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1. Introduction

IGBT (Insulated Gate Bipolar Transistor) is a key device for
future power electronics and, therefore, the demand on reduc-
ing power-loss and increasing operation frequency is rapidly
increasing. Most of the device proposed to improve these char-
acteristics have been modifying the geometrical structure and
junction structure inside the device made of Si. We have pro-
posed a new concept of IGBT using SiGe". SiGe is used as
the collector to suppress the tail-current which is the major
cause of the power loss and limits the operation speed of the
device. In the previous report”’, we have analyzed the opera-
tion of trench IGBT with SiGe collector using device simula-
tion. In this paper, we report, for the first time, experimental
results carried out to ascertain the effect of the use of SiGe
collector. Effects of SiGe collector are investigated also by
analyzing the switching recovery of SiGe/Si heterojunction
diode.

2. Device structure and Operation

The schematic cross-sectional of proposed vertical trench
IGBT is shown in Fig. 1. This device fabricated for the experi-
ment has the structure called Carrier Stored Trench-Gate Bi-
polar Transistor (CSTBT)®, in which a CS (Carrier Stored)
layer was formed to accumulate minority carrier in n- drift re-
gion under p base of conventional trench IGBT. Although
CSTBT was used in the experiment, effects of SiGe collector
is not peculiar to CSTBT but applicable to conventional IGBT.
The device has a p* SiGe collector layer at the backside of the
device having the thickness of 200 um. In the conventional Si
IGBT, the p* collector layer is made of Si.

The basic concept of the device operation with SiGe collec-
tor is as follows: When the device is turned on, holes are in-
jected from the p* collector to the n” drift region to neutralize
the charge of electrons flowed from the n* emitter to the n°
drift region through the n-channel. Therefore, in the turn-off
operation, undesirable current flows until the injected holes
are completely swept away from the n” drift region to the col-
lector or recombines in the n- drift region. This causes the
switching loss and limits the operation speed of the device. By
using SiGe as the p* collector, since the barrier for holes flow-
ing out from the n" drift region to the p* SiGe is lower than that
of the Si/Si junction of the conventional IGBT, holes can be
quickly swept away".

The device was designed to have threshold voltage of about
6.5 V and breakdown voltage of 1200 V. After completing the

top surface process up to Al metallization, the wafer was thined
to 200 um. Then SiGe collector was epitaxially grown at the
backside of the wafer by using a high-vacuum sputtering sys-
tem with boron-doped p* Si and undoped Ge targets. The sub-
strate temperature during SiGe growth was 550 °C. The com-
position of SiGe was controlled by adjusting the RF power
applied to the sputtering targets. The composition of SiGe and
boron concentration in the film were measured with AES and
SIMS. The thickness of the SiGe layer was set at the critical
thickness®.

3. Experiment and Results

The turn-off waveforms of the proposed SiGe IGBTs and a
conventional Si IGBT measured at 125 °C are shown in Fig. 2.
The applied collector voltage was 600 V and an inductive load
of ImH was used. We can see that the use of SiGe collector
can reduce the turn-off time and the turn-off time decreases
with increasing Ge contents in the SiGe collector layer.

It has also been found that the power dissipation is also re-
duced from 0.947 mJ of Si collector to 0.864 mJ of Si,.Ge, ,
collector. Thus, the SiGe collector can very much increase the
operation speed and reduce the switching power loss.

In order to ascertain the effect of the p* SiGe collector, p*
SiGe/n-Si/n*-Si heterojunction diodes were fabricated and its
reverse recovery was investigated. The reverse recovery char-
acteristics of fabricated Si/Si junction diode and Si Ge ,/Si
heterojunction diode at 25 °C~125 °C are shown in Fig. 3 and
Fig. 4, respectively. Measurements were carried out by input-
ting = 5 V rectangular wave with a frequency of 1.4 MHz.
We can see that SiGe/Si heterojunction diodes show faster re-
verse recovery than Si junction diode. Table 1 shows the re-
verse recovery charge Q_, reverse recovery time t_and for-
ward voltage V. The reverse recovery charge Q_ of the SiGe
diodes is about 1/5 of the Si/Si junction diode. These results
demonstrate that the SiGe/Si heterojunction reduces is effec-
tive in reducing the turn-off time.

4. Conculsion

It has been experimentally shown that the use of SiGe as the
collector of trench IGBT is very useful to reduce the turn-off
time and switching loss. This can greatly contribute to the de-
velopment of high-speed and low-loss IGBT. Sputter-depos-
ited epitaxial SiGe can be used for this application.
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Fig. 1 Cross-sectional view of the proposed SiGe CSTBT.
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S [ 0.9 0.1 710 N
8 5 g Si/Si junction diode
600 temprature | 25deg 75deg 125 deg
0 Qyy (nC) 0.166  0.308  0.475
400 tr(bsec) | 0018 0022 0.029
5 Vi (V) 1.9 2.2 1.9
200 -10
A5 Sip gGeg o/ Si heterojunction diode
I temprature | 25deg  75deg 125 deg
0 ' ' ' ' -20 Qyr (nC) 0.117  0.148  0.235
5e-8 1e-7 15e-7 2e-7 25e7 3e—7 3.5e-7 ter (usec) 0.016 0.018 0.022
transit time (sec) Vi (V) 1.92 1.98 1.82

Fig. 2 Experimental turn-off waveforms of SiGe CSTBT at 125 °C.
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