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Introduction: Power Device Technologies

• Power applications: Si replaced by Wide Bandgap Semiconductors

• WBG advantages

• Lower resistance

• Higher frequency

• Higher power

• Higher operating temperature

Si vs SiC vs GaN

(source: Infineon)

(source: Deloitte)
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SiC and GaN

• SiC

• Low thermal conductivity

• High power 

• Main market: automotive/EV

• GaN

• RF applications

• Switch-mode power supplies

• Main market: consumer electronics chargers
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SILVACO in Power FET Compact Model Development
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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
• GaN FET Model Extraction Examples:

• MVSG: https://silvaco.com/examples/utmost4/section1/example18/index.html
• ASM: https://silvaco.com/examples/utmost4/section1/example23/index.html

• 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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SiC MOSFET SPICE Model Solutions

• CMC SiC compact model standardization currently ongoing

• Chaired by Silvaco

• Empirical Macromodels

• Based on behavioral circuit elements (controlled sources, 
behavioral or PWL capacitors and resistors, etc.)

• Limited accuracy and predictability

• Use a GaN HEMT model, such as ASM or MVSG

• Device similarities resulting in a good accuracy and 
predictability

• Accuracy can be further improved by using a macromodel

• MOSFET-based macromodel

• Core FET (e.g., BSIM4)

• Recovery diode

• Additional resistors and bias dependent capacitors

• Reasonable accuracy and predictability

RD

RDIO

DIO1

CGD

CDS

M1

CGS

Drain

Source

Gate
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Specific Power MOSFET Capacitances

• 3-terminal MOSFET
• The b and s nodes are always connected together

• Main bias sweep is Vds

• Typical capacitances to measure:
• Crss = Cgd

• Coss = Cgd + Cds

• Ciss = Cgs + Cgd

• Ciss requires a special test circuit
• Need to use a corresponding netlist
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Single Netlist Supporting All Data

• Use attributes to help distinguish the netlist
• The Ciss data set includes a special attribute set to 1

• Conditional netlist based on the attribute value
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Power MOSFET Macromodel Example
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Macromodel I-V and C-V Parameter Extraction

• Global I-V and C-V parameter optimization using Utmost IV
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Dynamic Characterization

• Using SmartSpice Rubberband to tune Qg
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TCAD-to-SPICE DTCO Flow

Process Simulation

Victory Process
Victory Mesh

SPICE Modeling

Utmost IV

Circuit Simulation

SmartSpice

Device Simulation

Victory Device
Victory Atomistic

Parasitics 
Extraction

Victory RCx Pro 
Jivaro
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Advantages of TCAD-based SPICE Modeling

• TCAD simulations allows separation of 
physical effects (e.g., self-heating)

• Model development: identifying specific 
device effects (or parasitics) and addressing 
them as SPICE elements
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Advantages of TCAD-based SPICE Modeling (2)

• Simulate and calculate critical circuit design-
related parameters, that are not easily 
measurable in real life, e.g.: 

• Probing optical outputs and calculating the 
Quantum Efficiency of MicroLEDs

• Probing internal voltage nodes and thermal nodes

• Combining output components to calculate 
power device-specific quantities 

• Calculate Ciss(Vds) from Cgs(Vds) and Cgd(Vds)

RC

Ith=0 In1i=0

In1

n1 n1
n1i

SPCS

VO2 thermal-driven memristor
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TCAD Si VDMOS Example

• HiSIM_HV2 SPICE Model
• https://silvaco.com/examples/utmost4/section1/example14/index.html

https://silvaco.com/examples/utmost4/section1/example14/index.html
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TCAD Generic GaN HEMT Device Structure

LLG

S
LG

Dd

• SPICE ASM Compact Model



Copyright  ©2023 Silvaco, Inc. 18

GaN HEMT Device Structure with P-type Gate

• TCAD structure calibrated based on 
published data

• P-type doped GaN gate resulting in Vth > 0 
(“normally-off” device)
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GaN HEMT Device With Field Plates

• TCAD device structure calibrated based 
on published data

• Gate and source field plates

• SPICE MVSG Compact Model
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SiC Macromodel Example
• Based on generic data:

• C-V: Ciss(Vds), Crss(Vdg), Coss(Vds)

• I-V: Id(Vgs), Id(Vds)
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SiC TCAD Device

• TCAD device created using Victory 
Process, Victory Mesh and Victory Device

• SPICE BSIM4-based Macromodel
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Conclusions

• Review of power device technologies

• Exploration of power FET SPICE models

• Power FET specific capacitance support using a single netlist

• Comprehensive modeling methodology of Power FETs, including dynamic 
characterization

• TCAD-based SPICE modeling carries unique advantages

• SPICE modeling capabilities addressing various power FET technologies: Si, GaN, SiC

• Silvaco provides a full set of software solutions, from TCAD to SPICE, to address the 
specific requirements of SPICE modeling for power devices

- 22 -
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Thank you 
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