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Design and Fabrication of 1700 V Emitter Switched Thyristor

Zol7'e, ok !, ezl

(Ey Goo Kang'®, Ahn Byoung Sub', and Tae Jin Nam')

Abstract

In this paper, the trench gate emitter switched thyristor(EST) withl trench gate electrode is
proposed for improving snap-back effect which leads to a lot of problems in device applications. The
parasitic thyristor which is inherent in the conventional EST is completely eliminated in this structure,
allowing higher maximum controllable current densities for ESTs. The dual trench gate allows
homogenous current distribution in the EST and preserves the unique feature of the gate controlled
current saturation of the thyristor current. The characteristics of the 1700 V forward blocking EST
obtained from two-dimensional numerical simulations (MEDICI) is described and compared with that of
a conventional EST. we carried out layout, design and process of EST devices
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Fig. 1. The structure of planar EST.
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Fig. 2. The eqivalent circuit of EST devices.
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Fig. 3. The structure of proposed trench gate EST.

R
AEa Azl wEed olyd e FofellA =
IGBTE. = Gate Turn Off Thyristor(GTO)S %
o] Abg3lty Y GTOE AF & walol7)
el 3R B, AoE FeAFIt
7o) mEAF 30%0] gate] Ao HHA

g s HAE = Uk
et GHE FES] g8k dnE =9
Abo]l #] 2B (EST)v wlo] =~ gate] 8] ~E (BRT)
2 MOS 53 Aol 2B 7 A b A=,
MOS +&38 Abolg]~He dEdadzrt =3,
ESTE GTO
, FrdsiAl A

A ~Elel & &

,
o,
[
-
of
)
frt
)
i
%
o
it
ol

T

N
o = R

f
IS
N
o
2
Lo
glj

>
o
i)
>
T
3
flo
fo

o2y m

i

ol

s

W

12
lo

oY of i

tlo i

=
ol
-
N

4o r% o
=
rlr o
oy
o
w M
ox
ot
v
[
=
o 1E
B

[>
12 %
=
[
Ju
o
2
19 2
2 12
(m
X

k)
i)
2
e
re
-
=2
2
rir
[>
o)
&
tlo
2R e
2 o >
bt
&

2,
o
N
)
ksl
>t

&
[

R
o
Ho
B
N
MEorO ml oW oox TR ox oft © ®
>

o)
m =
._]
i
B
& o

ol
o
&
Y
o, =

N
B

o
oft
ox Il
o of
LN
ofN
ol
ol
ol i
o
2 o ©

ol =
N

U

S go o

Mr e

ko

£

m}’l: r

2

o

2

o

2

o oo
Kt oo ot U

O
A

2
o
wt o
PN

e ¥o
oo 2,
H2
[0 o2 4
M E oo

~
of [o

a8 1% a7 3L V&9
Gate ESTS A" 42 E
Gate ESTe F+x& Yetda dvt. 1¥
20 EST 4Ax}¢] =713 28 Q
EST 27ke] s 548 Ao
1=]

AnEf e ZWstd n+ FEZOH gl
H(ACE 199)& AAH n- =ZE F
JHEt. FUYd AAE pnp EWA2E ] wlo]A
AFERN FYso] ERN=EHE FEAAh 21 Z
E
ki3

ne (K



o]g} o] ESTE ZWhile= EWMA2E H2Ao
% EEHER & Adol A vedd des
Agtol Ao Z7EH, pr ojwmE Joow
BE & Fedwo] Fheke] poovlols dold] w9
B ol Z7lan. olg@ & AR/ s=2W p
Wolz vel A HEol olahel 494wl
AL EUm po Wolagdds Emod

ole] A& 0.7 Vol EdalA =i, p- o] 2/n+
Z22Y AL swgow =534 %Il npn
Ed2EHr EEET oju] ik Apole]2aH
WAoo R wAsta, W 2 AYS HolA Hrl

olglg F 2 WAzke] 2-Ago ol <
§l FAY G99 rdste oy W gdo] 1A
stoh, Alolg]l 2B 9] S84 EAI7F HiE o]yd =
W s oAy A E s dolrt dojuy
= 2 W ARV FaAACK gk 2y 9 dR
5 FaA77] fEAE B s AF 23
ME p- Hlolza/ny EE2W JF FEALS F
RN 171 A e aApe] AAA p-Hlolx TE
& WEFEAY p- wo]lx £ AolE AA AASt
= Wygo] ®ol olg®t. Iy ok v&EE
B Afde AelE el Ade Pt &
Gkl vtolAal, Aol HXA 2F @il
o& A shsidel Utk

TEE UE A st Yolxle AR
= FHEZFo WA #HA ~F7 9 BAsHY
gEte] ol Ao ¥ & AT ddy
of, Aletyl Fxo A$E RE HAIS Edx F
22 PAFA7] uFol LAk WRel ZHele= A
A7 48 EANX sbsige] HFEch wEbA p
Hlo]~ FEE SFolk Y|Ee] FxEY R
g A AT F Uk E= EF AF 5E2EE
Aozt Aol A wHol =W W AF-xte] vrol
Az 2945 714 & F drh

