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ABSTRACT

[. TITLE

Development of extremely high RF multi-purpose device using boron

nitride release layer and device transfer technique

II. THE OBJECTIVES

The GaN-based RF device exhibits wide energy band-gap and high electron
mobility of 2DEG(2-Dimensional Electron Gas) at AlGaN/GaN hetero-
interface. Thanks to these advantages, the applicaions of the GaN-based
high-power/-frequency devices sharply increase such as the base station
and repeater of the wireless mobile communication system, radars for
the vessel and military, satellite communication system, and jamming
system for the terrorism prevention, compared to the competing
technology in terms of Si—, SiC-, and GaAs-based devices, despite the
study period of the GaN-based technology is shorter than others.

Like for other competing technologies, the GaN-based RF(radio-frequency)
devices are continuously required to improve the operating frequency
and output power density. However, the deterioration of the device
performance and reliability is caused by the enhanced self-heating with
increasing the operating frequency and output power density. To overcome
this issue, the developed contries in GaN-based technology are
researching the high-power/-frequency devices operated on the high
thermal dissipation substrate. But, the studies lie in the fundamental

research step.
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The GaN-based devices enhanced thermal dissipation which are currently
developing in United States and Japan connote the several problems
needed to be improved. In addition, to anticipate the commercialized
technique is very difficult at this moment. Therefore, the securement
of the GaN-based multi-purpose high-power/-freuency device processing
technique which is demonstrated by using the boron nitride release layer
and device transfer technique onto the high thermal dissipation
substrate shold surmount the 1issues of the advanced researches,
limitation of the operating frequency, and degradation of the device
reliability. At the same time, this study can provide the next generation
technology to the related industries field such as wireless mobile
communication, military, and security field through the securement of

the original technology, improving national competitiveness.

II. THE CONTENTS AND SCOPE OF THE STUDY

The aim of this study is to demonstrate the GaN-based multi-purpose
high-power/-frequency devices operated on the high thermal dissipation
substrate and characterize the device properties. The research contents

and range are shown below.

- The development of the elementary technologies to demonstrate the
GaN-based multi-purpose high-power/-frequency device operated on the
high thermal dissipation substrate.

- The development of the GaN-based multi—purpose high—power/-frequency

device operated on the high thermal dissipation substrate processing

Xl



technique.
- The characterization of the GaN-based multi-purpose high-power/-

frequency device operated on the high thermal dissipation substrate.

IV. RESULTS

The key results of this study are listed below.

1. The GaN expitaxial layer growth technique development applicable for
high-frequency device.

- The GaN expitaxial layer was characterized according to the growth
embience of the hexagonal boron nitride, exsitance of the AIN buffer
layer, and growth pressure of the GaN epitaxial layer through the
scanning electron microscope, X-ray differaction, and transmission
electron microscope.

- The crystallinity of the GaN epitaxial layer was excellent when the
GaN layer was grown on the hexagonal boron nitride grown in N
embience. The AIN buffer layer was employed and the GaN expitaxial
layer was grown at low pressure to obtain excellent crystallinity
of the GaN epitaxial layer.

- We have confirmed through the transmission electron microscope
measurement that the 1 ~ 2 nm—thick hexagonal boron nitride, 68 nm
thick-AIN buffer layer, thicker than 2 pm-thick GaN layer were

sequentially grown on the sapphire substrate.
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2. The GaN-based RF device separation technique development .

- We have tested the two separation techniques which are the chemical
lift-off and mechanical force methods in order to separate the wide
area of the GaN epitaxial layer from the substrate.

- The two separation methods such as the chemical lift-off and
mechanical force are difficult to separate the GaN epitaxial layer
from the substrate since the thickness of the hexagonal boron nitride
was thinned down during the GaN epitaxial layer growth.

- A study is required to achieve the optimized hexagonal boron nitride
thickness for the separation of the GaN epitaxial layer from the

substrate.

3. The bonding technique development to bond the high thermal dissopation
substrate and GaN-based RF devices.

- The GaN-based RF device and copper substrate were bonded with the
Gold-tin as a bonding material. The heat and pressure were
simultaneously introduced to bond the copper substare and GaN-based
RF device. After bonding, there was no device performance
deterioration.

- The heat dissipation of the GaN-based device was investigated using
the infra-red thermal imaging camera as a function of the substrate
temperature and output power.

- The copper substrate was not deformed even though the device

temperature was over 105<C.
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V. EXPECTED RESULT & PROPOSITION

The GaN-based RF devices operated on the high thermal dissipation
substrate which exhibit the improvement of the heat dissipation and
device performance should accelerate the demonstration of the wireless
mobile communication system with high data transmission rate. This
technology makes possible to hold a dominant position of the domestic
companies related to the GaN-based device technology. In addition, the
(GaN-based device improved heat dissipation can be employed to the base
station and repeater of the wireless mobile communication system, high
performance radar system, vehicle, and sensing system operated at high
temperature. As a result, the GaN-based RF device operated on the high
thermal dissipation substrate should contribute to industries linked to
the human life, defence, and security and create of jobs.

To improve the operation frequency and output power of the GaN-based RF
devices, Unitied states and Japan are investigating the GaN-based RF
device which exhibits improved heat dissipation. However, there are
several issues which should be optimized. By developing the GaN-based
high-power/-frequency devices operated on the high thermal dissipation
substrate using the hexagonal boron nitride release layer and device
transfer technique, we can overcome the 1issues of the advanced
researches and secure the original technology by ourselves. In addition,
we can also retaion the flexible GaN-based RF device processing
technology through the development of the GaN-based RF device separation
technique from the substrate and the device transfer technique onto the

flexible substrate.
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F o =

IoT: Internet of Things

2DEG: 2-Dimensinoal Electron Gas

E. L.: Export License

MIT: Massachusetts Institute of Technology

NTT: Nippon Telegraph and Telephone Corporation
SEM: Scanning Electron Microscope

XRD: X-ray Diffraction

TEM: Transmission Electron Microscope

MOCVD: Metalorganic Chemical Vapor Deposition

PMMA: Poly Methylemethacrylate
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