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(Keywords : optoelectronic crystal, crystal growth technology )

Because the success experience is established in the Hsinchu scientific park,
Taiwan semiconductor industry has pushed to the third status of the world. The
opportunity and the challenge are still quite hard at present. Nevertheless, the
current major problems are the demand of low cost and the land, manufacture
industry gradually moves toward another place such as China. Taiwan has no longer
the low manufacture cost and must to change toward the high additional value
industry. The development of the communication, computer and consumption
electron product such as information appliances (IA), personal digital assistant
(PDA) and so on is advanced in future. However, the optoelectroniccrystal crystal
material was still unable to manufacture in Taiwan.

In the last few years, the knowledge economy becomes the main method to
develop the high tech industry. Owing to the promotion of domestic industry in the
optoelectronic crystal material, the crystal growth development center was
established by the mechanical, electronic and electrical engineering departments.
This goal of the center is to grow several kind crystal long crystal including the
sapphire, langasite and quartz. At the same time, the education training courses and
related crystal growth technology will also be provided in CHIT.

This goal of the plan will train and teach the students as a good engineer about
the crystal growth knowledge and technology. The students will to be possible to
accept the work of the crystal growth process. In this education improvement plan,
there are three laboratories will be set up as below:

(1) Crystal analysis laboratory (mechanical engineering department).
(2) Crystal simulation and application laboratory (electronic engineering
department).

(3) Acoustic wave and devive laboratory (electrical engineering department).
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1.  Project budget of equipment:
China Institute of Technology obtained NT 2.4 millions dollars from
Ministry of Education in 2008. Its real execution is NT 2.393 millions
dollars. The rate of execution is 99.7%. China Institute of Technology
current account budget is NT 0.6 million dollars. Its real execution is NT
0.6 million dollars. The rate of execution is 100%.

2. The project of industry-university cooperative research and National
Science Council project:

16 research projects, NT 3,844,000 dollars were approved in 2007~2008.

Project type No. Budget (NT)
National Science Council
Industry-University 4 1,487,000

Cooperative Research

Industry-University

Cooperative Research 12 2,357,000

&3t 16 3,844,000

3. Conduct international conference:
Conduct the “2008 International Seminar on Material Synthesis and
Processing (ISMSP-2008)” on Mar. 26/27, 2007. The tropic of seminar is
crystal growth technology and development. There are more 30 companys
and specialists that come from Russia, Japan, Germany and France to
attend this conference. More 20 papers were issues. 143 technology
students, master student of mechanical and electronic engineering
department attended this seminar.
4. Conduct domestic conference:
(a) Conduct the seminar “Technology and applications in home electrical
wire communication web” (electronic engineering department): Mar.
13, 2008. There are 65 technology students and master student of

electronic engineering department to attend this seminar.




(b) Conduct the seminar and publication “Optoelectric crystal - crystal
growth technology of the sapphire, langasite and quartz” (mechanical
/electronic engineering department): Oct. 20, 2008. There are 83
technology students and master student of mechanical and electronic
engineering department to attend this seminar.

(¢) Conduct the seminar “Health protection” (electronic engineering
department): Nov. 20, 2008. There are 50 technology students and
master student of mechanical and electronic engineering department to
attend this seminar.

(d) Conduct the seminar “Development and applications for solar cell”
(mechanical /electronic engineering department): Dec. 10, 2008. There
are 126 technology students and master student of mechanical and
electronic engineering department to attend this seminar.

Specialist speech:

13 speeches were held and 13 specialists were invited in 2008. 8

professional experts as the consultants.

Paper published:
Non International Domestic
e | S ol SClJournal Conference Conference
No. 7 12 5 18

Patents:

4 invention patents and 8 new type patents were approved in 2006~2008

from department of mechanical, electronic and electrical engineering

professors.

Last Mile Project of Council of Labor Affairs:

(a) Department of mechanical engineering, departmental of electronic
engineering: Set the program “optoelectric crystal material and device”.
There are 10 companys to attend this project and 7 professors, 13
specialists to open courses. The project offers 16 students to undergo

the whole lessons and work experience. However, there are 191




9.

