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Table 1. Parameters of the Caughey-Thomas carrier mo-

bility model.
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Table 2. Parameters of the SRH and Auger recombina-
tion model.
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Table 3. Parameters related to the Okuto-Crowell
ionization model.
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Fig. 1. Cross-sectional Schematic of a Vertical GaN SBD.
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Table 4.  Simulation parameters for vertical GaN SBD
devices.
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Fig. 2. Forward - V Characteristic of GaN SBD.
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Fig. 3. Potential distribution in the GaN SBD at a 3 V for-

ward bias.
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Fig. 4. Reverse I-V Characteristics of the GaN SBD with a
drift region doping concentration ranging from 3x10% to
2x10% cm 3.
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Fig. 5. Forward J-V characteristics of the GaN SBD with
temperatures from 300 to 500 K.

AF ) 3 B2 5 161 P A sz 1) itk s FEL 3 2% B 4] 6
PR, 76 T = 300 K., R HL R 300 V AT,
HASF] 1.89 x 10712 Alem?® B L 3 . SR,
TZAE R R T e S AN, 3K TR R R
I i B A P55 ) T B0 R A e BE BRI, (A
PIGEOR FHLHI B R, BEE 1T R

7 1/4
q'Np
qu)Inirrorforce - |:8T(2€§(%1 + VR):| . (14)

i (14) AR, SR 5E B 2 RIS BEE
Ir) i PP, Vi 39K T A 3

Lot BV =599 V
= BV =530 V
o~
9 106f
o g BV =462 V
52
s o5} — T=300 K
~
g5 BV =400 V — T=350 K
é é —~10 — T=400 K
g3 1077% T=450 K
: 7=
~ BV =342 V — T=500 K
10—12

0 50 100 150 200 250 300 350
Reverse voltage/V

K 6 CaN SBD 7£ 300—500 K i K 75 FBl P9 4 S 17 3tk Vi v
Fig. 6. Reverse leakage current density of the GaN SBD

across a temperature range of 300 to 500 K.
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Fig. 7. Cross-sectional schematic diagram of the MPS GaN
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Fig. 10. (a) Joule heat distribution in the MPS GaN SBD; (b) recombination heat distribution in the MPS GaN SBD.
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Fig. 11. Reverse -V characteristics of the MPS GaN SBD

with different p-region doping concentrations.

B 12 25 1 T 2 5 1 R il (sl 7
r=0pm, y = 0—>5 pm) EAHIZ . K]
DB, Y p KBARKE N, =4x 10" cm™3 i, 4
R A Mo 2 T 1) PR 0 B R TR R S, R Ut
i p XHIZFRRCRA 2, SRR i ad. 5
LR B A LT, p-GaN 5 n-GaN 45 i FE /R3¢
o AR L 3 DN 1 R e AL s B e F Ak b, A7
Ak R A AL R R, (AR 2R H s BT

—— N, =4Xx10% ¢cm~3
—— N, =8x%101 cm~3
—— N, =1x107 cm—3
~6- N, =5x107 cm~—3
—— N, =1x108 cm~3

20F
1.5

1.0

Electric field/(MV-cm~1)

0.5

Length/pm

Kl 12 MPS GaN SBD H 4L Al Lk (2= 0 pm, y =
0—>5 pm) b HL 401
Fig. 12. Electric field distribution along the vertical line
through the Schottky contact of the MPS GaN SBD (z =
0 pm, y =0 to 5 pm).

Bk p KBARKEES), p RIX IR 250 R 5
iZ MPS GaN SBD Wil ZE P RE % UIAHC, anf&l 13
DL 14 iR, TR p KB 2R EE T, MPS
GaN SBD Wy ili FHL RS p X SEHE W, L 2
T, S EAC, BB R p X454 R Be A 3o
SR, Bl R AR g e e XU, DT e
ZEHLE.

1600

1400 — |

< —a— N, =4x10' cm—3
& 1200F o N, =8x1016 cm~3
8 —& N, =1x10'7 cm~3
g w00f - e
=] //
£ 800F
=z & N, =5x10'7 cm—3
§ 600F —= N,=1x10' cm~3
M

400 |

200 . .

