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IGBT with Schottky junction contact gate semi-
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Fig. 1. Schematic cross sections of the two devices: (a) Con-
ventional IGBT structure; (b) AC-SCG IGBT structure.
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Fig. 2. Process flow for AC-SCG IGBT: (a) Epitaxy; (b) de-
ep trench etching; (c) performing SiO, growth; (d) epitaxi-
al backfilling; (e) ion implantation; (f) back thinning and
metallization.
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Fig. 3. Schematic cross sections of AC-SCG IGBT accumu-
lation layer and potential distributions of the gate semicon-

ductor layer under the positive gate voltage.
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Table 1. Key parameters and electrical character-
istic values of the conventional IGBT and AC-SCG

IGBT.
HFR i WHIGBT AC-SCG IGBT
R XK Lp/pm 28 28
AL W/um 3.1 3.1
AR Tox/nm 0.1 0.1
ERXBIMRE  Np/cm? 104 1012
Nyao XBIHSE  Nyge/com™® — 1012
BTN BV/V 612 629
1E ] S e R Ve/V 1.56 0.84
S ] T.g/ns 222.7 155.8
KWAFE  Eg/(mJ-em?)  1.62 0.77

3 GRERS M

& 4 M IGBT #l AC-SCG IGBT i 4
FL PR A1 I [r] 5 300 e e Bt 2 [X 45 2% Tk B 1) A8 b 15
. TEFRE, K 1(b) 7] Al, £ AC-SCG IGBT
i, R X B 2 VR R SR 2 1 Nyge XI5
N B XI5 2 v AR ], T8 X 3B 240k 1
AR, T E B2 AR, I 4(a) ATLAE W, H
FLIGBT BYli 25 v e A IE 1) 308 i [ 40 Bt 25 122 %
XAB R T R R, 8 Z BT I, X
S RZECHE A R — 300, A 4(b)
A[LLEH, AC-SCG IGBT (YIF [a] 538 H g LA
AR X AB L BE W) e, FTRE T o 28 F R I [r]
Sl R R Z B I . G, XFF AC-SCG IGBT,
A DABE BRI RS X A5 20 B DAARAS 5 o 2 i Fe A
fRCIE 1) 3 .
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Fig. 4. BV and Vg as a function of Ny of the two devices:
(a) Conventional IGBT; (b) AC-SCG IGBT.
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Fig. 5. Vertical electric field distributions of the two devices

at BV: (a) Electric field distributions along the line AA' for

the two devices; (b) electric field distribution along the line
BB' for AC-SCG IGBT.
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Fig. 6. Potential distribution on both sides of AC-SCG
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Fig. 7. Variation of output characteristics for the two
devices under V.
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Fig. 8. Saturation characteristics for the two devices under
Ve=10 V.

SCG IGBT Y 1E [a] 538 s B 20 8 ek /)N, 53
PP ORI Y Tox BN, FAbE RSN
BaR, TEM R R T, A X S A LR —
M2 AR 2 ey, (A T3 R N, P2
(CE CEpN LR G NN E G STIAR 3

2

—a— Tox =0.10 pm, VF =0.84 V
—A— Tox =0.15 pm, Vp =0.87 V
—— Tox =0.20 pm, Vy =0.93 V
¥ Tox =0.25 ym, Vp=—

AC-SCG IGBT
QVg =10V

Ice/(10~% A-pm~1)

Ver/V

B9 AC-SCG IGBT AR Tox T HY%i o 51k
Fig. 9. Variation of output characteristics for the AC-SCG
IGBT under Tox.
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Fig. 10. Switching circuit and turn-off characteristics dia-
gram: (a) Switching circuit with inductive load for IGBT;

(b) turn-off characteristics for the two devices.
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R AR )Z TS K, kR PR A AR DG Wi AC-
SCG IGBT 7ESE AN 2 B IE T — 4> 1 FRi i 2
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KWrBFTH] R 155.8 ns, 55 M IGBT AH EL o3l KA
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Fig. 11. Cqc as a function of Vg of the two devices.
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Fig. 12. Trade-off curves between Vi and E. for the two

devices.
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Abstract

Insulated gate bipolar transistor (IGBT) is the core of modern power semiconductor device, and has been
widely used due to its excellent electrical characteristics. A novel majority carrier accumulation mode IGBT
with Schottky junction contact gate semiconductor layer (AC-SCG IGBT) is proposed and investigated by
TCAD simulation in this article. When the AC-SCG IGBT is in the on-state, a forward bias is applied to the
gate. Due to the very low forward voltage drop (V) of the Schottky barrier diode, the potential of the gate
semiconductor layer is almost equal to the gate potential, which can accumulate a large number of majority
carrier electrons in the drift region. In addition to the electrons existing, these accumulated electrons increase
the conductivity of the drift region, thus significantly reducing V. Therefore, the doping concentration of the
drift region is not limited by V. The lightly doped drift region can make AC-SCG IGBT have a higher
breakdown voltage (BV). Moreover, it also reduces the barrier capacitance in the turn-off process, thus the
overall Miller capacitance is small, which can quickly turn off and reduce the turn-off time (7.4) and turn-off
loss (E,g). The simulation results indicate that at the BV of 600 V, the Vi of 0.84 V for the proposed AC-SCG
IGBT is reduced by 46.2% compared with that for the conventional IGBT (Vy of 1.56 V). The FE of the AC-
SCG IGBT (0.77 mJ/cm?) is reduced by 52.5% compared with that for the conventional IGBT (1.62 mJ/cm?),
and the T,y (155.8-222.7 ns) is reduced by 30%. The contradiction between Vi and Egy is eliminated. In
addition, the proposed AC-SCG IGBT has a better anti-latch-up capability and is coupled with its higher BV,
so it has a larger forward biased safe operating area (FBSOA). The proposed novel structure meets the
development requirements for future IGBT device performance, and has great significance for guiding the
development of the power semiconductor device field.

Keywords: insulated gate bipolar transistor, accumulation mode, forward voltage drop, turn-off loss
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