10.

11.

12.

13.

14.

students to study the related lessons.

(b) Department of electrical engineering: Set the program “Optical fiber

communication system - intellectual property practicality”. There are 10
companys to attend this project and 6 professors, 12 specialists to open
courses. The project offers 20 students to undergo the whole lessons and
work experience. However, there are 158 students to study the related
lessons.

Master students:

There are 25 master students that the graduated thesis are related this

project.
Master 2006 2007 2008
Institute of mech-optoelectric 4 3 2
engineering
Institute of electronic engineering 2 2 6
Total 6 5 14

Visiting Companies:

Over 163 students visited 5 companies or research institutes in 2008.

Exhabitation:

(a) More 30 professors and student attended the “2008 Taipei International
Optoelectric Show” on 97/06/11~97/06/13.

(b) More 25 professors and student attended the “2008 Taipei
International Invention Show & Technomart” on 97/09/25~97/09/28.

Open related courses:

Three departments open 26 courses as shown: departmental of mechanical

engineering open 9 courses. Departmental of electronic engineering open

9 courses. Departmental of electrical engineering open 8 courses.

Complete he teaching contents:

Subjects: Semiconductor process and equipment, Optoelectric engineering,

Crystal material, Crystal structure, Crystal growth technology.

Attend international conference:

Prof. Yu-Shiang Wu attend “The 5th International Conference on




Advanced Materials and Processing (ICAMP-5)” that hold by University
of Harbin, Chian on Sep. 2~5, 2008. In this conference, Prof. We
announced the paper as “Photocatalytic analysis and characterization of
Zn,SnO, nanoparticles synthesized via hydrothermal method with
Na,CO; mineralizer” and will be published in the SCI journal

“International Journal of Modern Physics B”.
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2008 International Seminar on Material Synthesis and Processing

(ISMSP-2008)

T2008 HfL & % g EATHIEEEAT ¢

» Date : March 26-27, 2008
» Organizer : China Institute of Technology
» Meeting location: China Institute of Technology International conference hall

March 26, 2008 (Wed.)

Time Authors Title
08:30~09:30 Registration
09:30~09:50 Opening Ceremony
Dr. Mikhail Arkhipov .
S e
Quartz Palitra Ltd. Russia Y
Prof. Tsuguo Fukuda
10:30~11:10 Institute of Multidisciplinary Research for Growth of ZnO and GaN single crystals
Advanced Materials, by solvothermal methods
Tohoku University, Japan
Dr. Jiirgen Arp . .
11:10~11:50 | Co-Founder of the Photovoltaic — Institute e methods SO -ouiesion
. tendency of thin film solar modules
Berlin AG, Germany
Prof. Yan-Ping Chen (PRt T ) Micronization of pharmaceutical
13:20~14:00 Department of Chemical Engineering, compounds using the supercritical
National Taiwan University, Taiwan anti-solvent processes
14:00~14:40 Prof. Bae-Heng Tseng (W73 ﬁ’#) . | An overview of the developments of
: Y Department of Materials Science and Engineering CIGS thin-film solar cells
National Sun Yat-Sen University, Taiwan
14:40~15:00 Coffee Break
Dr. Alexander Motchanyy : .
15:00~15:20 SR —— seoev(&ifsdlslocatlon quartz grown on r/r
Quartz Palitra Ltd., Russia
Ms. Irina Kaurova Growth and characterization of ZnO
15:20~15:40 Engineer, single crystals grown by hydrothermal
Mineral Ltd., Russia method
15:40~16:30 Round Table Discussion: Material Synthesis & Industry Requirements - New Challenges
16:30~17:10 Visit to CHIT Crystal Growth Lab. and MOCVD Facility
17:30

Banquette
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March 27, 2008 (Thu.)

