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Fig. 1. Schematic diagrams of the simulation model: (a) Multi-channel GaN HEMT device; (b) thermal boundary conditions;

(c) conventional field plate; (d) slant field plate; (e) stepped field plate; (f) discrete field plate.
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Table 1. Key parameters used in simulation.
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ling model developed in this study.
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Fig. 7. Vgs = 0V, Vpg = 10V, internal temperature
change trend of the device: (a) Double-channel device;
(b) triple-channel device.

070702-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 75, No. 7 (2026) 070702

R, 1545 T GaN BHEHY B SR, R AEIS
SO IR T, (A 2 XA B
R IIEAE S R AR R R B g
FEGA A, SRR BUE AlGaN
GiaN 5[5 45 6 5 4 94038 D50, {EL4% g 38 T
SR A A TEAE ] 255 IR 7(a) %, LTSS
PR T R R RS T LRI, 2 R T F
S R4 B B 2DEG YR, B TR I 30
B R, AT T 2 B T A SR,
el 7(b) B = R R 4 R LR R4
fiF: PR S , T R, FIR
SEETRL R, 6 L3022 5 2 5 5 e o g
B AR PR A LT &5, 25 180300 B
D A A P 2 3 s . M
o, Y3 RO AAR, B T R
i T T B R, SRR L T AR AR
BRI 2 B R P A S B A LA 2
FERK, (07 o I T RRAR Y. (A
O, JAER A(b) BR% =il 2DEG WRE R
il i, HORIE HVRR, e i s,

L
a —0.02
—0.6 1
—0.01
g —05 g
2 o4 0 S
g —0.31 =
3 —0.21 2.45 2.50 2.55 2.60 2.65 3
2 3
— —0.11 -
< [}
O O
2 01 £
S oo B4
0.2
0.3

2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8

Horizontal coordinate/pm

N
c —0.02
—0.6 1
—0.01
g —0.5 1 g
= 0 =
_0.4 3
£ 0.01 £
£ —0.31 S
ks 0.02 Es
3 —0.21 2.45 2.50 2.55 2.60 2.65 3
S 3
— —0.11 —
@ ]
o s}
2 03 E
S o =
0.2
0.3

2.4 2.6 2.8 3.0 32 34 36 3.8
Horizontal coordinate/pm

B8 Vos=0V, Vpg =10V, Gtk T I it #op4ii

—-0.7
—0.61

|
o
3

—0.4 1
—0.31
—0.2
—0.1 1

0.1
0.2
0.3

~0.2 ] 245 250 255 2.60 2.65

~0.11 u
0]

0.1

0.3 ;

POBEAE 5 ORS00 22 5 8O 32 S 23 AT
ACEEP R, MARRAER) 2DEG WL

3.2 BRGNS BRI

A B RO, B X R S B B s () B
X3, BV ARI 2 B B R AL, BE T TR e 17 i A
AR FRFT T M AR DX 3k DA [ S5 0 2354 )
. LIXGAE GaN HEMT g8 MiFse st 4, &
G LU TR AR | SRR« R S R R
YR a5kt gk A N B 2. [ 8 SR Uk
MR FEEMFERET (Vog = 0V, Vpg =
10 V), 3t T o A AfE Ol 25 RF W, 14
057 W 45 44 ) ER AR AR A S AR X ISR B R
R IO N E I e (P = ST R R L AT}
Al = A7 i 25 ) DO A ARG S T AR 300 R Ak ) R
P RIZAAL. ZIGIE T S R HE A Y
JUAnT S50 5 Fa 340 BE A 2878 E R L BvRh 5 B ik
Ytz ka v, 4 T MR 1 I B 2 1 LAY Sk
H VA TE R, K Hfar R T A A B 2RI
i AN P S IS O i S 18710 o 7 R I s 2

(b) —0.02
—0.01
0
0.01
0.02
2.45 250 2.55 2.60 2.65
0 <
10.0
Z
8.4 =
T T T T T 6.9 E
24 26 28 30 32 34 36 38 2
Horizontal coordinate/pm 5.3 S
~0.7 7%
1@ —0.02 21 %
—0.01 0.6 g
0 0B
0.01
0.02

24 26 2.8 3.0 3.2 34 3.6 3.8
Horizontal coordinate/pm

() WG (b) BRI (o) bt (d) & BT

Fig. 8. Vg = 0V, Vpg = 10 V, potential distribution beneath the field plate: (a) Conventional field plate; (b) slant field plate;

(c) stepped field plate; (d) discrete field plate.
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Fig. 9. Vg =0V, Vpg = 10 V, device temperature distribution: (a) Conventional field plate; (b) slant field plate; (c) stepped field

plate; (d) discrete field plate.

