully applied for calibration of static characteristics of 

behavioral CM and static + dynamic characteristics of  physics-based CM as one-stage optimization.

› OptiSLang web application for calibration of physics-based IGBT and Si-diode models available 

Conclusions and outlook
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Next steps

› New GA implementation:
– Implement netlists for diode switching and double-pulse switching in new GA implementation

– Implement one-stage static and dynamic calibration of several chip sizes of a product family using scalable 

models

– Implement one-stage model calibration including switching parameters

– Implement extended calibration including switching waveforms

› optiSLang:
– Add visualization and parameter range adjustment to WEB-App

– Add transient fit to WEB-App calibration flow

› Synopsys Mystic:
– Implement calibration of behavioral models directly into a TCAD flow

Conclusions and outlook
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