Time Authors Title
Q- | s g -
. .(.?hen Chin-Te (hafes) The trend of new energy development in
09:00~09:40 Division of Energy Technology, Bureau of the world
Energy, Ministry of Economic Affairs, Taiwan \ CF o, I AR
A . Ik A TR PR B AR E
(AR R B i R ) (i B a8 )
Prof. G dD
09:40~10:20 o élk‘lzzrmazmazeau New t}rlends in solvothermal crystal
i t
International Solvothermal Society, France E
10:20~10:40 Coffee Break
Dr. Petr Shvanskiy . .
Eipmentand ppees o grovig
VNIISIMS, Russia R B
Alexei Reu . o
11:20~11:40 Chief of Crystal Structure Lab Symmetrégal P Zculharmes o
. ? tet t t
VNIISIMS, Russia etracoordinated clusters
Dr. Alexander Dubovskiy
11:40~12:00 Chief of material characterization department, Electrolythic processes in quartz
VNIISIMS, Russia
12:00~13:20 Lunch Break
. o Pon Preparation and Characterization of
Prof. Hou-Cheng Chang (3% X = %) :
20~13: . Hyd tite by the hydroth 1
13:20~13:40 General Education Center, sy};ltlrl(c):)s(iysar}il ae tlhf) d};n deurZa rotherma
China Institute of Technology, Taiwan co-precipitation
- - o R . : "
13:40~14:00 P];()f l;lteng ;ly; é{lsut . E( J.“ .%'3&:) Metal-organic chemical vapor deposition
epartment of Blectronic ENSINCETINE, and characterization of ZnO thin films
China Institute of Technology, Taiwan
Prof. Yu-Shiang Wu (& 2 H3HP) Structure influence on temperature and
14:00~14:20 Department of Mechanical Engineering, acidic mineralizer of nanocrystalline
China Institute of Technology, Taiwan GaN with ammonothermal synthesis
Prof. Sheng-Fang Huang (§ ¥ * %3i2) .
20~14: . o Growth of sapphire single crystal b
14:20~14:40 Department of Mechanical Engineering, K r\())v oulos ££th0 d gle cy Y
China Institute of Technology, Taiwan yrop
Prof. Cheng-Tsung Hung (% & B3 % 32) :
40~15: . . . Crystal th and 1t f
14:40~15:00 Department of Electronic Engineering, Lglsg:sitger(:i:lglszryss?:;: properies o
China Institute of Technology, Taiwan
15:00~16:00

Visit to CHIT Crystal Growth Lab and MOCVD Facility
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2008 International Seminar on Material
Synthesis and Processing
(ISMSP-2008)

2008 114 & = & QWAL PR FF 31 ¢

March 26-27, 2008

Organizer: Division of Research and Development, China Institute of Technology
Center of International Cooperation, China Institute of Technology
Department of Mechanical Engineering, China Institute of Technology
Department of Electronic Engineering, China Institute of Technology
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Quartz single crystal growth with hydrothermal autoclaves and numerical analysis

Yu-Shiang Wu (£ 2#£) Duo Tsai (#342) Syu-Sheng Wang (1 g% )

Department of Mechanical Engineering, China Institute of Technology, Taipei, Taiwan
?ERER AR BT Y 0T

FEHAAET IS RLIHES
Byedl i BB INEES W(Quartz
crystals) ~ F & & if B(Crystal oscillator) ~ %
# ik B(Crystal filter) ~ % o # it jpik B
(SAW filter)éﬁ s F bk T A s 7 F
fZ‘rF PR A E TR R FpH PRE

/ygi{ﬂl ’mP-ﬁl’bl——’r Ebf’f”'ﬁ’?;ﬁﬁ‘i‘*&@aa ZER ’*T?”'o?%?— ¥ 3 Z' ”':s?%?'
A& o A 18 B R ATVNIISIMSA 7 5 e é*gu;iﬂq%j s vm,‘ "%‘Mﬂ%
LGS eI ﬁJ#r(Hydrothermal (a) %+ £ 5 100X (a) %4 2 85 100X
growth) > K ¥ #icd 7 F WA L 5 p EEEOREE SIS (b) *c+ 8 #K 5 200X
(Autoclave) - # £ B 7 7 & (Piezo quartz)£?
& & F % (Optical quartz) - &~ §F 2% E g IF
T‘aﬂiﬁﬁ B XERA G NI E DR o @ o} \
PEHMEE 208 Ak % A e \/
XRDE&EL RBFE o KT R E LR OL S | | ool P |

