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Table 2 B-Ga,0; mobility model parameters
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A,y (cm’/V s) 45 0.016
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O —0.57 —0.57
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Figure 1 (Color online) (a) Forward (inset of (a) shows the plot in log
scale) and (b) reverse I-V characteristic of Ga,0O; vertical SBDs
comparison of the simulated and experimental data [23].
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Figure 2 (Color online) Simulated B-Ga,0; SBDs with (a) non field
plate (NFP), (b) field plate (FP), (c) field plate with trench, FP &
Trench, and (d) edge termination (ET) with field plate, FP & ET
structures. The structural parameters include drift layer thickness /g,
passivation layer thickness /4p, length of field plate Lgp, trench depth Ay,
the width of edge implanted area Wyy. E,, is the electric field of Ga,0;
surface which near the edge of field plate.

R 3 ARLAPTR AR RS

Table 3 Basic passivation dielectric parameters in the simulation

LR T A B K E, (V) ZHECHR

Si0, 39 8.6 [1,2]
AlLO, 8.9 6.8 [1,2]
HfO, 14 5.7 [1,2,30]
Zr0, 25 58 [1,2,30]
TiO, 40 33 [31,32]

BaTiO;-1 100 34 [6.8,19]

BaTiO;-2 140 34 [6.8,19]

AR)IEIR, AT LLE K A KL 2 AT A R0 B-Ga, 0,
SBD# AR HL Y7 43, JEH 2R FHKAE AR [ TiO,, B Ba-
TiOsBiAb ] KIERF(RE,,, MIMTEFSBD Vi, E3(c)E
T TG (hp=300 nm, Lpp=2.5 um) A A
Btk 2 311B-Ga,0; SBDHIIE IR, RIVEifLZ ik
E6F SBD 3 it 4 P (1 52 1 ] LA 2258,

2773114



IKAAEEE. RS WA Jii RO

2023 F FS3E T

@ Egg J=—Si0, ——BaTiO;1
1200 J—0— Al,0,——BaTiO,-2
1100 J~>— HfO,
< 1000 ——2r0, ) o
g 9004——Tio, /&
& 8004 m NFPSBD
S 700] A,
S 600 ’
2 500k . oon kl_f—_’:-_
§ 400] I >
@ 300 Ga,0,FP SBD
igg: Byy= 20m, L,,=2.5 pm
0 IN‘,,,“:‘1><10":’cm'3| . . . . .
0 50 100 150 200 250 300 350 400
he (nm)
(c) 1600

Forward current density (A/cm?)

1200

1000 -

800 -

600 -

—=—Ga O, NFP SBDs

1400 1—=—Ga,0, FP SBDs with SiO,

—=—Ga,0, FP SBDs with Al,0,
—A—Ga,0, FP SBDs with HfO,
Ga,0, FP SBDs with ZrO,
——Ga,0, FP SBDs with TiO,
—e—Ga,0, FP SBDs with BaTiO-1
Ga,0, FP SBDs with BaTiO:

h,=300 nm, L _,=2.5 ym

T T T T T T T T T T T T T T T
00020406081012141618202224262830

Forward voltage (V)

—

Breakdown voltage (V)

b) 1500

—v¥—TiO,
Hp=300 nm
1200

H,=300 nm
900 4

600

300

Ga,0, FP SBD
Pyn=2 pm,

—=— A0, —A— 710,

0 N,,= 110 cm®
T T T T T

——BaTiO -1
—<—BaTio -2

H,=300 nm
Hp=200 nm
H =150 nm

Hp=100 nm

—e—HfO, = NFPSBD

o 1 2 3 4 5 &
Lep (Um)

7

Electric field (MV/cm)

"|Ga,0, FP SBD V=-500 V
E_, of Ga,0, near field plate edg

0 1Pan™ 26m, L =25 pm, Ny = 1>10'° cm®

—=—ALO, —v—TiO,
—e— HfO, —#—BaTiO-1
—A— 710, —4—BaTi0-2

250
he (nm)

