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Abstract

In this paper, a new small sized Lateral Trench Electrode Power MOS was proposed. This
new structure, called LTEMOS(Lateral Trench Electrode Power MOS), was based on the
conventional lateral power MOS. But the entire electrodes of LTEMOS were placed in trench
oxide. The forward blocking voltage of the proposed LTEMOS was improved by 1.5 times with
that of the conventional lateral power MOS. The forward blocking voltage of LTEMOS was

about 240 V. At the same size, an improvement of the forward blocking voltage of about 1.5
times relative to the conventional MOS was observed by using ISE-TCAD which was used for

analyzing device's electrical characteristics. Because all of the electrodes of the proposed

device were formed in each trench oxide, the electric field was crowded to trench oxide and

punch—through breakdown was occurred, lately.
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1. INTRODUCTION

Power semiconductors have been developed

steadily into core parts of power sources,

power conversion and control in the field of
industrial facilities, home appliances,
communication

the

industry. The

information,
with

transportation,

systems, etc  together rapid

progress of power electronics

application extent of power semiconductor

devices has been widened in combination of

a high level of information society as more

people have been recently dependent on

electric energy. Power semiconductors are

being currently used as an application of

intelligent power inverters to a refrigerator,
a washing machine and a vacuum cleaner as

well as core parts of industrial system. As

these power semiconductor devices have a
wide field of application, the study of
understanding and improving characteristics
of individual devices has been made
constantly. [1-3]

The forward blocking voltage of

semiconductor devices is an important factor

in decision on the field of application. When



a device is turned on and we consider a
resistance component of the bulk region and
the channel region from the viewpoint of
breakdown characteristics, low resistance is
effective in low power dissipation. However,
the forward blocking voltage would become
lower due to very low resistance *so this
device can not be used in the field of
application where high voltage is required.
Power MOS devices have a merit of high
input impedance, fast switching time, and
stability in temperature as well known.
Power MOS devices are mainly used as
switches in the field of power electronics,
especially the on-—state resistance and
breakdown voltage are regarded as the most
important parameters. Power MOS devices
that enable a small size, a light weight,
high—integration and relatively high voltage
are required these days.

In this paper, we propose the structure that
enables high integration while keeping size
the same as the conventional lateral power
MOS without extending the structural size
for the improvement of the forward blocking
voltage. The electrode structure of the
proposed device is changed from that of the
conventional lateral power MOS into the
trench oxide and we verify this proposed
structure is superior to the conventional
structure in the forward blocking
characteristics. We verify that the proposed
device has the same I—V characteristics and
improved forward blocking characteristics in
comparison with the conventional device.

[4-5]

2. DEVICE STRUCTURE AND
OPERATION

The channel of the proposed power MOS
was formed vertically while that of the
conventional one was formed laterally. The

cross—section structures of the conventional
lateral power MOS and the proposed one are
shown in Fig.l and Fig.2, respectively. The
design parameters for simulation are showing
Table.1. The main difference between the
conventional lateral power MOS and the
proposed one is each electrode structure as
shown in Fig.1 and Fig. 2.
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Fig.1 The cross—section of conventional lateral
power MOS with the conventional electrodes

Drgln Gate Source
] H
i

Fig.2 The cross—section of proposed power MOS
with the trench electrodes

Structure I RS TR
- “Length | Depth | CéncenfFation
|Parameter N R i
T Drain i’é}ii_dn m 7im 1/m 1x10%em™
region - 7 um 1im 1x10%¢m™3
20m 64m 1x10%cm™?
0.9m 2.1m
7m | 2.1m | 1x10%cm”
1000A
1.1im
1.1ym
2im 3.5/m

Table.l Design parameters for simulation
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In this paper, The electrode regions of
source, drain, and gate were modified into
the trench oxide in order to increase the
forward blocking voltage of the device. The
forward operation of the proposed device
was the same as that of the conventional
one. When a higher voltage more than the
threshold voltage was applied to the gate of
the proposed device, electrons that departed
from source passed by the channel formed in
the right side of the gate electrode. They
were injected into the n+ drain region and
made the device operate. [6]

The conventional lateral power MOS device
that operated on majority carrier had a fast
switching speed under no influence of
minority carrier accumulation. But it did not
allow a large current and could not stand at
a high voltage. To solve this problem, each
electrode of the proposed power MOS was
formed in the trench oxide layer so the
lateral electric field was all concentrated on
the trench oxide. Thus, the proposed small
sized device could have a high forward
blocking voltage due to this structural
advantage. The conventional device did need
to have a size of more than 100 um for a
forward blocking voltage of more than 200 V
but the proposed one has a superior and
efficient structure that only did need a small
size of 20 um to meet the same condition.

3. SIMULATION AND RESULTS

In this paper, the electrical characteristics
of the proposed device were investigated by
using ISE—-TCAD, the 3—-D device simulator.
When a voltage of 12 V was applied at the
gate, the I—V characteristic curves of the
conventional and proposed power MOS
devices were shown in Fig. 3. The
between

current—voltage characteristics

conventional device and proposed one are

almost same as shown in Fig. 3. The voltage
of drain and source is applied to measure
the breakdown voltage at a gate voltage of 0
V.
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Fig.3 The I-V characteristic curves of
conventional lateral power MOS and the
proposed trench electrode power MOS

The forward blocking characteristics of the
conventional and  proposed power MOS
devices were shown in Fig. 4. Power MOS
devices are used mostly in the field of
medium voltage and small current so are not
used in high voltage application because the
punch—through phenomenon of the power
MOS device occurs structurally at a low
voltage.  However, the proposed trench
electrode power MOS is designed to have
trench electrodes. Thus all of the electric
field applied to the inside of the device is
concentrated on trench oxide first and as a
result, the breakdown occurs at a high
voltage. As shown in Fig. 4, the conventional
device has a breakdown voltage of 160 V
but the proposed one has that of 240 V
which is improved 1.5 times as mush as the
conventional ones.

The electric field when breakdown was
occurred between the conventional and the
proposed trench electrodes power WMOS

device was shown in Fig. 5 and Fig. 6. As

_11_



shown in Fig. 6, the electric field is all
concentrated on the trench oxide. Thus, the
proposed trench electrode power MOS has a
higher forward blocking voltage.
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Fig.4 The forward blocking characteristic
curves of conventional and proposed power
MOS

Fig.5 The electric field distribution of the
conventional lateral power MOS
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Fig.6 The electric field distribution of the
proposed trench electrode power MOS

4. CONCLUSION

The lateral trench electrode power MOS
was proposed and it was verified by the
3—-D device simulator, ISE—TCAD that the
proposed power MOS was electrically
superior to the conventional lateral power
MOS. Especially the proposed power MOS
had a breakdown voltage more than 240 V
compared to that of the conventional one
even if they had a size of 20 um. Because
all of the electric field applied to the inside
of the device was concentrated on trench
oxide first and as a result, the breakdown
occurred at a high voltage. It is possible that
the proposed lateral trench electrode power
MOS will be utilized for the smart power IC

system.
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