#) 32 2 3R Acta Phys. Sin. Vol. 74, No. 19 (2025)

194202

RREREMS AKX BXEEEH GaN

HBEEZRE
HRB HAD
1 347

%48 5 1Y
TARD  FE KD

1) (P92 R RO A R B AT, e8I X TR L,

MY gD H&EY
Fasy stk MEKY

SEASAHF R RS SRS AR 2 EE A, VI 710071)

2) (P& FRHERSAFEII T, Sest i T2 s iy, 58 241000)
(2025 4E 5 A 8 HIk#; 2025 4F 6 A 30 HULEMERR)

GaN it 1 FEH 32 TR (SBD) #F HA DR % B v L 5 40808 w1 DL BT DGR M AP S5 L . GaN A1k}
TS IR A AE 3 AR R AN ]l b 2 5 KR B2 4, LA & S B A R T SRR S A SCIRGE T —Fh e A 2
PE GaN B e b A KT 4 1Y AL AL 4 % 8 N+ /N GaN 1T 5 SBD %1, &5 40 ¥ X S i 5HU RS 7 1 i
MR RS R BN, £ 0 X8 GaN w1 IR ESEB T B0 455 R 1.01 x 10° cm 2, REH 4 MR AREES 0.149 nm
(18 8 JO e AR 2 1 A K R T v U o A AE 22 S 1 R A S R AT A 28 . 3 A D S AR A B R L
T, TER IR R -5 VBRI 1070 A /em? AR R da 25 1, 15 76 0 5 A0 A OIS I [) 2 1 4 10 6 B2 2 4
AL, B ik J L G 4 AR . SCIR A5 R, BE T [ S GaN 4 IR 1Y 1 3 1 GaN 2k SBD R I &
REEARR 8 2 114 I ) s L, A% R i 482 7 31 1 SBID 88 14 1) L 24 PR BB i FH RO 0 0% X0 T A 28 4 2R AT OB, 1
T TR SBD #8155 IR R R B AR R AR B AL 2, SRR T IR LB, BRI RO EAT T AR IR IR, 7R iR
BE R 100 °C R, R BGEALT 10° A/cm® fHR LR, IEBT T A 528 GaN % i L ifETE & SBD 24 F EA LR

F19 IS i 53¢

KR A GaN, (iFTHE, e G RP L A, e tne

PACS: 42.55.Ye, 61.72.Ff, 81.15.Kk, 85.35.Gv
CSTR: 32037.14.aps.74.20250610

il

1 3

GaN PRLEA HEZB A SERETE (3.42 eV).
7 2° 5 (3.4 MV /em) UL M B T3 % R 5
(2000 cm? V-Ls) ZEfL R HEVE, i1 GaN M HZ
JLE4 MR (InGaN, AlGaN £8) k4 & & T HE
L 10l GaN Jk Rk #h22 — A (SBD) #£
FL T L | AR I A 25 A K A S A A

DOI: 10.7498/aps.74.20250610

AV, AR BB S PR 2 — 7 (EUR T4
ek B 5 B R S 1) FL I R R A R A
REFNTTSEME, BHLAS T GaN 3% SBD iF—25 1 H 5
E275 4k

U JUAR FE N AMIGE R TE A S8 GaN #fJE B A=
K93 E Y SBD T i Y b A I i e B LR L
FOPERE O 1. BRI T3 B SBD 75 25XF GaN 4
JIEH WFEAT AL B, e 25 B alom FLEOR 12, T
2B A B B . T ETE Y SBD R 4L

* ERE SRR (HEHES: 2022YFB3604400) . BEPYAE H A=A SR TR (HEHES: 2023-JC-JQ-56) HE [+ 5 Rl 2= i 4
(HEHES: GZC20241306). EZR A RRIERES HEHES: 62404167) FIrh REBIEARRIRL 5 3% (ttifES: ZYTS25216, ZYTS25225)

e B R
t BIEVEH. E-mail: srxu@xidian.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