100 150 200 300 350

400

3 (MERRER) (a) EHFESHIR T T RAARSLEIGa,0; FP SBD W, RS ERERIKR; (b) ET (R4 ER
FERMA AT IIFP SBD Wy, [ EEII O 2 (o) RAI A BEALFP SBDIE ISR -IZE; (d) AN/ i —500 VI Ga,0, SBDFE
T FE I B, [V BEAL SR S E i R 55 2R
Figure 3 (Color online) (a) The simulated ¥}, vs. /p plot of B-Ga,O; FP SBDs with the same Ly, different 4, and dielectric; (b) the V4, vs. Lgp plot of
B-Ga,O; FP SBDs with different structural designs; (c) the forward J-V characteristics of Ga,0; FP SBDs and NFP SBD with different passivation
dielectric; (d) the Eg,, vs. hp plot of Ga,O; FP SBDs when biased at —500 V.
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Figure 4 (Color online) The surface electric field distribution of B-Ga,0; FP SBDs when biased at —500 V. (a) 200 nm HfO,, Lyp=3.0 um; (b)
200 nm BaTiO;, Lgp=3.0 pm.
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B B 2= R IEAT U 5 0 i, nEISER. sl
5@, SINEFELEFIFP & Trench SBD WA &5 4&
I ) 3 AL, PH AR AE R b 2 KA A5 J2 R BH %
iK. 23S EBEREA, FlaETALOAILINFP &
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Trench SBDBE# A KR, ,M1.41 mQ cm® F 5%
0.14 mQ cm’. WE5(b)FrR, FHAKT0.8 umi 2344
Vo KRG BRI, VAR F Wb R i VAR B (6 15 4 8 3R
Toi A R R 2R S R A, A FR A IR AR
RACVREN S, 456 T JAE S (b) LTk IR H
Si0,, Al,05, HfO,, ZrO,5i{kJFP & Trench SBD (¥
F#hp<<0.4 um) A 3K 75 LLFP SBD ¥ K (i [ ; TiO,, Ba-
TiO; B4 B 3& T-FP SBDEi#4. E5(c)Mi(d)xfEL TFP &
Trench SBD5FP SBDIE [a] Tl I 73 AT, 5] NVAAE S
Pl 155 388 H Y B 0 4 o T TE SR T AN VA R 3 AR AL
ORI T 42 v 5 P IR 5 T

£TFLLERFFE, A X Ga,0, FP & Trench SBDIY)
BT B N P REEAT XS B S VAN . URAE BT (A
>>0.8 wm) H AR 8 B0 TR 1 (E R I K A o 2
BRI 2R AT (he<<0.4 pm)4h & AL SIO,, ALLO;,
HfO,f#ifLIs}, FP & Trench SBDIHLFP SBD V&
24.1%T74.7%, Ry o, FEA6.3%-25.2%, FILIEF-BFOM;
JE T BaTiO L VR FEFP & Trench SBDAHLLFP SBD
FEARPERE PR, BFOMPEAK27.8%44.3%, VP&
36.4%—40.2%. % EA[HISi0,, AlLO;, HfO, Mtk ¥ id +
Ga,0; FP & Trench SBD%E#)(hy<<0.4 pm); BaTiO,%l
15 38 A T Ga,0, FP SBDZEH4).

B JE AR SO T FP RN S N IX 5 A5 25K 1 Ga, 0,
FP & ET SBDHATAI ELA L, 1A ZF N X A i iR
ZETCEBEFIEANLI, EPRHAMgIEN. Ko
7N T B-Ga,05 FP & ET SBD1i H IV, 1E [ Sl ks
R 2 A C R, BE6(a) Rk AT 15 %5 B el
FP & ETE &4 HAI4FP SBDXiT T /MEIR TV, H
¥ ALO,, HfO,, ZrO,, TiO, 4k ml#K13.2%—
16.9%, >KHIBaTiO;flifL A3 K2.4%-3.9%; 75— 51
F1 B 6(b) AT WL J 2 N X AR B B AR K 3 A 52 i /DN,

