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Numerical Analysis in the Planarization 10 nm of 300
mm Silicon Wafer Epitaxial Process

Shih-Bin Wang!, Chieh Hu', Jyh-Chen Chen', Chun-Chin Tu?, and Liang-Chin Chen?

!Department of Mechanical Engineering, National Central University,
300 Chung-Ta Road, Chung-Li, Taoyuan 32001, Taiwan

2Taisil Electronic Materials Corp., Hsinchu 30077, Taiwan

Abstract

Chemical vapor deposition is a common method in semiconductor thin film growth processes.
The planarization is improved for 12-inch epitaxial wafers required for semiconductor processes
below 10 nm. The important technologies are 1. Ultra-uniform epitaxial thin film. II. The wafer
substrate is matched with the shape of the epitaxial film. In this study, the multi-physics finite
element analysis software (COMSOL Multiphasic) was used to establish the epitaxial process
system. The applied materials Centura® atmospheric pressure epitaxy reaction chamber was used to
simulate the thermal field, flow field, species transfer, and the different flow rates were compared.
The effect is studied include of the accuset, the susceptor temperature, and the streamline on the
film growth rate.

In this study, a three-dimensional physical model was first established. When hydrogen and
trichlorosilane enter the reaction chamber at the same time, trichloromethane and hydrogen will
react with temperature to produce a chemical surface adsorption reaction. When the process
temperature is 1110°C, the different inlet flow ratio and the size of the quartz chamber cover will
affect the shape of the epitaxial film and the film deposition rate. From the simulation and
experimental results, it is found that the deposition rate increased with the increase of the suscepter
temperature and accuset on the case without rotation. In addition, the velocity field analysis shows
that the shape of the epitaxial film will vary with the trend of different intake flow ratios.

Key words: Trichlorosilane, Epitaxial thin film, Numerical simulation
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Image Classification of Deep Belief Networks

Ta-Hsiang Hu, Hsu-Sheng Cheng, and Szu-Yun Pa

Department of Electrical Engineering, Da-Yeh University,
168 University Road, Dacun, Changhua 51591, Taiwan

Abstract

In recent years, deep neural networks based on supervised learning has obtained an excellent
recognition rate in image classification. However, it is relies heavily on the huge amount of training
data in training, resulting in excessive computing time, too complicated network and unusual
recognition rate. The shortcomings, for this reason, the related research on shallow neural networks
have become a hot trend. In this paper, the deep belief networks and the mnist dataset experiment
show that the recognition rate of the network is same as that of the deep neural networks, but the
training time and complexity are far better than it. In the future, we will combine knowledge

distillation and dynamic online learning to enable the network to achieve flexibility and initial
self-learning.

Key words: deep belief networks, restricted Boltzmann machine, image classification, PyTorch
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The Study on Mechanical Properties and
Bacteriostatic Properties of Adding Graphene on
“Cu-Ti” Diffusion Bonding
I-Kon Lee !, *Yu-Tsen Lu?, Nian-Rou Shiu?, Ming-Shiun Tsai ®, and Tao-Han Lee *

Department of Materials Science and Engineering, Da-Yeh University
2Program for Design and Materials for Medical Equipment and Devices, Da-Yeh University
3Department of Food Science and Biotechnology, Da-Yeh University
4Chang Gung Memorial Hospital
MOST Project NO. NSC 101-2623-E-212-001-D

Abstract

This study mainly uses the diffusion effect of copper-titanium eutectic reaction to develop and
discuss the optimal welding parameters design of two different materials, and observes the effect of
adding graphene on the weld of copper-titanium diffusion bonding. The results show that the
optimal diffusion bonding parameters of Ti-6Al-4V alloy and oxygen-free copper are holding
temperature at 878°C for 30 minutes, the highest shear strength is about 123.9 MPa. If appropriate
amount of graphene is added, it won’t only have a great influence on the hardness of the weld, but
the shear strength can still be increased by 8.3%. At the same time, it was found from the
observation of the microstructure that the addition of graphene can effectively reduce the generation
of precipitates. It can be obtained from the thermal test that the thermal conductivity of the weld can
be improved by the addition of graphene, from 4.5°C/min without adding graphene to 5.5°C/min
with addition of graphene. In addition, it was found from the results of bacteriostatic experiments
that both Cu and Ti were excellent antibacterial metals; when the volume of the test specimen
increased, the bacteria ratio increased significantly. Moreover, the addition of graphene didn’t
obviously reduce the bacteriostatic ability of the weld.

