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Review of TCAD for lateral GaN: Including Quantum 
Physics in Semiconductor Equations 

3

Semiconductor eqn.

Quantum 

Without
Quantum 

With 
Quantum 

factor

Impact ionization



Early Struggle of Gate Control  
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Gate control:
• DMODE/EMODE
• P-GaN or MIS?
• Gate metal issues
• Gate leakage issues

Leakage study cut

Quantized
2DEG
States

Gate leakage

2015 IEEE EDSSC

Latest 
technology in 
lateral GaN



Recent technology: 
Typical p-GaN EMODE HEMT 
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p- type induced by traps

Vertical cut

Vertical cut

Vertical structure according to:
"Normally-off GaN Transistors for Power 
Applications," 
O. Hilt et. al. 2014 J. Phys.: Conf. Ser. 494 
012001

S DG

Fermi statistics
Used to fill up 
the quantized 
states

Quantized
States and 
Electron wave 

Use of 2D
Density of states
Makes accurate
Prediction of maximum
Current when coupled
With high mobility 



Cause of breakdown
(More of a gradual leakage) 
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Gate barrier/Dam

Electron as
Water in 
Reservoir 

Source as
Reservoir  

Gate barrier
as dam

G

S D



Cause of leakage
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Gate
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Cut at
2DEG

Cut at 2DEG

From 100V
To 500V

With FPWithout 

S
G

D

FP Effect of Field Plate (FP)
Without avalanche

Design consideration:
The field plate should be far 
away from the gate to move 
the high field away 
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EEE ELECTRON DEVICE LETTERS, VOL. 20, NO. 12, 

DECEMBER 1999 p608

Extraction of impact ionization from IV curves 

Impact ionization occurs in the localized region near the

maximum electric field , and most of the generated holes

are collected by the gate electrode:

Some early works on impact ionization rate (IIR)

➔ No clear indication of 

avalanche



TCAD for lateral GaN: Including Quantum 
Physics in Semiconductor Equations 
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GaN LO phonon 91meV

Temperature dependence of break 
down behavior as evidence of  
avalanche – GaN behaves just like any 
other semiconductor

IEEE TRANSACTIONS ON ELECTRON 

DEVICES, VOL. 60, NO. 10, OCTOBER 2013

DOI: 10.1109/TED.2013.2266664



Computing impact ionization rate

alpha_n=a+exp(-b/E)
a=2.31E8 (1/cm)
b=3.14E7 (V/cm)

➔ Theory looks much like 

optical transition 
computation!

Kodama et.al



For GaN For Al(0.45)Ga(0.55)N

Monte Carlo simulation results 
may vary widely.
➔ AlGaN is less likely to break 

down than GaN.



Appl. Phys. Lett. 115, 142101 (2019); 

https://doi.org/10.1063/1.5114844 

To get BV, refit:
B=1.18E7 V/cm 
➔ B=0.95E7 V/cm

➔ Optical method and 

electrical method (TCAD) 
have different results



Refit based on IV: a=3.39E7 
revised to a=3.0E7  V/cm

APPLIED PHYSICS LETTERS 112, 262103 (2018)

Experimental characterization of impact ionization 

coefficients for electrons

and holes in GaN grown on bulk GaN substrates

Lina Cao, et.al.

➔Better agreement 

between optical and 
electrical extraction.



Experimental determination of impact ionization

coefficients of electrons and holes in gallium

nitride using homojunction structures

Ji, et.al. Appl. Phys. Lett. 115, 

073503 (2019); doi: 

10.1063/1.509924
Part 1/2

Alpha=a*exp(-b/E)
Coefficient b is 
refitted to get the 
correct BV:
b=3.689E7➔

b=2.8E7 V/cm

Use of optical generation to 
determine impact 
ionization rate

Substantial 
difference in 
optical/electrical 
extraction of IIR



Experimental determination of impact ionization

coefficients of electrons and holes in gallium

nitride using homojunction structures

Ji, et.al. Appl. Phys. Lett. 115, 

073503 (2019); doi: 

10.1063/1.509924
Part 2/2

Alpha=a*exp(-b/E)
Coefficient b is 
refitted to get the 
correct BV:
b=3.689E7➔

b=2.8E7 V/cm

Use of optical generation to 
determine impact 
ionization rate

The difference persisted 
in another experimental 
structure from the same 
paper.   Issues with 
optical experiment or 
extraction method? 
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Vd=800V

➔ Electrical field range to consider ~ 1E7 V/m
➔ Highest field point shall be right below FP edge



Ref Electron (a 
,1/cm)

Electron 
(b,V/cm)

Hole 
(a,1/cm)

Hole 
(b,V/cm)

Cao et. Al 
[1]

4.48E8 3.39E7 
(refit  
3.0E7)

7.13E6 1.46E7

Maeda et. 
Al [2]

1.30E6 1.18E7
(refit 
0.95E7)

1.30E6 1.18E7
(refit 
0.95E7)

Ji et. Al [3] 2.11E9 3.689E7
(refit 
2.8E7)

4.39E6 1.8E7

Recent experimental impact ionization  coefficients   
alpha=a*exp(-b/F) 

[1] APPLIED PHYSICS LETTERS 112, 262103 (2018)

[2] Appl. Phys. Lett. 115, 142101 (2019); https://doi.org/10.1063/1.5114844 

[3] Ji, et.al. Appl. Phys. Lett. 115, 073503 (2019); doi: 10.1063/1.509924

➔Rogorous theory agrees well with 

one of the experimental works.

Regime of 
interests



➔ IIR models from different
authors would have predicted
largely different BV.

➔ Assuming Cao was right, a 
16um pitch design would 
easily stand 800V, with a 
single FP.  Imagine what 
limits one could achieve using  
3-FP with doubling the pitch! 



Ji model refit causes large 
difference in BV

➔The IIR from recent 

experiment by Ji gave much 
lower BV than others, based on 
IIR from two different 
strictures.
➔Worrisome: IIR strongly 

dependent on growth process? 
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Cut at
2DEG

Cut at 2DEG

From 100V
To 500V

With FPWithout 

S
G

D

FP Effect of Field Plate (FP)
Without avalanche

➔FP edge better be away

from the gate



Ji model:  using refit impact 
coefficient to experiment with 
different field plates.

➔ Better to let the FP 

edge closer to the gate.
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Summary

• For commercially available lateral GaNFET at 650V or 
1200V, avalanche may play a role.

• More study is needed to explain the large difference 
in experimental IIR from different labs and from 
different extraction methods.

• Crosslight-TCAD is a suitable tool for avalanche 
simulation and GaNPower has a handle on 1200V 
GaN design.

Thanks for 
your 
attention!


