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Abstract: This reports the electrical properties of single-crystal B-gallium oxide (B-Ga203) vertical Schottky barrier diodes
(SBDs) with a different guard ring structure. The vertical Schottky barrier diodes (V-SBDs) were fabricated with two types guard
ring structures, one is with metal deposited on the Al2O; passivation layer (film guard ring: FGR) and the other is with vias
formed in the Al>Os passivation layer to allow the metal to contact the Ga>O;3 surface (metal guard ring: MGR). The forward
current values of FGR and MGR V-SBD are 955 mA and 666 mA at 9 V, respectively, and the specific on-resistance (Ronsp) is
5.9 mQ-cm? and 29 mQ-cm?. The series resistance (Rs) in the nonlinear section extracted using Cheung’s formula was 6 Q, 4.8
Q for FGR V-SBD, 10.7 Q, 6.7 Q for MGR V-SBD, respectively, and the breakdown voltage was 528 V for FGR V-SBD and
358 V for MGR V-SBD. Degradation of electrical characteristics of the MGR V-SBD can be attributed to the increased reverse
leakage current caused by the guard ring structure, and it is expected that the electrical performance can be improved by
preventing premature leakage current when an appropriate reverse voltage is applied to the guard ring area. On the other hand,
FGR V-SBD shows overall better electrical properties than MGR V-SBD because Al2O3; was widely deposited on the Ga203
surface, which prevent leakage current on the Ga>0s surface.

Keywords: Gallium oxide (Ga203), Schottky barrier diode (SBD), Guard ring, Specific on-resistance (Ron.sp), Series resistance
(Rs), Breakdown voltage
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Fig. 1. Cross-sectional of the fabricated 3-Ga.O; (a) FGR and (b) MGR V-SBDs.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 208-214, March 2024: Lee et al.

Foz EnEZFS 10mm FATE oo e n g o
Bt AtebdE (001) 201t 4= 3¢ Foo AEH+=
HAZE A A1717] Y3l ALD (atomic layer deposition)
= o] &3te] LR20|LHALOs)S 100 nm FATHE Z4}s}
At ool A AL dutKoR 50 Aurt £
A2 BEOIA 10 MV/cmitg Uehdt}. 53] ALDZ 1L
£4 G20y 54 A] 10 A F7101A A]T) 30 MV/cm2
Arcrs] 73sheEl vtk ES 13k 4 Qi) [19]. 1of ¥t
AR AFEFRN(SI02)9] Ao Al AAE-E 10 MV/cm
olty. & 0.1 umg 100 VeHE<] AA A o] Leftol

Rt 75) Foﬂ oé/\‘]ﬂb Aste g ol5|| =I5}

7Fofel g arilol ek (20 e Mt 21512 skl
B}2 FEsts TAMo| M E S ALDE o] 8dto] 1EH
\:l]-l:l]» 57(]-4 E]EO'] 017:” 7(4]7:"7\]-01 =0 H]-EIP E}\% o] z=Q
g 4017 TR Y2 0|UE AT T MGR
V-SBDs9] 7te mjelg sl 7-AA] vlof &(Via hole)
2 948§ £E7] B3 349 Ni/Aug 27} 120 nm,
350 nm{tZ FAbsto] 2] & E @ n(lift-off) 32 4
@ 93 Bl st AT E Yo

£ 8502 A HAoH

7
uj\;{k
E
320

T2 opy

— 0.

0
b o2l ok mx Jjr Ob

2
o
9 3
mjo
o M
)

m 57 5 gAA) ot 22
ot o2, A7 XM daet
Hl 3171 #1351 Ti/Au 27<
2 Al HAf ofAjgo] 4

o] aolu} R B4 5 0]2g
d & 71et 2AF A Aol A A
K]@'Qi”ﬂ AXFO] oA uF AlR] X
[21].

oo 38
2 e 0
e
i ol){
X o
o]

18

(@)
by Mo o J
(@] OE:-‘ (@]
&

>~ ol
- =
In o9
| H
HU of
i
o oo = g
TL-

o

2
_O'l
38,
)
42
s |o

rkgL r_

_ﬁ
U oX i gl gy ofh T

&
Z
[
i
ot
)
ol

==

ﬁ
ol
E
A

Q:
o% > oR

% ox
)L

o ¥9 o% 44 njo
rr nlo p-
0.

=2

Ao rp £t
2oox B~
ol

o
-lﬂ lo
_L,‘L

—_

3. 43 (X uEt
HE} A18+24E FGRIF MGR V-SBDs
(hrnlt measurement: 1 A) %
g F—HH olth &= Axte] ME-AY EXNS
W5tY S I FGR 7£x29] A2 8ol MGR +2 4 45
AR/ HEFUR 2B, 22F 9 VollA] 955 mA,

666 mA 2 LEPJCH =5t oF 2 wiAlb]o] |5 = x}o]
S Bolu Qe ARG & SBDs 7t=d #+&R9] Afo]A
AElof, ool et aket 42
A71A %H S =5l H]u_—‘?—*j sttt

.|
>
o
L r_t..

1 9lch A A9

oM A2 Ao wl2ste

ot
b
)
10
%)
by
)
ool
o o
? o
>

211

2 @345 1ag AgHeo] 755ttt & SBDse]
5 AgS 9V oA 42 A EH, FGR 2+ 5.9
mQ-cm’, MGR &% 29 mQ-cm”2 et} Actr}
MGR V-SBDE Q17| = Qo] Z713t4& A& &]§fo]
S7totchrt 2=Qll o9 QP st ARl YER L Tt
Trefa] Jed 718 548 AmEH MGR V-SBD+ &
3 9te o] R (A= AF)o] tf¢ =2 A2 75T
2} o A EV] AR YteA o AE e AAE =
g, £ E7] JH to] Qe A7 550 §F2 &= Al
2 A 7 A "ot mbA Al 2 AP A ET] g
ol Eg FAst= gl lojA uf¢ Fast ofetolg &
—o— FGR V-SBD .
1000 H—e— MGR V-SBD = 3
< 100l / ]
1000 T
E o if = o
) ® — 900 o0 1 7
c ® < i RO
o é 850 b 00
= 1t Jf = W 289mA|{ 1
5 + g 750
QO o4t Dﬁ g™ ]
’, 650 e-ees9-o-®
600 [+~ =
ool [l . 8 ]
0.001 ) ) Volfage v)
0 2 4 6 8 10

Voltage (V)

Fig. 2. Experimental semi-log forward I-V characteristics from the 63-
Ga0; FGR and MGR V-SBDs.
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