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by Ultrasonic Assisted Mist Chemical Vapor Deposition

CHEN,HOU-GUANG *CAILYI-JIA CAI, XUAN-RONG FENG,JING-YI

Department of Material Science and Engineering I-SHOU University , Kaohsiung ,Taiwan R.O.C
(Ministry of Science and Technology Program Code : MOST 109-2813-C-214-002-E)

Background and Introduction

» Mist Chemical Vapor Deposition(Mist CVD) Is a low cost, high safety, environment friendly and “ Green > process technology to growing epitaxial films on
specific temperature and pressure . This experiment attempt to grow epitaxy of cobalt oxide thin films on a-plane sapphire substrate by this technic processes.

> In our experiment , we divide chamber temperature into 450 C and 500" C, and divided carrier gas into nitrogen and oxygen . In the last, we analyze surface
morphology and crystal structure of four different experiment condition of cobalt oxide films by Scanning Electron Microscope and X-Ray Diffraction.

» The consequence show that, there is generation of excellent epitaxy quality corundum structure cobaltous oxide in nitrogen atmosphere at 450 C.When

temperatures up to 500 C with oxygen atmosphere , it can generate great epitaxy quality spinel structure tricobalt tetroxide.

Characteristic EXxperiment process
According to the research, there would generate two type of

stable composition, CoO and Co,0,. Those are the p-type and wide

band gap semiconductor. In this study , specific of cobalt acetate C C : _ o .
L o ' ' Mist-CVD atomization Result analysis

agueous solution is used as the precursor. We attempt to obtain high

|
llllllllll ‘lllllllll..

quality epitaxial films cobalt oxide by simple - atmospheric Mist- Precursor solution: E

: Cobalt acetate -
N : _ : Glacial acetic acid :
become p-n junction . : : :‘, Deionized water

CVD process. The result can connect to n-type semiconductor and

Experimental results

Surface analysis X-ray diffraction analysis Rocking curve analysis
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(a) The speumen obtams flne partlcles and homogeneous epitaxial surface fllms Iayer with cobalt monOX|de structure. > The half-height width peak of
(b) The specimen obtains fine particle and smoothly surface. But it i1s a multi-phased structure with cobalt monoxide the C0O), , 1 is 0.082° (degree).

and tricobalt tetroxide structure.
(c) The specimen obtains fine particle and flatness surface. But it is a multi-phased structure with cobalt monoxide and > The half-height width peak of

tricobalt tetroxide structure. However, the grain size Is larger than specimen(b). C030, (527 15 0.22° (degree).
(d) The specimen obtains the excellent flatness and homogeneous surface films layer. It is single-phase epitaxy with

tricobalt tetroxide structure.
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\Study on the properties of epitaxial ZnO thin films
=27 on c-plane sapphire by hydrothermal method

*Yi-Xuan Wang, Yi-Hong Zhou, Yun-Hao Fang, Guo-Ju Chen, Yung-Hur Shih
Depariment of Materials Science and Engineering, I-SHOWU University

In this experiment, ZnO films were deposited on c-plane sapphire substrates by a radio-frequency
reaction magnetron sputtering as buffer layers at various oxygen atmosphere ratios(20~80%), by using
low-cost hydrothermal method to prepare p-type K-doped ZnO epitaxial film, and discuss the effects
of 1ts film properties. The experimental results show that the surface morphology changes from
roughness to flatness with the increase of K concentration. Especially while the films growth on buffer
layers of sputtering at 50% of O,/ Ar+0O, flow ratio, by using the hydrothermal method at 0.006 M K-
doped ZnO. In terms of electrical and optical properties, It has the lowest resistance (48.46 €2-cm), the
highest average visible light transmittance (95.24%), and the highest figure of merit is 4.83x10-".
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Figure 1.The crystal structure analysis of

epitaxial K-doped ZnO films grown on ZnO-
buffer layers c-plane sapphire substrates at 90°C
temperature with hydrothermal time of 90
minutes, where the ZnO buffer layers are
deposited for different oxygen atmosphere ratio.
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Figure 2.The SEM surface structure and cross
section of K-doped ZnO films grown on ZnO-
buffer layers c-plane sapphire substrates at 90 C
temperature with hydrothermal time of 90
minutes, where the ZnO Dbuffer layers are

deposited for different oxygen atmosphere ratio.
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Figure 3.The electrical properties of K-doped

(OM~0.009M) ZnO films grown at 90C
temperature with hydrothermal time of 90
minutes on ZnO-buffer layers are deposited for
50% oxygen atmosphere ratio.
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Figure 4.The optical properties of K-doped
(OM~0.009M) ZnO films grown at 90C
temperature with hydrothermal time of 90
minutes on ZnO-buffer layers are deposited for
50% oxygen atmosphere ratio.
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Figure 5.X-ray rocking curve of K-doped
(OM~0.009M) ZnO films grown at 90C
temperature with hydrothermal time of 90
minutes on ZnO-buffer layers are deposited for
50% oxygen atmosphere ratio.