Key words: Diffusion bonding, Graphene, Thermal test, Bacteriostatic
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Study on Vacuum Brazing Properties of A6061 Aluminum
Alloy Coated with Graphene on Copper Foil
Bo-Yuan Wang and I-Kon Lee

Department of Materials Science and Engineering, Da-Yeh University,
168 University Road, Dacun, Changhua 51591, Taiwan

Abstract

During the vacuum brazing process, a eutectic reaction occurs in the weld, and a brittle
intermetallic compound (IMC) with low strength and high electrical resistance is produced between
the two interfaces. When a trace amount of graphene is added, the inside of the weld is found. A
large number of intermetallic compounds, but the type is greatly reduced, and when the addition
amount is increased to 0.03 wt.%, the internal reaction of the weld is reduced due to the barrier of
graphene to cause voids. However, the addition of graphene has the effect of improving the heat
transfer efficiency, and both of them are found, and no significant temperature difference is
produced at both ends of the weld.

Key words: graphene, vacuum brazing, intermetallic compounds
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Study on Improvement of Salt Spray Resistance Performance

of “GRP/Metal” Dielectric Bonding
I-Kon Lee!, X.Z. Wang?, Cheng-Yu Wang!, and Ding-Sheng Hong®

!Department of Materials Science and Engineering, Da-Yeh University
2Master program for design and materials for medical equipment and devices, Da-Yeh University
3Bachelor program for design and materials for medical equipment and devices, Da-Yeh University

Abstract

“Different material joining” means joining materials of different properties in a suitable
manner, using joining methods including: welding, gluing, splicing, bolting, etc. The purpose of the
dissimilar material joining is to use the properties of two or more materials at the same time. In this
case, the joining method will be the key point, and different strengths will be obtained according to
different joining methods. The joining method used in this time is gluing, using an adhesive colloid,
coating uniformly on the surface of the material, and then joining each other, and the colloid can fix
the two materials into one body.

This study explores the different materials of different surface roughness of low carbon steel
and GRP wusing structural adhesive, structural adhesive-interface adhesive, structural
adhesive-graphene and other three different methods, and salt spray test (24 hr-120 hr) Comparing
the accelerated aging test in the simulated marine environment, the test piece will be subjected to
subsequent compression-shear strength test and fracture-section analysis.

After the experiment, it was found that the interfacial adhesion was better than graphene in the
fracture section, and no salt mist intrusion was observed at the joint of the steel-interface gel
(graphene) after the salt spray. The surface roughness has a significant effect on the compressive
shear strength of graphene-structural adhesives, but not in the interface adhesive-structural adhesive
test strips. After the 120 hr salt spray test, the compressive shear strength decreased by 16% and
22%, respectively; no crevice corrosion was observed at the joint between the intermediate layer
and the base metal.

Key words: Dielectric Bonding graphene, interface gel, salt spray test, surface roughness
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Preparation and characterization of MgAl,O4 by Sol-Gel
Method
Lay Gaik Teoh, Yi-Wen Wang, and Si-Yu Huang

Department of Mechanical Engineering, National Pingtung University of Science and Technology,
One Shuefu Road, Neipu, Pingtung 91201, Taiwan.

Abstract

In this experiment, magnesium-ahuminate spinel (MgAl2O4) were prepared by sol-gel method.
XRD, SEM, and TEM were used to characterize the microstructure of the samples. The effect of the
additive of Mn and the calcination temperature (750°C) on the microstructure of MgA12O4 are also
investigated in this study.

XRD analysis showed that hexagonal spinel structure (Fd3m, 227) of MgAl204 were formed
after calcined at 750°C for 2 hours, and the grain size of pure MgAl204 was 16.19 nm. As the
amount of Mn doping ratio increases from 1 mol% to 10 mol%, the grain size ranges from 15.35 nm
to 15.96 nm, which is a trend of increasing. Therefore, an appropriate amount of doped manganese
contributes to the suppression of grain growth.