SE 3

HLSH MBI, FP & ETH G4 HAHKFP
SBDIFIR,, ;1 K66.4%245.3%. BaTiOflifLINFP &
ET SBDRAV,=1.46kV, 7=93.6%, BFOM=
0.41 GW/cm’. FP & ET SBDHIf)j EL45 1] g 2 5 A
SEA SRR SRR E NI, R R
v ik, T RIRTCAD) EATHEMFP &
ET45H I R TH 28RN, (HER 532 35 4R 10 4 48 o
(17 51 N A 2315 K B-Ga, 042 % J2 2= 54k e BH 386 i
KA. R A R R 4 SLFP &
ETHE & %o A HR B LR, A gt — 2o,
#ilap-NiO/n-Ga,0; PN&E CL7EB-Ga,05 WU B — il
B3R s

4 g

ARSCIE I HEAS S BT RS BRI, 523 T Ga,0,
(R R S8 A AL (LB B R . A58 4l B A
R Tilf e B AL AT &), I AN SRS BD R A HE o
b, B TR RHERATE. N T $EFHGa,0,Zh FSBDH
FRAETERE, A SO TR B DU AN [R) 25 ¥4 W 1 I 2 44 4
e, EETARBIL TS 5 S S R 284 e SRR )
SHTRI: (1) KEBaTiO Bk 7R 45 K FP SBDAJ
Kigstmas b ik . 45K 808 XBFOM, SEH
LI R Mn=91.4%, V,,=1.43kV, EF Nl
BFOM=1.62 GW/cm’; (2) M4 S 7R 1) 55 4 2831
FP & Trench SBDHE A F| T-HEFF284F FIBRHE; 3) 14
S & 45 A BaTiO B L IR IFP & ETH & 45 HT7EHE
T Al R0 1 [ 2 3K S i@ f e, sl
LI HER=93.6%, V,=1.46 kV, BFOM=0.41 GW/cm".
VAL H IR Ga,0; SBDE 1 RESR S B 14K
EEpIE =
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Analytical models and simulations analysis of §-Ga,0; Schottky
barrier diodes

ZHANG HongPeng'", GUO LiangLiang’, CHEN ChengYing', JIA RenXu’, YUAN Lei’,
PENG Bo’, ZHANG YuMing’, LUAN SuZhen’, ZHANG HongYi' & ZHANG YiMen

' School of Opto-Electronic and Communication Engineering, Xiamen University of Technology, Xiamen 361021, China;
* The Key Laboratory of Wide Band Gap Semiconductor Materials and Devices, School of Microelectronics, Xidian University, Xi'an
710071, China;
} College of Communication and Information Technology, Xi’an University of Science and Technology, Xi’an 710054, China

The device performance of B-Ga,O; Schottky barrier diodes (SBDs) with various structures is investigated using
technology computer-aided design simulation. To mitigate field crowding at the electrode edge, three field management
strategies (field plate (FP), trench anode, implanted edge termination (ET), using various passivation, such as SiO,,
Al,0;, HfO,, BaTiOs) are investigated. After reviewing various models and parameters in the present literature,
calibrated models for technology computer-aided design simulation of B-Ga,O; power SBDs are established. High-
permittivity (x>100) FPs effectively smooth the surface field and improve termination efficiency. f-Ga,0; SBDs with a
2-um drift layer and BaTiO; FPs provide high termination efficiency (4=91.4%), breakdown voltage (V},,=1.43 kV), and
reasonable BFOM (1.62 GW/cmz, 7 times of FP SBDs using Al,O;). Additionally, FP & ET with BaTiO; provide
maximum ¥V, (V,=1.46kV) and high termination efficiency (4=93.6%) with comparable BFOM (0.41 GW/cmz).
Furthermore, when compared with FP-SBDs, FP & Trench SBDs with SiO,, Al,O5, and HfO, can improve R, ,, V%, and
BFOMs. All of these provide theories and references for optimizing Ga,0; device performance in the future.

gallium oxide, Ga,0; SBD, device simulation, power device
PACS: 78.66.Hf, 52.59.Mv, 85.30.Fg, 85.30.De

doi: 10.1360/SSPMA-2022-0498
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