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Fig. 1. Schematic device cross-section of (a) EGBS-LIGBT
and (b) conventional LIGBT.

TRIET S-EG A R E 1 #1715 PSR X K
SR 2 [20“21]; ME A 1) BE T (V(;s < VDS)
if, BREEEAE S-EG 1Y N+ IX 5k 6], S-EG
FIH IR T Vg, i 2(a) FiR, FERAFIES T
YEWIN], S-EG LB m TR R Vg, R
PR 5 FL T

24 H A gt o 1F ) s He B, S BHAR M PIX 5
N 2w X [a] s 322 M PN S5 TP s R (kAR i
RUER 0.7 V), 270N PTIXIEASE N Z i X,
A PIEBIX. S0 REHRRY], V=1V
B PIER XN IGA DS IGEA, V) =2 Vi,
PSR X N K2 AL ZEAR B AR i e 2 1
(<1 V) F, 2575 RS X PN )/ it L LAy B
G B PR R T, A2 0Ok B
P R X AT FB AT 22, IeR K A &
HL 5245 7R EE Y B PR X 1T S iB A4k
ZABCED, TR IR T2 G R, X
TENAE A R TR IR 13708 ) 5
JE 22 TR AT RIS, 5 T e IS FL L.

AT S B, AS SOK S B AR P-N R
X255 S-EG 454, B SCHE3) EGBS-LIGBT:
£ P IER XS P AR R A A N ERE X, N T2
FRE R, S I B A E AR AH EF SOT 1 R 22
AR Z. EGBS-LIGBT A TAEMLHI HAT W E R :
o, TEIE A IR IR T, P AL X /N % [X AL
1) P A R B LRSI RS Bl HLuk, BT
N Zh KB4k s T P IEMBIX, HAE N Zhx
T J BRS-GBS 3 R R 2(a) W] L. X (A5
PR F 3Gt N 22 oh X A% 3 5 N R I, B T
N R X A2 T P IR, T PN 45
DIREEZS SRR B 22l BEsR Ak i Py L I AN
58 25 7 BH YRR, BB i 2S 7 G B P IS IX /N
AL X AU, 0 2 P RR R . &l 2(b) FR,
N {588 DX 28 7 G FEL T 2 B 1 B 48 i BEL PS4 .

FMF Sentaurus TCAD ff B T. E. X} EGBS-
LIGBT 9 1E [n] 538 | 1E [] BH KT B2 S W o 1) ik
FAFoE 5000, T B A ) L IR e A
RIS PTE 2 A ASAH 2 AR, 5 ELrp 3
1) P PRASEAR G 5 AR Ay AR AR AR | 5 R RN A | AT
BRB B RIRERIAY A AR
TCAD T H Aok A8 g5 {4 2549 S 5ORIB 22k B
RN E R BV AR V., By, AL BS540
7 1 g,

050805-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050805

(a) Gate

N-drift

12.8

12.9

QVg=10V, VA=20V

(c) 160
Tpd = Tnd (llm)
140+ —-21

K‘f‘ 22

Z 120f o 23

9 — 23.5 -
£ 100} ---CONV,”
~ ’

2 /

R 80 | ’

=l ’

3 '

T e0f ,

g I
540t i .
=} [ 2
5 /

o |

9

jani

EGBS-LIGBT
—-20 . .

201 I = 0.002 A/cm?
1 —
ol \

-7 147.2 A/cm?

0 5

10 15 20
Vac/V

Hole current density/(A-cm~2)

20

16

B 2 (a) EGBS-LIGBT A4 8 #2315 4% i 78 2 & (b) EGBS-LIGBT 425 7 HL I %5 B 40 A A i s B 1R (¢) ARIER KR T
EGBS-LIGBT 5% # LIGBT %5 7RI i, Uit - BH AR L e 2% 2R iih £ 18
Fig. 2. (a) Potential distribution diagram of EGBS-LIGBT; (b) hole current density distribution diagram of EGBS-LIGBT; (c) dia-
gram of the relationship between hole substrate current and V,q for EGBS-LIGBT and conventional LIGBT with varying drift

region thicknesses.

®1 EBHRESH

Table 1. Key parameters used in simulation.

E 24 SR L WHLIGBT EGBS-LIGBT
Lq/pm BRI 40 40
T,x/nm MHEALZ R 5 5
Tiop/Hm S-EGIEJE — 2
Taa(Tpa) /1 PR IX R 23.5 23.5
Nygrire/ (10 cm %) NER XABAIRE 5 5
Npaite/ (10'* em™) PEB X BARIE — 9
Nyutter/ (10'6 cm’?) NZE WX B i 6 6
Np-anode/ (10" em ?) PR P+ X B 2=V 4 4
Niop/ (10" cm®) S-EGHINIIEB I X B AU E — 4
Nygpu 1 /(10% cm9) S-EGHINBIFAB IR X AB IRk i — 1
Npsup/ (10" cm?) PRI IRBARIE 4 4
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Fig. 3. (a) Comparison of breakdown characteristic between EGBS-LIGBT and conventional LIGBT; (b) BV variation curves of
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Fig. 4. (a) Relationship between electron current density and anode voltage of EGBS-LIGBT with different values of metal work
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Fig. 5. (a) Comparison of the forward conduction character-

istics between EGBS-LIGBT and conventional LIGBT;

(b) comparison of forward conduction characteristics
between EGBS-LIGBT and the recent novel SOI-LIGBT.
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conventional LIGBT under different V.
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Fig. 7. (a) Schematic device cross-section of PB-EGBS LIGBT; (b) comparison of FBSOA curves among the EGBS-LIGBT, PB-

EGBS LIGBT, and conventional LIGBT.

