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Abstract: Silicon Carbide (SiC) is the material with the wide band-gap (3.26 eV), high critical electric
field (~2.3 MV/em), and high bulk electron mobility (~900 ¢m’/Vs). These electronic properties allow
high breakdown voltage, high-speed switching capability, and high
temperature operation compared to Si devices. In general, device design has a significant effect on the
switching and electrical characteristics. It is known that in this paper, we demonstrated that the
switching performance and brLakdawn voltage of IGBT is dependent with doping concentration of p-base
region and drift layer by using 2-D simulations. As a result, electrical characteristics of SiIC-IGBT deivce
is higher breakdown voltage (Vp= 1,600 V), lower on-resistance (R,,= 0.43 mQ-cm?) than Si-IGBT. Also,

we determined that processing time and cost is reduced by the depth of n-drift region of IGBT was
reduced.

attractive features, such as
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Fig. 1. Simplified cross-section of the (a) Si-IGBT with
Vi= 1,400 V, and (b) with same dimension 4H-SiC IGBT.
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Fig. 2. Blocking characteristics of Si-IGBT (Vg= 1,400
V) and 4H-SiC IGBT (V= 9600 V).

X712 EAL vlasgch IGBT 2#e] @714 &
gge wHE 849 n-drft 449 EJFEE
2x10% em™ o2 g ow p-base ¥92 ERFEE
3x10"7 cm?o.2 o] A BHol4E WA

a9 2014 mele #AF o] Si-IGBT &9 &
B A9t (Vp)e oF 1,400 Volon, 22 dimension
ol 4 SiC-IGBT Zz+¢] &5 #HSF (Ve °F 9600
velglth Si-IGBT$ SiC-IGBT Z#ke] &% #HehE
v sl 2 A3, SiC-IGBT Z#ke] &8 <ol o 7
o) AT 2718 AL sy, 2 42 F 4
AAS} (Bo)e wasind Siel 4 03x10° V/em,
sicel A9 36x10° Viem=z SiCel dAAS el Sigl
o)A ARt oF 108 =] ol Axzpe] & MY
% SiC-IGBT 4£&7t Si-IGBT aztnc aA v
Aolgta Atg g}



A7 A2 Az o3 =82, A6 A11E pp. 785-789, 20139 119: AAF 5 87

pe | oo ﬂﬂ"‘ I | |
p-hase pbase !
Si
n-drift (88ym) |
i ——
(a) (b)

Fig. 3. Simplified cross-section of the (a) Si-IGBT with

VB= 1400 V and (b) reduced n-drift depth 4H-SiC IGBT

for similar Vi range (Vg ~1,600 V).
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Fig. 4. Blocking characteristics of Si-IGBT (VB= 1,400 V)
and reduced n-drift depth 4H-SiC (VB=1,600 V).
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iig. 5. The current density distribution of device cross
section at VC= 1,400 V and VG= 0 V. (a) Si-IGBT structure,
(b) reduced n-drift depth 4H-SiC IGBT structure.

499 ERFEE 3x107 em?P®
Algdol e =73 2}

2% 4= Si-IGBT 42be] &8t $7074 1/3
2 49 n-drift +2& 7} SiC-IGBT A9 3
5 AGE vnd Ay goew Axrt 233HYS
% SiC-IGBT Z:#}e] &8 #gto] Si-IGBT #=}
o] g8 AGRT 200 V 5L AL FAY = g
o o= SiICE IGBT 248 AMAE A 229 48
37} 7bsdtthes AL ¢ £ dok £§, Axte =y

oldel HsaAE

& oA ¥£99 Si-IGBT 2AHHth o 2 4}
A F2te] Jhesittn 49d + 9k SiC-IGBT £
A We] n-drift FAE ZAAA FE AYgS
Si-IGBT £#ke] 5 Agta ZASA Aok
SiIC-IGBT Z=#}¢] &5 #<to] ¢F 1600 VY ujo

n-drift F7+ °F 28 ym= P3P}, SiC-IGBT
A&2ke] F depth?} ¢ 1/32 ZAHo| % Si-IGBT 2
k9] FE-#QFQ 1,400 VR 2 AL #laq
19 5% Si-IGBT AxFe] &8 ARl 1,400 Vel A
Si-IGBT 42}l SiC-IGBT 4AF ©9¥e]  current
density distributions ¥ gk 22k HAFRA} 2go)r}
&2k 2] p-base FYI} n+ oulg g
junction®l| A 2] critical electrical field gto] 1.2x10°
V/iem ¢ ], SiC-IGBT £A+& 828 EAL Ho|x
2t o]l& 5389, SiC-IGBT 449 n-driftdepth
& F9% Si-IGBT 4zt EAGHTG 2 AL 8
etk Adol A7) A= p-base YoM
inversion®] A Eojo} g} o] SiCe A4S Siz} u



J. KIEEME

L]

&" 10x10* 4 o ]
-
s
g
3 s0x10” - P
-
=]
'
g —=— SICAGBT
3 o o SidGBT

0 5 o 1 2 25 30

Gate Voltage (V)

Fig. 6. Threshold characteristics of Si-IGBT (Vu= 4 V)

and reduced n-drift depth 4H-SiC IGBT (V= 6.4 V).
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Fig. 7. The current density distribution of device cross
section (a) Si-IGBT structure, (b) reduced n-drift depth
4H-SIiC IGBT structure.
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Fig. 8. On-current characteristics of Si-1IGBT and

reduced n-drift depth 4H-SiC.

(b)

The current density distribution of device cross
section (a) SI-IGBT (h) n-drift
AH-SiC IGBT structure.
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