;P\‘ (E . 2 theta (degree) Opening rate (%)
B4 2254 E5%2XRD RS BFERC FET HEKL

2 kg

B8R g - R -

90000

80000 e—,

Intensity (arb. units)

AN

L
NN

6 f;,.*;ﬁ?r “"256% ERE BT RFERC 1"256%1?9‘{-%‘
lgv\fwm ﬁKI“'/nﬁ"F‘/E °

BE; j;xpuéﬁ; fnficnd £ H RS
3}": K /.w_)i @" ;’%'L”’? /%:
E & o A Eﬁ%ﬁf} RTApR e R
HMFPE» 2';&'“ﬂﬁ$%”a

Tr'ﬁ’i“ KRBT FHRFERC
t_z 56%“3’1}:'1:‘5“; o R4 H L 2R de ,“}"1; ,
S R AR TS A R B T 5 0.16%:0pF
iE o N v TSR A fEE o

65



Q) ‘BN HP

# gt ;% (Carbothermal) * i & 5 &L #

Electrqd vOEHEERE &Y

Average batch purity: 99.98%

B =0.4 ppm
Oxide lining [F\)jazzzpop;)npm
Quartz Thermal Glue Al =60 ppm
powder black Ca=10 pm
B<lppm Ti=15 m
B < 0.5 ppm B<0.5 arbon I pp
reosmm om TR ) Fe = 50 ppm
=D :'"“ Ogefh}np‘u)rli’til:sl< 1“:%';‘;‘:;< Mn =1 ppm
200 ppm Mg = 1.5 ppm
2 Fptid P Wt ik cu =15 ppm
1] 7 éﬁ‘l\lz ‘} ... : W2 %ﬂﬁlé T %m :‘Zr =2 ppm

W3 Batchs* T3 F BRI B4 FRIEZSLP3F WS BRELIPHRS L

> w1+ 5E FiE (DS process)

VERERL &Y

Stage #1 Stage #2 Stage #3 Stage #4
i0.. C zone 82585% yleld o

1st DS TEREEE
Process

Loading crucible : : SiC zone Cutting block
g Settling SiC Impurities g
with Si powder ; ; into plates efficient
p flotation SiO,, C segregated by DS P
for 2" DS
Chemical .
. DI ultrasonic
analysis .
cleaning
Stage #8 Stage #7 Stage #6 Stage #5

Final purity: 99.9997%

66



Q) EF#

12 Kyropoulos /2 2 £ EF 7 H 5

PERNF R BT 1 Y 0T
T -3‘

EFedpUrasg, #BUKTS -~ L1418 itmﬁ@ﬁ+opw»w%K@W%$ﬁ g SR
FHA S RO R s R EEMA R o KLEDF 1 45k i A F & TR o &2 ALEDPF -
EFIT FERTFFARCHFZMOCVD) R W F AR E ~ 0 £FLEDFE S » @ e fpd WAer MT‘}} R
%}t‘{itg?nﬂ e

FERKET A LTI BIG

Liaskia(®-) B
2 (RS
A E (R =)
A5 KE(Re)
S0L ek A(BT)

Az 2

F1# kyropoulos™ Z(M-)2 L EF - H S - ¥4 5 TH A~ BHZ:
Lo R 5.7 b e

gy T E iy r“%@%"}—:}*ﬁ:*“ﬂiﬁp\
s Lz,{r,:{__q = E t"..f!”B i“'i"a“”i——}( 1
MR AL 4 g4 TR 5
Bk SR B AR E R R -
2P EE