22 Ngdold ¥ &7IH 54
1700 V. 5 E#X AolE ESTY HALAES
FAGT. FEE half cel aglen A 57
o 4um olvl, 2] A 9 BA sebEE
A5 3] s sebHER ABdolde F
Psel 4 D FAReAEE FEHAT

A7) AR A 73] =54, A233 A3E, 2010 39

¥ 1. ZYZE %o w2 EHS Wl
Table 1. Breakdown characteristics according to
drift concentration.

doping profile | Breakdown
(crr) Voltage(V)
1x1013¢m-3 594
Ix10%3¢m3 1442
5x1013¢m3 1829
6x1013¢m-3 1764
7x1013¢m-3 1631
8x1013¢m-3 1444
1x10"cm3 1332
Ix10™cm3 599
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E 2. Drift A W FEASG Wk
Table 2. Breakdown characteristics according to
drift layer thickness.

Thickness Breakdown Thickness Breakdown
(um) Voltage(V) (um) Voltage(V)
230 1672 320 2158
240 1735 330 2183
250 1829 340 2197
260 1876 350 2217
270 1961 360 2232
280 1997 370 2245
300 2097

E 3. Drift 7717} 280 um ¥ wW E@X Aol

Ee] Zolo] we 54w
When drift layer thickness is 280 um,
the electrical characteristics

Table 3.
variation
according to trench gate depth.

Trench depth Breakdown VCE,sat
(um) Voltage(V) (V)
3 1997 2.5
3.5 1997 2.5
4 1893 2.3
4.5 1965 2.15
H] 1935 2.05
6 1886 1.91
7 1874 1.88
8 1862 1.83
9 1843 1.80
10 1838 1.73
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Table 4. When trench gate depth is 7 um, the
breakdwon voltage variation according

to the drift layer thickness.

Breakdown
Voltage(\V)

2011
2061
2063
20749
2090
2103

Thickness
(um)
320
330
340
350
360
370

of
8
o
1o
o
ot

(m 4

= o

g o2 =

o oot

=2

=)

n

otk

e

X,

O

o,

o

N

N)

N

B
I\
=it

mom o fm T
a0
ﬂ

N
2 2
==
X
o,

Mg Su
o 2~ ]

4
)

do [t
>

>
=

2

o
QL

N

S

[N
p‘ﬁ
52
)
o

N

_O‘ .

il

O ME off o ot O v

(m o
LY
= A

2

pins
2
=y
o 2
N
L
O
P

)
o H

rlo oft
>
g
°
o
>
)
)

O:
P
0 oX
o tlo
ol
o
et
N
B
>

N
o,
=)
fo
ol
ol
)

]

J £ 0
N
X

dy b T
2
1o

&
o 3
o
L
lo

>
o

:iﬁlm

0 o

B

[N

o

K3 30,
oo BN

w &I
al

1‘
w

3

fu
fd
ox
ok
o
R

ALRE| T =g xE
A4S F4snh Drift FAE 32
WA A7 A EYolAE S5 H T
Yl 71E 2749 1 um 4

(e}

o

3

-z
Lo

=

72 E driftd o 9
10% cm™® 9} 320 um =
2AE HES
t}h o] A 2 A HMGAEE 214 V 2y o
& %7] %9 188V Bt} 026 V 2 grelth 2
oz 2 A AYPEE Fol7] Y EAX
E9 Ynlo] HA37 dosio)



® 5. EdX Ao|ES ] Wsle] wtE 5]
Table 5. The electrical characteristics according
to trench gate width.
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Table 6. The electrical characteristics according
to p—base concentration.

Trench gate Breakdown VCE,sat

Depth Width Voltage(V) (v)

0.5 1772 223

0.8 1989 217

1 2011 214

15 2041 209

7 18 2107 203

2 2127 1.99

22 2144 1.96

25 2153 1.93
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Fig. 4. EST full cell layout at wafer level.
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Fig. 5. Full cell layout to gate electrodes.

2.3 AlH EX =tol| E EMFEI}
Full cell ESTE Z43}7] ol TEG

JeE 2R 3
ko] 1 AnE 99 TEG &4 4%

] )Hu:]%r/], 01—1\1 /\13(}} Q TEG é
o2 full cell EST &2 &A 6}911:}. =
%l oH 2 TS WIPstger ES
o]z o] 1AHEH Al 71|
AZE Ak 919l TEG SAH S F314] A
o] F 79 Al °4]°M T 4o A3}
APd dolAE= HIz L3 F Hola o] F 4
3 FolA EST E4-e HI go]HoAnt ¥
2 HI ol w =73},
9] full cell EST A} FZRE Holal 9
a7 49 FRAA & F 3zl solH e 14}
2o TEG ¢ full cell EST7} @At} 9o

._]
l‘>
FIF
L
o

a4ss

T T T T T
0030 :
2045
PES T S B
L ooss ] .
= '
T 0030 ---7-
D gorsdiiia
=
3 oozt
O o5
—
o o010
o oozl
2 qoae]-
O 005 t-
O L.
1, ] B ORI | SUNIUIRUIR, UGS | SUROUREE . SRR | B
T T T T T T T T T T
1o [} 10 20 30 0
Collector Voltage(V)
= Sl
38 6. AfE A4d LV 54 34,
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