1.0 1.2 1.4 1.6

Wp/nm

13 MPS "G FRIES p KIEE W, MKHR, T, =
0.4 pm

Fig. 13. Breakdown voltage vs. width of the p-region (W,)
for the MPS Diode, with T}, = 0.4 pm.

1600

1400 p———

—— N, =4x10% cm—3
1200 —— Na =8X 1016 cm—3
N,=1x10'7 cm~3

1000 ;///

800 F
~—#— N, =5x107 cm—3

600 F —— N,=1x1018 cm—3
400

200 . .
0.4 0.6 0.8 1.0

Tp/nm

Breakdown voltage/V

14 MPS —#HEHFHES p X&EE T, KR, W, =
1.0 pm

Fig. 14. Breakdown voltage versus p-region height (7,) for
the MPS Diode, with W, = 1.0 pum.

AR SCHE T AR A TR RS- OB AR Xl
GaN SBD M H: MPS %5 #4) I Jig Z 5 b 5 15 51,
RGNS 2B 5% REA LS MPS p K&
B 1E 1) 38 L 2 ) ik 5 o R A R M AL
P EEAEBIT.

110708-7


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

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 11 (2026)

110708

1) AR SCEEST T3 H GaN SBD/MPS H H B
B BB A, RS —HELE T X IE 7] &
i I S AT N AT S AU A, Rl 4
T IE ) AT AR H A5 5 A A A3 1) S A RRAE,
ESHAL SR S DA SRR T3 B

2) ZRRN], AR B R L T i T 1 9 OE
[n) S RE J7, (H 2 BEAR S [l BELIBTRE 7, S et 5
PFE S TR Z (B 4T h 5C & B IR T, i
55 ¥ R ) A e s A TR IR, T
HL D2 X AR 0 e EL S e it g, 1
P B R il 2 A A 35 Ay RS

3) SI AL MPS 549 7T 5@ 3 p IXFER 8K
IO TG A P R ST LA, DT S S R T s 4
i p KBAEES K p K RSFA I T 5 43 A O
Pt o o, B2 A ) FL U 85 T BT IE ]
i FL R T H

BT EROTESR, AL p KB 5L
BRI, 255158828 2% 5 IR ROV X3
i s S EEn 2, 45 EEE GaN SBD/MPS
SBR[ Ry @R oA 5 3] 5
PEPPAG SRAE SR — 1 AR & AR 1k

S7% 30k

1] Liu C,LiM, Wen Z, Gu Z Y, Yang M C, Liu W H, Han C
Y, Zhang Y, Geng L, Hao Y 2022 Acta Phys. Sin. 71 057301
(in Chinese) [XIAL, Z=H, SCIE, WUEIIR, bW, X TR, i
A, BT BKET, ABER 2022 PBEAEHE 71 057301

[2] Sun Y, Kang X, Zheng Y, Lu J, Tian X, Wei K, Wu H,
Wang W, Liu X, Zhang G 2019 Electronics 8 575

[3] Yang T H, Fu H Q, Chen H, Huang X Q, Montes J,
Baranowski I, Fu K, Zhao Y J 2019 J. Semicond. 40 012801

[4] Zhang X, Zou X B, Lu X, Tang C W, Lau K M 2017 IEEE
Trans. Electron Devices 64 809

[6] Yan Z H, Yuan S, Jiang X, Deng C F, Pang Z J, Bu X S

(10]
(1]

(12]
(13]

(14]
[15]

[16
1
1
1
[20

R =R =Ae R =2)

22]

(23]
[24]

[25]
[26]

(27]
28]
(29]

(30]

110708-8

2023 IEEFE Trans. Electron Devices 70 5087

Zhang Y L, Lu X, Zou X B 2019 Electronics 8 1550

Bouzid F, Pezzimenti F, Dehimi L 2017 Jpn. J. Appl. Phys.
56 094301

Lu B W, Xu S R, Huang Y, Su H K, Tao H C, Xie L, Ding X
L, Rong X R, Liu S K, Jia J Y, Zhang J C, Hao Y 2025 Acta
Phys. Sin. 74 194202 (in Chinese) [0, ¥R s, K, 4
Bl WA, T/ E, SRR, XV, BOCE, skibag, #8
BR 2025 34 74 194202)

Wang S, Ge C, Xu Z Y, Cheng A Q, Chen D J 2024 Acta
Phys. Sin. 73 177101 (in Chinese) [T U1, 55 /2, 4, WE
R, BRECEE 2024 Y)HE2AAR 78 177101]

