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1. mmmﬂi:ﬁuﬁtﬁaﬁLmeﬁmﬁﬁﬁmﬂﬁuma Cu(in,Ga)Se,(CIGS)
TusinawasfuiRnsnfuszansnmaieluszou 16% uninsassy
nszanlaanlas

2. UszauanudSalunsuseivsiaasuaanfingainflanuns
Cu(In,Ga)Se UnWsH5895U stainless steel #inlassalalnefuszinsan
WRABNINNT 15%

3. w1502eNeIRIAMIUGNHANUI CIGS AIURLHKIBIZUNTEAN
Tamladawin 10 #6.x 10 #x.uazvin lUUszRug Dwasuaiainduiin
fgaue CIGs AfssAnsmnduswaielusssu 13%

4. @wnsndn Na avludumaunisugnduiidauns CIGs il
Humsinlszansmnzesdasusveindufialaauns CIGS vuw
utinsossunszanlamlasuas stainless steel #finlAssals

5. FANTNEREUIARMINBNNAITIRINTILEKIBSU GaAs
ﬂmzﬁﬂgnﬂﬁuma CulnSe, (CIS) lifndusasse CuGaSe, (CGS)
SEWIILHWIDITU GaAs MURANU1 CIS wuuBfiunng shlgnisinu
Sndwarasn1sundzes Ga Nifisaflanus CIGS

6. awnsarlassasendnsEiuLuudiassmsUgnuineae
nMssaeineReNRnnasuasRUE MRz RdNUNTTaz AT
sqrssvsafindungutonasauiulasaioninuasususasuild

7. lafmsfnwpaninandulumsuUsuswesrngeiiiizes
Hanursaenemsudon

8. snansnlgisnmanenlliuwizasnnuageszaasiflanuns
N1UszENA LI rYANS IETuIBeNsREENANAS TULUUT 18D 9
aUw FAXY

wavuu

1. aaLFINRgIRANaNU1S CIGS UnLH®IBISUNTZANLAS
UBUETBISU stainless steel ahalAsa s

2. UNAITENESIMKUY Knudsen §115U52iMeE18 Cu, In, Ga, Se
uaz Na dwsuldluszuussmesinsssiu high vacuum fiaenuuuuss
aaealuvsUfuRnng

3. WG IHAMHNSBUALEWIBITUZWIA 10 FH.x 10 7.

4. 52U high vacuum §MSULRSENRENUN CIGS Utleinsaesu
AWIA 10 4H.x 10 AN, WSDNIZUU in situ monitoring

mMsIAUSMSMOIBINMS

1. TAUsnsnesunaasganssAddlannsauLuudaInsin
(FESEM) unviasufuRmssine g Tugudmnsdudaswidnduazmioe
sudwiimasguaziengs melsuleuismsuimsaosgudnnsdnge

ra

AUAENS
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(Research Center in Thin-Film Physics)
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2. WudnaurvesufoRimssne g memasguazendu Tunsia
ANURNIIRANEY  NISEianLasNITEINBLEIREITERF1 T waz
ANNAIEESHENUTS

3. Tdusmslumsinandfiaaseasuaioindaiasig g
2 Aanune wingdnaw uazafiaddon [Wusn

ANENEAARRIINNIBIEARLEIBNRg2AARENUNG CIGS
FENABIRanIIFALBIaNATaRLUUFaINTIA

FESEM cross-section image of CIGS thin film solar cell.

AEeARRTINTBEARLEIa AiRgRnREN U CIGS

FENABIRANIIALBIANATOULUURBINTIA

FESEM cross-section image of CIGS thin film solar cell.

WeeUfuRnsidefandansiosni

MATEAENS AMSINIAERS JRIFININNATINEIEY
Unain ngammwe 10330

TnsAngt : +66 2218 5108

Inssns : +66 2218 5116

Email : Kajornyod.Y @chula.ac.th, Sojiphong.C@chula.ac.th




S1EvuUs:U 2554

AudnowIDuidAMmuand Thailand Center of Excellence in Physics

Semiconductor Physics Research Labor

Research Achievements

1. Able to fabricate lab-scale Cu(In,Ga)Se2 (CIGS) thin film solar
cells on soda-lime glass substrate with average efficiency of 16%.

2. Accomplish in the fabrication of lab-scale CIGS thin film solar
cells on flexible stainless steel substrate with average efficiency more
than 15%.

