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A Study on High Voltage SiC-IGBT Device Miniaturization
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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/cm), and high bulk electron mobility (~900 c¢m®/Vs). These electronic properties allow

attractive features, such as

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 breakdown 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 SiC-IGBT deivce

is higher breakdown voltage (Vg=

1,600 V), lower on-resistance (Ron=

0.43 m@-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.

Keywords: 4H-SiC, IGBT, Breakdown-voltage, Threshold-voltage

A wEA 2 AY TE PR Fas
Aol v, 5
Aei7), =,
HEE A
A RS 744

s b
RO oo 1B R

HE= A0l A2 Jhvlo]l= (Si0)
5 EAE o)gdtEHe =
gaks] o]Fojx 1 Qdth I F A E Jhupol=+=

oly= A wr=a A (SiC, AIN, GaN, ZnSe,

JE

a. Corresponding author; smkoo@kw.ac.kr

Copyright ©2013 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

&
(~49
2 ol A4t =38 g o
F Aol e oFEy wWEel F2 Wsg (L12
Vil olgt A B2 £ws} 2000 olsE A

Tk SiCE o] 83t 600 ~ 700C ©]Fe] 1L A
Aw B2 74se AAE AT 5 rh Ed Siol
Hlste] A AN A HA=}be] drift velocity7F 29 A% =
1, AR olFE, LR} iortl 58], ALl F
HAAZ Sivt GaAsETE 108 AE owpzg uFah
THAGE AREAE WS F23 Aotk



786 J. KIEEME, Vol. 26, No. 11, pp. 785-789, November 2013: S.-S. Kim et al.

el e wxA AxzE AF dole=, BJT
(bipolar junction transistor), power MOSFET (metal
oxide semiconductor field effect transistor), IGBT
(insulated gate bipolar transistor) 5°] AFEE 3 lt}.
olggl, Mg WEA AE ~9A SxU wmaw A
g &Aool Aa, w2 AgtellA FFo] sbesithe
s 7ML dv (1] 1 5 IGBT &7k ARde &
ol FHoldk Aztelw] & WY& Agstr] f1a AA €
d tufo] 22 A Hdd g A, A o] AE,

soll de] AREEa Qlrk ol g IGBT 4:74¢]
74l wel E85 Eol7] fs o A
giste] A ko] Eiks] a8 Foll STt [2].
2 =xolAE Si-IGBTS SiC-IGBTE AAste +
Ao A71A 54& vlal EA

HFHd

2. 47 9

o

2.1 4H-SiC IGBT Z| =35 X MHA

oo A= 4H-SIiC IGBT +2Z AAs7] 98
22k AALRAL (Atlas Inc., Silvaco tool)E AFg-shod

a9 19 Fx=2 IGBTE AAsth pd Z9H
(1107 em ™) 49 ol dojgom e =9 sEg

[e] ()
ZHe nedrift (2x10° cm )& T 88 ymz FAaho],
P AL (Vp) ZaE
(3x10" em )& 3
510" cm® W
= gAegrh ®
uAste] AlEY)AS YA 1 F SiC-IGBT
e BB AGS Si-IGBT 27e] &2 [gta uls:
3 oz wEwA axe] A¥skE A77] 9§
SiC-IGBT ZAFW9] n-drift 9ol F7E 28 um=
Zadte] AlEdolAS Wslh IGBTS &5 A

o ox
X
o,
|m
= .
ot
=
o,
o
o
al
(e
)
8
fru

7 7 Agd dFgE nA= Fa3s devEs
n-drift 4%, p-base ¥H9 T4 2 =3 FEo|t}
ek, SHE Nt AE o] &3k, AR FE Y
< &3 Ade 28 AgH 5 dA9s A=
Aol A= R A 2z} el T8 Qae|t) [34]

IGBT Z&#F Az 2], Sigl SiCE o] &39S we

Gate Gaie

Emimer Eminer  Emitter [Emitter
[ Ll Bl
p-basa . p-hasa o
Si SiC
n-drift (88pm] n-drift {EBum)
pe collcian [
Calecior
(@) (b)

Fig. 1. Simplified cross-section of the (a) Si-IGBT with
Vp= 1,400 V, and (b) with same dimension 4H-SiC IGBT.

o B . - SlC-IGBT

< 1 « SiHGBT

ey

=

E 4,0010

5

[&]

1=

D 2w

- .
- .

8 00 s |

T T T T T T T T T
0 1000 2000 3000 4000 5000 G000 TOO0 BOOG BO0D 10000

Collector Voltage (V)

Fig. 2. Blocking characteristics of Si-IGBT (V= 1,400
V) and 4H-SiC IGBT (V= 9,600 V).
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Fig. 3. Simplified cross-section of the (a) Si-IGBT with
VB= 1,400 V and (b) reduced n-drift depth 4H-SiC IGBT
for similar Vg 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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Fig. 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.
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Fig. 6. Threshold characteristics of Si-IGBT (Vy= 4 V)
and reduced n-drift depth 4H-SiC IGBT (Vy= 64 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-SiC IGBT structure.
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Fig. 8. On-current -characteristics of Si-IGBT and

reduced n-drift depth 4H-SiC.
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Fig. 9. The current density distribution of device cross
section (a) Si-IGBT
4H-SiC IGBT structure.
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