Kantner M 2020 J. Comput. Phys. 402 109091

Glitzky A, Liero M, Nika G 2022 J. Math. Anal. Appl. 507
125815

Deinega A, John S 2012 Comput. Phys. Commun. 183 2128
Zhang T C, Chen D N, Li C Y, Zhang L M, Xu Z Y, Cheng
A Q, Bao H G, Ding D Z 2023 Acta Phys. Sin. 72 147101 (in
Chinese) [RK AL, BRUIE, ZEFF, KRR, RAHE, Ui, 6
A1 TR 2023 PIHIAIR 72 147101]

Caughey D M, Thomas R E 1967 Proc. IEEE 55 2192

Canali C, Majni G, Minder R, Ottaviani G 1975 IEEE Trans.
Electron Devices 22 1045

Ottaviani G 1976 IEEE Trans. Electron Devices 23 1113
Shockley W, Read W T 1952 Phys. Rev. 87 835

Hall R N 1952 Phys. Rev. 87 387

Dziewior J, Schmid W 1977 Appl. Phys. Lett. 31 346

Okuto Y, Crowell C R 1975 Solid-State Electron. 18 161
Fischer A, Koprucki T, Gértner K 2014 Adv. Funct. Mater.
24 3367

Fischer A, Pfalz M, Vandewal K 2018 Phys. Rev. Appl. 10
014023

Gummel H K 1964 IEEE Trans. Electron Devices 11 455
Scharfetter D L, Gummel H K 1969 IEEE Trans. Electron
Devices 16 64

Gaur S P, Navon D 1976 IEEE Trans. Electron Devices 23 50
Gdawiec K, Kotarski W, Lisowska A 2021 Numer. Algorithms
86 953

Li G Z, Ren Y, Wang L, Wang Q L, He L, Li L A 2023
Vacuum 211 111954

Maeda T, Narita T, Yamada S 2021 J. Appl. Phys. 129
185702

Zhou Y H, Wu Q S, Zhang Q, Li C Z, Zhang J W, Liu Z X,
Zhang K, Liu Y 2022 AIP Adv. 12 065117

