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Abstract: Although there is no strict definition of a power semiconductor device, a general description is a semiconductor
that has capability to control more than 1 W of electricity. Integrated gate bipolar transistors (IGBTSs), which are power
semiconductors, are widely used in voltage ranges above 300 V and are especialy popular in high-efficiency, high-speed
power systems. In this paper, the size of the gate was adjusted to test the variation in the yield voltage characteristics
by measuring the electric field concentration under the trench gate. After the experiment Synopsys TCAD was used to
analyze the efficiency of threshold voltage, on-state voltage drop, and breakdown voltage by measuring the P- region and

its size under the gate.
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Fig. 1. Trench gate type field stop IGBT.

Table 1. Trench gate type SUP field stop IGBT paramater.

Classification Unit Value
Cdl pitch £m 3
Gate pitch £m 1
P-base pitch £m 2
N+emitter pitch £m 0.3
N+emitter dose cm® 45E19
P+emitter dose cm® 1.7E19
P-base emitter dose cm® 2.0E13
Total cell depth £m 130
P+emitter depth £m 0.3
P-base depth £m 1
P+collector depth om 0.5
F-S layer depth £m 5
F-S layer dose cm® 1.0e16
N-drift (resistivity) Q/cm 70
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Fig. 2. The variation of the depth P-layer distance.
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Fig. 3. Electric field measurements.
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Table 2. The experiment according to P-layer distance under the
gate bottom.

P layer depth (um)  Vth (V) BV (V) VCE-SAT (V)
0.000 4.57676 1446.19 1.00678
0.200 4.148%4 1445.28 1.01290
0.313 4.148%4 1444.25 1.01120
0.421 4.148%4 1443.68 1.01303
0.506 4.14894 1448.08 1.01156
0.613 4.148%4 1454.44 1.00728
0.717 4.148% 1461.62 1.00697
0.801 4.148%4 1465.74 1.00557
0.903 4.148%4 1470.29 1.00916
1.000 4.14894 1473.73 1.00601
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Fig. 5. According to P-layer distance BV (V), VCE-SAT (V).
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Fig. 6. Line A of electric field according to P-layer.
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Fig. 7. Line B of eectric field according to P-layer.
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