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Control of interfacial nanostructure between wide-gap semiconductors and their
electrodes
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The present study was conducted to solve two issues related to contact
electrode formation of wide band-gap semiconductors, which are the candidates for the
next-generation power electronic devices. One was the formation of low resistance contact electrode
on p-type GaN. In order to activate acceptor dopants of GaN in the vicinity of the electrodes, a
method to enhance hydrogen-atoms evacuation by applying voltage during annealing was developed and
its effect was demonstrated. The other issue was to improve the mechanical properties retaining the
good electrical properties of Ni-based electrodes on n-type SiC. The mechanical properties are
improved by suppressing the reaction producing free-carbon. The harmful reaction was successfully
replaced by TiC formation reaction.



SiC
p GaN n SC
p GaN
Ni
873K
N
p GaN
p GaN
MOCVD
Mg
Mg

GaN

GaN

Mg

GaN

H Mg
Mg
GaN n
H
n SC
NiSi NiSi
SiC Ni
SC Ni
SIC Ni
NiSi Ni, S C
C
NiSi
Ni S C
p GaN n SC
p GaN H
p GaN H
H+
H+
Ni  Pd
H
n SIC Ni C
Ni Ti Ti
TiC
n SiC
SIC TiC
SC Ti
TisSizCx
Ni SiC
Ti TisSi3Cx
TiC
Ni
p GaN (0001)
24 pm GaN
Mg p GaN 2.0 pm
(0001) Ga
[1010] [1210]
4 mm
Ni Pd



A
[1210] 1
IS QO
© Al W
Y
A
(@]
-
Y /
- 1.07‘ 2.0 .- B mm
- 4.0 .
1 p GaN
I |
i
[1210]
|8
o
2
1
Ni Pd
99.99% 99.95%
N, 673 K
2
3.6 ks
H
GaN
n SiC 360 pm N n
4H-SiC [1010] [1210]
5 mm
(0001)
[1210] 8°
(0001)
Si Ni
100 nm Ti Ti
0~640 nm
SiC TiC
3x107 Pa

1273 K

C 50N
0.1
mm/s
() p GaN H
3 p GaN Ni
Ni 673 K, 3.6 ks
Ni 673 K,
3.6 ks, 30 V
Ni
673 K
4 p GaN Ni 673K, 3.6
ks, 30 V
4(a) GaN/Ni
4(b)
GaN [1210]
Ni
0.06 T T T T I T T T T | i T T T l T T T T

| |—®— as deposited

—O— annealed (673 K, 3.6 ks)

O 04 | |—®—annealed & voltage applied
. (673 K, 3.6 ks, 30 V)

Current [mA]

-2 -1 0 1 2
Voltage [V]

-0.06L s L

3 p GaN/Ni



Current [mA]

5

#1010
GaN
. .
#0002 «
GaN
. 2
4 673K,3.6ks,30V
GaN/Ni (@)
(b)
3
0.06

| |[—®— as deposited
—O—annealed (673 K, 3.6 ks)
O 04 | | annealed & voltage applied

(673K, 3.6 ks, 30 V) 7

-2 -1 0 1 2
Voltage [V]

p GaN/Pd

H GaN

5 Pd
Pd
Ni
Pd
Ni H Ni
H
GaN Ni
Pd
H Pd
Pd
GaN H
Pd H
Pd
H
Pd H GaN
GaN
2)n  SiC  Ni-Ti
6 1173K Ni-Si-C
Ni SiC
Ni,Si+C  Ni3;Sij
Ni;Si
NiSi  SiC
NiSi  SiC
C
C
SiC
TiC
Ti SiC
Ti;SiC, TisSizCx
Ti




6

In ac

Relative intensity, /Iy [a. u.]

sic
NiySi

I IR

Diffraction angle, 26[°] (Cu Ka)
7 SiC NiV/Ti 1273 K
Ti
(a) 0, (b) 16, (c) 80, (d) 640 nm.
Ni/Ti SiC
1273 K NiSi
7 Ti 0~640 nm
X
Ti
7(a)
Ni,Si
C
C
Ti 16 nm 7(b)
Ti
Ti
80 nm
7(c) TiC
C
Ti 640
nm Ni,Si
TisSiC,  TisSi3Cx
SiC Ti

I R
35 40

P BT
45

P R L
50 55 60

Ti SiC 100 nm
Ni SiC
Ni
Ni-Ti
100 nm Ni 80nm Ti
8 n SiC
Ni
Ti 16 nm
Ti Ni
Ti 80 nm
Ni
Ti 80 nm Ti-Ni
TiC SiC
Ni-Ti
TiC
Ni-Ti C
9
Ni
TiC
Ni Ti 16 nm Ti-Ni
C
Ti 80 nm
C
300_""I""I""I """" LI
[ | Initial structure: ]
200F| ® SiC/Ni ]
[ © SiC/Ni/Tiggnm ]
O SIC/Ni/ Tigynm ]
100 1-| = SiC /Cisomy/ Tiso nm) E

Current [mA]
o

A

o

S
A

-200 E

_300 | PN TR SR R I....l....l...;

2 15 1 05 0 05 1 15 2
Voltage [V]

8 Ni-Ti TiC n



N
<

SiC/CITim
‘TE B i
= -
~ SiC/NifTigo nm)O
()
e)
£
©
Q
o
®
<
[5]
[}
=
1021 ® SiCNi
SIC/NifTi(16 nm) @ ]
| L L L L | L L L L | ' L L L
100 150 200 250
Electrical conductance [mA/V]
9
n SiC

p GaN

22 (2016), pp. 193-198,

Aiman bin M.H., K. Tsuchida, M. Maeda, Y.
Takahashi: “Ni nano level thin film formation on
p-GaN and improvement of electrical properties
by hydrogen release enhancement,” J. Smart
Process. Soc., 4 (2015), pp. 109-114, URL
https://www.jstage.jst.go.jp/article/jspmee/4/2/4
109/ pdf

Aiman bin M.H., K. Tsuchida, M. Maeda, Y.
Takahashi: “Improvement of electrical properties

of p-type GaN and Au contact interface,” Quart. J.

Jpn. Weld. Soc., 33 (2015), pp. 84s-87s, URL
https://www.jstage.jst.go.jp/article/qjjws/33/2/33
_84s/ pdf

Aiman bin M.H., K. Kimura, M. Maeda, Y.
Takahashi: “Microstructures observation of
n-type GaN contacts and the electrical
properties,” Trans. JWRI, 44 (2015), 19-22, URL
http://www.jwri.osaka-u.ac.jp/publication/trans-j
wri/pdt/441-04.pdf

Aiman bin M.H., M. Maeda, Y. Takahashi:
“Effect of Ti;SiC, formation on p-type GaN by
vacuum annealing on the contact properties,” IOP
Conf. Ser. Mater. Sci. Eng., 61 (2014), doc.
12034, DOI: 10.1088/1742-6596/379/1/012021

@
MAEDA, Masakatsu

00263327

@
TAKAHASHI, Yasuo

80144434