Wang H, Chen S, Chen H, Liu C 2022 [IEEFE J. Electron
Devices Soc. 10 504


https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.7498/aps.71.20211917
https://doi.org/10.3390/electronics8050575
https://doi.org/10.3390/electronics8050575
https://doi.org/10.3390/electronics8050575
https://doi.org/10.3390/electronics8050575
https://doi.org/10.3390/electronics8050575
https://doi.org/10.3390/electronics8050575
https://doi.org/10.3390/electronics8050575
https://doi.org/10.1088/1674-4926/40/1/012801
https://doi.org/10.1088/1674-4926/40/1/012801
https://doi.org/10.1088/1674-4926/40/1/012801
https://doi.org/10.1088/1674-4926/40/1/012801
https://doi.org/10.1088/1674-4926/40/1/012801
https://doi.org/10.1088/1674-4926/40/1/012801
https://doi.org/10.1088/1674-4926/40/1/012801
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2017.2647990
https://doi.org/10.1109/TED.2023.3306736
https://doi.org/10.1109/TED.2023.3306736
https://doi.org/10.1109/TED.2023.3306736
https://doi.org/10.1109/TED.2023.3306736
https://doi.org/10.1109/TED.2023.3306736
https://doi.org/10.1109/TED.2023.3306736
https://doi.org/10.1109/TED.2023.3306736
https://doi.org/10.3390/electronics8121550
https://doi.org/10.3390/electronics8121550
https://doi.org/10.3390/electronics8121550
https://doi.org/10.3390/electronics8121550
https://doi.org/10.3390/electronics8121550
https://doi.org/10.3390/electronics8121550
https://doi.org/10.3390/electronics8121550
https://doi.org/10.7567/JJAP.56.094301
https://doi.org/10.7567/JJAP.56.094301
https://doi.org/10.7567/JJAP.56.094301
https://doi.org/10.7567/JJAP.56.094301
https://doi.org/10.7567/JJAP.56.094301
https://doi.org/10.7567/JJAP.56.094301
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.74.20250610
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.7498/aps.73.20240765
https://doi.org/10.1016/j.jcp.2019.109091
https://doi.org/10.1016/j.jcp.2019.109091
https://doi.org/10.1016/j.jcp.2019.109091
https://doi.org/10.1016/j.jcp.2019.109091
https://doi.org/10.1016/j.jcp.2019.109091
https://doi.org/10.1016/j.jcp.2019.109091
https://doi.org/10.1016/j.jcp.2019.109091
https://doi.org/10.1016/j.jmaa.2021.125815
https://doi.org/10.1016/j.jmaa.2021.125815
https://doi.org/10.1016/j.jmaa.2021.125815
https://doi.org/10.1016/j.jmaa.2021.125815
https://doi.org/10.1016/j.jmaa.2021.125815
https://doi.org/10.1016/j.jmaa.2021.125815
https://doi.org/10.1016/j.cpc.2012.05.016
https://doi.org/10.1016/j.cpc.2012.05.016
https://doi.org/10.1016/j.cpc.2012.05.016
https://doi.org/10.1016/j.cpc.2012.05.016
https://doi.org/10.1016/j.cpc.2012.05.016
https://doi.org/10.1016/j.cpc.2012.05.016
https://doi.org/10.1016/j.cpc.2012.05.016
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.7498/aps.72.20230452
https://doi.org/10.1109/PROC.1967.6123
https://doi.org/10.1109/PROC.1967.6123
https://doi.org/10.1109/PROC.1967.6123
https://doi.org/10.1109/PROC.1967.6123
https://doi.org/10.1109/PROC.1967.6123
https://doi.org/10.1109/PROC.1967.6123
https://doi.org/10.1109/PROC.1967.6123
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1975.18267
https://doi.org/10.1109/T-ED.1976.18555
https://doi.org/10.1109/T-ED.1976.18555
https://doi.org/10.1109/T-ED.1976.18555
https://doi.org/10.1109/T-ED.1976.18555
https://doi.org/10.1109/T-ED.1976.18555
https://doi.org/10.1109/T-ED.1976.18555
https://doi.org/10.1109/T-ED.1976.18555
https://doi.org/10.1103/PhysRev.87.835
https://doi.org/10.1103/PhysRev.87.835
https://doi.org/10.1103/PhysRev.87.835
https://doi.org/10.1103/PhysRev.87.835
https://doi.org/10.1103/PhysRev.87.835
https://doi.org/10.1103/PhysRev.87.835
https://doi.org/10.1103/PhysRev.87.835
https://doi.org/10.1103/PhysRev.87.387
https://doi.org/10.1103/PhysRev.87.387
https://doi.org/10.1103/PhysRev.87.387
https://doi.org/10.1103/PhysRev.87.387
https://doi.org/10.1103/PhysRev.87.387
https://doi.org/10.1103/PhysRev.87.387
https://doi.org/10.1103/PhysRev.87.387
https://doi.org/10.1063/1.89694
https://doi.org/10.1063/1.89694
https://doi.org/10.1063/1.89694
https://doi.org/10.1063/1.89694
https://doi.org/10.1063/1.89694
https://doi.org/10.1063/1.89694
https://doi.org/10.1063/1.89694
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1016/0038-1101(75)90099-4
https://doi.org/10.1002/adfm.201303066
https://doi.org/10.1002/adfm.201303066
https://doi.org/10.1002/adfm.201303066
https://doi.org/10.1002/adfm.201303066
https://doi.org/10.1002/adfm.201303066
https://doi.org/10.1002/adfm.201303066
https://doi.org/10.1103/PhysRevApplied.10.014023
https://doi.org/10.1103/PhysRevApplied.10.014023
https://doi.org/10.1103/PhysRevApplied.10.014023
https://doi.org/10.1103/PhysRevApplied.10.014023
https://doi.org/10.1103/PhysRevApplied.10.014023
https://doi.org/10.1103/PhysRevApplied.10.014023
https://doi.org/10.1109/T-ED.1964.15364
https://doi.org/10.1109/T-ED.1964.15364
https://doi.org/10.1109/T-ED.1964.15364
https://doi.org/10.1109/T-ED.1964.15364
https://doi.org/10.1109/T-ED.1964.15364
https://doi.org/10.1109/T-ED.1964.15364
https://doi.org/10.1109/T-ED.1964.15364
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1969.16566
https://doi.org/10.1109/T-ED.1976.18346
https://doi.org/10.1109/T-ED.1976.18346
https://doi.org/10.1109/T-ED.1976.18346
https://doi.org/10.1109/T-ED.1976.18346
https://doi.org/10.1109/T-ED.1976.18346
https://doi.org/10.1109/T-ED.1976.18346
https://doi.org/10.1109/T-ED.1976.18346
https://doi.org/10.1007/s11075-020-00919-4
https://doi.org/10.1007/s11075-020-00919-4
https://doi.org/10.1007/s11075-020-00919-4
https://doi.org/10.1007/s11075-020-00919-4
https://doi.org/10.1007/s11075-020-00919-4
https://doi.org/10.1007/s11075-020-00919-4
https://doi.org/10.1016/j.vacuum.2023.111954
https://doi.org/10.1016/j.vacuum.2023.111954
https://doi.org/10.1016/j.vacuum.2023.111954
https://doi.org/10.1016/j.vacuum.2023.111954
https://doi.org/10.1016/j.vacuum.2023.111954
https://doi.org/10.1016/j.vacuum.2023.111954
https://doi.org/10.1063/5.0050793
https://doi.org/10.1063/5.0050793
https://doi.org/10.1063/5.0050793
https://doi.org/10.1063/5.0050793
https://doi.org/10.1063/5.0050793
https://doi.org/10.1063/5.0050793
https://doi.org/10.1063/5.0098669
https://doi.org/10.1063/5.0098669
https://doi.org/10.1063/5.0098669
https://doi.org/10.1063/5.0098669
https://doi.org/10.1063/5.0098669
https://doi.org/10.1063/5.0098669
https://doi.org/10.1063/5.0098669
https://doi.org/10.1109/JEDS.2022.3185618
https://doi.org/10.1109/JEDS.2022.3185618
https://doi.org/10.1109/JEDS.2022.3185618
https://doi.org/10.1109/JEDS.2022.3185618
https://doi.org/10.1109/JEDS.2022.3185618
https://doi.org/10.1109/JEDS.2022.3185618
https://doi.org/10.1109/JEDS.2022.3185618
https://doi.org/10.1109/JEDS.2022.3185618
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