Tilyf};?’#*l?bi/%“' is o )L?Taaaf_é_(g]
A ﬁﬂfm;ﬁﬁf’ A L
A5 r’\'rrﬂklﬁ ’ Izg’-‘/? ’gﬁm\_—r%ﬁ’
Seed 6BE§F4‘E

i@ %#BB%E F g A S FEIRA

Pumping ~a—

h S

il
Bl A% R m&*jiﬁ%myﬁ%ﬁp\ ) 0 0 PREERA L AL ERWAOER
TRATE TERRPBTERE — o ol e €4 LERETAE (L L) -
:ELS: ° 0 g -'_Unitng 7-935"3_’}_{
3.4 # ° : FEADIT B pE 1;“; R
BEZIIFR DL T AP o 0 B SR LA S D E g0
(6x 10-3 Pa) » i # 4pse i« fo0o| |o0o® ZEAPLEL FERERNET
4. R @’@&&&&T%’”ay_ﬁﬁ
«;4§ﬂmmc(1$%m$%u MR B AETE  S
2040C) > ¥ @ RALR 2B A5 ®]- .Kyropoulos= ;% 77 %, B 8.4 r
BiE IR ERERES DA XL 1
RS IGE Y I

B~ S fE Bl . fgpd &

Bl EFrE L4 Btz " 2 d LMo £F2Ad

67



1ﬁﬁi$jk$fii$1fﬁaanﬂy~z 2723
T FF AR

fOEHAEE S T k1 R
w3
¥ ¥ = (Sapphire) & - f&§ “45(ALO)E & > EFFH KL aBRPF - BFPT -~ 2o
Bk EP R 08 BRSO R R aphAch L < 5 ST KR
g ELAAEFAR Y > RARTE Lo TR e f s NEFE LA L2 A5
%fT“ iiﬁﬁﬁﬂg%j)iz’%ff’g'ﬁﬂﬂiﬁngiﬂm 1\ °j‘pi‘{'1§.§z’ﬁasﬁaﬂi&lﬁﬁ

AR FLLFFrEL AL LAY » FEHHUSTORIER EagRIVAALT
L@ {RTNEFTrEH2 Wi 2%
REHREA |

LERERH 450
2 AR SEHEE

3.2 4rok i

W= = 8% T RE (5T ETF E o R
z_¢hELEEd vt B0 ()30mV/hr ~ (b)25
mV/hr ~ (¢)20 mV/hr

o _ N r]l F et R ORRE ("R R H—j—%ﬁf%}.&
Bl- EFTERpEs F Bt KL% 0 (a) 30 mV/hr(b)25
@ 55 % mV/hr(c)20 mV/hr
J A

AEFHYZEFEE LS L2 3L s
£ % % (Kyropoulos method) » #-7 I 3| & /L
2§ (“48(ALO;) > &7 Fe b S x Yl T 4o
#3 BIR(H2050°C) > @2 gt s o 51875 R

B-H &S RA L HFD A7 FEEE FF R EH 54
A W p o e EREEh | (DA PAR D
SRR S TN ST oo
Bo r‘]ﬁ? ‘k"B"aBlaIF{]l’l » LRy [f] 5 DRV 'y RS % %ﬁ
PRl > St R H G T L ARRA - AEEFRELZ RA B e
oo L R A B
LLET?:?E - —‘§‘“$ %PE BBBF%’?T'L
&&ﬁ%ﬁté“ RS> B2 FRRF
,1 20 mV/hr Pl ﬁ_;é:ﬂ}{ BBB f‘ﬁim;ﬁ%%;‘
P83 o ?’ H 2 e ds:
. PR

F'Euérfr:}% A jede s F 3 :'%ﬁ%
AP APR - FFTHERH2ZH

Bl § e mat(a)i i - ()4 3£ 51151000 Pits /em2 » 7 3 EHF&
= F it 4ERF() byt #2 ?a—%]t\