Key words: Sol-gel, MgAI204, Mn Doped
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Preparation and characterization of CaAl,O4 by Sol-Gel
Method

Lay Gaik Teoh, Zi-Ting Huang, and Chin-Yen Lee

Department of Mechanical Engineering, National Pingtung University of Science and Technology,
One Shuefu Road, Neipu, Pingtung 91201, Taiwan.

Abstract

In this study, the triblock amphoteric copolymer F127 was used as a natural template, and the
sol-gel method was used to prepare CaAl204. Aluminium nitrate,calcium nitrate and cerium nitrate
(dopant) as precursors. The microstructure and properties of the materials were analyzed by X-ray
diffraction analysis, scanning electron microscope and UV-vis spectrometer. The effect of Ce and
calcination temperature 950°C to the structure and properties will also be investigated.

XRD analysis showd that CaAl204 was a spinel structure, and it was found that a peak of CeO:2
was appeared during doping. It was also observed by SEM that a precipitate of calcium was found
and the particle size distribution was less uniform. Finally, PL analysis showed that CaAl2O4 had
the strongest luminescence intensity. And it is known as the blue spectrum by the CIE chromaticity
coordinates.

Key words: sol-gel method, CaAl204, Ce doping
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Preparation and Characterization of ZnAl,O4 Phosphors by
Sol-Gel Method
Lay Gaik Teoh, Bo-Shiun Wei, and Chin-Yen Lee

Department of Mechanical Engineering, National Pingtung University of Science and Technology,
One Shuefu Road, Neipu, Pingtung 91201, Taiwan.

Abstract

In this study, ZnAl2O4 was prepared by sol-gel method with a copolymer F127 as a natural
template, doped with different amounts of Mn, and calcined at 900°C and 950°C. The
microstructure and properties of the material were analyzed by X-ray diffraction analysis, scanning
electron microscopy and transmission electron microscopy. The effects of the calcination
temperatures and the additive of Mn on the structure and properties of ZnAlOs4 were also
investigated.

XRD results showed that ZnAl2O4 was a spinel structure and Fd3m space group, but peaks
related to isolated ZnO were observed after calination at 900°C. The surface morphology of
ZnAlbO4 was observed by SEM. It were found that the undoped and Mn-doped ZnAl204
agglomerated, and the higher the calcination temperature, the more agglomerated between the
particles. The d value of TEM confirmed that Mn-doped ZnAl204 (doped with 0.1 mol%) was cubic
ZnAl20O4 spinel structure

Key words: sol-gel method, ZnAl2O4, Mn doping
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Preparation and characterization of LaAlO3 by Sol-Gel
Method
Lay Gaik Teoh, Shang-En Yu, and Guo-Chun Luo

Department of Mechanical Engineering, National Pingtung University of Science and Technology,
One Shuefu Road, Neipu, Pingtung 91201, Taiwan.

Abstract

LaAlO3; and Ce doped LaAlOs were prepared by sol-gol process with a triblock copolymer
F-127 as an organictemplate, and aluminum nitrate, lanthanum nitrate and cerium nitrate (doped
with 0.01 mol%) as precursors.Theas-synthesized products then calcined at 950°C. X-Ray
diffraction analysis (XRD), scanning electron microscopy (SEM) and transmission electron
microscopy (TEM) were used to characterize the microstructure of the samples.

XRD analysis showed that was LaAlOs could be synthesized by the sol-gel method for 950°C
calcination. The grain size was about 34.83 nm, which was rhombohedra of the trigonal system.
When the addition of dopant was 0.01 mol%, the crystal grains were slightly larger than the pure
LaAlOs sample. It was presumed to be due to the fact that the doping amount of Ce ion is not
enough to inhibit the grain growth, or exist in other form outside the crystal lattice, so the grain
growth of the main crystal is not suppressed.

