Journal of the Korean Institute of Electrical and Electronic Material Engineers, Vol. 23, No. 3, p. 190, March 2010.

Edx 2UEES JXE MZ2 TIGBT of 23 A7

A Study on the Novel TIGBT with Trench Collector
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Abstract

Various power semiconductor devices have been developed and evolved since 1950s. Among them,
IGBT is the most developed power semiconductor device which has high breakdown voltage, high
current conduction and suitable switching speed which perform trade-offs between each other. In other
words, there are trade-offs between a breakdown voltage and on-state voltage drop, and between
on-state voltage drop and turn-off time. In this paper, the new structure is proposed to improve a
trade-off between a breakdown voltage and on-state voltage drop. The proposed structure has a trench
collector and this trench collector induces an accumulation layer at the bottom of an n-drift region
during off-state. And this accumulation layer prevents expansion of depletion layer so that trapezoidal
electric field distribution is performed in the n-drift region. As a result of this, breakdown voltage is
increased without increasing on-state voltage drop. The electrical characteristics of the proposed IGBT
is analyzed and optimized by using representative device simulator, TSUPREM4 and MEDICIL After
optimization, the electrical characteristics of the proposed IGBT is compared with NPT IGBT which
have the same device thickness. As a result of this, it can be confirmed that the proposed structure
increases the breakdown voltage of 800 V than that of the conventional NPT IGBT without increasing
the on-state voltage drop.
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Fig. 1. A cross section of trench -collector

TIGBT. (a) At no bias (b) At off-state
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Table 1. An area classification of n drift region.
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Table 2. Simulation result.

SHEAMV) | 2 A AE(V)
Egx ZdH
TIGBT i LA
NPT TIGBT 1000 1.37




p base | p base

gate
gate

n drift n drift

[p7] p™|

T T T T T
1.6%10° } | ! | =

L4x10°
1.2x10"
8 1.0x10°
—
a 8.0x10"
T sox10-]
k2l
1.0x10'

2.0x10°

0.0

0 50 100 150 200
T"-‘Q B& Az (m)
(b)

a8 3. = Ay A Edx 2AA TIGBTS
NPT TIGBT® HAREE,

(a) Edx ZH8 TIGBTS NPT
TIGBT9 HAAEEE EM3I] 98 =
oA

(b) Ex FHeg TIGBTS NPT

TIGBT®] #A&EE )i

An electric field distribution of trench
collector TIGBT and NPT TIGBT at
off-state.

(a) A line for analyzing an electric field
distribution of trench collector TIGBT
and NPT TIGBT.

(b) An electric field distribution of trench
collector TIGBT and NPT TIGBT.

Fig. 3.

olgd BAMZAIe o] EdX ZHE TIGBTY
AARE} A8 dez P4898 ¢ F don
NPT TIGBTY Z$ole 478 e AAER
7t §4EE ¢ F Ao o= AeeA TIGBT
Wil HAEE AARES] Ho|7l FEAYgom
2 Edx Z9Y TIGBT:= Y¥3<9 NPT
TIGBT® H]3le] < 800 V ¢ & dEAqte

A7| A RetE =8, #2378 A3, 2010 39

7HA A g W EJAA 98 TIGBTS n =
EE FY9 sgio] Aol Frstn n =8
ZE 993 pr F9FH 99309 A4 At F
7bet7] g & e dAgAste 004 V F713
ARk ol FEAL vl vl FHE grojo)

5.d &

£ =894 g9y NPT TIGBTY +x9
9 99¢ ER FHEER pTAFoRHN @
Z g A #HAEEE PT TIGBTS Zo] £54
At oz PAstd FEAYL FAANIE EA
Z Z9¥ TIGBTE At =3 o2zl
T4e 5o o el A AlZE e AA
7 4P dAstdn NEHAL E3td
glstdon 1 A durE<l NPT TIGBTe |
g A¢ty Edx FHE TIGBTE -48H At
23t 004 V F7HSHAT gEAgte] oF 800 V
F7ME ¢ T Ak

Ao 2

& a7 {': AN BAR-2 Adell st 7]z2A
a4l Fooz F3yd A

3 28

[1] G. Majumdar and T. Minato, "Recent and
future IGBT evolutiojn”, Power Conversion
Conference Proc., p. 355, 2007.

[2] Y. 1. Choi, “Yesterday and tomorrow of the
power semiconductor devices”, ]J. of KIEE(in
Korean), Vol. 46, No. 2, p. 13, 1997.

[3] B. J. Baliga, “Power semiconductor devices”,
PWS Publishing Company, p. 426, 1996.

[4] V. K. Khanna, "IGBT theory and design”,
John Wiley & Sons, p. 229, 2003.

[5] S. Kyoung, J.-S. Lee, S.-H. Kwak, E.-G.

Kang, and M. Y. Sung, "A novel trench

IGBT with a deep P+ layer beneath the

trench emitter”, IEEE Electron

Letters, Vol. 30, No. 1, p. 82, 2009.

J.-S. Lee, E-G. Kang, and M. Y. Sung,

"Shielding region effects on a trench gate

IGBT", Microelectronics Journal, Vol. 39, No.

1, p. 57, 2008.

Device

(6]



