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GaN model survey: 

Angelov-GaN, MVSG, ASM-HEMT and DynaFET models

Model parameter extraction

RF GaN Modeling Webinar
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ÅRF GaN market to grow from $380M to $1.3B, 23% CAGR

ÅMarket share: from 20% today to 50% by 2023

ÅFrom IDM to Fabless/Foundry model

Source: ñRF Power Market and Technologies 

2017: GaN, GaAs and LDMOSò -www.i-

micronews.com 
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T E C H N O L O G Y  O V E R V I E W

High mobility Ą RF applications

Å SiC substrate to reduce substrate loss and keep 

device cool.

Typical structure of RF/Microwave GaN on Si HEMT*

2DEG

SiC for RF

High breakdown Ą Power electronics applications

Å P-GaN or cascode structure to get normally OFF

Å Field plates for increase breakdown voltage

Tetsuzo Ueda et al., Japanese Journal of applied Physics, 2014



Compact models: Link between devices and circuits

Al0.26Ga0.74N

GaN
New material system

New device design

I, Q = function( V, T, f )

Analytical physical models
Technology CAD

I, Q = function( V, T, f, a, b)

Calibrated physical model

Circuit design and fabrication

Tool for GaN-system design: MVSGand ASM-HEMTmodels
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Gallium-Nitride devices, technology and business drivers

Model parameter extraction

RF GaN Modeling Webinar
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Model Institute/Company Authors Year Notes

EEHEMT Agilent/Keysight Eric Arnold 1998 empirical model, based evolution of EEFET model

Angelov Chalmers Univ Iltcho Angelov 1992
"A new empirical nonlinear model for HEMT and 

MESFET devices"

Angelov-GaN Chalmers Univ Iltcho Angelov 2008 extension of Angelov Model for GaN 

DynaFET Agilent/Keysight Jianjun Xu, David Root et al. 2014 Uses data to train artificial neural network (ANN)

ASM-HEMT IITK & USF Y. S. Chauhan & S. Khandelwal 2015 physics based surface potential model

MVSG MIT Ujwal Radhakrishna 2013 physics based virtual source model

EEHEMT

EEHEMT
Derivative 1

EEHEMT
Derivative 2

EEHEMT
Derivative 3

Angelov-GaN

Chalmers
Derivative 1

Chalmers
Derivative 2

Chalmers
Derivative 3

ASM-HEMT

MVSG
Accepted by Compact Model 

Coalition (CMC) in 2018

DynaFET Most accurate model



From physical modeling to industry standard

From research to industry adoption: 
ASM-HEMT and MVSG model chosen as a GaN industry standard models

Phase-I

Á 8 candidates
Á Accuracy and convergence
Á Physical nature

Phase-II

Á 4 candidates
Á Sponsors: ADI, TI, Toshiba
Á Data: Triquint, Toshiba

Phase-III

Á 2 candidates
Á Model evaluation
Á Feedback

Phase-IV

Á Model support 
Á Version release

Status of the GaN HEMT Standardization Effort at the Compact Model Coalition , S. D. Mertens , 2014 IEEE Compound Semiconductor 
Integrated Circuit Symposium (CSICS), La Jolla, CA, 2014, pp. 1 - 4.
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Rajôs picture of ASM-HEMT

Empirical Physics-based ANN-based

Models
Angelov-GaN, 

EEHEMT

ASM-HEMT

MVSG

DynaFET

CMC Standard V

Scalable, W/L/NF V * V V * 

Early availability during process development V V

Does not require process info V * V

Simple extraction flow V V

Good DC/S-par fit V V V

Large signal across different bias V V

Simulation robustness V V

* limited
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E M P I R I C A L  M O D E L

Updated to include better fits on harmonics, frequency 

dispersion, capacitance, etc.

Strengths: 

Å Simple extraction method

Å Industry workhorse for 10+ years.