194202-1


http://doi.org/10.7498/aps.74.20250610
https://cstr.cn/32037.14.aps.74.20250610
mailto:srxu@xidian.edu.cn
mailto:srxu@xidian.edu.cn
http://wulixb.iphy.ac.cn
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. 74, No. 19 (2025)

194202

MT 25 HATER AR ERN P T2 FEH
TNSEZs, LT EIMAERR T 2 e B 2= T4
&Rk, fETE E A SBD g H A BTz T
i FH i 5L

S AR, TR S AN E ) T Ok
il & T B SBD BYAME B, {HJR 55 B /MERT IR S
GaN Z [Al /775 ™ 5 1Y i s R B AR L, S 34h
FEA KA GaN MBI BT R 22, 4 gk
AEtibtiZ iR 1k, b T EE GaN fEFE B SBD FME)Z
(45 i, $ETH AR RE, AR SCLL A 2 GaN
VB R d ST AP 2 A= K T Tl 45 HEHE . GaN SBD
o, FEANE FH AR S A RIS 1 A\ S L AR
TEOCT, SEELT R L B 10° A /em?,
TR 7 x 108 DURIFJR RN 0.61 V By =
REAR 1. 55 R FHAR R T 201 45 0 i 5 A R B
GaN %t SBD AL, it 3 25 BEAIK 4 DR

2.1 MOCVD 5ME GaN E SBD 4544

ARS8 il #4524 Prismo PD5 ) MOCVD
(metal-organic chemical vapor deposition) % £ ,
16 A % GaN #Ji§ (JEBEE K 350 pm) M & KA
10 pm GaN B 5 F A #HIE (BN 430 pm) Lk
17 H GaN JE SBD #rfFMEZ M FMEA K. B
PRINE T 2056 R 1 5, ] NH, /E2 NI, fif
FH Hy A1 No MR8, AR RIREEN 1.2 pm AYEER
BB GaN (U-GaN) Z b Z; B)5, i TMGa
YER R Ga Y&, Jitit A 630 mL/min(bRifEkod),
fdiF NH, £ J9 BOvi NI, i H F1 Ny AR 30,

I R 100 mL /min (b5 VR B0 ) A ik e i
frn B ZR, AEKIEFE N 1.2 pm A4S GaN (N*-
GaN, BRKE R 1 x 10 ecm®) 1£4i)2; m/51E
HABZRAAAE, fERE AR 0.4 mL/min (bR AL)
AT AR 4.4 pm B WS GaN(N-GaN, £
FRURBER 1 x 10" em ) IR )2, Ho, #E H SO H%
GaN B S L AMERFE L AES a, A 10 pm
GaN FME 2 T AR EAMERRESIE RS b.

HEEH GaN £ SBD HH&
SEMAE AL a FIFESD b BAMELE KIS, iR T
TR, KT AL 1 s,

1) MRTEYE. BB =ABR: B RAEN
i 7 90 P T VE 10 min, DA 2SR mAFAE A
BLIG YL 55 20 R AE QBT 75 VS BE 10 min,
PEZAR TR B N BRI 55 =R TS 4l N, K
BEAIR T, S8 BURE il BTE VE.

2) F 1 Z0 . A BT R AR A e
T Si0, MEAHERRZ, 15 Si0, M2 L HEd 20
RHEZI T 200 R a2k b, B R
IO 5§ 2l S0, HEREJZE, 25 B FHAR X I8N Si0,,
I 3 2R Si0, 215k T4, fc ) T P A
TRV W T R FH R P I AR A T 0 O, VLR A O
ZIE.

3) Wi i 4 i e RGBSR AR TE G A
FARTE B B 52, Bl e R FH LT R 2% R H AR TE R
e X BAR YR GERR Ti/AL/Ni/Au DU JZ 4 & T 1 i i
Hefih, Z & Jm AR, e Ny 5UR R TR K.

