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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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Table 1. Device parameters used in simulation. 1.5e+08 EEEE;:E E::g E 1(1)23 8
Classification Unit Value
- 1.0e+06
Cell pitch £m 12
Cell depth £m 200
" 0.5e+06
Resist Q 21
P-base dose cm? 1.7x10"
a
Trench depth /m 8 100 200
Gate width ¢m 4 Fig. 2. (a) P-base and n+ emitter junction depth and (b) electric

N+ width (m 1 field variation according to the drive-in temperature.
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Fig. 3. The electrical characteristics of the device according to the

drive-in temperature. (a) Breakdown-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) Breakdown voltage (V) Vet (V)

1,000 1.153 734.77 2.483
1,020 1.342 734.05 2.486
1,040 2.731 734.13 2.494
1,060 3.443 734.37 2.513
1,080 3.944 734.85 2.530
JLIOO a4 ST 2856
1,120 4.204 736.94 2.582
1,140 4.204 738.79 2.622
1,160 3.938 741.47 2.671
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Fig. 4. The IGBT structure according to the trench gate depth.
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Fig. 5. Electric field distribution according to the trench gate depth.
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Fig. 6. The electrical characteristics of the device according to the
trench gate depth (a) breakdown-voltage and (b) on-state voltage drop.

Table 3. The electrical characteristics of the device according to the

trench gate depth.

Trench Threshold Breakdown Veeosat

depth (ym) voltage (V) voltage (V) W)

3.5 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

5.5 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
A4S EnE o] Fojso] IRAY 540l &

adte A2 HAE 4 AU

O 59 AAREE Yoz I 6y 22 Ay
S 2 4 AU Trench gate depth7t Z1ojd

369

2 A7 ZA3E Fo] N+ emitter 0|2 £ &
2-= 1,100°C, trench gate depth+= 5 um, =1 =
Aoz 600 V& d= 7S #HQIsto] single emitter
source trench IGBTo] A3gtst 718 &Qlst Qlct.

A A

ol of
o
Iz oX

N+ emitter drive in
FAe AA
L.

sjahe

ol
N
N
—_
re

o) 2

o i 82

N glo
A o

wo £ EN N oN of
>
(o]

AP AsEe Ae YA 2-J8 Ag7dst
542 TFEA717] sl AXgE FRZA AFE K188
off ottt oo Asl EuAL SiE =& FDT
IGBTY] #&xofA dummy trench gate?t 32 o=
Vee-sat®] 574 d42 dAFs EHuA iAT

simulation 23 Vce-sat E4 FAES A dummy
gateo] 77} WRI 1S HAY 4 Yok

A2 v a

ORCID
Ey Goo Kang https://orcid.org/0000-0001-7600-7303
#ZAe| =2
= e =oUAEIled] 20199 AA 2
SA ol A1 A AFRI(20194010201810)  SH=A
HEA 20179 A 712N BA] AtElo] 9
s A1QE| (T S R17XA5-59).

REFERENCES

[1] B. J. Baliga, Power Semiconductor Devices (PWS Publishers,
Boston, 1996) p. 737.



370 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 32, No. 5, pp. 366-370, September 2019: M.-C. Shin et al.

[2] E. G. Kang, B. S. Ahn, and T. J. Nam, J. Korean Inst. Electr. [5]1 Y. S. Cho, E. S. Jung, K. M. Oh, and M. Y. Sung, J. Korean

Electron. Mater. Eng., 23,273 (2010). Inst. Electr. Electron. Mater. Eng., 25, 247 (2012). [DOLI:
[3] J. S. Lee, E. G. Kang, and M. Y. Sung, J. Korean Inst. Electr. https://doi.org/10.4313/JKEM.2012.25.4.247]

Electron. Mater. Eng., 19, 912 (2006). [6] https://www.alldatasheet.co.kr/datasheet-pdf/pdf kor/245080/
[4] Y. S. Koo, J. Korean Inst. Inf. Electron. Commun. Technol., 6, 168 FAIRCHILD/FGH60N60SF.html

(2013). [DOL https://doi.org/10.17661/jkiiect.2013.6.3.168]





