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Abstract: IGBT (insulated gate bipolar transistor) has been widely used around the power industry as
it has good switching performance and its excellent conductance. In order to reduce power loss during
switch turn-on state, it is essential to reduce its resistance. However, trade off relationship between
breakdown voltage and device conductance is the greatest obstacle on the way of improvement. Floating
island structure is one of the solutions. Still, under optimized device condition for the best performance,
improvement rate is negligible. Therefore, this paper suggests adding trench gate on floating island
structure to eliminate JFET (junction field effect transistor) area to reduce resistance and activate floating
island effect. Experimental result by 2D simulation using TCAD, shows 20% improvement of turn-on

state voltage drop.
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Fig. 1. Turn-off state electric field distribution of (a)
conventional IGBT and (b) floating island IGBT [7].
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Fig. 2. Structure of (a) conventional IGBT, (b) planar
gate FLI IGBT, and, (c) trench gate FLI IGBT.
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Table 1. Design parameters of conventional, planar gate
FLI and trench gate FLI IGBT.

Desi
esien Conventional Planar Gate Trench Gate
Parameters
Half Pitch 15 pm
Gate Width 10 zm
N-drift
180
Length o
N-drift
. l.q. 60 Qcm
Resistivity

P-base Dose 6.5%10" cm™

N+ Dose 1.0x10" cm™

P+ Dose 3.0x10% em™

FLI Dose 5.0x10" em™? 5.0x10” cm >
FLI Depth 75 um 75 (m
Gate Depth 4 1m

Table 2. Breakdown voltage characteristic of trench gate
IGBT.

N-drift Gate Depth Breakdown
Resistivity (Qcm) (ym) Voltage (V)
4 1,447
5 1,431
60 6 1,432
7 1,089
8 1,337
1.0x10° T T T T
—e— Conventional
—o—FLI
soxio®d =°—=TGFLI |
B
§ 6.0x10° E
(2 4.0x10° 4 L E
g 2.0x10° E
0.0 -mmmzzzqmzz;/ y
0 200 1200 1400 1600
Collector Voltage (V)
Fig. 3. Breakdown voltage of IGBTs with same

resistivity.
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Table 3. Breakdown voltage and Turn-on state voltage
drop characteristic of IGBTs.

Turn-on State Breakdown
IGBTs Voltage Drop Voltage
(V) (V)
Conventional 2.4 1,443
Planar Gate FLI 2.4 1,312
Trench Gate FLI 2.0 1,281
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Fig. 4. Breakdown voltage variation according to N-drift
resistivity of planar and trench gate IGBT.
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Table 4. Breakdown voltage and Turn-on state voltage
drop characteristic of IGBTs with different resistivity.

. Turn-on
N-drift Breakdown
s Voltage
IGBTs Resistivity Voltage
(Qem) W) Drob
(V)
Conventional 60 1,443 24
Planar Gate FLI 40 1,448 2.3
Trench Gate FLI 35 1,464 2.0
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