4) BAAR 4 o e FRUSGR K SR AR S 2 H R
T A BH W 1 5, 9 A DX 38 3 AU BE R 30 nm/

2.2

N—--GaN N—-GaN
N+-GaN ‘ N+-GaN
u-GaN u-GaN
Sl P
Schottky l
Ohmic Y Ohmic ©Ohmic N Y Ohmic
N+-GaN _ N+-GaN
u-GaN u-GaN
B e BURIE K4 B AR
Bl 1 WEdE 1 GaN SBD SRl & T2 A

Fig. 1. Preparation process flow chart of quasi vertical GaN SBD device.
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Fig. 2. SEM image of GaN SBD device with quasi vertical

structure.
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Table 1. FWHM and dislocation density of two
groups of samples on the (002) and (102) crystal
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Fig. 3. XRD rocking curves of (002) plane (a) and (102)
plane (b) of samples a and b.
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Fig. 4. AFM images of sample a and sample b.
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Fig. 5. Raman spectra of sample a and sample b at room

temperature.
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Fig. 6. Forward and reverse [V curves of device a and

device b in semi-logarithmic coordinates.
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Fig. 7. Breakdown characteristic curves of device a and

device b.
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Fig. 8. Forward and backward IV characteristics of device
a (a) and device b (b) with temperature in semi-logar-

ithmic coordinates.
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Fig. 9. EMMI images of device a (a) and device b (b) un-
der reverse bias of 10 V.

194202-5


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. 74, No. 19 (2025)

194202

AT R A SO GaN #fJiE NT/N- GaN
HNIE il g T BATIRIRG R | R TG LRI A T L
454 SBD #AF. 14 T A SCHEATRAMER R 5 8
P A AN E R FAR AL B BE L5, AP
T S e R AL B 1070 A fem?, JFCHE
BT x 108, FfE R AR T R T SRR A
1, IR PR T B I R A AR PRI
5. feJa, (8 H EMMI X g8 08 I B X st 47
o, ke T ETE 1 SBD g 3 Zk e v A AL, HIE
W T 2T A % GaN #IRGHESE B SBD #r 1 7E
RRINREGHE RIS BAT IR A

S 30k

[1] Liu X, Xu S R, Zhang T, Tao H C, Su H K, Gao Y, Xie L,
Wang X H, Zhang J C, Hao Y 2025 Appl. Phys. Lett. 126
202103

[2] XuS, Xu S R, Wang X H, Lu H, Liu X, Yun B X, Zhang Y
C, Zhang T, Zhang J C, Hao Y 2023 Acta Phys. Sin. 72
196101 (in Chinese) [#R¥E, V¥ k3, F.000, 53, X0, 531
He, TRAEE, 5K, SRIERL, ABIR 2023 PR 72 196101

3] SuHK, Xu SR, Tao H C, Fan X M, Du J J, Peng R S 2021
IEEE Electron Device Lett. 10 1109

[4] Xu K, Xu S R, Tao H C, Su H K, Gao Y, Yang H, An X,
Huang J, Zhang J C, Hao Y 2024 Acta Electron. Sin. 52 3907
(in Chinese) %L, V¥, P B, AR, S, bk, LR,
R, SRAERL, AR 2024 HL T2 52 3907)

[6] Su H K, Zhang T, Xu S R, Tao H C, Gao Y, Liu X, Xie L,
Xiang P, Cheng K, Hao Y, Zhang J C 2024 Appl. Phys. Lett.
124 162102

[6] Tan G H, Yan F, Chen X L, Luo W K 2018 Appl. Opt. 10
1364

[7] Brendel M, Helbling M, Knigge A, Brunner F, Weyers M
2015 Electron. Lett. 51 1598

