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GaN has fantastic properties
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HOW DO WE MAKE MOST OF IT?
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Optimal Use of GaN
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NEEDS ADVANCE MODELS

GaN device
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Circuit simulations
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Outline

• Advance SPICE Model (ASM) for GaN RF 
and power devices

• Model story and status
• Model description 
• RF device results
• Power device Results
• Summary
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ASM GaN Model

ASM GaN = Advance SPICE Model for GaN RF and 
Power Devices: Industry standard compact model
• ~7 years of research and development effort 
• Started as my PhD thesis in 2010 and continuing

• NTNU/UNIK, Norway with Prof Tor Fjeldly
• Rigorously tested by several CMC member companies
• Already adopted by several major companies
• Being implemented in popular commercial simulator

• Available in ICCAP 2018 
• Co-developer: Dr Y. S. Chauhan (IIT Kanpur)
• Acknowledgements: EU COMON (Dr B. Iniguez)
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MODEL DEVELOPMENT STORY AND STATUS



ASM GaN Model
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INPUTS AND TYPES OF PARAMETERS

ASM GaN 
Model

Bias and Temperature Parameters

Outputs

Terminal Currents, capacitances,
non-linearity, noise ..

Device Geometry

Physical Effect Based

Smoothening/Fitting

L, W, NF, Access region
Lengths, barrier thickness

DELTA (transition from linear to 
saturation), …

Mobility, Saturation velocity,
DIBL, Pinch-off voltage, .. 



ASM GaN Model
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OVERVIEW

Analytical Solution of 
Schrӧdiger’s & Poisson’s

SP-Based Id Ig & ChargeModel
Real Device effects included 

Noise Model, Trapping Effects
Model, Self-Heating

2-DEG Charge
Fermi-level (Ef),
Surface-potential (SP)

Accurate I-V and C-V
Physical parameters
DIBL, Rs, VS, ...

DC, AC, Transient
Harmonic Simulations,
Noise etc.



ASM GaN Model

ASM GaN Model = Core model + Real device effect model
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CORE AND REAL DEVICE EFFECTS

Core  Model

Non-linear Resistance

Self Heating

DIBL

Velocity 
Saturation

CLM
Mobility 

Degradation

Sub-threshold 
slope
degradation

Terminal currents, 
charges, noise

Temperature
Dependence

Trapping
effects

Configurable
Field plates

Noise models
(Thermal and 1/F)

Charge 
models

Gate current



ASM-GaN Model

• 2-DEG charge model includes accurate description of 
charge formation in quantum well 

• Analytical solution developed for convergence and speed
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2-DEG MODEL (CORE MODEL)

•S. Khandelwal et al. IEEE Trans. Elect. Dev. 2012

Accurate 2-DEG and Fermi level description used to derive current and charge
model



ASM-GaN Model
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CORE CURRENT MODEL

2-DEG
Surface potential 

model

Drift-diffusion 
transport

Ref. S. Khandelwal SSE 2013



ASM-GaN Model

• Consistent model for terminal charges as function of 
surface-potential
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CORE CHARGE/CAPACITANCE MODEL
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Charge conservation for 
good convergence

S. Khandelwal TED 2013



ASM GaN Model
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MODELING NON-LINEAR ACCESS REGIONS

Linear (Ohmic)

Saturation



ASM GaN Model

• ASM model allows configurable field-plate option through 
model switch FPMOD

• Users can set different regions of device to be GFP/SFP/DFP
• Four configurable field plates supported in the model
Dr Sourabh Khandelwal, Macquarie University 13

CONFIGURABLE FIELD PLATE MODEL

R1 R2

R1: GFP
R2: SFP



ASM-HEMT Model

CISS Versus VGS (measured for VDS=0) for device with GFP
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GAN POWER DEVICE MODELING

CISS

VGS

GFP
Main
transistor

Bias independent
fringe



ASM GaN Model
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FIELD PLATE MODEL: COUPLING EFFECT