68



4) 3 “erk %

FEY 1ieE
VOEREE g T e 1 AT g AT

aip-F CeER A GEESEARZE > PRSI RADHE T IR ‘ij‘zs
M3~ e [l B ”fmg’_nb Al (catalysts)® > pt#bF M 4R R AT U] * e £ f
(Kyropoulos method)# & 413 & 5 1§ F 7 H J» (Sapphire) » * & 1% % 4 £ = &4 (LED)
é*); IEPIE A R RN O ’fr’rg ¥ & ’*’B/]Lmﬁﬁﬁ‘}» ° ’ﬁ ,%E‘l’ftri’!'rf\‘:’ q:-l% R
THAEFE - £ aip-F 'Lfﬁ?%ﬂ*m" = Rk EE *T° BE iE S RE Bk
;;,is;;; N RMEE L E R #GE o AFE Y A A 24100 2 0, BL2 R GE £ g Bk e s
BT AL gip-F 4R A B R L SESEN 2 XRDA 4T 0 0T fRadp-F 1 4R
Ho R eNZ G R S AR B A 2 AR AT e

R KA
FHRRE T 5
1. 24LE & % (F-)
2. 0.5LE &% (R=)

Ble M0SLk#ZEE HRE &> hatp-F 48
% % 2 SEMA 45 » (d)3507% » ()500% % ()700% o

Inse nsity (2. w.)

Inse nsity (2. w.)

M- 24LE &% M- 0S5LE &%
LR .
?IJ # ’}( %ﬁ: 12 ’:‘;L: % (r_g R %) , ;j&.fi‘ i L 2 Theta tdegseed 2 Theta tdegree)
45 (Alumi hydroxid, AI(OH)*)# * Jz #L %
42 (Aluminum hydroxid, AI(OH)’)#> % F AL & (@)24L82 (b)0.SL-K £ i2 2% § 4 & & 1

o ; DESRTE:
NHPF OB EE G ER o FUEP-V-TE 4 ;
L KR s s A 2 (Fill factor) 3 0330 @ AR-F MR R L Xeray St 47 I -

96) » 1% T e gl sk R N

435 V4B R A450CeY BB RES

SR f;&f&z iC(Am;rifiIim WEam-3 e s ad

hydrogencarbonate, NH,HCO;) ki3 % ® > e L G

A PR S adp-F R A - AR SEES S AEER Y
% # L % (Fill factor) & 7] - q.ﬁ SEM
ELETIE RS2 F Y4ER A 0 H

R HE10um~50  m e f | #* X
kYt A 47 8 2 A 7 BT
o g b AR AT el AR R s
23 200 o SO N P B 2T T A HaRE Rk
Bz M24LkEE £ QKK &+ ehadp-§ tapl RS TRIRERL atp-F MR A
% 2. SEMA #5 » (2)350% + (b)S00% % (c)7001

69



— g A g * g N 80k (Czochralski Pulling Method) # £ i % %(Lanthanum Gallium Silicate » LGS) ¥ &
S RE oo BrriB 2. LGS H & 173 kR atieip H E’E_,%—’f? » LR AT S ;re JUR ke ]‘3-’1 INGEL R #Awis > A
S AHAEMEEI3S5SNA N F R 125 04~ F£F 540 2.2 LGS %;;mf fe o LA fnfbfﬁi‘;lﬁ P AR
dRTFFEZ TR TRESEAFNLEEZ RREN > LT RAE AN EREZ R SRR TERET o

SR AR A AU A LTI

TRERR )@220&#:*@; 150% 32 2. = 4p 7 7 » 4ol - 77 o

Kristall- 3M£ Sl PR RE MR BEIERY  doBlZ TR o

B RE R AEHG 0 B2 AR o

# *“’tﬁﬁﬁ 4”"#1 VAR GEF & F 0 FHIEAE By fror oo

AErk B I RS R R R R WA G EPRE LB o A BEAMET o 4 R
ULEA A%kpump ~ N FETkpump ~ R ~ A AR E S REA 2R R AeRIT AT -

ﬁ@%@@fh

(- ) FRE e (W= ) =i (W=) b Ay (WD) RIEERE (W) A

S BEREES AR ARERREY © hXRDIES fi’z(Shimadzu X —Ray diffractometer
XRD-6000):& {7 XRD¥E&F 4 47 © M &R T % RS 47 s Sp* P e #1475

