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Extraction of withstand voltage reduction factor in non-dope layer of diamond
power device
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We experimentally verified the causes of the breakdown voltage drop in the
breakdown voltage layer of diamond power devices by evaluating them using a uniquely proposed test
structure. As a result, we found that snapback(*) occurs, which is thought to be caused by extremely

small amounts of impurities that cannot be detected by normal elemental analysis, and clarified
that the applied voltage at which it occurs depends not only on the type and concentration of
impurities but also on the device temperature.

(*) A phenomenon in which, when the applied voltage is gradually increased, at a certain voltage,
the current suddenly begins to flow, and the voltage drops.

TEG



p-i-n

pt

TEG
TEG

TEG

MOSFET

[4]

TEG

SiC  GaN

TEG(Test Element Group)

pip

p

1600V
[1]
[2]
[B] p-i-n
p-i-n
n
p+
TEG
p-i-n
n
p+
TEG(Test Element Group) 1
n
Si02

p+/p-

25kV

p+-n-p+

p+

TEG



i /p+ /i SIMS 2 p+
2.5x 10 atoms/cm p i
i p+ i
p+ 4.0x 10" atoms/cm> i
i
p 370 K 2.63x 10 cm®
82.5 cm*/Vs
i depo layer 1 p+ layer 1 i substrate
i l
1022 T T
1
o : |~ Boron
10 |
1 [ Hydrogen
| |
| 1020 : Silicon
VE ) ! " Nitrogen
10
P
£
_}: %1019
: ]
| Rel
Electrodei E 1o | BaL
Ti/Pt/Aul <
5] \ — BGL
(@]
" 1015
EhAm h o U Y| por—saL
pt2 4m
10 — _ _ -
i (100) substrate 8 05 ! - 2 23 3 3
55X 0.3mm Depth[ 4 m]
1 TEG pip 2 1 /p+ /i
pip
TEG 1-v
« 3 p
i
MOSFET
[51
pIp
4 50
p
i
Electric field [ % 10:V/cm]
0.05 00 10 20 30 40 50 60 7.0 80 9.0 10.0 11.0 140
i B CEE L @
@ 120 —
0.04 — ) -
8‘100 =
Zo03 |- el
£ =
gu.oz - E i 2
© fol- o o 0 @ 9 9
001 — - @ W
Lo @ 4o p 9 | 4 | | ! |
0 20 40 60 80 100 120 140 160 180 200 220 4] 10 20 a0 40 50
Applied Voltage [V] Time[sec]
3 1=V 4 |-V
i
n
i n TEG 5



1s 2s

-
o
1=}

6 TEG
50 ps 50
60 pip TEG
7
0.03 ] |
Pulse width 20 [
50 [us] | - | Pulse width
b * 50 [us]
H6i 18] |
z - 2]g] © 200 - 1[s]
= : - 2|[s]
3

‘ 50.4[C]

694[V]

i 728[V] 60.3['C]
I | i / 1 | @728 [V]
) [ S S s e v W s—eo—oro-o0
o0 Lasasbe _

0 100 200 300 400 500 600 700 800 900
Voltage [V]

0.0 @694 [V]

Temperature[°C]

8
AT

w
o

1] 5 10 15 20 25 30
Applied Voltage [% of 3kV]

I-V characteristic T-V characteristic

5 pi(n-)p 1-v 6 1-V
700
650
600 .

550 .

Voltage[V]

500
450

400
85 105 125 145

Temperature[°C]

[1] "Wide Temperature (10K- 700K) and High Voltage (~1000V) Operation of C-H Diamond
MOSFETs for Power Electronics Application™ H. Kawarada et al., IEEE IEDM 2014.

[2] "Inversion channel diamond metal-oxide-semiconductor field-effect transistor with
normally off characteristics™, T. Matsumoto et al., Scientific Reports.

[3] "'Smart Power Devices and ICs Using GaAs and Wide and Extreme Bandgap Semiconductors",
T.P.Chow et al., IEEE Trans. Electron Devices, 64(3), pp.- 856-873, 2017.

[4] " pin ", , s 85 3 , pp-218-
222, 2016.

[5] ESD ESD , 2012-174740.






