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A study on ESD Protection circuit based on 4H-S1C MOSFET
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Abstract

In this paper, we proposed ggNMOS based on 4H-SiC material and analyzed its electrical characteristics. 4H-SiC is a
wide band-gap meterial, which is superior in area contrast and high voltage characteristics to Si material, and is
attracting attention in the power semiconductor field. The proposed device has high robustness and strong snapback
characteristics. The process consisted of SiC process and electrical characteristics were analyzed by TLP measurement
equipment.
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Fig. 1. Cross sectional view of 4H-SiC ggNMOS.
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Fig. 2. Equivalent circuit of 4H-SiC ggNMOS.
T8 2. 4H-SiC ggNMOSe| S7t22

a9 12 4H-SiC7]%F ggNMOS(gate—grounded
NMOS)e] Fxeola 19 22 &7F 325k olth
7138 N-epizC & Ao 2d 2w P-body layer
ol MOSFETT+%% 4 N+ 2 Pr 999
o ohﬂ.x%oi 7L7 A 2~
24 FAEE, 4H-SiCel A -type
A= o] &3f AU A7F =
2E AMEEY P39 T %
02um % 3el8cm-3°]1 N+=&
5el8m-3 ©]t}. P-body layerd 7 % =3
=+ 07um ¥ lel8&m-3°|t}. N+/P+ UZHE
oz%c}ﬁ]b 7L7L ;(1/\ ul OLEH]H %"%%% /\}
J o O

ato] 650ColA = At P-body 94

ol
-
1o & %0,

-1m—ﬁ

)
i o

oX o
Q‘L
ANObEOHx‘EngliloJ

Ui[’
o m[o
ot N

SO
o
o
e
rlo

™ o
o off
ki
rlr

19 I'ﬂ
&
3

) ES AFEEe] 650T A 42 = vt P-body <]
e epis e HAAF Aol dojvpA] f=
5 w3 =A AR

4H-ggNMOS 9] 522 Si7|i ggNMOS<} &
3}t}. Anode @2 & ESD surge’} ¢17}=™ drain

o o 34 Body49 9 71¢] Avalanche Breakdownol

2 P-body ¢ potentlal% =01 122138 Body
D93 Sourcedd 7t ol r=rt sAEAl =
WA HEHoZ NPN 7|4 vlo]Z g E R 2
7} H#ste] ESD ARFE WA A=

2. A7NH B4 B

C

o I-V E«*é, ol t}. Ealﬂ ARy &9 A2 77t
210V, 65VZE =2 Agolr EgA H
Al

snapback &4 <
dynamicq & Sl w2} F ol on-resistance
E4E& 7MY =2 U 54

ILEAKAGE
1E-6 1E-5 1E-4 1E-3 0.01 0.1

20 rrr—TrT

|
|
|
£

0 Low L - . - . 0
0 20 40 60 80 100 120 140 160 180 200 220

[vl

L

4H-SiC gghmos |

IDUT [A]

]
‘ |
1

\

J 'I“-"""

DUT

Fig. 3. I-V Curve of 4H-SiC ggNMOS.
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Fig. 4. Variation of 4H-SiC ggNMOS.
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Fig. 5. I-V Curve of 4H-SiC ggNMOS with DCGS variation.
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Fig. 6. I-V Curve of 4H-SiC ggNMOS with Gate Length
variation.
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Table 1. Electrical characteristic with DCGS variation.

¥ 1. DCGS #iof| w2 MI|H EN
Trigger Holding
DULS Voltage Voltage L
S5um 210V 65V 12A
11lum 210V 65V 14.2A
17um 210V 65V 184A

Table 2. Electrical characteristic with Gate Length variation.
¥ 2 Gate Length Hi5=of = ™M7|H £M

Trigger Holding
Gate Length Voltage Voltage 12
150um 219V 66V 182A
200um 210V 8V 179A
950um 208V UV 17.2A
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