Conclusions

The XRD results at various K-doped
concertation of ZnO film show a highly preferred
growth direction along the c-axis. SEM Images
of the p-type K-doped ZnO epitaxial films reveal
that the surface morphologies are mush smooth
and reduced porosity, the optical properties
Increase at least to 80% Especially while the
films growth on buffer layers of sputtering at
50% of O, / Ar+O, flow ratio, by using the
hydrothermal method at 0.006 M K-doped ZnO
has fine  crystallization, epitaxy ,and
photoelectric properties.
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Study on the properties of LaSrCuOS films
e prepared by rf-sputtering

Jia-Yun Li,Cal-Hua Yu,Chang-wen-chien,Guo-Ju Chen*,Yong-Hur Shr*

In this experiment, the Lanthanum Copper Oxide Sulfur (LaSrCuOS) films were deposited on gquartz substrates by using the RF magnetron sputtering. The
preparation of LaSrCuOS films was carried out by the two-step sulfurization process.The first step is to fix the substrate temperature and the gas volume percentage
In the argon-oxygen atmosphere to deposit the LaSrCuO film.The second step Is to change the sulfurization temperature (700°C, 750°C, 800°C, 850°C) and the Sr
content In the LaSrCuOS film (25%, 27%, 30%, 33%, 35%).Then the thin films are scrutinized by employing different analytic instruments of XRD, SEM, UV-
Visible and Hall Effect to explore the effect of sulfurization treatment on the properties of LaSrCuOS films.
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The experimental results show that when 30% at.% Sr is doped,
the main phase of LaCuOS can be obtained by sputtering deposition

10 |-

Fig.3 The Hall Measurement of La-Sr-Cu-O-S films, by L w0 S process at room temperature under 50% argon content. In the
changing the sulfurization temperature é - = subsequent sulfurization process, by changing the sulfurization
5 0T temperature (700°C ~ 850°C),the thin films are thoroughly
_LEL;, ol Investigated. As the sulfurization temperature increases, the grain size

first increases respectively (264nm, 268nm, 270nm, 272nm). The

l lbl 10° b optical properties first increase and then decrease (from 53% to 55%
UV‘V S G&Eﬂel"gy Gap = to 38%). The sulfurization temperature iIs 750°C, the band gap energy
O = w0 a0 s is 3.1 (eV), the best resistivity is 6.23x103 (Q-cm), the carrier
B — Temperature (°C) mobility is 1.43 (cm? / Vs) and the carrier concentration is 6.99x 102
*0 I —— 750°C-55% (cm3) ,can achieve the best quality factor (FOM).
| —— 800°C-50% 107
—— 850°C-38% - _
< 6of After depositing the LaSrCuO film at room temperature and 50%
g atmosphere ratio of argon by change of Sr doping amount(25%~35%)
£ Ll 10° | the thin films are thoroughly investigated .The experimental results
% é -/ \- show that the ma!n LaCu_OS _pha_se.When Sg doping Is i_ncreaseq _to
= = / 30% at.% the optimal resistivity Is 5.95x10-3(Q-cm),carrier mobility
T ES| - is 6.76(cm?/Vs) and the carrier concentration is 1.55x10% (cm-).
= ) - _/ When Sr doping is increased to 33% at.%, the average transmittance
0 o o : — : — — In the visible light region Increases from the lowest point 47.3_8%_to
e B 7 54.50%. Although the Sr doping increased to 33% at.% the resistivity
o ' 5 ' P is not good enough ,after the calculation of FOM factor ,the Sr doping
Sr doped (%6) Increased to 33% at.% Is the best because of its overriding effect of
Fig.4 The UV-visible spectra and the band gap energy of La- Fig 7. The FOM patterns of La-Sr-Cu-O-S films,by changing good optical property. The role of Its quality factor is 7.54x10-°.
Sr-Cu-0O-S films, by changing the sulfurization temperature thesulfurization temperature and different doping concentration
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Study on prepavation and properties of sulfide copper '
films by thermal evaporation

* Zi-Hsien Yang Yan-Ling Liu Ting-Wen Cheng Guo-Hui Hsu Guo-Ju Chen .
Shih Yun Hui Min-Syuan Hou Wan-Jia Chen
Department of Materials Science and Engineering, I-SHOU University.

In this experiment, the sulfide copper films were deposited on quartz glass substrates by thermal evaporation.we
control sulfide temperature (100C,200C,300 C,400 C,500 C) to discuss the temperature influence of Cus
film.experiment result to express that the best condition is 400°C.CuS film band gap energy is 2.35 eV and 2.8
eV.Optical transparency arrived 65%.1t 1s all conditions best.Resitivity of 4.7x107(—3)(€2-cm),Carrier mobility of
3.81(cm2/Vs),Carrier concentration of 7.42x10720 (cm-3) also Is best conditions .
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500 31800319 272 3666 2304 only has CuS reunion phenomenon.At 300°C film of surface incline
C=16.32 smooth .According to S-Cu phase diagrams,507°C will appear
The range of mobility falls between 1.38-.3.81 rhomblohedralocrys;al brtljt our exp_erlrr]nent a:ppear rhomboheldrgl
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_ falls bet 189 to 946 3) there is not effect let 500 C happen rhombohedral crystal. 400 C of grains size
CUS ,corresponding to star cards 060464 found the alls DEtween 1.9 10 <. ) (cm-3), there Is no 4 disoersi 500°C. of qrain size obvi o
Resistivity reaches 3.06E-3 Qcm but not continuous .

Optical property Conclusions
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experiment are 400°C, 500 2.8 eV. 1.42x104"(cm-3).
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