[8] Zhang Y, Wong H Y, Sun M, Joglekar S, Yu L, Braga N A
2015 IEDM 10 1109

[9] Jin WY, Zhang Y M, Xia S Y, Zhu Q Z, Sun Y H, Yi J M,

(10]
(1]
(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

21]
[22]
23]
[24]
[25]
[26]
[27]
28]

(29]

194202-6

Wang J F, Xu K 2024 AIP Adv. 14 095118

Xu J Y, Liu X, Xie B, Hao Y L, Wen C P, Wei J 2023 IFEE
Trans. Electron. Device 32 41260

Liao Y Q, Chen T, Wang J, Cai W T, Ando Y, Yang X,
Watanabe H, Tanaka A 2022 Appl. Phys. Lett. 120 122109
Yoshizumi Y, Hashimoto S, Tanabe T, Kiyama M 2007 J.
Cryst. Growth 298 8758

Ban K, Yamamoto J, Takeda K, Ide K, Iwaya M, Takeuchi
T, Kamiyama S, Akasaki I, Amano H 2011 Appl. Phys.
Express 4 052101

Lu H, Xu S R, Huang Y, Chen X, Xu S, Liu X, Wang X H,
Gao Y, Zhang Y C, Duan X L, Zhang J C, H Y 2024 J.
Inorg. Mater. 202 30490

Lu X, Liu C, Jiang H X, Zou X B, Zhang A P, Lau K M 2016
Appl. Phys. Express 9 031001

Li Q B, Liu G X, Wang S Z, Liu L, Yu J X, Wang G D, Cui
P, Zhang S Y, Xu X G, Zhang L 2025 Surf. Interfaces 56
105554

Liu W S, Wu S H, Balaji G, Huang L C, Chi C K, Hu K J,
Kuo H C 2024 Appl. Phys. A 130 801

Wu P, Zhang T, Zhang J C, Hao Y 2022 Acta Phys. Sin. T1
158503 (in Chinese) [ZM5, 5K, slilkik, BEK 2022 PHI2EH
71 158503]

Cao Y, Chu R, Li R, Chen M, Chang R, Hughes B 2016 Appl.
Phys. Lett 108 062103

Chen J B, Bian Z K, Liu Z H, Ning J, Duan X L, Zhao S L,
Wang HY, Tang Q, Wu Y H, Song Y Q, Zhang J C, Hao Y
2019 Semicond. Sci. Technol. 34 115019

Lambert D J H, Zhu T G, Shelton B S, Wong M M,
Chowdhury U, Dupuis R D 2000 Appl. Phys. Lett. 77 2918
Witte W, Fahle D, Koch H, Heuken M, Kalisch H, Vescan A
2012 Semicond. Sci. Technol 27 085015

Zhang Y H, Sun M, Piedra D, Azize M, Zhang X, Fujishima
T 2014 IEEE Trans. Electron Devices 10 1109

Bian Z K, Zhou H, Xu S R, Zhang T, Dang K, Chen J B,
Zhang J C, Hao Y 2019 Superlattices Microstruct. 125 295
Tokuda H, Watanabe F, Syahiman A, Kuzuhara M, Fujiwara
T 2011 [EEE MTT-S 10 1109

Li L, Kishi A, Liu Q, Itai Y, Fujihara R, Ohno Y 2014 IEEE
J. Electron Devices Soc. 6 168

Sang L. W, Ren B, Sumiya M, Liao M, Koide Y 2017 Appl.
Phys. Lett. 111 122102

Kim B, Moon D, Joo K, Oh S, Lee Y K, Park Y, Nanishi Y,
Yoon E 2014 Appl. Phys. Lett. 104 102101