3. Able to increase the deposition area of CIGS thin film onto the
10 cm x 10 cm soda-lime glass substrate and obtain the preliminary
efficiency of the CIGS thin film solar cells in the order of 13%
(average).

4. Able to add Na into the CIGS deposition processes in order
to increase the efficiency of the CIGS thin film solar cells both on the
soda-lime glass and flexible stainless steel substrates

5. Verification of surface melting of GaAs substrate during the
growth of CulnSe, (CIS) epitaxial thin film resulting in the formation
of CuGaSe, (CGS) interface layer between the GaAs substrate and
the CIS epitaxial thin film and leading to the study of the influence of
the Ga diffusion in the CIGS thin films.

6. Crystalline structure is successfully incorporated in discrete
growth models by computer simulation. Two types of morphology,
kinetically rough and mound formation, are found depending on the
structure of the substrates.

7. Persistence probabilities of the height fluctuation in thin film
growth models are thoroughly studied.

8. Transition temperature of the chiral symmetry breaking in
FAXY spin model is obtained via the application of thin film roughness
exponent method.

Products

1. CIGS thin film solar cells on soda-lime glass and flexible
stainless steel substrates.

2. Knudsen type evaporation sources for Cu, In, Ga, Se and
Na for high vacuum multi-source co-evaporation system.

3. Heating source for 10 cm x 10 cm substrates.

4. High vacuum system for CIGS thin film deposition on
10 cm x 10 cm substrates with in situ monitoring system.

Academic Services

1. Field-Emission Scanning Electron Microscope (FESEM) service
for the research laboratories of the Thailand Center of Excellence
in Physics (ThEP Center) and other units both of government and
private sectors under the administrative policy of ThEP Center.

2. Provide services for laboratories of both government and
private sectors for the measurements of optical properties of materials
including physical thickness of various types of thin film.

3. Provide services for the measurements of properties of
various types of solar cell such as thin films, crystalline silicon and
dye-sensitized

Graduate student is depositing CIGS thin film using

Molecular Beam Epitaxy system.

Semiconductor Physics Research Laboratory,

Department of Physics,

Faculty of Science, Chulalongkorn University

Patumwan, Bangkok 10330, THAILAND

Tel. . +66 2218 5108

Fax. : +66 2218 5116

E-mail : Kajonyod.Y @chula.ac.th or Sojiphong.C @chula.ac.th

Augdvamoildndvooauun « TEP

(Research Center in Thin-Film Physics)
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Ar ion laser tunable several laser lines
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Associate Professor
Dr.Vittaya Amornkitbamrung
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1. ansuwnuiwuidelagldviowi luarsuanaas
wodwafi lihunularzunanfiviufifsAAeusnound
anlidusnaniimessianingm

2. 1A389 Dip coating TiUsziusawassnnisavinly
THadeuilanunseiinduls

3. gesiadfldlunnsatin uazaisdanansninly
Uszgnaldriuansawle

4. LFI%'EN Power supply ﬁﬂ'ﬁy’lﬂ‘ﬁ%ﬂ’m’l’iﬂﬁﬂﬂ
Wuszlorrnuszuudidnlnsanlundsuderin v AT UNAMNSZUY Laser Ablation
SHNOIASERTANU92095 A RADN T wonnTiaan Nd — YAG Laser for Ablation System
siAsuanliuasdadalasanuideiug flangas
iaeld Power supply NlwAnuseAnglWigosae
AT

5. lsmsmnanilualunisdonsiedianuiln
%t zn Sb_ Ingiafialalasinadiauasilan NiO 910
nsguaiaudianasinlulddudmlsznauzssluga
wasludiannsnduaznszanaain lARTNAAU %oNA1N
fasAnagilannnsndnaasna1ianasinlugniaiem

[ a

Fonuiialnalle
6. dxsanannszanyin i FTo 1ldlsieese3s
spray pyrolysis

o

msTﬁuémsm\)c‘)mms AFAUNAINIUNBIUIIZUUIR Electro-Photoluminescene

WELNIINWITY  wasuasaindanananwI lsin g

WANER ARAWNWNAIITW NAIWENINe [ne, 115603 Energy
AosufuRnsidefdndaacds MARNRANG AnineneEns
AMTINGABIDULAY 2. PUWAK 40002
W 20-23, NTTNTIINAII1 syl : +66 4320 3359

Tnsans : +66 4320 3359

Email : vittaya@kku.ac.th

Plus, aUUN 25 Useanhaw NASIAN-HWIAN 2553,

TFP - Auadsamodlandvovidauun

(Research Center in Thin-Film Physics)
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Solid State Physics Research Laboratory

Research Achievements

1. Conductive polymer mixed carbon nanotubes
was used instead of platinum in counter electrode of
solar cell for decreasing cost.

