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Fig. 1. 3.3 kV planar FS-IGBT structure.
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Fig. 2. The simulated avalanche breakdown curve of 3.3 kV
FS-IGBT(T = 300 K, Np, = 2x10"7 cm™®, 7,9 = 3 us).
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Fig. 3. Vertical distributions of electric field along the cell
center at different avalanche current(dissected along the cell

center).
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Fig. 4. The simulated avalanche breakdown curves of
3.3 kV FS-IGBT with different Np_ (T = 300 K, 7,0 = 3 us).
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a function of Je.
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Fig. 6. The avalanche breakdown curves of 3.3 kV FS-IGBT

with different Np_ at high and low temperature (7,0 = 3 us).
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Fig. 9. Simulated Vg vs. time curve for FS-IGBTs with
different Np, working in static avalanche mode in isotherm-
al case (the applied current pulse 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 iso-

thermal 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 elec-

trothermal case (lateral current density distribution is along the J, junction).
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Abstract

With the increase of IGBT voltage and current ratings, the avalanche effect has become an important
factor limiting the safe operating area (SOA) of the device. The hole injection of the p+n junction on the back
of the device when the avalanche effect occurs is the main feature 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 «,, With the increase of « the negative

pup>
differential resistance effect becomes stronger, the avalanche current at the valley point where the additional
negative differential 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 oy,
With the lattice temperature increasing, the avalanche breakdown voltage of IGBT increases, leading to the
onps the offset of

the avalanche breakdown curves at high and low temperature becomes smaller, which dominates the lateral

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

movement speed of the avalanche-generated filament. With the increase of the c,,, and the decrease of the
offset of avalanche breakdown curves at high and low temperature, the avalanche-generated filament laterally
moves more slowly. To sum up, with the increase of the oy, of IGBT, the avalanche-generated filament
becomes stronger and moves more slowly, which extremely causes the local overheating where the filaments
onp Of IGBT must be controlled

precisely in order to have a good trade-off between the characteristics and the reliability of IGBT.

exist and lowers the avalanche robustness of the device. Therefore, the o

Keywords: insulated gate bipolar transistor, avalanche effect, current filament, robustness
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