050805-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050805

AT T, T3 LIGBTAERES 475 V B RIZERL.
25 SR T % B LIGBTIEEAS X el I P i 38 25
N A, 45 |, EGBS-LIGBT £ RBSOA i1 #9"
J&% 700 V, L FE L LIGBT.

& 9(a) FIE 9(b) 43 HriEEAe X 5 2k BEXT PU R
BB BUREE. [ 9(a) M: 24 P IR XI5 241
& (Npanie) N 5x10M em 3 I, geF530 P/N XU
FeIX AR, it o 8 iR BV IABIIAE ; i 25 1%
WK 33 N B R E2FER, 51 BV 2.
BEIN Noariee 23 FEAR PR XA B Fl L YR B2 50
BTG, FBV,, BT, R By 725 TR
B 9(b) ot NS XU (Npaur) PIAF5E R I
TE 9x 10" cm ™ B BV &3k 701 V HAPIK AR E
£ 1.9 mA /em? IR AAEFHERERIE, BB Ny 34
m, T B HL IRV, B, (HE0R 725

(a) 120F__"CONV, Euf=1.69 mJ/cm? 1350
—--EGBS, Ei=0.51 mJ/cm?
100 £ o m € - - - —— 300
c\‘,‘\ 80+ 1250
g 1200
S eof :"
g Tyr = 233.2 ns £ 180
% 40 | Torr=233.2 ns L
= Tore = 119.8 ns) =100
20y, —10v 150
10%Jac ——&—— —_——d - - - — - — — -
L
o=t 0
68 69 70 7.1 72 73 74
Time/ps
8

Vac/V

T T3 B WK, ZSBMAG, TE Nygur, = 5X
10" cm 3 Fl N, g = 9x 101 cm 3 WA 1E BE:
BVik701 V, V,, {X1.59 V, E 4 % 0.51 mJ/cm?,
RS 7R RN 1.9 mA /em?.

&l 10(a) FE 10(b) XF b 1 373 42 i SOI-
LIGBTBS23 (&% LIGBTR), %3 LIGBT DA KA
SR A EGBS-LIGBT Z 6l B BV, 7 %
. (HATENE, Eha.084 5103k SOL-LIGBT,
MO FEA SOI 2 LIGBT. [# 10(a) ®H
BT EGBS-LIGBT 556811 SOI-LIGB T 323
KA, 38 T EGBS-LIGBTHA Wit R A1 fE.
& 10(b) FE A T EGBS-LIGBT 5% # LIGBT
e FR. NEHRT LA ), Frde i) EGBS-LIGBT
TEHIE Vo, HT, Egf# KT 69.8%, &I P EFIX

2k 2 >
1 S-EG 25 RES A RUMBGE By V,, ITHRR.
(®) 250 — EGBS, @Vh=700V  conv
— EGBS, @V, =600 V o - Vius =700 V
T - - - Vhus =600 V
200 E . - - - Vs =475V
. N S
& RN
5 150F T
S Tl
: R
5 100} Successful \\\ S /
N turn-off . RN
50 \ Failed
turn-off
ol .
2.0 2.2 2.4 2.6
Time/ps

() SCWIRFEINIR (Vi 2 2 W00 H 5 19 1B 2 T HL R ); (b) EGBS-LIGBT 5% # LIGBT 1) RBSOA

Fig. 8. (a) Turn-off characteristic test (V}, is a constant DC voltage of turn-off test circuit); (b) RBSOA of EGBS-LIGBT and con-

ventional LIGBT.
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EGBS-LIGBT, SOI-LIGBT, bulk LIGBT, and conventional LIGBT.
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Novel bulk silicon lateral insulated gate bipolar transistor
with low hole substrate current
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Abstract