#) 32 2 3R Acta Phys. Sin. Vol. 75, No. 11 (2026) 110708

Investigation of electro-thermal simulation and performance
control in GaN Schottky barrier diodes”

YAN Yegiang REN Xingang? XIAO Hui
XIA Zhaosheng HUANG Zhixiang*!

(Key Laboratory of Intelligent Computing & Signal Processing, Ministry of Education, Anhui University, Hefei 230601, China)

( Received 13 November 2025; revised manuscript received 17 February 2026 )

Abstract

Power devices are key components in power electronic systems and are widely used in aerospace, electric
vehicles, high-voltage direct current (HVDC)/flexible alternating current transmission systems (FACTSs),
AC/DC motor drives, and household appliances. As silicon is limited by its narrow bandgap and low critical
electric field, the performance of silicon-based power devices is approaching the theoretical material limit. Owing
to its wide bandgap, high critical electric field, excellent thermal stability, and high carrier saturation velocity,
gallium nitride (GaN) has emerged as a leading candidate material for next-generation power devices. Enabled
by advances in free-standing n-type GalN substrates, fully vertical GaN devices have achieved rapid progress,
featuring high current capability, high breakdown voltage, a compact chip footprint, and superior thermal
management. Among them, vertical GaN Schottky barrier diodes (SBDs) have attracted considerable attention
because of their low forward voltage drop and fast switching characteristics. In this work, an electrothermal
physical model based on the drift-diffusion equations is developed for a vertical GaN SBD. The effects of the
drift-layer doping concentration on the forward and reverse characteristics are quantitatively analyzed, and the
forward conduction behavior at various ambient temperatures is investigated to elucidate the temperature-
dependence behavior of the J-V characteristics. Furthermore, a merged pn-Schottky (MPS) structure is
proposed, and the influences of p-region geometry and doping parameters on the electric-field distribution,
forward conduction, and reverse blocking performance are systematically studied. The results provide theoretical

insights and practical design guidelines for optimizing high-performance vertical GaN power diodes.
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