Key words: LaAlO3, Sol-Gel method, Ce-doped
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Oxidized Nanoporous Silicon as Buffer Layers for Improving
the Characteristics of SiC/Si heterojunction Devices
Kuen-Hsien Wu and Chieh-An Cheng

Department of Electro-Optical Engineering, Southern Taiwan University of Science and
Technology, One Nan-Tai Street, Yungkang, Tainan 71005, Taiwan

Abstract

In this study, oxidized nano-porous Si (ONPS) was proposed as the buffer layer to overcome
the problems coming from the large lattice mismatch and difference of thermal expansion
coefficient between SiC and Si and to improve the performance of SiC photodetectors fabricated on
Si substrates. From the analysis by SEM and XRD, it is found that SiC films deposited on ONPS
buffer layers have better crystallinity and film quality than those formed directly on Si substrates.
Most importantly, the as-deposited SiC films exhibitehigh ultra-violet (UV) photoresponses with
greatly suppressed visible-to-infrared responses. The fabricated SiC-ONPS-Si photodiodes obtained
high photo-to-dark current ratio for UV light, indicating ONPS buffer layers can effectively
improve the SiC/Si heterojunction devices.

Key words: oxidized nano-porous Si, silicon carbide, buffer layer, heterojuction

19



P9

IS GO R ACS YRR PRI ED S £
2EE R RETHPL
I HF WX

pEPHE AT LTI
71005 4 5 % A B S o5

F

AP AT B ey R EAE AR S B R R Rl f 2
P P RAL IR RESE GBI T TP E (R EAMERZF IV ER S
PR EN R ERERE T SR 2 S e KRR G g ek BRI
F BB E 5375 nmpF > B RERR R E80 mA/W AT B eng M F K Sl BT ok
Sofc kg et enk Z fERE A o Hk/m TR T E40R 0 o 2 A R R W R T
Y TR () F P RE) AR R R - BT LT A E R BT IR
s o
Méie t 2 S 0 2 AR KERT R EEEA

Preparation and Photoconductive Characteristics of Oxidized
Nanoporous Silicon with “Si-core/SiOx-shell” Nanoparticles
Kuen-Hsien Wu and Chieh-An Cheng

Department of Electro-Optical Engineering, Southern Taiwan University of Science and
Technology, One Nan-Tai Street, Yungkang, Tainan 71005, Taiwan

Abstract

In this study, nano-porous silicon (NPS) thin films were prepared on silicon substrates by use
of an electrochemical etching technique. The NPS layers were then transformed into oxidized NPS
(ONPS) films that were embedded with uniformly distributed “Si-core/SiOx-shell” nanoparticles
through a rapid-thermal-oxidation (RTO) method with specific oxidation parameters. Experimental
results show that the as-prepared ONPS thin films display high photoconductivity when responding
to ultra-violet (UV) light. For the incident light of 375-nm, the ONPS films get a high
photoresponsivity of 80 mA/W. Photodiodes fabricated with the ONPS films as the light-absorption
layers obtain a large photo-to-dark ratio up to 40. A tentative model in which carriers transport
between the core-shell nanoparticles by multi-tunneling mechanism was proposed to explain the
generation of photocurrent.

Key words: nano-porous silicon, nanoparticles, photoconductivity, photoresponsivity
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Ga0; nanorods grown by the chemical vapor transport
method for deep ultraviolet photodetector
Abstract

In this research, the Ga203 nanorods were grown on sapphire substrate in a high-temperature
tube furnace system by the chemical vapor transport method. For the growth of Ga203 nanorods, the
Ga203 powders are used as the source material. In addition, the argon and oxygen are employed as
the carrier and reaction gases, respectively. The e-beam evaporated Au film is employed as the
catalyst for the growth of Ga2O3 nanorods. Various growth temperatures (900°C and 950°C) and
oxygen flow rates (5, 10, 20 and 40 sccm) are used to grow the Ga20O3 nanorods. Crystal quality of
Ga203 nanostructures is investigated by x-ray diffraction (XRD). In order to understand the growth
mechanism of Ga203 nanostructures, scanning electron microscopy (SEM) and transmission
electron microscopy (TEM) are used. Furthermore, the GaxO3 nanorods prepared with various
growth parameters are used as the active layers of metal-semiconductor-metal deep ultraviolet
(DUV) photodetectors (PDs). Based on the experimental results, the Ga2Os3 always exhibits the
film-type morphology without the Au catalyst during the growth. However, after adding the Au
catalyst, the Ga2O3 nanorods are easily formed. On the other hand, the crystal quality of Gax0Os is
obviously improved with the addition of Au catalyst. In comparison to the PD fabricated with the
film-type Ga203, the PD with the Ga2O3 nanorods possesses a much lower dark current. These
results reveal that the Ga2O3 nanorods are highly potential for photodetector applications.