This paper proposes a new extended polysilicon gate bulk silicon lateral insulated gate bipolar transistor
(EGBS-LIGBT). In order to suppress the hole substrate current, N-type and P-type silicon are epitaxially
grown on the P-substrate sequentially to serve as N-drift and P-drift. The PN junction composed of two drift
regions is in a reverse-biased state during both normal conduction and off states of the device. The built-in
potential within it forms a hole-blocking barrier to prevent holes from moving towards the substrate.
Meanwhile, a Schottky-extended polysilicon gate (S-EG) is added on the P-drift, forming a thin electron-
inversion layer on the inner surface of the P-drift, which can achieve a low on-state voltage (V,,). In addition,
the Schottky contact at the anode reduces hole injection efficiency, while the rapid dynamic electric field
modulation capability of P-drift enables the swift extraction of excess carriers stored in this region. The
majority carriers in the P-drift, which are holes, can also accelerate recombination with the excess electrons
during the turn-off phase. The above factors help to reduce the turn-off time and the turn-off energy loss (FEyg).
The simulation results show that EGBS-LIGBT effectively reduces the hole substrate current while improving
the trade-off relationship between E. and V. In this paper, EGBS-LIGBT has a V,, of 1.59 V, hole substrate
current is 1.9 mA /cm?, Ej is 0.51 mJ/cm?, and breakdown voltage (BV) is 701 V. Compared with conventional
LIGBT, the EGBS-LIGBT exhibits approximately equal V., the hole substrate current reduced to 1/10° of the
conventional LIGBT, 69.8% lower E.y, and 19.6% higher BV.

Anode
Cathode SotersaREAST 9 o
| contact } Schottky, (1) There is an electron
/ 4 contact | | .
. H N-top ____ , inversion layer on the

| inner surface of the
1 P-drift. — low V;,

(.
P-drift 1~
-— g

RWe 0 0 0 0 0 0
N L -

@) -Dur‘ing b‘(?th (:ondu(',tAion an(Ai gﬁi%ﬁ?zz‘;;i}?_ggﬁ% _ SiO;

switching off, an depletion region [~ — — — — — — — — — N

will form here.— A hole barrier is }The direction e N <

formed. — The hole substrate [of t}ieéuﬂtin ________________ AN <—h

current decreases by five orders | ~electric potential ~~

of magnitude. @ An electric field peak

was introduced at the

N-drift /P-substrate

e —» N-drift

f}” junction, which modulated
k the longitudinal electric
~ ~L field of the device,
W P-substrate WV resulting in an increase
of 19.6% in BV.
1. Mobile electric charge 2. The above data are derived from a comparison
Fixed charge with the performance of conventional LIGBT

Keywords: lateral insulated gate bipolar transistor, hole substrate current, turn-off loss, Schottky contact

DOI: 10.7498 /aps.75.20251354 CSTR: 32037.14.aps.75.20251354

1 Corresponding author. E-mail: bxduan@163.com

050805-9


http://doi.org/10.7498/aps.75.20251354
https://cstr.cn/32037.14.aps.75.20251354
mailto:bxduan@163.com
mailto:bxduan@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

RZE AT JES HEL U RT3 2R AT A8 o) 4 M AR B 1
BREX F1E BEAYR EF%R BHRE

Novel bulk silicon lateral insulated gate bipolar transistor with low hole substrate current
DUAN Baoxing LI Yuying TANG Chunping REN Yuhao YANG Yintang

5| {5 B, Citation: Acta Physica Sinica, 75, 050805 (2026) DOI: 10.7498/aps.75.20251354
CSTR: 32037.14.aps.75.20251354

TELR I TE View online: https://doi.org/10.7498/aps.75.20251354

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

P RF AR 2 22 B 1 B SR B 4 Gt U At A

Novel majority carrier accumulation insulated gate bipolar transistor with Schottky junction

WyFEEEAR. 2024, 73(7): 078501  hitps://doi.org/10.7498/aps.73.20231768

GARLE= A R A E N IUBUIES SINL EACES 3 PAE ST LN S

Noval carrier accumulation reverse—conducting lateral insulated gate bipolar transistor

YrH2E 4. 2024, 73(15): 157301 https://doi.org/10.7498/aps.73.20240572

2.45 GH2fRBTCER RE fet A i FH G ek XU A HA U Hf iy 1 e BE 44 A RO i A

A Ge-based dual channel rectified smgle ended Schottky barrier field effect transistor for 2.45 GHz microwave wireless energy

transmission

WAL 2022, 71(20): 208401  https://doi.org/10.7498/aps.71.20220855

PR 1] PP (A R 2R L R 0L By 7 e

Novel dual-direction electrostatic discharge device with lateral PNP transistor

WAL 2022, 71(23): 238501 https://doi.org/10.7498/aps.71.20220824

LT B S T4 U AR AR A, BRI P TR AR B L SR g ) Bk e S B LT
Numerical simulation of single—particle transients in low—noise amplifiers based on silicon—germanium heterojunction bipolar

transistors and inverse—mode structures

YrHE2E 4. 2024, 73(12): 126103 https://doi.org/10.7498/aps.73.20240307

22 (i 2 SRR e S UM A B BRI

Proton single—event effects in high—speed polysilicon—emitter bipolar transistors

YrHE2E 4. 2025, 74(14): 148501  https://doi.org/10.7498/aps.74.20250276


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20251354
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20231768
https://doi.org/10.7498/aps.73.20231768
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240572
https://doi.org/10.7498/aps.73.20240572
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220855
https://doi.org/10.7498/aps.71.20220855
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220824
https://doi.org/10.7498/aps.71.20220824
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20240307
https://doi.org/10.7498/aps.73.20240307
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20250276
https://doi.org/10.7498/aps.74.20250276

	1 引　言
	2 器件结构及机理
	3 仿真结果与分析
	4 结　论
	参考文献

