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Fig. 1 3.3 kV planar FS-IGBT structure.
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Fig. 2 The simulated avalanchie breakdown curve by single-cell structure model of FS-IGBT.
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Fig. 4 The simulated avalanche breakdown curves of 3.3 kV FS-IGBT with different Np..
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Fig. 5 The a,,, for 3.3 kV FS-IGBT with different Np. as.a function of Jc.

M 5 FTEEH, BEE Jo WIRHETRIZK T TGRSy BT FS R 128 /N E

NFRENGSPE, G (3D HH) Ly o BEHK, afy, FEHZHTE K. 2 Je
BERFNERS FS JEh B E NI T 2 B0, W 25 TOEANRCR y, 2 W 2
Ny TS EL ap, HE B RN . FHIE 4 5 B0, B4 FS-IGBT f Np. ¥
Ky FEF— JAE T opup TR, TS BHELL Jo A T Vep b 1 HEEE
Np IR, Ve FIBE V, IR Jo (B8, 1B E—5Pr 704 i, FS-IGBT
= B 7 4 i 2% B NDR 1 bradieh %% 454 PDR branch [ R K 2 a,,, SRR, M
K 5 T LUE BB NI K, ap, KA SURIEN IO B Jo A8 B IS n. 3X
A& NP Nt ok, Bk y, Wb, TEAE] FS JZ 723 s B AR R, R

K. 25 EFTiR, FS-IGBT HJ o, 8K, HAGHIH (NDRL) RGBEE5E,

H Ver A AV SR Jo B
2.3 &R

Kl 6 AR Npi i 3.3 kV FS-IGBT 1 & 5% i T 0S5 i 7 fethh 4,
JLFR o, 55 4R FEBR FRLEE JEE T IR 2R EEE%%ﬁul%l 7 Fs o B 7 AT, T T v
Opnp IR, X RH T HIR TR K. BIR ay, IR 3T B 7
(R8N, ST R 248 2, IR T i 2> (345 L 5 2 X Rl e LIRS KR

7



REHSL, NS S g i o IR K, sl 6 FR. JFH., FS-IGBT [ NpoK,
BV ot RS, Fvsy s AT S ol 5 i 2R AT RO L Ve BIRAZ B A Ve 800N, 11 6

B o
3 SR AERRLKMR

3.1 ae R0 H AR AL 5 AL T VR

H T ZEFWTIRES T~ FS-IGBT 1ETH MOS V438 A2 ¢ F1 1 MOS S5 A TAE, Fr
LA T $2 0 ALR, M 3.3 kV FS-IGBT &4 il T pnp @A 4544, W
Bl 8 FivR, FHFASHULES J 7 AR B 22 1) 285 MRS AR 1 5 B R 640 pme R
TE 1 H 8 AN TTHEIEED

AT RBES i P IR, BTN 1 sy TR 50 A [F LA
P e T i 8 25 0 K B AR R B TAEAE T AT, I3 o 1 R AR
FOAR RN L 23 BT SRR AR AE S o B R 7 A AR 22 T P ITR

AVcg

1.0e+04

1.0e+03
1.0e+024
1.0e+014 =1x
1.0e+00
1.0e-014
1.0e-024
1.0e-034

Jc [A/em?]

1.0e-044

1.0e-051

Vee [V]

6 RIS AT Npo 1 3.3 kV FS-IGBT 7E# i 5 il T IS5 1 o 4 B 28 (0,0=3 ps)
Fig. 6 The avalanche breakdown curves of 3.3 kV FS-IGBT with different Np. at high-low
temperature.



Solid line—300 K
Dashed line-—-400 K

O Np=1x10"% em’

Np:=2x10"" cm

\
£ 06 \
T (1 =, N
Npr=1x107 em? | N
NS e
04 r o
le-02 le-01 1e+00 le2+(ll le+02 le+03
Jc [A/em?]

K 7 AR HERIB IR Np ) 3.3 kV FS-IGBT fEH R SR T, ey S Tcf8 Rl
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Fig. 9 Simulated Vg vs. time curve for FS-IGBTs with different.Vp. working in static
avalanche mode in isothermal case (the applied current pulsé amplitude is 50 A, rise time is 1 ps)
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Fig. 10 Simulated current density distributions inside the FS-IGBTs with different Np. working in
static avalanche mode in isothermal case (lateral current density distribution is along the J,

junction).
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Fig. 12 Simulated current density distributions inside the FS-IGBTs with different Np
working in static avalanche mode in electrothermal case (lateral current density distribution is
along the J, junction).
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Study on avalanche ruggedness of high voltage 1GBTs
Yang Wu-Hual)-‘- Wang Cai-Lin" Zhang Ru-Liang” Zharg Chgo"” Su Le"
1) (Department of Electronic and Engineering, Xi’an University,of Techhology, Xi’an 710048,
China)
Abstract

With the increase of IGBT voltage and current ratings, the avalanche effect has

become an important factor linfiting the safe operating area (SOA) of the device. The

hole injection of the p+n junctien on the back of the device when the avalanche effect

occurs is the maindeature'that distinguishes the avalanche effect of the IGBT from

other devices./In this paper, the avalanche breakdown characteristics of IGBT and the

behavior of ‘avalanche-generated current filaments are studied through theoretical

analysis and numerical simulation, and the physical mechanism dominating the

behavior of avalanche-generated current filaments is revealed. The results show that

the hole injection on the backside of IGBT leads to an additional negative differential

resistance branch on the avalanche breakdown curve, and the strength of the negative

differential resistance effect depends on the common base current gain of IGBT oy,
2

With the increase of a,qp, the negative differential resistance effect becomes stronger,

the avalanche current at the valley point where the additional negative differential

17



resistance branch transforms into the positive differential resistance branch also

becomes higher. And the valley point at the avalanche breakdown curve of IGBT

dominates the strength of the avalanche-generated filament. As a result, the strength of

avalanche-generated filament depends on the opn,. With the lattice .témperature

increasing, the avalanche breakdown voltage of IGBT increases, leading toithe.shifting

of the avalanche breakdown curve towards a higher voltage. And with ‘the increase of

Opnp. the offset of the avalanche breakdown curves at high ‘and low temperature

becomes smaller, which dominates the lateral’ 'movement speed of the

avalanche-generated filament. With the increase 0f<the<0,,, and the decrease of the

offset of avalanche breakdown curves. “dat “high and low temperature, the

avalanche-generated filament laterally moves more slowly. To sum up, with the

increase of the a,,, of IGBT, théxavalanche-generated filament becomes stronger and

moves more slowly, whicl’éxteemely causes the local overheating where the filaments

exist and lowers the”avalanche robustness of the device. Therefore, the a,n, of IGBT

must be controlled¥ précisely in order to have a good trade-off between the

characteristics-andsthe reliability of IGBT.

Keywords: Insulated Gate Bipolar Transistor (IGBT), Avalanche Effect, Current Filament,

Robustness
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