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1. Introduction

A trench gate connected to the emitter electrodat{e
ter trench) has been widely used to suppress bltageo
oscillation under a short circuit condition [1]. demtly,
optimization of carrier distribution with an emitteench
for high speed switching has been proposed [2-8hadd,
the emitter trench plays a crucial role in improestof
the short circuit capability and turn-off charadtécs.
However, the effects of the emitter trench on tiner-bn
characteristics have not yet been made clear.

This study reports on the turn-on analysis of BTG
with emitter trenches. The tail of the collectoreimitter
voltage (W tail) during turn-on fluctuated when an emitter
trench was inserted. Interestingly, the gate-tdectdr ca-
pacitance of IGBTs with an emitter trench was ld&m
that without an emitter trench. From this devicaidation,
it became clear that thisg¥ tail variation derives from de-
crease in the PNP gain associated with the chamgbei
hole current path.

2. Experiments

trench (with wide Wesd and (c) with an emitter trench
(with narrow Whesd at the time of Ve tail. The hole cur-
rent path to the emitter veers close to the emittarch as
WhesaNarrows. This is due to lowering in the electrtista
potential around the emitter trench. Figure 4 (Bady
shows that the hole current path becomes straipbnvan
emitter trench was connected to a gate. We assuhatd
the above ¥ tail variation is attributed to these differences
in the hole current path.

Turn-on d\&¢/dt can be expressed as follows:

dVee _ Ve _[\/TH +(1_aPNP)I L/gMOS]
dt R.Cec
Note that d\.g/dt depends not only on a time constant

(RsCse) but also on a parasitic PNP transistor gaid).
apnp Can be given by:

=]
oy W,

Tpne = Vel :(1+;I_BJ o)
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where o corresponds to the conductivity of the p-body
region. According to equations (1) and (2), deceasse

The inset of Figure 1 shows the simulated IGBT with leads to decrease upnr Which in turn results in smaller

an emitter trench. Main and emitter trenches hadsdme
geometry except for the connection terminal. Tunn-o
waveforms with an inductive load were calculatedl A
simulations were carried out using the Sentaurusdee

3. Results and Discussion

dVce/dt. Sinceok is inversely proportional to the length of
hole current path in the p-body region, the abogtour
may cause the decreaseoityp. TO verify this hypothesis,
we estimated the emitter injection efficiengynear the
bottom of the main trench as shown in Figure s de-
fined as the ratio of electron current to totalrent as also

Figure 1 shows the turn-on waveforms of IGBTs with depicted in Figure 5. As expected,decreases drastically

and without an emitter trench. The gate resistgdRg® in
each IGBT was adjusted to coincide with turn-oultdif he
insertion of an emitter trench made a differencéhin Vg
tail. Figure 2 shows the mesa width (between maid a
emitter trench, “Wesa) dependence of the time to reach to
the 10% \e (Tcp). The e tail lengthened as the emitter
trench got closer to the main trench. In contridst, V¢ tail
was almost independent of Min the case where an emit-
ter trench was connected to a gate. In generaltithe
variation of g (dVcg/dt) strongly depends on the
gate-to-collector capacitance d§ [4]. Figure 3 shows a
comparison of the voltage-capacitance curves of TI&B
with and without an emitter trenchg€of IGBTs is lower
with an emitter trench than that without an emittench.

as Whesa Narrows. Therefore, we conclude thaggMail
variation by the insertion of an emitter trench seaia de-
tour in the hole current path.

Multiple emitter trenches need to be inserted tprowe
short circuit capability. In this case, howeveignificant
Ve tail variation occurs as seen in Figure 6 (a). pve-
pose that the emitter trench placed nearest tonthan
trench should be connected to a gate instead efatier
as shown in Figure 6 (b). Owing to straight holerent
flow, high speed d¥g/dt comparable to that without an
emitter trench can be realized.

4, Conclusions
The origin of \tg tail variation during turn-on in

These simulated results mean that the device capaciSi-IGBTs with an emitter trench was investigatedwas

tance does not account for-p/tail variation. In order to
clarify the origin of \kg tail variation, the internal dynam-
ics of IGBTs with emitter trenches during turn-oasmn-
vestigated. Figure 4 shows the hole current distidin of
IGBTs (a) without an emitter trench, (b) with an iten

found that hole current to the emitter deviateanfrthe

straight path with an emitter trench. This leadslégrease
in PNP current gain, which in turn results in small
dVce/dt. We demonstrated that thisg/tail variation can
be suppressed by connecting the emitter trenclytdea
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Fig. 1 Simulated turn-on waveforms with and witharitter
trench.
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Fig. 3 Capacitance-Voltage curves with and withoutitter
trench.
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Fig. 5 Mesa width dependence of emitter injectifficiency.
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Fig. 4 Hole current distribution during turn-on (@thout emitter
trench (b) wide mesa (c) narrow mesa (d) gate aiiore
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Fig. 6 Turn-on voltage waveforms with differentustiures.
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