Key words: chemical vapor transport, Ga2O3, nanorod, deep ultraviolet photodetector
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Study of Transparent Thin Film Properties by Reflectance
Spectroscopy
Yu-Shi Lin and Huang-Huei Sung

Department of Materials Science and Engineering, Da-Yeh University,
168 University Road, Dacun, Changhua 51591, Taiwan

Abstract

This study focuses on how to analyze the reflection spectrum of a transparent thin film to obtain
parameters such as the thickness and refractive index of the film. Firstly, the reflectance spectrum
were measured by a UV-VIS spectrometer, and then obtained reflectance data were analyzed
through the multiple reflection interference theory. The refractive index and thickness of the film
can be calculated by an appropriate analysis step, so that the corresponding reflection spectrum can

be well matched to the experimental results.

Key words: transparent film, refractive index, interference, film thickness
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Growth of multi-directional zinc oxide nano-pillars by LPCVD

Zhou-Liang Zheng', Yu-Chi Liu', and Huang-Huei Sung'~

IMaster Program for Design and Materials for Medical Equipment and Devices, Da-Yeh University
2Department of Materials Science and Engineering, Da-Yeh University
168 University Road, Dacun, Changhua 51591, Taiwan

Abstract

In this research, a RF magnetron Sputter was used to deposit a zinc oxide film on SiO2 substrate
as a seed layer, and then a low-pressure CVD (LPCVD) method was used to grow the zinc oxide
nanorods on the prepared substrate. The SiO2 substrate is first plated with a zinc oxide film in a
sputtering machine using a zinc oxide target, and then the zinc powder is volatilized into a vapor
source, and grown in a low-pressure quartz furnace. In the process, argon gas and oxygen gas are
introduced as carrier gas and reaction gas, respectively. In this experiment, the conditions of
growing zinc oxide nanorods were controlled by the flowing rate of the argon and oxygen, and the
position of substrates. The crystallinity of the grown samples were examined by the X-ray powder
diffraction spectrometer. The distributions, surface morphology and structure of the nanorods were
observed by scanning electron microscopy. Finally, the band gaps of the sample were studied by the

photoluminescence.

Key words: Low-pressure chemical vapor deposition, ZnO, nanorod
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The Effect of Hysteresis in Fe-Mo-Ni alloy on growth
temperature
Jung-chuan Fan, Che-Pu Chen, and Yu-Che Tsai

Department of Electrical Engineering, Da-Yeh University,
168 University Road, Dacun, Changhua 51591, Taiwan

Abstract

Magnetic materials have been used in flux gate research for several years. These materials can
be used as a device for measuring low magnetic fields. The most useful example is to measure the
magnetic field of the earth. Using the magnetic saturation characteristics of the magnetic material,
the magnetic field of the earth is drived out from the magnetic material, and induced an electrical
signal by a pick up coil. The electrical signal value indicates the strength of the Earth's magnetic
field. In this paper, the hysteresis characteristics of Iron-Molybdenum-Nickel alloys are studied.
The hysteresis curve of the vibrating sample magnetometer is used to analyze the magnetic
saturation magnetic field, residual magnetism and coercive force at different growth temperatures.
From the X-ray diffraction experiment, the crystal structure of the iron-molybdenum-nickel alloy
can be analyzed. There are two phase compositions (Fe2Ni3, MoNi) determined in this alloy. It
indicates that causes a reason of irregular phenomenon in the hysteresis curve of the saturation
magnetic field with growth temperature.

Key words: magnetic material, hysteresis curve, flux gate, X-ray diffraction
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Application of Deep Learning in Recognition of
SyntheticAperture Radar Image
Mu-Song Chen and Yen-Kai Chen
Department of Electrical Engineering, Da-Yeh University, Dacun, Changhua 51591, Taiwan
Abstract

The success of the computer program AlphaGo applies the deep learning algorithm that plays
the board game Go. This is a big event in the history of machine learning. Among the deep
learningstructure, the convolutional neural network (CNN) is the most popular one with the ability
for classification of complex land classification tasks. In the study, the CNN is applied for the
recognition of Synthetic Aperture Radar (SAR) Image. Due the limited spectrum and resolution, the
general distributions of the earth's surface are easily overlapped or combined with different features.
To solve this problem with the CNN, this study intends to increase the class separation for different
classes. In this sense, the distance Within-cluster is minimized as well as the distance
Between-cluster is also maximized. Simulation results confirm the validity of the proposed
methods.

