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What is this talk about?

• What is GaN predictive design? Why the effort?

• The challenges for added insight.

• Throwing everything into one flow.

• Standards simplify design.
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Silvaco – Who are we

Comprehensive platform for semiconductor innovation, from atoms to systems

800+
Customers

270+
Employees

7 of 10
Largest Semiconductor 

Companies Use
Silvaco’s EDA

• Silvaco is a provider of design automation software:

§ Technology Computer Aided Design (“TCAD”) software

§ Electronic Design Automation (“EDA”) software

§ Semiconductor Intellectual Property (“SIP”)

• Advanced automation tools to design, simulate, analyze, and 
verify semiconductor devices from concept to product yield

• Silvaco platform adopted for next gen power semis (SiC, GaN) EDASIP

TCAD

• Founded 1984
• Global presence with R&D in USA/Europe
• Key role in Compact Model Council 

standardisation effort Strategic presence in power electronic. 
Extensive support for GaN technology. 
FAB oriented tools powered by ML/AI 
algorithms

GaN Valley member
since its origin
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Physics based device 
modelling

Define structure

Define models

Obtain data

TCAD flow
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Aiming for predictive modelling

To predict technology performance, we need good 
understanding of:

• Investigate the intimate effects of device geometry

• Establish dopant profile from process thermal budget

• Calculate crystallographic stress and its influence on 
polarization

• Electrically active impurity traps. How they influence transient 
switching.

• Channel length and shield plates impact Bv and RDSon.

• Leakage currents and 2DEG carrier concentration and 
scattering.
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FAB

FAB driven design optimisation

FAB oriented design flow  complex DOE matrix + ML driven data analysis
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Script Mode: TCAD Flow Integration

• Single script linking all modules.
• Everything runs inside one UI (Deckbuild).
• Integrates 

•measurements, 
•data conversion, 
•simulations, 
•extractions and 
•optimizations.

• Embed inside complex DOE and ML driven 
parametric model creator.
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Standardization – why is it important?
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GaN FET: 2 CMC Standard Models
• GaN FET models in SmartSpice:

• ASM (CMC Standard, SmartSpice Level 90)
• MVSG  (CMC Standard, SmartSpice Level 91)
• LETI-HSP (SmartSpice Level 278)

• Model extraction initially based on Verilog-A, currently using SmartSpice built-in models
• Utmost IV GaN FET Examples:
• MVSG: https://silvaco.com/examples/utmost4/section1/example18/index.html
• ASM: https://silvaco.com/examples/utmost4/section1/example23/index.html

• Utmost IV GaN FET Model Extraction Webinars:
• https://silvaco.com/webinar/tcad-based-model-extraction-flow-for-gan-hemt-devices-part-1-2/
• https://silvaco.com/webinar/tcad-based-model-extraction-flow-for-gan-hemt-devices-part-2-2/

Template Categories Quick-Start Templates
MOSFET BSIM3v3, BSIM4, BSIM-BULK, HiSIM2, HiSIM_HV2, PSP

GaN HEMT ASM, MVSG

TFT RPI poly-Si TFT, RPI amorphous Si TFT

BJT Gummel-Poon, VBIC, Mextram

IGBT HiSIM_IGBT

Diode Diode Level 1

https://silvaco.com/examples/utmost4/section1/example18/index.html
https://silvaco.com/examples/utmost4/section1/example23/index.html
https://silvaco.com/webinar/tcad-based-model-extraction-flow-for-gan-hemt-devices-part-1-2/
https://silvaco.com/webinar/tcad-based-model-extraction-flow-for-gan-hemt-devices-part-2-2/
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Available Quick-Start Templates

• Models with currently available Utmost IV Quick-Start templates

 
Template 
Categories

Templates

MOSFET BSIM3v3, BSIM4, BSIM-BULK, HiSIM2, HiSIM_HV2, PSP

GaN HEMT ASM-HEMT, MVSG-HV

TFT RPI poly-Si TFT, RPI amorphous Si TFT

BJT Gummel-Poon, VBIC, Mextram

IGBT HiSIM_IGBT

Diode Diode Level 1
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Dynamic Characterization

• Using SmartSpice Rubberband to tune Qg
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Single Utmost IV Netlist Supporting All Data

• Use attributes to help distinguish the netlist
• Example: Ciss data set includes a “cissvd_flag” attribute set to 1

• In the Utmost IV netlist use .IF/.ELSE/.ENDIF based on the attribute value
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Conclusions

• Constant technology development to respond to market rising expectations.

• Need comprehensive understanding of device physics.

• TCAD produces hard to measure data.

• Physics based compact models contain meaningful technology related parameters.

• Can never have enough automation in design.

• FAB need advanced Design of Experiment and ML driven data analysis tools.



Confidential  │  ©2024 Silvaco, Inc.

Thank you 

ahmed.nejim@silvaco.com
eu_sales@silvaco.com