5.5

[(a) —® 1st channel with slant

5.0 —@- 1st channel without slant

e

1.0

o 457 —A— 2nd channel with slant

IE 4.0 + ~¥- 2nd channel without slant

o

g' 3.5T 32.5

~ 3.0F 27.5F

> 22.5F

o 257 z 175}

~ -

> 20F Zo125f

g 75E

E 1.5} 2.5 e \““‘“‘
= et
i)

=

—2.5
24 25 26 27 2§

0.5} e

0

Horizontal coordinate/pm

El 10

5 . . . . . . . . .
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5

Vas = 0V, Vpg = 10 V, BFIHRIE X887 AlGaN/GaN #fi F 5 1 nm 1538

\

~0.25

P
—~1.50

o

=-2.75

<

—4.00

—5.25
24 25 26 27 28

—i- 1st channel with slant
—T[ —@ 1st channel without slant
_g8 | & 2nd channel with slant
~¥ 2nd channel without slant

1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0 5.5

Horizontal coordinate/pm

Electric field/(10% V-cm~—1)
|
o

(a) BT R 231 (b) 488 1 L35 0 A1
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tric field distribution in the 1 nm channel below the upper AlGaN/GaN interface; (c) output characteristic curves.
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SPECIAL TOPIC—Heat conduction and its related interdisciplinary areas

Electrothermal modeling of self-heating effects in multichannel
GaN HEMTSs and optimization of field plate structures”
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Abstract

Multi-channel GaN HEMTs enhance the overall device performance by vertically stacking multiple
AlGaN/GaN heterojunctions. This structure increases the total two-dimensional electron gas (2DEG)
concentration while maintaining high mobility in each channel. However, it also introduces complex self-heating

challenges. Although current sharing among multiple channels reduces the average heat flux per channel, the
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dense vertical stacking leads to significant inter-channel thermal coupling. This coupling especially impairs heat
dissipation in the middle channels, resulting in severe non-uniform temperature distribution. The gate-drain
region sustains both high current density and high electric field, causing a concentrated heat flux distribution,
thereby further aggravating self-heating effects. To address these issues, this work proposes a bidirectional
electro-thermal coupling model for multi-channel GaN HEMTs. The model self-consistently solves the drift-
diffusion equations and the Fourier heat conduction equation. Bidirectional coupling is achieved by
incorporating the temperature dependence of carrier mobility. This approach accurately characterizes the
electro-thermal distribution of the device. Simulation results reveal significant vertical thermal coupling between
adjacent channels. The middle channel exhibits the most severe temperature rise, with its temperature
approximately 1520 K higher than that of edge channels under typical operating conditions. Moreover, the
current density degradation due to self-heating in the hottest channel reaches a non-negligible level, fully
demonstrating the necessity of coupled simulation. Based on the advantages of field plates in optimizing electric
field distribution and improving breakdown voltage, this study further explores their feasibility in suppressing
self-heating by modulating the channel electric field. The effects of four different gate-drain field plate structures
on electric field and heat flux distribution are systematically evaluated. Results show that the slanted field plate
is the most effective configuration. Its underlying mechanism is transforming the single large potential drop
concentrated at the gate edge into multiple gradual steps along the channel. This smoothes the electric field
distribution and significantly reduces the peak heat flux density. Through parametric optimization, an optimal
configuration with a 6° slant angle and a 1.2 pm length is identified. Compared to the structure without a field
plate, this design reduces the peak electric field and peak heat flux density by approximately 75%. The
maximum channel temperature decreases from 472.8 to 461.9 K, a reduction of about 6%, while the device’s
electrical performance remains largely unaffected. This study provides critical insights into the unique electro-
thermal coupling mechanisms in multi-channel GaN HEMTs. It also demonstrates that optimally designed
slanted field plates offer an effective approach for enhancing the thermal reliability of high-performance GaN

power devices.
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