Key words: Deep learning, Synthetic Aperture Radar Image, Convolutional neural network
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Preparation and measurement of temperature change of
alumina insulation
Jia-Hao Hsu', Zih-Wei Liang', and Huang-Huei Sung '

!Master Program for Design and Materials for Medical Equipment and Devices, Da-Yeh University
2Department of Materials Science and Engineering, Da-Yeh University
168 University Road, Dacun, Changhua 51591, Taiwan

Abstract

In this study, an electric field was used to enhance the oxidation of metal aluminum films at
low temperature. The thickness of the metal aluminum films were about 10 nm which were grown
on glass substrates by the resistive thermal evaporation. During oxidation, the temperature of the
sample was controlled by a quartz furnace tube, and the electric field was provided by a voltage
source. The formation of the aluminum oxide layer was monitored by observing the change of the
current through a ammeter. In the experiment, the provided voltage was fixed at 0.5 V, and the
temperature was controlled between 80°C and 200°C. We study the growth of the oxidation layers
though the resistance variation during the deposition.

Key words: Alumina, Thermal evaporation, membrane thickness, Low temperature
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Study on Characteristics of AC Hysteresis and DC Hysteresis
Jung-chuan Fan, Che-Pu Chen and Yu-Che Tsai

Department of Electrical Engineering, Da-Yeh University
168 University Road, Dacun, Changhua 51591, Taiwan

Abstract

The hysteresis curve is the most useful method to study magnetic materials. The hysteresis
curve is used to determine the saturation magnetic field, residual magnetic flux and coercive
magnetic field of magnetic materials. From the analysis of the measurement data, the magnetization
phenomenon of the material can be determined. The ferromagnetic substance has a very strong
hysteresis characteristic, so that a permanent magnet or an electromagnet can be defined in these
magnetic properties. The coercive force of the hysteresis loop presents an importantly parameter.
The smaller value of coercive force is the more suitable for the core of the electromagnet. In this
paper, the characteristics of the hysteresis curve are investigated by using iron-molybdenum-nickel
alloy. The DC hysteresis curve of the FeMoNi magnetic material is measured by the Vibrating
Sample Magnetometer, and the saturation magnetic field and coercive force of the sample are
analyzed by the DC hysteresis. The AC hysteresis curve is measured by the magnetic field
perturbation method. It can be understood that the AC hysteresis curve is very closely related to the
DC hysteresis curve. AC hysteresis curve is approximately to match the differential of DC
hysteresis curve. The extreme value of the AC hysteresis curve can be indicated the strength of the
coercive force. It indicates that the hysteresis characteristics of the iron-molybdenum-nickel alloy
can be directly measured by the perturbation of the magnetic field.

Key words: magnetic material, hysteresis curve, flux gate, magnetic field perturbation

27



P17

MFH! 2@ pog 2
*ﬁ*%%%ﬁﬁ&?ﬁﬁﬁﬁigﬁgﬁ
PAEAE RS R )

B Sy TR Ty
51591 551 Bh+ 44955 Fris 168 5
*pcyao@mail.dya.edu.tw
&

AFTE AR B G RR 0 e 25w 3% (Modified Hummer method) » fie 81l 7 & R
ik o LA T & B T g3y (Indium Tin Oxide, ITO)t » 3 4534 R HHV H#T Am
## (Electrophoretic Deposition, EPD) & 5cen @ 58 > o w| i@ * Tzl ~ = &30 ~ 2 %57 L)
2  ZEEHAE Y 2 U R R (Asymmetric ac Electric Field) o I 27 & $tehE Jin & A f# (dc-EPD).g % vt
Je
B&ts® © 7 5%~ TAUH

1

28



P18

FEWLTARHKE 2073
PAApE! LI AR? pRp DI
EAEFREHRGAMPELE 0 F R
PAEAE RS R )
A ECERB T
51591 45 1t Bh + #8558 froe 168 55
*pcyao@mail.dya.edu.tw
Kz
AP BN TG o BTl 0T & (Graphene)#t F & # T g3y K45 (TCO)F -

B A e 2 2 HfrEank o

29



