
5,471,075
Nov. 28, 1995

United States Patent [19]

Shekar et al,

111111111111111111111111111111111111111111111111111111111111111111111111111
US005471075A

[11] Patent Number:

[45] Date of Patent:

Iwamuro et al., Forward Biased Safe Operating Area of
Emitter Switched Thyristors, IEEE Transactions on Electron
Devices, vol. 42, No.2, Feb. 1995, pp. 334-339.
Baliga et al., "The Insulated Gate Rectifier (IGR): A New
Power Switching Device", International Electron Device
Meeting, (1982) Abstract No. 10.6, pp. 264-266.
Yilmaz et al., "Insulated Gate Transistor Physics: Modeling
and Optimization of the On-State Characteristics", IEEE
Transactions on Electron Devices, vol. ED-32, No. 12, Dec.
1985, pp. 2812-2818.

(List continued on next page.)

Primary Examiner-Wael M. Fahmy
Attorney, Agent, or Firm-Bell, Seltzer, Park & Gibson

[54] DUAL·CHANNEL EMITTER SWITCHED
THYRISTOR WITH TRENCH GATE

[75] Inventors: Mallikarjunaswamy S. Shekar, Santa
Clara, Calif.; B. Jayant Baliga,
Raleigh, N.C.; Jacek Korec,
Morfelden-Walldorf, Germany

[73] Assignee: North Carolina State University,
Raleigh, N.C.

[21] Appl. No.: 249,898

[22] Filed: May 26, 1994

[51] Int. Cl~6 HOIL 29n4; H01L 31/111
[52] U.S. Cl 257/139; 257/147; 257/151

. [58] Field of Search 257/147, 133,
2571110, 155, 151, 153, 138, 139, 330,

331, 152

5,306,930
5,317,171
5,319,222
5,412,228

4/1994 Baliga 257/147
5/1994 Shekar et al 257/138
6/1994 Shekar et al 258/138
5/1995 Baliga 257/133

OTHER PUBLICATIONS

[56] References Cited [57] ABSTRACT

4,443,931
4,571,815
4,587,712
4,827,321
4,903,189
4,928,155
4,961,100
4,985,738
5,014,102
5,023,196
5,032,888
5,086,323
5,089,864
5,093,701
5,099,300
5,105,244
5,155,569
5,164,325
5,168,331
5,198,687
5,202,750
5,293,054
5,294,816
5,304,821

U.S. PATENT DOCUMENTS

4/1984 Baliga et al 257/147
2/1986 Baliga et al 257/147
5/1986 Baliga 257/147
5/1989 Baliga 257/147
2/1990 Ngo et al 257/147
5/1990 Nakagawa et al 257/335

10/1990 Baliga et al 257/147
1/1991 Nishizawa et al 257/138
5/1991 Adler 257/147
6/1991 Johnsen et al 257/330
7/1991 Seki 257/331
2/1992 Nakagawa et al 257/139
2/1992 Sakurai 257/139
3/1992 Nakagawa et al 257/139
3/1992 Baliga 257/147
4/1992 Bauer 257/147

10/1992 Terashima 257/147
1111992 Cogan et al 257/330
12/1992 Yilmaz 257/330
3/1993 Baliga 257/147
4/1993 Gough _ 257/147
3/1994 Shekar et al 257/147
3/1994 Shekar et al 257/147
4/1994 Hagino 257/147

A semiconductor switching device includes a plurality of
adjacent and parallel-connected switching cells in a semi­
conductor substrate. Each cell includes a thyristor having a
floating emitter region and a trench-gate field effect transis­
tor (TFET) for providing tum-on and turn-off control of the
thyristor. In one embodiment of the switching device, para­
sitic thyristor latch-up is suppressed by using a dual-channel
TFET which forms both inversion-layer and accumulation­
layer channel connections in series between respective float­
ing emitter regions and the cathode contact. In another
embodiment, parasitic thyristor latch-up is prevented by
joining floating emitter regions of a pair of adjacent cells to
thereby eliminate a parasitic P-N-P-N path between the
anode and cathode contacts. According to this second
embodiment, a dual-channel TFET is preferably used to
form a separate first conductivity type inversion-layer chan­
nel adjacent a first sidewall of the trench and a second
conductivity type inversion-layer channel adjacent a second
opposing sidewall of the trench. These channels provide the
necessary electrical connections for both gated turn-on and
tum-off control.

17 Claims, 8 Drawing Sheets
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