Wang J, You H F, Guo H, Xue J J, Yang G F, Chen D J,
Liu B, Lu H, Zhang R, Zheng Y D 2020 Appl. Phys. Lett. 116
062104


https://doi.org/10.1063/5.0258789
https://doi.org/10.1063/5.0258789
https://doi.org/10.1063/5.0258789
https://doi.org/10.1063/5.0258789
https://doi.org/10.1063/5.0258789
https://doi.org/10.1063/5.0258789
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.7498/aps.72.20230793
https://doi.org/10.1063/5.0187064
https://doi.org/10.1063/5.0187064
https://doi.org/10.1063/5.0187064
https://doi.org/10.1063/5.0187064
https://doi.org/10.1063/5.0187064
https://doi.org/10.1063/5.0187064
https://doi.org/10.1049/el.2015.2364
https://doi.org/10.1049/el.2015.2364
https://doi.org/10.1049/el.2015.2364
https://doi.org/10.1049/el.2015.2364
https://doi.org/10.1049/el.2015.2364
https://doi.org/10.1049/el.2015.2364
https://doi.org/10.1049/el.2015.2364
https://doi.org/10.1109/iedm.2015.7409830
https://doi.org/10.1109/iedm.2015.7409830
https://doi.org/10.1109/iedm.2015.7409830
https://doi.org/10.1109/iedm.2015.7409830
https://doi.org/10.1109/iedm.2015.7409830
https://doi.org/10.1109/iedm.2015.7409830
https://doi.org/10.1109/iedm.2015.7409830
https://doi.org/10.1063/5.0208706
https://doi.org/10.1063/5.0208706
https://doi.org/10.1063/5.0208706
https://doi.org/10.1063/5.0208706
https://doi.org/10.1063/5.0208706
https://doi.org/10.1063/5.0208706
https://doi.org/10.1063/5.0208706
https://doi.org/10.1063/5.0083194
https://doi.org/10.1063/5.0083194
https://doi.org/10.1063/5.0083194
https://doi.org/10.1063/5.0083194
https://doi.org/10.1063/5.0083194
https://doi.org/10.1063/5.0083194
https://doi.org/10.1063/5.0083194
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1016/j.jcrysgro.2006.10.246
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.1143/APEX.4.052101
https://doi.org/10.15541/jim20230490
https://doi.org/10.15541/jim20230490
https://doi.org/10.15541/jim20230490
https://doi.org/10.15541/jim20230490
https://doi.org/10.15541/jim20230490
https://doi.org/10.15541/jim20230490
https://doi.org/10.15541/jim20230490
https://doi.org/10.15541/jim20230490
https://doi.org/10.7567/APEX.9.031001
https://doi.org/10.7567/APEX.9.031001
https://doi.org/10.7567/APEX.9.031001
https://doi.org/10.7567/APEX.9.031001
https://doi.org/10.7567/APEX.9.031001
https://doi.org/10.7567/APEX.9.031001
https://doi.org/10.1016/j.surfin.2024.105554
https://doi.org/10.1016/j.surfin.2024.105554
https://doi.org/10.1016/j.surfin.2024.105554
https://doi.org/10.1016/j.surfin.2024.105554
https://doi.org/10.1016/j.surfin.2024.105554
https://doi.org/10.1016/j.surfin.2024.105554
https://doi.org/10.1007/s00339-024-07960-3
https://doi.org/10.1007/s00339-024-07960-3
https://doi.org/10.1007/s00339-024-07960-3
https://doi.org/10.1007/s00339-024-07960-3
https://doi.org/10.1007/s00339-024-07960-3
https://doi.org/10.1007/s00339-024-07960-3
https://doi.org/10.1007/s00339-024-07960-3
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.7498/aps.71.20220161
https://doi.org/10.1063/1.4941814
https://doi.org/10.1063/1.4941814
https://doi.org/10.1063/1.4941814
https://doi.org/10.1063/1.4941814
https://doi.org/10.1063/1.4941814
https://doi.org/10.1063/1.4941814
https://doi.org/10.1063/1.4941814
https://doi.org/10.1063/1.4941814
https://doi.org/10.1088/1361-6641/ab420c
https://doi.org/10.1088/1361-6641/ab420c
https://doi.org/10.1088/1361-6641/ab420c
https://doi.org/10.1088/1361-6641/ab420c
https://doi.org/10.1088/1361-6641/ab420c
https://doi.org/10.1088/1361-6641/ab420c
https://doi.org/10.1088/1361-6641/ab420c
https://doi.org/10.1063/1.1322050
https://doi.org/10.1063/1.1322050
https://doi.org/10.1063/1.1322050
https://doi.org/10.1063/1.1322050
https://doi.org/10.1063/1.1322050
https://doi.org/10.1063/1.1322050
https://doi.org/10.1063/1.1322050
https://doi.org/10.1088/0268-1242/27/8/085015
https://doi.org/10.1088/0268-1242/27/8/085015
https://doi.org/10.1088/0268-1242/27/8/085015
https://doi.org/10.1088/0268-1242/27/8/085015
https://doi.org/10.1088/0268-1242/27/8/085015
https://doi.org/10.1088/0268-1242/27/8/085015
https://doi.org/10.1088/0268-1242/27/8/085015
https://doi.org/10.1016/j.spmi.2018.09.020
https://doi.org/10.1016/j.spmi.2018.09.020
https://doi.org/10.1016/j.spmi.2018.09.020
https://doi.org/10.1016/j.spmi.2018.09.020
https://doi.org/10.1016/j.spmi.2018.09.020
https://doi.org/10.1016/j.spmi.2018.09.020
https://doi.org/10.1016/j.spmi.2018.09.020
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1109/eumc.2014.6986638
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4994627
https://doi.org/10.1063/1.4868127
https://doi.org/10.1063/1.4868127
https://doi.org/10.1063/1.4868127
https://doi.org/10.1063/1.4868127
https://doi.org/10.1063/1.4868127
https://doi.org/10.1063/1.4868127
https://doi.org/10.1063/1.4868127
https://doi.org/10.1063/1.5135960
https://doi.org/10.1063/1.5135960
https://doi.org/10.1063/1.5135960
https://doi.org/10.1063/1.5135960
https://doi.org/10.1063/1.5135960
https://doi.org/10.1063/1.5135960
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