R1

R2 R1: GFP
R2: SFP

Coupling from SFP region to Gate

Important to model for accurate CGD 

Voff,main >Voff,R1 > Voff,R2

Main

Voff, R1 ~ -40 Voff, R2 ~ -80

S. Ahsan TED 2017



ASM GaN Model
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RF DEVICE RESULTS: DC I-V MODEL

Accurate Id, Gm and further derivatives



ASM GaN Model

Multi-bias S11 and S22 from 0.5 GHz to 50 GHz
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RF DEVICE RESULTS: S PARAMETERS



ASM GaN Model
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RF DEVICE RESULTS: S PARAMETERS

VD = 5

VD = 10

VD = 15

VD = 20



ASM GaN Model
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RF DEVICE RESULTS: S PARAMETERS

VD = 5

VD = 10

VD = 15

VD = 20



ASM GaN Model
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LARGE SIGNAL RF RESULTS

Accurate multi-bias large-signal results

S. Khandelwal 
CSICS 2015



ASM GaN Model
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LOAD-PULL CONTOURS



ASM GaN Model

Constellation plots for Pout and PAE as load is varied 
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LARGE SIGNAL RF RESULTS

Red: Measurements
Blue: Model

Pout
Pout

PAEPAE



ASM GaN Model
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RADIO FREQUENCY RESULTS SUMMARY

Accurate DC, higher derivatives, S param, Load-pull



ASM GaN Model
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POWER DEVICE (SWITCHING APPLICATION) SAMPLE 
RESULTS

Accurate IV results



ASM GaN Model
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POWER DEVICE SAMPLE RESULTS

ID

VDS

ID

Temperature

VG increasing

Accurate reverse IV (3rd quadrant) and temperature results



ASM GaN Model
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POWER DEVICE SAMPLE RESULTS

CRSS

VDS

Measured in off-state
VG < VOFF (intrinsic FET)

CISS

VGS

COSS

VDS

Accurate CV behavior



ASM GaN Model
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MODEL QUALITY TESTING 

Model passes symmetry and continuity tests 



ASM GaN Model
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MODEL QUALITY TESTING

Smooth Capacitance and their derivatives



ASM GaN Model

One specific example how model can provide circuit level 
feed-back to technology developers
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CONNECTING TECHNOLOGY TO CIRCUIT LEVEL 
PERFORMANCE

Barrier thickness changes:
• Pinch-off voltage
• Mobility
• Mobility bias dependence
• Capacitances
The above changes affect
device performance



ASM GaN 
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CIRCUIT LEVEL PERFORMANCE PREDICTION

S. Khandelwal
APMC 2017



ASM GaN

How does change in physical parameters affect circuit level performance?
Which biases get larger impact?

Physics-based model can address such key questions
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CONNECTING TECHNOLOGY TO CIRCUIT LEVEL 
PERFORMANCE

Impact of mobility bias dependence Impact of series resistance
S. Khandelwal TMTT 2013



ASM GaN Model

ASM with physically-grounded parameters 
connects device to circuit performance
Device-Circuit co-optimization/Performance prediction 
― L, W, NF
― Field-plate lengths, number and configurations 

(consistent I-V/C-V)
― Barrier thickness (transport and charge non-linearity)
― Access region lengths (consistent I-V/C-V)
Reliability estimation
― Degradation in physical parameters can be readily 

incorporated into the model
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CONNECTING TECHNOLOGY TO CIRCUIT LEVEL 
PERFORMANCE



ASM GaN Model

• Industry standard model for RF and power GaN 
devices

• Physical basis of formulations and model 
parameters  

• Model captures various aspects of GaN devices
• DC currents (ID and IG)
• CV (intrinsic and extrinsic capacitance) 
• Noise (Flicker and thermal) (LNA’s)
• Trapping effects
• Ambient temperature effects
• Self-heating effects
• Configurable field-plate model

• Demonstrated accuracy and model quality on 
commercial grade devices 

Dr Sourabh Khandelwal, Macquarie University 33

KEY MODEL FEATURES



Thank You!
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