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Fig. 1. Schematic cross-section of (a) ES LIGBT and (b) SSA LIGBT; (c) schematic diagram of EG structure; (d) potential distri-

bution of EG structure (in the forward conduction state).
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Fig. 2. Key process flow to fabricate ES LIGBT: (a) Preparing the double SOI wafer; (b) etching; (c) diffusion to form P-base and
N-buffer; (d) ion implantation to form an anode structure and a cathode structure; (e) ion implantation of the top layer silicon;

(f) metallization to form electrodes.
TCAD #AF AT LU i 7~ AR SR iy 2 Auger recombination), iFFF A (doping dep-
B TF AR B 5 B:oK A, DITTASALL 284 (%) 45 A el endence mobility, high field saturation mobility,
FREE. AR SR Sentaurus TCAD R4 %) #5 4 Enormal mobility) LA &ZfiidiZ iR (Okuto aval-
FEAT O EIFOFTE HARE, O ETLS FE P E T anche generation). G5 #3141 CHES AN 1
PR 24 FE: B A4 (SRH recombination, Jir).
F 1 PTEBRESE

Table 1. Key parameters used in simulation.

Eidins SR L HHMLIGBT SSA LIGBT ES LIGBT
Ly/pm ERIX K 15 15 15
Tiox/nm AR )RR 3 3 3
Tox/nm WHE MR R 50 50 50
T,/nm BB IX R 4 4 4
Ly/pm P+ FHAR FIN+ BHAR (] 2 — 15 2
Tiop/pm T2 REA SRS - 1
Nt/ (10 cm?) PR IX PBA U 18 18 1
Noubstrate/ (10 cm %) PRI B AU 1 1 1
Noutrer/ (10'7 e %) NAVZE 2B 4Rk 2 2 2
Ny -anode/ (10* cm3) PRIk 5 5 5
Niop/ (10 em™) THU 2 NEVRE X 15 7 1 — 9.1
Nyarsier/ (108 cm?) THRNR L2 R B IR — — 5
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Fig. 3. (a) Breakdown characteristics for LIGBTs. The inset is the total current density of the proposed ES LIGBT at the time of
breakdown, Jyc is the anode current density and V¢ is the voltage between the anode and cathode. (b) Impact of N, on BV for

the ES LIGBT.

100
(a) Vou/V
—ES 116
—EG 092
75t ——SSA  2.58

— WA 1.12

50 F

Jac/(A-cm=2)

25 F

0 : . . . . .
0 0.4 0.8 1.2 1.6 2.0 2.4
Vac/V

21
10 — Y=0.01 pm

' (b) ES LIGBT
- — Y=0.02 pm

1019 ¢

1017 ¢

P-drift

F

1015 ¢

Electron density/cm—3
.

1013 ‘P—base

1011 . . . . . . . \
2 4 6 8 10 12 14 16 18 20
X /pm

K4 (a) SOFRIE B SERE; (b) BS LIGBT ZEIE [0 S5ERES (Jye = 100 A/cm?) T 1 HL -2 BE 43 A

Fig. 4. (a) Forward conduction characteristics of these devices; (b) electron density distribution of ES LIGBT in the forward con-

duction state (at Jyg = 100 A/cm?).
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Fig. 5. (a) Simulation test circuit for reverse recovery char-
acteristics, where V( is the gate voltage, gate resistance
Ro = 10 Q, stray inductance L, = 10 pH, load inductance
Lo = 10 mH, and dc power supply voltage Ve = 100 V;
(b) RC and reverse recovery characteristics of ES LIGBT
and SSA LIGBTS; (c) hole density distribution at different

moment (t,—15) of reverse recovery process.
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Fig. 6. (a) Turn-off characteristics of LIGBTs; (b) hole

density distribution at different moment (#,—t;) of turn-off

process.

157301-5


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 2 3R Acta Phys. Sin. Vol. 73, No. 15 (2024)

157301

[ 7 % ES LIGBT 1 SSA LIGBT 3¢ W fi%
FEAR B IR 2. TE Ve EFHBYEE, ES LIGBT
{14 AN, P PR T DR )N, X B R A X A HE,
TR RSB, X — 7T, PR p BUEAS X I AEA1E
i FHAESYE S 55—, ES LIGBT fH
T B AR ER XA IO, IR P H 9% B
AN, B R TFPOER R T AN, TR R
YER, 24 FHAR L L il R, 25 7L 2 A
N AR LA AR RIS, R, pt FHAR AR S )15
FEIX I AZS I, WIS IN B . {HXT SSA LIGBT
RV, TEPIAS BRI Z R TE R i A A b 2k, X
ANET R A T R, AT LT — e Y
LI R N4

Soild: ES, dash: SSA

100 |- 100
- - Iace

Iach
— Vac ] 75
Iac
N — Iace {50
\ Iacn

\
L . 125

0 20 40 60 80 100
Time/ns

Vac/V

JAC/(A~cm‘2)

7 TEXWT R, ES LIGBT #l SSA LIGBT 4 FH#% H
TIRIT, H Iy J2 FHAR A LT HIIRE, Tyon A2 FHARAO 257 0HE
T, Ine 2 FHAR S T

Fig. 7. Anode current components of ES LIGBT and SSA
LIGBT during the turn-off, I,c. is the electron current of
the anode, Iycy, is the hole current of the anode, and I is

the total current of the anode.
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Abstract

Reverse-conducting lateral insulated gate bipolar transistor (RC-LIGBT) with freewheeling diode
integrated in the body by introducing n* anode can realize the reverse conduction and optimize the turn-off
characteristics of the device, which is a promising device in a power integrated circuit. In this work, a novel RC-
LIGBT with electron-controlled gate (EG) and separated short-anode (SSA) is proposed and investigated by
TCAD simulation, which can achieve low on-state voltage drop (V,,) and low turn-off loss (E.y) at the same
time. The EG structure of p-n-n™-p (p* region/n-type silicon region/n-type barrier layer/p™ region) is adopted,
the gate electrode and anode electrode are connected by the EG structure. In the forward conduction state, a
high-density electron accumulation layer is formed on the surface of the drift region by EG structure, which
greatly reduces the V,, of the device. At the same time, the use of the SSA structure can also optimize the E_g
of the device by forming an additional electron extraction channel. In addition, based on the EG structure, a
low-doping p-drift can be combined with the SSA structure to simply achieve reverse-conduction and snapback-
free characteristics. Furthermore, the EG structure and the SSA structure can complement each other. On the
one hand, the high-density electron accumulation layer formed by EG structure compensates for the weakened
conductance modulation effect caused by the SSA structure. On the other hand, the electron extraction channel
of the SSA structure enables a large number of accumulated electrons to be removed quickly. The simulation
results show that the proposed device has an excellent trade-off relationship between V., and E.y, specifically,
Von is 1.16V, which is 55% lower than that of SSA LIGBT, and E g is 0.099 mJ/cm?, which is 38.5% and 94.7%
lower than that of SSA LIGBT and conventional LIGBT, respectively.

Keywords: carrier accumulation, reverse-conducting lateral insulated gate bipolar transistor, on-state voltage
drop, snapback voltage
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