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 19 (2025) 194202

Quasi vertical GalN Schottky diode on self-supporting
substrate with low reverse leakage and high switching ratio”
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Abstract

GaN based Schottky barrier diode (SBD) possesses advantages including high power density, high
conversion efficiency, and excellent switching characteristics. During heteroepitaxial growth of GaN, a high
density of threading dislocations is inevitably introduced, which can degrade device reliability. This paper
reports a low dislocation density N*/N° GaN quasi-vertical SBD fabricated on a freestanding GaN substrate.
The characterization results of high-resolution X-ray diffraction and atomic force microscopy demonstrate that
2

the high-quality epitaxial layer with a total dislocation density of 1.01 x 10°® ¢cm 2 and a root mean square

surface roughness of 0.149 nm is achieved on a freestanding GaN substrate. The device prepared based on a

2 at a reverse voltage of

high-quality epitaxial layer exhibits an ultra-low leakage current density of 10° A/cm
-5 V, without employing any edge termination structures or field plates or plasma treatment. Compared with
the devices prepared on sapphire substrates using identical processes, the device prepared in this work reduces
the reverse leakage current by four orders of magnitude. The experimental results show that the quasi-vertical
GaN based SBD fabricated on a freestanding GaN substrate significantly reduces reverse leakage current and
substantially enhances the overall electrical performance of the device. By employing emission-microscope
(EMMI), leakage current in quasi-vertical SBD is identified to be primarily localized at the anode edge, and the
underlying leakage mechanism is elucidated. Finally, temperature-dependent measurements demonstrate that

2

the device maintains a leakage current below 103 A/cm? at 100 °C, confirming the potential of quasi-vertical

SBD on freestanding GaN substrate for practical applications.

Keywords: freestanding GaN, dislocation density, quasi-vertical schottky diode, electrical properties
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