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An Analysis of IGBT(Insulator Gate Bipolar Transistor) Structure
with an Additional Circular Trench Gate using Wet Oxidation

' Aas! Mokl
(Sang-Hyeon Kwak', Sin Su Kyoung', and Man Young Sung'®)

Abstract

The conventional IGBT has two problems to make the device taking high performance. The one is
high on state voltage drop associated with JFET region, the other is low breakdown voltage associated
with concentrating the electric field on the junction of between p base and n drift. This paper is about
the structure to effectively improve both the lower on state voltage drop and the higher breakdown
voltage than the conventional IGBT. For the fabrication of the circular trench IGBT with the circular
trench layer, it is necessary to perform the only one wet oxidation step for the circular trench layer.
Analysis on hoth the on state voltage drop and the breakdown voltage show the improved values
compared to the conventional IGBT structure. Because the circular trench layer disperses electric field
from the junction of between p base and n drift to circular trench, the breakdown voltage increase.
The on state voltage drop decrease due to reduction of JFET region and direction changed of current
path which pass through reversed layer channel. The electrical characteristics were studied by MEDICI
simulation results.
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a8 1. 2A T2 (a) YukH<4l IGBT, (b) CIGBT.
Fig. 1. Device structure (a) Conventional IGBT,
(b) CIGBT.
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Fig. 2. Process sequence.
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Fig. 3. Comparison of breakdown voltage.
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Fig. 4. 3-Dimensional simulation results of
electric field distribution enhancement
(a) Conventional IGBT, (b) 3-D
distribution simulation, (c¢) CIGBT, (d)
3-D distribution simulation.
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Fig. 5. Comparison of on state voltage drop.
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Fig. 6. CJFET region in device structure (a)
Conventional IGBT, (b) CIGBT.
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Fig. 7. Hole current (a) Conventional IGBT, (b)
CIGBT.
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Fig. 8. Change of the circular trench depth
depending on the diffusion temperature
and the diffusion time.

a9 8dlM B 4 kel Hud FHE #Hit A
7l wi (100083 15008)%= &4F AlZke] F7bel
wel 98 EdA o7t A¥Hor Fretrh
wg 20008 ol4el 71 gal Ao ME it
we] Z7loll wel 98 ERA ol7p MFPHoR
Z7betget AT g4k Azt 22 E AE 7
AAE &4 488 53 42 5+ 3= 98 ER



2 Zole Hd Zolx 161 um oYL} o= vl
A oge 3 2ol @A Ak AzkEeH HAR
S5 atstebg At g4 Faste] ERA o
7} AdHer F7lsigony ik 2x7) H&4
g, S Azto] FtE4E FAYRA asiube A
a7t e B olFgow gt HAEo F
A3 74l EdA gol7t E3dE Aol

ooz Fstutel Az Yu7t 4 ymE nAE
A oA F4 AsE 53 4 F A= 99
EA 999 Ao ole 161 im Y& & F
A9

4 2xo Al wE FEAfS -4
Ast7dste] WalE <dolry] S8 9% EAA
o] W3l AlBH A FUF Ao A EYeo]
A gk, 2 9% A 2xol A7k W)
wg FEAGeln Oy 108 FYFH A 2
-8 Agtstelnh

19305 -
e 4
wi00{ € Py s S
\ g / g
19295 4 e
o /." ! ]
g 19290 ./, * //l
19265 & // Diffusion time
g 3 P ~&- 1000
1928.0 4 . ~@- 1500
T [ /./ —A— 2000
& 192751 ¥ 2500
19270 4 4 3000
- 3500
1926.5 +———— T T L | T
980 1000 1020 1040 1060 1080 1100 1120 1140 1160
Diffusion temperature

28 9. 4 HelvEe o CIGBTY 34
4 54 43

Fig. 9. The breakdown voltage depending on
diffusion parameter in the circular
trench depth structure.
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Fig. 10. The on state voltage drop depending
on diffusion parameter in the circular
trench depth structure.
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