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MOSFET-mode Ultra-Thin Wafer PTIGBTs for Soft Switching Application
-- Theory and Experiments

Akio Nakagawa, Tomoko Matsudai, Tadashi Matsuda,
Masakazu Yamaguchi and Tsuneo Ogura

Semiconductor Company, Toshiba Corporation
1 Komukai Toshiba-cho Saiwai-ku, Kawasaki 212-8582, Japan
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Impact of 3D simulation on the analysis of unclamped inductive switching

Masahiro Tanaka' @, Naoki Abe', and Akio Nakagawa®
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3D Scaling : FAFIERDIEK E WS BED H 5

K.kakushima et. al IEDM’16

Parameters in IGBT, symbol k=1 =3 Sf;zltgg
Cell pitch, W (um) 16 16 1
Mesa width, S (um) 3 1 1k —
Trench depth, D; (um) 6 2 1k 800 / K=3, VG=5V
Trench width, W, (um) 1.5 140 2/k
o-base depth, D, (um) 3 1 1/k 600/ EIFNE I XK
n-emitter depth, Dy, (pm) 0.4 0.13 17k
Gate oxide thickness, t,, (nm) 100 33 1/k 4001 o K=1,VG=15V
Length of p* region, L, (um) 4.5 1.5 1/k
Length of n* region, L, (um) 4.5 125 1k 200
Gate voltage, V, (V) 15 5 1k

/ \
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On the Scaling Limit of the Si-IGBTs with Very Narrow Mesa Structure
Katsumi Eikyu, Atsushi Sakai, *Hitoshi Matsuura, *Yoshito Nakazawa,
Yutaka Akiyama, Yasuo Yamaguchi, Masahide Inuishi
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(a) ST-IGBT

2.0um 1.0um
N-base

(b) Conventional IGBT with CS layer

4 1 ST-IGBT &/ 4515

£1 WUBENT A =4 (B um)
Table 1. Cell’s structural parameters (Unit: um).

Conventional
ST-IGBT IGBT
with CS layer
£ B 110 110
NovFEYF 0.6 2.0
A Vi 0.24 1.0
N2%R 20 6.0
i MRILIE 0.1 0.1
PR—AIE& 0.8 24
CS @ik S 25 70
WIT IR LY F 20 5.0
N+Y — 1§ 0.1 15
FLR % & 2.5
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Opportunities and challenges of a 1200 V IGBT

for 5 V gate voltage operation ISPSD2020

I. Imperiale, R. Baburske, T. Amold, A. Philippou, E. Griebl, F. Wolter, H.-J. Thees*, A. Mauder,
F.-J. Niedernostheide and C. Sandow
Infineon Technologies AG, Neubiberg, Germany
* Infineon Technologies Dresden GmbH & Co. KG, Dresden, Germany
ilaria.imperialei@infineon.com

1
- Reference MPT
— Scaled MPT
80|
__ 60
<
S
Q
40
20}
% 500 1000

Vee (V)

Table I: summary of the main features of the scaled IGBT

Veesa reduction “200mV Vce: 0.2V 15_F

(25 °C, laom= 10 A)

Vcesa reduction ~ 380 mV
(175 °C, o= 10 A)
Gate charge (scaled IGBT)/ ~ 0.5

Gate charge (reference IGBT)
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Self-turn-on-free 1200V scaled CSTBT™ &R DScalingfl] % #&15
driven by 5V gate voltage with wide SOA FL>¥FI& 15 05
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Top Views (LJ/L, = constant)

(a) Conventional (15V) (b) Scaled (5V. type A) (c) Scaled (5V, type B)

Fig. 1 Cross sectional and top views of the fabricated (a) conventional, (b)
scaled (type A), (c) scaled (type B) CSTBT™. In top views, structures upper
than Si surface are omitted.

Table I. Summary of the structural pammclcrsl

Parameter Conv. Scaled Scaled
(type A) (type B)
Gate voltage 15V 5V 5V
Weell 1.0 1.0 1.0
Lch 1.0 1.0 1.0
- 1.0 1.0 1.0
| 3 1.0 1.0 0.8
W, 1.0 0.5 0.5
Wm 1.0 1.5 0.5
D, 1.0 0.8 0.8
Des 1.0 0.8 0.8
Tox 1.0 0.33 0.33

For scaled devices, trench width (W) and trench depth
(D) were shrunk to achieve low feedback capacitance (C..).
Here, Blocking Voltage (BV) degradation caused by shallow
trench [12] is compensated by using shallower CS-layer
depth (Dcs) and lower CS-layer concentration (Ncs). Also,
gate oxide thickness (Tox) was thinned to 33% to decrease
VGean), maintaining high p-base concentration. Especially for
the scaled device type B, mesa width (W) and n™-emitter
length (L,) were refined to improve IE effect and RBSOA, as
shown in Table 1.
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Super-Junction IGBT
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Dynamic Charge Imbalance in Superjunction IGBTs:
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(1) SJ-IGBT without CS layer

(2) Unoptimized SJ-IGBT with CS layer

(3) Optimized SJ-IGBT with CS layer

(4) Increased bottom layer’s thickness in case (3)
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