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Abgract: An IGBT (insulated gate bipolar transistor) device has an excellent current-conducting capability. It has
been widely employed as a switching device to use in power supplies, converters, solar inverters, and household
appliances or the like, designed to handle high power. The am with IGBT is to meet the requirements for use in
ideal power semiconductor devices with a high breakdown voltage, an on-state voltage drop, a high switching speed,
and high reliability for power-device applications. In general, the concentration of the drift region decreases when
the breskdown voltage increases, but the on-resistance and other characteristics should be reduced to improve the
breakdown voltage and on-state voltage drop characteristics by optimizing the design and structure changes. In this
paper, using the T-CAD, we designed the NPT-IGBT (non punch-through IGBT) and FS-IGBT (field stop IGBT)
and analyzed the electrical characteristics of those devices. Our analysis of the electrical characteristics showed that
the FS-IGBT was superior to the NPT-IGBT in terms of the on-state voltage drop.

Keywords: IGBT, Non punch through, Filed stop, Breakdown voltage, On state voltage drop

1. M E

IGBT (insulated gate bipolar transistor) AAR=
MERE S2o] FHold axfoln], 2 ML 2js}s]
sl EAE 2994 dutolAz2A A
gt7], Hig AHE, 7HAAE SOl 'de] AREE L
o} olelg IGBTE w9l wreA] Axtel BE g

o
kI
H
)
B

RS )

a. Corresponding author; keg@kdu.ac.kr

Copyright ©2017 KIEEME. All rights reserved.

This is an OpentAccess atide distributed under the terms of the Creative Commons
Attribution  Non-Commercid  License  (http://cregtivecommons.org/licenses’by-nc/3.0)
which permits unrestricted non-commercid use, distribution, and reproduction in any
medium, provided the origind work is properly cited.

[elNe)



A7V AR A 2B =R, A30W A4T pp. 214217, 2017 4Y: 70| T

2. M3 Uy

2 =904 AA]5l= NPT U field stop IGBTY]
A AAE YdliA TCADE o]8sto] F78Al& ol d
so¥sielon, olg Eotof A FLxRE LY

Je]n A AxRF o]8sto] AR Al olAE
o] ARE9] A7|AQ §442 AT

4> Tll o b

3. Zn ¥

3.1 Non punch through IGBT & % 7|
ENENM

NPT (non punch through) IGBTE AA5t7] ¢35l
],

stEKQrS 30% OHXSS ﬂaia}oq 1,800 V2 =152
AAS RsfEt Ao oojA&E 50~75 Q=2 W¥s}t

AIZIEA Algeoldg Addsto] 1800 Vol =gt 7t
7he 1,802.77 V& 22 5 AAT. 2EAY2 4V
2 AAstelen, vce-sat?] E 57 5
P-base?| & =2sto £HAYS

=2
5 vyce-satl] o=z 514 VE & &
_]

2 2% NPT IGBTY| 3BAQ E4<S wolZm 9lo
. 1Y 32 P H|o]A9] Fwo] g FEHAYY =
AY Aot 548 woFa k. ol2id A71HY £
4e 2N £ AN P oHlolA 3RS AYF T 1
Y 49} sollME 2EAUN e AUt S4S
Bojzm girt
Pitch
| Gate Width ) N4
Gate ! Emiter Classification Size
Oxide
3 Gate (N.poly)  1.25 um
Pitch 6.5 um
P-base dose  6x10" cm?
N-Drift N+ Emitter width 1 pm
Depth Depth -
Gate oxide 950 A
Total depth 320 um
7 N-Epi resist 635 Q
P coleco MR N-Epi depth 3195 pm

P+ depth

Fig. 1. The structure and parameters of planar gate type NPT-
IGBT parameter.
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Fig. 2. The breskdown voltage characteristics of 1,800 V non
punch through IGBT.
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Fig. 3. The threshold and on state voltage drop characteristics
of NPT IGBT according to P-base dose.
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Fig. 4. The threshold voltage characteristics of NPT IGBT.
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Fig. 5. The on state voltage drop characteristics of NPT IGBT.
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Fig. 6. The structure of planar gate type field stop IGBT.

oo A
nc A
R =
Va HE_%}

7] 9Jsl NPT IGBT®} opzt
Sd& 20%5 A7tstod 1,800
12 58~62 QVIR] HEA]
gstgich 1,800 Vol 7 2
7(—101' ofloj 16% 60.1 Qo]xlﬂ} ZEXQo] 4 V U
gto]7]of ofjm Aol 60.5 QolHA FAld] FEA
o] 1,810 Vol gto2 MAstAr}, T3t ® 12 upe}
2 AAg WEAF IGBTO P-base dosed] ¥
Zo] 13 9eF Zo] Vth7} 4 V ojAtoz m&g]
P-base doseg #riste] HAE L38¥steict 1
o

oA 0379 YRAY 298 weiRd g

i
rg
_>.:
)
nqn
rﬁ
o
4>
g_l_g‘
ol
o
o
o g

Mo jo rrap o

@
d
L
OO
O

2

=)

?l,
o=

1o
rE

_kg_p‘

2

a
rln

o2

dc

i

2

i)

Table 1. The parameters of planar gate type field stop IGBT.

Classification Size Classification Size
Gate width 4.25 ym Buffer 1 um
Pitch 6.5 ym P+substrate 0.5 pm
P-base dose 7.5x10" cm?  Total depth 320 um
Emitter width 5.5 um N-epi resiss  60.1 Q
N+ emitter width 1 um N-epi depth 3185 um
Gate oxide 900 A
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Fig. 7. The breskdown voltage characteristics of field stop IGBT.

W
-
wm

1820 o
S 4
1)

it e 510 <
Fy 'F‘ [x)
= 1800 4 ?
2 / 505 a
: /74 3
T 1780
F 500
@ .

1760 . . , 495

58 59 60 61 62

Resistivity(Q)

Fig. 8. The breskdown and on state voltage drop characteristics
of field stop IGBT according to epi resist.
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Fig. 9. The threshold voltage characteristics of field stop IGBT
according to P base dose.
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Table 2. The comparison of threshold voltage, breakdwonvoltage
and on state voltage drop of NPT IGBT and filed stop IGBT.

Vth BV Vce-sat

NPT Planar IGBT 421V 1,818 V 410 V

FS Planar IGBT 411V 1,811 V 401 V
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