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Abstract: In this paper, a 1,200 V Si-based IGBT used in electric vehicles and new energy industries was designed. A field stop

IGBT with a separate gate structure, which is the proposed structure, was designed to change trench depth and split gate width

variables. Then, the general trench structure and electrical characteristics were compared and analyzed. As a result of conducting

the trench depth experiment, it was confirmed that the breakdown voltage was the highest at 6 pm, and the on-state voltage drop

was the lowest at 3.5 um. In the separate gate width experiment, it was confirmed that the breakdown voltage decreased as the

variable increased, and the on-state voltage drop increased. Therefore, it may be seen that it is preferable not to change the width

of the separate gate. In addition, experiments show that there is no difference in on-state voltage drop compared to a structure in

which a general field stop structure has a separate gate structure. In other words, it is determined that adding a dummy gate with

a separate gate structure to the active cell will significantly improve the on-voltage drop characteristics, while confirming that

the on-voltage drop does not change, and while having excellent characteristics in terms of breakdown voltage.
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Fig. 1. The Structures of power IGBT of (a) field stop trench gate
IGBT and (b) trench gate field stop IGBT with separated gate.
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Table 1. Process and design parameters of 1,200 V class split gate
field stop IGBT.

Process and design parameters Unit Value
Cell pitch (half) m 4.5
Cell thickness Hm 150
Epi thickness fm 120
Wafer resistivity Q/cm? 100
Gate width Hm 1.8
Gate thickness Hm 2.4
N+ width fm 0.8
P-base dose cm? 5x10"3
Field stop layer thickness Hm 0.5
Trench depth fm 6.0
Split gate thickness m 3.39
Split gate width Hm 0.05
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Fig. 2. Graph according to trench thickness change (a) breakdown
voltage graph according to trench thickness change and (b) on-state
voltage drop graph according to trench thickness change.
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Fig. 3. Graph according to split gate width change (a) breakdown

voltage graph according to split gate width change and (b) on-state
voltage drop graph according to split gate width change.



612

(@]
(@]
[@al
E
1%
rE
o
i
M
g,
R
>
o
tjo
e}
%
ol
o
4%
in)
>
2 ol

RS
19 22 opf my

o
oN T

f
o
ol

> oy Mo rlo &

Ho
dg et mp Jo o m ook

0
=
)
[m

c
)

o3
repProod
ol
ok

LU
(o]

ok

k£
)
i)
rlo
[>
wE oy
MO
oft

Aol £9] Hul7} 57tst

x| 22.0] AU W Zo] op 1,
o]

J
o

e
4 =

>
&

)

=
A
o o
=
==

J
Fr o> o

:’Ol:',‘
>
2 e
-
€2
lo
N U
B
b rQ
)
Pa)
2
)
(@)
(@]
<
[
(o]
Pa)
ol
ol
N

Mo
=
Nd

Ir

Jo =2 49 oo
rlu
o
0%
o
M

2
ol
-
N
1
ol
=
>
e r

w
w

Jm ye

x ;A
1}
In
I>
o
el
M
o
(/2]
S
a
=
D
-
M

0x rz
TR

NooE
SN
rr
e
=
42
rO
i)
[
[ >
o
@
os]
H
©
Mo

f
rr
g

Iy
[~
il
@
los}
3
ju
=
El
&
ol
fz
2,
°
o |4 F

I £ o |-
o Ly
N
o
|m
|
P
]

N
ro rr
o

Iy

[~
< o

Q

los}

—3

mo
¢
>
to o O |m

W
)
(@]

2t

o

N

N

i
rr

N

4
P
rr e
(o]
ok
k£
)
(o]
Hy I ”

=2

ﬁ
N
o
N
N
ot
AN
N
net
bt 4>
o
ol
el
I
2}
1A
o

i‘_‘-'.
AL |
rn
)
o
|m

_O'L
X 30
n &2

o

e ook l‘\l‘

ol
L 4o oy 1o e 2 -+

T

rr ﬁ;{]

ftlo
oM ) JEE
o i 2

ro
=Ol:l:
o
Je
2
e
)
i
2
)
N
N
+
4%

Ut
rlr
o
TN
@ O
4

>
gjm
a
v}
=
i)
rfo
|
Eupos
9'2

rZ
>
rO
iis)
Iy
[~
aim
ox

rr
i)
M 2 e

B e
o%_“ U 2
£
(R

[@a]
uj
e
rg
e,
rx

2
ro
| >

—\.lHEr

> P
g T L 2

3
6
I‘\F
0 4

4 g In

2

I1xY

e
go Py od
wo mju

N
pd
g L%

o = o

oy o2 rlo

ol

ol

rr r%

g OF

e Do N A R

ol _||>(,

S oroh O i & omn |J Ha P~ O |0 AT Py
Bl
ro
>
flu)
o T
A

o ym S [H oy ol
dorox 2

S no > m &

oy

2 %

L

T T T i
-8
1.0x1071 [ —a— split Gate IGBT !
+ Field Stop IGBT 1
8.0x10°+
= 6.0x10° ]
=
S
8 4.0x10° 7
°
L
= 2.0x10° !
0.04 IS QN [NEIN 6% 050 ne—

200 0 200 400 600 800 1,0001,2001,4001,600
V(collector) (V)

Fig. 4. Comparison of typical field stop IGBT and split gate field stop
IGBT breakdown voltage.
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Fig. 5. Comparison of typical field stop IGBT and split gate field stop
IGBT on-state voltage drop.
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