A rL(0001)T G #72 £ I ALGSE & KA P kBTSN o A des BRlER %ﬁlpze
20°-100° > FrE & & 50.02° > XRDBIE B 5 4oBl= c H=x > 57 H1F 5 0 212 RAMAN 3¢5
kodr o HREESREFEELIFE A T IEH {5 478 K (scattering light) § & 2 #7 5 i 45 (shift)
eI G o AR T BE A é‘; % 3k gk 2 ik (Micro- Raman/ PL Spectroscopy) * & 5tk ik 5 2 (An)dg+
T E(A=514.5nm) > # F 525mW - LGSHE HE R 7EZINIIBIR H > 4oB - 1
oo BN GRS E B4 F W-235 232 B(& 41 095217090) -

(R 7™ ) g5 i

i g LGS as00 LGE

::: g 2000 E
£ 3we i 2000 §
& =000 h
£ za0 £ 1s00 4 ﬂ___,_,,

::: R %‘, 1000 <

ot M. - G I

il ;m 3n M 490 95 80 ﬁg 80 o5 70 76 80 @868 QO 00 260 300 360 400 460 GOD S5O0 WI-IGOW 700 760 800 240 000 96D 1000
oam
(B +) XRD 20~90"L 1] () LGS FRRAMANA 55 47 (I ] <) W-235 H =i

70



# 5 #La,Ga SO, (LGS) ¥ & & &Y ¢

ER PRI

i SRR

By 4 IRy RPNy Min BME mel

R oA KRR FrE BRI £AF

REEG

R
S A8 SR R

eppe
g
*%ﬁ*ﬁxfﬁ’igi1mﬁﬁ
ARE e

o
" e

S BT PHER 2GR ERAET

’ ﬁ’? % e d m%%?ﬁ“ﬁfv-ﬁ‘ oo~ 35

o

= T I

X
Fehr SRAE HIRE i BA R PR RRIE - 20 Ao BUAR TR WAL
L

e
-
B
]
B
&

é s
SAW & {1 &7 11 % e s ¥ #5437 3 ~ LINDO, & Bo
AT E O L LAF et B R & 'ﬂﬁﬁ‘. 2.43(Ga)
FREAZAE R O3 FBET T MR RG Roo fA
ﬁ%pﬁumﬁmi#w@&%66’$:£m6~’ﬂ*@&%*%*
P AT A AT o M R I ER ARTH
SES SN T LY T NEL AR

# &

4.4 j% (Czochralski Pulling Method)# £ & &5 LGSH & &4 - LGS% - BT fHdf > P

YA B

ERGeht e T - LR PFFLREPRERENET FARUL Flv@irkr £
EAREREPFTTRALAFECF R L AN ARG RS

AR 4 W

% R ETFC

FREFIR

D g g s H E e e S e
2 T~ HEERT S fé R RS R F R
tﬁﬁ-&ﬁﬁ EPHR-BFEE RRY BREREE R DR
| A REaERR =
by i v 88 b} it o

I ~BARWER > SR PP T -

14- b A&
- H 4 MR R R ERAEE > EETRT
mEmm TEREAC
S P iR RR L R @Y

oL BB RAEARE > T LSS
HREAE -

(

2l A
P £
TEEER T

LGS L~ fBATER T HAL - B & R
£ o &Q“ﬁ J‘rr;&

Wi
W

H
E

71



kBRELIAERFLEI AP B 2L

Characterization of single crystalline ZnO nanowires synthesis via hydrothermal method

*% 3 #(Yu-Shiang Wu) F#t 2t 2£(Yi-Ting Chen)
CEREE R ESE L]

Department of Mechanical Engineering, China Institute of Technology, Taipei, Taiwan
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Characteristics of Zn,SnO, (ZTO) nanoparticles synthesized via hydrothermal
method with different Zn/Sn molar ratio

*X 3. #£ (Yu-Shiang Wu) Y 3 %.7}2 (Liao-Chia Ho )

Department of Mechanical Englneerlng, Chlna Instltute of Technology, Talpel, Talwan, R.O.C

(NSC 97-2212-E-1
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