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Analysis of Non-Planar IGBT by using TCAD—Characteristics of the CONCAVE-IGBT—
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We have analyzed electrical characteristics of the non-planar CONCAVE-IGBT using TCAD
simulator providing Boundary-Conforming-Mesh generation, and quantitatively compared with the
experiments. As the results, the CONCAVE-IGBT has been characterized by the high channel
conductance comparable to that of planar type, and by the smaller cell pitch resulting in lower

on-state voltage compared with that of planar-IGBT.
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Fig. 1 Conceptual process flow of the CONCAVE
-IGBT.

Fig. 2 Photograph of the fabricated CONCAVE
-IGBT chip (13mmX13mm).

f5l% Fig. 51c/R¥., Fig. 5 X V¥ — 2 ERITEROH
3.5 (#1500 A/em?) ISHIR 3, @RV — Y (Vee=
300V, Vee=15V, 150C) & 10 ws EliN L 7284004 —
XS =0 F730TBN, Tv—FREAICY—
DVITEWZ EOTER I N,

Fig. 3 SEM photo of the cross-sectional Concave
cell structure of the CONCAVE-IGBT.

Table 1 Typical device parameters of the fabri-
cated CONCAVE-IGBT.

13 mm X 13 mm

133 mm?

n~ base/n* buffer/p* sub
50 um, 1.2X10¥ cm™

Chip size
Active area
Wafer structure
n~ base layer

Cell pitch : 24um

Concave width : 14um
depth 2um

Gate oxide ;100 nm

Channel length
Lifetime control

26um
Electron irradiation
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Fig. 4 IV characteristics of the CONCAVE
-IGBT.



150°C

S
W v,
N 5p &
S o
P %
>% ;_310 4
°
>
g400 % 51 ch t
%200 © 0
S L 1
S Ty
-2 Q
o oL ~ - /
2 €1W IJ'\ c
]
(&)
§500'
[}
;Y
g
2
o
[&]

Time (2us /div.)

Fig. 5 Measured short circuit operation of the
CONCAVE-IGBT within the Safety Operat-
ing Area.
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Fig. 6 Mesh pattern of the CONCAVE-IGBT model
using conventional mesh generator.

(a) 1/2 cell model, (b) Close-up around the
MOS channel interface.

10

Fig. 7 Mesh pattern of the CONCAVE-IGBT model
using Boundary-Conforming-Mesh genera-
tor. (a) 1/2 cell model, (b) Close-up around
the MOS channel interface.
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Fig. 8 Drastic improvement of CONCAVE-IGBT
simulation applying the Boundary-Conform-
ing-Mesh.
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Fig. 9 Schematic TEG structure consisting of CON-
CAVE-IGBT cell and Sense-cell, which moni-
tors the voltage drop at the channel.
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Fig. 10 Photograph of the CONCAVE-IGBT TEG
chip, in which sense cells are monolithically
integrated (5mmX5mm).

Table 2 Parameters of the TEG device.

5 mm X5 mm

6.7 mm?

n~ base/n™ buffer/p*t sub
50um, 1.2X 10 cm™

Chip size
Active area
Wafer structure
n~ base layer

Cell pitch : 24um
Concave width  : 14um

depth 2um
Gate oxide ;100 nm

Channel length : 2.6um
Lifetime control Electron irradiation
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Fig. 11 Measured & simulated sense voitages as a
function of collector current.
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Fig. 12 Quasi-Fermi potential distribution of elec-
tron (0.05V/step) and sense voltage at
l.=150A/cm?,
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Fig. 13 Schematic 1/2 cell model of CONCAVE
-IGBT.
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Fig. 14 Schematic 1/2 cell model of planar-IGBT.
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Table 3 Quasi-Fermi potential distributions for various IGBT device models (0.05V steps).

L
type CELL 24 um

32um

40um

CONCAVE
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V,,s=296mV

V5, =425mV
V,1s=320mV

PLANAR I i
L - \
Vs =218mV V,,,, =292mV V5, =35TmV
V,;5=572mV Vigys=416mV Viyys=814mV
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