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Study on the Electricd Characteristics of 600 V Trench Gate IGBT with Single N+ Emitter
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Abstract: In this paper, a single N+ emitter trench gate-type insulated gate bipolar transistor (IGBT) device was studied
using T-CAD, in order to achieve a low on-state voltage drop (Vce-sat) and high breakdown voltage, which would
reduce power loss and device reliability. Using the simulation, the threshold voltage, breakdown voltage, and on-state
voltage drop were studied as a function of the temperature, the length of time in the diffusion process (drive-in) after
implant, and the trench gate depth. During the drive-in process, a 20°C change in temperature from 1,000 to 1,160°C
over a 150 minute time frame resulted in a 1 to 4 V change in the threshold voltage and a 24 to 2.6 V change in the
on-state voltage drop. As a result, a 0.5 um change in the trench depth of 3.5 to 7.5 um resulted in the breakdown

voltage decreasing from 802 to 692 V.
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J+ASHIAL single N+ emitter
trench gate type IGBT (insulated gate bipolar
transistor) AX}to] tfsto T-CADS o] &3st M=2&
T& AFE sttt Trench gate®] Zlo|(depth)?} o]
2%U(implant) § =4H57d(drive-in)ofl A &= (temp)
et AlZHtime)o] ®&}o] TE simulationZ &5l =¥
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(breakdown voltage)
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Fig. 1. Cross-sectional view of the single n+ emitter trench
gate IGBT.

Table 1. Device parameters used in simulation.

Classification Unit Vaue
Cell pitch (m 12
Cell depth um 200

Resist Q 21

P-base dose om? 1.7x10Y

Trench depth £m 8
Gate width /m 4
N+ width (m 1

N9 5 367
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Fig. 2. (8) P-base and n+ emitter junction depth and (b) electric
field variation according to the drive-in temperature.
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Fig. 3. The dectrica characteristics of the device according to the

drive-in temperature. (a) Breskdown-voltage, (b) threshold-voltage,

and (c) on-state voltage drop.
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Table 2. The electrical characteristics of the device according to
the drive-in temperature.

Temp (C) Threshold voltage (V) Breskdown voltage (V) Veess (V)

1,000 1.153 734.77 2.483
1,020 1.342 734.05 2.486
1,040 2731 734.13 2494
1,060 3.443 734.37 2.513
1,080 3.944 734.85 2.530
a0 a4 7STL 25%
1,120 4.204 736.94 2.582
1,140 4.204 738.79 2.622
1,160 3.938 741.47 2671

3.2 Trench gate depth 30| =2 ZI = EM

2 49F o] trench gate depthS 3.5~7.5 um
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Fig. 4. The IGBT structure according to the trench gate depth.

S:M:l:g‘:'ém‘-ll
Trench
Depth(um)

Fig. 5. Electric fidd digtribution according to the trench gate depth.
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Fig. 6. The dectricd characteristics of the device according to the
trench gate depth () breskdown-voltage and (b) on-state voltage drop.

Table 3. The dectricd characterigtics of the device according to the
trench gete depth.

Trench Threshold Breakdown Veesa

depth (m) voltage (V) voltage (V) V)

35 3.197 802.90 2.798

4.0 3.197 792.14 2.720

4.5 3.197 778.93 2.658

5.0 3.197 765.65 2.681

55 3.197 713.84 2.644

6.0 3.197 707.50 2.618

6.5 3.197 705.76 2.605

7.0 3.197 702.90 2.798

7.5 3.197 692.14 2.720
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