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Abstract

In the development of semiconductors, power devices have more and more applications. In addition to today's popular PC and
smartphone. LED energy-saving development must rely on the power devices. In this study, the design direction is focused on
200 V power devices. In addition, this device can be used in consumer electronics products, and it will be the next focused
design points to be improved. The same production process technology is applied on fabricating the devices in the silicon
substrate and the SOI substrate to explore the difference between both devices in the electric potential, electric field, the
depletion region and breakdown voltage.
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Introduction

In this technologically advanced generation, the development of computers is increasing. From early 286
computers to the current Intel core i7, the effectiveness of the computer is increasing. In general, on a computer
motherboard, there are a well-known CPU, memories, sound chips, display chips and other devices. However, the
motherboard possesses very important devices used in the board with the total count of 5 ~ 10. This device is
Power MOSFET (Power Metal Oxide Semiconductor Field Effect Transistor) [1-3]. Currently, power devices have
been applied in a variety of electrical appliances, and play an important role in the electrical products.

Since the main application of power devices is used for driving and protecting circuits. The power devices are
inevitably heated during the operation. In these circumstances, the development of the structure of the power
devices are derived from the traditional DMOS structure, slowly extended to VMOS, UMOS, IGBT and then
developed into COOLMOS LDMOS, etc. [4-7]. In addition, the heating problem of power devices must also be
avoided due to high on-resistance of the power device, and whether the remanded power can be reached. Today in
LDMOS process technology, academic units are exploring the ability to withstand the power. However, to explore
some of the voltage- withstanding techniques are designed to achieve the production of high-voltage power
devices. In the current generation of computers popularly used, the development of computers has changed from
desktops to laptops, and today is more focused on tablet PC development. Tablet devices technology integrated
with mobile communications, is now used to have the smartphone for everyone. In the development of some
technologies, the power chip miniaturization also followed, but in order to consider voltage withstanding capacity,
the microfilm processes also often encounter many difficulties. In the gate channel, the two hundred volts or more
power devices currently require more than one micron channel length, but the overall device sizes are also up to
twenty, thirty, or up to hundreds microns. In this paper, different types of silicon substrates are used to fabricate
devices under the same processes [8,9] to make devices withstand the voltage above 200V, which are primarily
used in a variety of motherboards.
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The Difference Between Horizontal and Vertical Power Devices

There are two major directions for power devices development; one can withstand high voltages, and another can
turned on a large amount of current. The power MOSFET among power devices with simple control circuits is fast
and easy to operate in parallel. The different structures of power MOSFET can be divided into two broad
categories: horizontal structure and vertical structure. Because the devices with horizontal structure can be
integrated with CMOS, the power integrated circuit plays a very important role. As for devices with vertical
structure can turn on a larger current and withstand greater voltage because of its vertical structure. However, it is
difficult to integrate with integrated circuits of horizontal structure, so most are made of single discrete devices.

LDMOS

Lateral structure LDMOS increase the voltage withstanding by increasing the length of the drift region near the
drain, so the wafer wastes a lot of space, and it will increase the on-resistance. Therefore, LDMOS constantly
endeavors to reduce on-resistance, while still maintaining a very high voltage withstanding, as shown in Figure 1.
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FIG. 1 LDMOS STRUCTURE DIAGRAM.

DMOSFET

Power MOSFET of vertical DMOS has several structures, and one of them is the V-MOSFET so named due to the
gate of the V-shaped groove gate structure. This structure due to the unstable etching process may destabilize the
starting voltage, and its V-shaped structure may result in a high degree of aggregation of the electric field to cause
breakdown collapse. Therefore, V-MOSFET structures are replaced by DMOSFET.

Analysis and Discussion

Selection between the silicon wafer and the SOI substrate is currently still the main industry and academic
research. However, in the voltage withstanding characteristic of these two substrates, the devices fabricated in the
silicon wafer exists the electric potential underlying substrate itself when a voltage is applied. In the study of 200 V
power devices, especially for the epitaxial layer thickness of the SOI substrate, devices with 1 micron of epitaxial
layer can withstand the breakdown voltage up to 200 V; devices with 10 microns of epitaxial layer can withstand
the breakdown voltage up to 300 V; however, the voltage withstanding of devices with more than 10 microns of
epitaxial layer decreases. Simply, when the epitaxial layer thickness exceeds a certain level, the characteristics of
the device itself is the same as that of the Bulk substrate. The relation of breakdown voltage and the epitaxial layer
thickness can also be seen in Figure 2. In the analysis of the breakdown voltage, devices on the SOI substrate can
withstand high voltage up to 210 V, as shown in Figure 5. However, devices on the silicon substrate can withstand
high voltage only up to 208 V, as shown in Figure 6. There is no big characteristics difference between these two
devices, but the driving current of devices on SOI substrate is smaller when operated at 5V, resulting in energy
saving. In the electric field analysis, the field near electric gate region and drain regions of the SOI substrate is
relatively uniform, and is also more stable compared with the devices on the silicon substrate, as shown in Figures
9 and 10. In the manufacturing, SOI substrate is a major market trend in the future.
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Conclusions

In production of devices reaching 200 V breakdown voltages, the driving current of devices on SOI substrate is
smaller than that of devices on Bulk silicon substrate, resulting in the reduction of power consumption. For the
electric field uniformity, the device on SOI substrate is better than the device on Silicon substrate. As for voltage
withstanding characteristics and operating characteristics, it can be seen from the analysis results that the
characteristics of the SOI substrate are in superior to that of Bulk silicon substrate. In the future, when integrated
with other devices, it will be able to effectively reduce the problem of power loss if SOI substrate is used in the
production.
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