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Design and Analysis of Insulator Gate Bipolor Transistor (IGBT)
with SiO2/P+ Collector Structure Applicable to 1700 V High Voltage
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Abstract

In this paper, we propose a new structure that improves the on-state voltage drop and switching
speed in Insulated Gate Bipolar Transistors(IGBTs), which can be widely used in high voltage
semiconductors. The proposed structure is unique in that the collector area is divided by SiO., whereas
the conventional IGBT has a planar P+ collector structure. The process and device simulation results
show remarkably improved on-state and switching characteristics. Also, the current and electric field
distribution indicate that the segmented collector structure has increased electric field near the SiOs
corner, which leads to an increase of electron current. This results in a decrease of on-state resistance
and voltage drop to 30 % ~ 40 %. Also, since the area of the P+ region is decreased compared to
existing structures, the hole injection decreases and leads to an increase of switching speed to 30 %.
In spite of some complexity in process procedures, this structure can be manufactured with remarkably

improved characteristics.
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E: 1. Simulation*] AF&% IGBT2] doping & %.
Table 1. Doping concentration of simulated IGBT.

2l
®)

Emitter
(N+)

Latch-up ¥+
layer(P+)

Base
(P)

Drift
(N-)

TE
(em™) 2E19 1E19 1EL7 | 55E13| 5E17

EA g turn—off 548 NAE & A& AL
2 7jgert

Ao 7]Ee dEk¥ <
Tz % A<zt HDE-IGBTel rﬂf‘sﬁ
simulationg AAl3ke] ol g %
Brlatge B dgelA A& ZFJ} 1700
2 3¢ IGBTHed oW Agd &
doping> ¥ 1o} veldded, A7A F&
9% xAc® HEIHN, HELE TR
A9 F9u] (W)E Hs OP““H F94 72&
& 4% Hristaa stah

23l

3. ®7Ix 54 21

TSUPREM4¢ MEDICI simulator® A}83t
dutd el 42y 3LFZ 7XE IGBTS HDE-
IGBT? @718 EAE vlu EMsqT

o8 2= 9uk¥eQl IGBT¢ HDE-IGBTY 2
Aol AF-HAL 54 curveE WHEMAATH

olw H&d HAE AFE Type AY W7t 05
m, Lo] 05 m A3 type B7F ZZ 25 ym, 1 ¢m
ok AE7F 100 A/em® Ao Age 2 A

Ao A Aetetn e uw Ak IGBTY &
A AG FEVeesar) 3.1 VS ¥hd HDE-IGBT

type A$t type B= Ztzb 251 V9 258 VE EF

e AE Aol AMEE B ¥ 5 AT
IGBTE ZALE 2xfo|nz mxYelr A

g AR FHol Fesivy 1% 32 7 FRAA

FE AYS Frretr] fsl off dHAY Af{-
A EAL vl Aotk g8 Ate 2 A
7ol o3 ARE type A AS ¢ 20

type Be] A% ¢ 10 V AE A HE A&
# 3 4 gt a8y g4 Aged 1700 Ve
T A3se gely As HE £§ 10~20 Ve
=3 vnate] SA0 M= FIFS FAL AL

| =
o 472 setsian,

Pn rxi =



o 100 ¥ ¥ ¥ n LI

£ | (a) Conventional IGBT ‘

s 80 -~ (b) HDE-IGBT (Type-A) B 7 4

> () HDE-IGBT (Type-B)

G

i~

8 04 7 J
b= ®) S

g ce )

p=3

o 7 @ ]
o

=

£

u

5 2 _
o s rd

L e

5 g

Q e

a T T T H T T
2.0 05 10 1.5 20 a5 30 35

Collector-Emitter Voltage v, ()

a8 2. 2498 7xd oe

=
£4.

g AR A

Fig. 2. Current voltage characteristics with
different collector structure at on state.
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Fig. 3. The breakdown voltage characteristics
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