Limitations:  

Å Extracted from S-pars Ą might not work well for large signal

Å Workaround - adapt model card for target bias point

Ids = Ipk(1+tanh(y))(1+lVds)tanh(aVds)

y = P1(VgsïVpk) + P2(VgsïVpk)
2 + P3(VgsïVpk)

3



11RF GaN Modeling Webinar

Charge-based Physics Model

Source: Dr Ujwal Radhakrishna, MIT
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Surface Potential Physics Model

y = Surface potential along the 2DEG

Solve for yand charge on the channel

Derive unified expression for Id(Vgs, Vds)

Dasgupta, Ghosh, Chauhan and Khandelwal, ñASM-HEMT: Compact model for GaN HEMTsò, IEEE International 

Conference on Electron Devices and Solid-State Circuits (EDSSC), June 2015
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D Y N A M I C  S E L F - H E AT I N G ,  T R A P P I N G ,  A N N

dsgs V V 21j     T ff
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DynaFET model shows excellent agreement in all 

operation regions of the GaN HEMT. Universal 

applicable modeling approach.
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Gallium-Nitride devices, technology and business drivers

GaN model survey: Angelov-GaN, MVSG, ASM-HEMT and DynaFET models

RF GaN Modeling Webinar



16Device Modeling Seminar
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DC-IV, Pulsed-IV C-V

S-Parameters
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Params:

ÅCGS, CGD, CDS

Å Possibly CG
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1) Linear Condition

IdVg at low Vds

Device Modeling Seminar

DC
2) IdVg at high Vds 3) Full Output Curves

Params:

Å VOFF, NFACTOR

ÅU0, UA, UB

Params:

Å LAMBDA, RSC, RDC

Å RTH0, UTE, AT, KT1Params:

Å ETA0, CDSCD, VSAT, 

VSATACCS

Å NS0ACCS, NS0ACCD

Å VDSCALE, VOFF (again)Khandelwal, et al, BCICTS, 2018



20Device Modeling Seminar

RF

Core GaN

Model

Khandelwal, et al, BCICTS, 2018

Nonlinear Circuit Simulation and Modeling, 

Cambridge University press



21RF GaN Modeling Webinar
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ADS Schematic for simulation of load-pull contours 22 dBm signal @ 10 GHz

Pout & PAE load pull contours for 10 mA/mm Pout & PAE load pull contours for 100 mA/mm

[1] S. A. Ahsan et al., IEEE J. Electron Devices Society, Sep., [2017]
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ÅGaN technologies will continue to grow.

ÅLeverage example extraction flows for the latest 

ASM-HEMT and MVSG models 

ÅWith an industry standard tool ïIC-CAP

ÅWe can help.

keysight.com/find/eesof-iccap

keysight.com/find/eesof-innovations-in-eda

keysight.com/find/free_trials

http://keysight.com/find/eesof-iccap
keysight.com/find/eesof-innovations-in-eda
http://www.keysight.com/find/free_trials
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DynaFET characterization performed at various:

(1) DC biases

(2) Input powers

(3) Load Impedances, magnitude and phase

(4) Ambient temperatures

(5) Fundamental frequency + 20 harmonics

Dynamic Load-lines
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Verilog-A File:  
mvsg_cmc.va

Model Circuit 
Page

DUT Test Circuit
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Automatically 

added by IC-

CAP

Automatically 

added by IC-

CAPDUT Test Circuit
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Current collapse

Jardel, et al - "An Electrothermal Model for AlGaN/GaN Power HEMTs 

Including Trapping Effects to Improve Large-Signal Simulation Results on 

High VSWR", MTT, Dec 2007

Need Trap Models

Agnihotri et al (IITK), INDICON 2015
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Quiescent Bias PointBut: 
Å Which I-V curves to use?
Å How to relate PIV curves to model coupling terms (trapping model)?
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GaN HEMTs: Understanding carrier transport

vDvDivSi

vg vIgvIg

vS

Intrinsic 

transistor
Drain access

region

Source access

region

Al0.26Ga0.74N (18 nm)

G

GaN 1.2ɛm

GaN (3 nm)
S D

RF-GaN HEMT HV-GaN HEMT

DD transport DD transport

DD transport
Physics- based GaN HEMT transport and charge model: Experimental verification and performance projection
- U. Radhakrishna , L. Wei, DS. Lee, T. Palacios, D. Antoniadis, 2012 International Electron Devices Meeting.

MIT Virtual Source GaNFETбHighVoltage (MVSGбHV)model : A physics based compact model for HVбGaNHEMTs
- U. Radhakrishna , T. Imada , T. Palacios, D. Antoniadis, Physica status solidi (c) 11 (3б4), 848 - 85 , 2014 .

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6479038&newsearch=true&queryText=Physics-based%20GaN%20HEMT%20transport%20and%20charge%20model:%20Experimental%20verification%20and%20performance%20projection
http://onlinelibrary.wiley.com/doi/10.1002/pssc.201300392/abstract
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Nonlinear variation of source/ drain 

access resistances with Ids.

Geometrically scalable


