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1. Introduction

It is well known that the turn-off surge of silicé@BTs
decreases with small gate resistance, in conteadi®S
devices. In this gate resistance region, the téiress is
reduced, but at the same time the turn-off di/dt vat be
controlled by the gate resistance. Therefore, thafica-
tion of these phenomena in this region based ondtie
vice’'s physics has been strongly required to expndp-
plications. However, limited information is availalon the
relationship between gate resistance and turnenffes[1].

In this study, the dependence of the turn-off surge
gate resistance and temperature were investigétedas
confirmed that the surge decrease with small gegtistance
derives from a dynamic avalanche phenomenon adjécen
the bottom of the trench. In addition, it was fouhdt this
surge decrease is affected even by a smaller araagen-
eration rate (micro dynamic avalanche) comparet thiat
in a critical electric field.

2. Experiments

In order to evaluate the gate resistancg) (&d tem-
perature dependences of the turn-off surgegfVa com-
mercial 1.2kV /30A trench IGBT and PiN diode werep
pared. The switching waveforms of Rnd temperature for
each were measured with an inductive load. The ritkpe

collector current turn-off @g. This behavior during
turn-off does not occur in Region I1.

These simulated results indicate that the dynamic a
lanche is generated adjacent to the bottom of rimech.
Figure 5 shows the dependence @f¥nd G at tr with
R and temperature. Gin Region Il is very low. Mean-
while, G, in Region | increases drastically with decrease in
Rs and temperature. This temperature dependency may b
caused by the activation of lattice vibration. Tdecrease
of G, with temperature corresponds well with the tempera
ture dependence ofJ¥.

From the above analysis, strong correlations beaiwee
Vs and G with R; and temperature were found. Next, the
origin of the surge decrease will be consideredufe 6
shows a schematic diagram of the internal spaceyebaat
different regions atgkr. At this time, the maximum electric
field (Ena near the bottom of the trench is mainly deter-
mined by the amount of the net space charge phh,
where N, p, and n are the donor, hole, and electron con-
centration, respectively. In the case of Regiothé elec-
tron injection via the MOS channel into the depletlayer
is negligible (r0) because the gate-emitter voltage is lower
than the threshold voltage (Y at ter (see Figure 3). In
Region II, on the other hand, the MOS channeliisogien
and thus supplies electrons to the depletion laye0). As

ence of \4g on R; and temperature was measured by ad-a result, kay in Region | becomes higher than that in Re-

justing the external resistance connected to the daver
and the temperature of the hot plate, respectively.

3. Resultsand Discussion

Figure 1 shows the measured &ependence of §4 at
various temperatures.g¥ increased as dRdecreased from
150 to 60 ohms. However,g¥ was at its maximum value
around 60 ohms and decreased with smallgr IR this
work, we defined the regions of surge decrease iand
crease with decrease iy Bs Regions | and Il, respectively,
as depicted in Figure 1. In Region lgd/increased with
elevated temperature. HoweversaMvas almost independ-
ent of the temperature in Region Il. Figure 2 shavesmu-
lated R, dependence of & with temperature. The simu-
lated results are similar to the measurements.

To clarify the origin of the surge decrease in Radi,
the internal dynamics of the IGBT during turn-ofeng
investigated. Figures 3 and 4 show the simulateattking
waveforms in Regions | and Il, respectively. Thedievo-
lution of the carrier concentration, space chaege] ava-
lanche generation rate ff5adjacent to the bottom of trench
are also shown. In Region I, rapid increase inpbsitive
space charge, carrier concentration, ando@curs at the

gion Il due to the increase in the positive spakarge.
Thus, in Region I, the dynamic avalanche occursemor
readily which causes a decrease in the surge.

Many studies have been reported previously on the
self-clamping of the collector-emitter voltage cadidy the
dynamic avalanche phenomenon during turn-off [2i8].
these cases, & reaches the critical electric field. In our
case, the avalanche generation rate adjacent tbathem
of the trench when it reaches a critical electietdf (Ga_ i)
was estimated to be 0.6X2@ni*s* at T=300 K. Note that
Ga in Region | is lower than G as shown in Figure 5.
This means that surge decrease can occur even when
Ga<Ga_crit; this is because a so-called “micro” dynamic
avalanche. The avalanche generation rate playsu@actr
role in Vs especially with the smallR

4. Conclusions

In conclusion, the dependence of the turn-off swoge
gate resistance and temperature were studied. FEnem
measured and simulated results, it became cleaistinge
decrease can be attributed to a dynamic avalardjaeemt
to the bottom of the trench. It was also found tnatn a
small avalanche generation rate cause a surgeasecre
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Fig. 1 Measured dependence of turn-off surge oa gegistance Fig. 2 Simulated dependence of turn-off surge de gesistance
and temperature. Inset: Measured switching waveform and temperature.
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- 1049 -