2. Dip coating system was fabricated. Some types
of thin film were grown by this system.

3. Spin and spray chemical formula was applied
with other chemical substances.

4. High voltage power supply was fabricated and
used in electro-deposition system and other researches.

5. There was new knowledge. Zn, Sb, nanomaterial
was synthesized by hydrothermal technique and NiO
film was grown by dip coating technique. They will be
applied for thermoelectric module and smart windows.
Moreover, a new material will be synthesized by this
knowledge.

6. Fluoride doped tin oxide conductive glass was
fabricated by spray pyrolysis technique. There are
many factors that must be improved to use for other

researches.

Academic Services

Energy Plus, Natural Dye-Sensitized Solar Cell
Reduce energy costs. Performance of Thai Research-
ers., No. 25, January - March 2553, pages 20-23, the
Department of Energy.

Solid State Physics Research Laboratory, Department of Physics,
Faculty of Science, Khon Kaen University , Khon Kaen 40002, THAILAND
Tel : +66 4320 3359

Fax : +66 4320 3359

E-mail : vittaya@kku.ac.th
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2. mavanaghlanszuiwmsiinlaseasiawle
fenzfeanlyrmemaiamasuaasandindis

3. NMIWRWIRANRANEEH AZO/Ag/AZO dMSUNTS
Uszgnaidveasuasonindaindedon uag

4. MIBRHRIWNTINTIAUWIWIZE 18 1509

5. madewses “lavzeanlamululissemadia
wasnaaandad” Turiksda Nanowires Wi 97-116
ISBN 978-953-7619-79-4
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1. UIT8NLAIY L%'Im Zinc Oxide Nanostructures
for Ethanol Sensors and Dye-Sensitized Solar Cell
n19Useya 1% Chiang Mai — Kyoto Symposium
on Materials Science and Technology "'J’W?'Il 2 -4
SwAN 2553 e wvnInendedeslna 2. Feelna

2. U33EN8NLAY L%El\‘i Efficiency Improvementof ZnO
Dye-Sensitized Solar Cells by ZnO Passivation Layer
and CuO Thin Film Barrier Layer n5Usegad The 12"
International Symposium on Eco-materials Processing
and Design (ISEPD 2011) Jufi 8 — 11 an1AN 2554
o l5eusuABansd a.1lee 9.1 Feelna

LAS29RA5I0TAUSHIILEANDTORIINANAN Elsif\]

3. UT98NgNLAY 1389 Gas Sensors Based on ZnO
Nanostructures ﬂ’liﬂi:‘qu Siam Physics Congress
o Jusnsidedanduszens
MATAENFuaz THRFNERS ANLINEANERT
WEWNIAN 2555 £ Iﬁ\iLLﬁNﬂjﬁﬂ%%L’Jﬂ% Q.Wi:%ﬂiﬂ%ﬂqa&l’l amInenaedeclna a.8eelna 50200
Inswyl : +66-53-943375 , +66-53-942463 6o 11
Inssns : +66-53-357511
E-mail : supab99@gmail.com
Web page : www.apricmu.net
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L

Applied Physics Research Laboratory (APRL)

Research Achievements

1. Developing sensor response formula for sensor
baseds on metal-oxide nanostructure for the first time
in the world.

2. Understanding growth kinetics of ZnO nano-
structures prepared by thermal oxidation.

3. Developing of AZO/Ag/AZO multilayer films for
dye-sensitized solar cell application.

4. Publishing in international journal for 18 papers.

5. Writing Book Chapter of “Matal-oxide Nanowires by
Thermal Oxidation Reaction Technique” in “Nanowires”

page 97-116, ISBN 978-953-7619-79-4.

Academic Services

1. (Invited Speaker) Zinc Oxide Nanostructures
for Ethanol Sensors and Dye-Sensitized Solar Cell,
1* Chiang Mai — Kyoto Symposium on Materials Science
and Technology, 2-4 December 2010, Chiang Mai
University, Chiang Mai, Thailand.

2. (Invited Speaker) Efficiency Improvement of ZnO
Dye-Sensitized Solar Cells by ZnO Passivation Layer
and CuO Thin Film Barrier Layer, The 12" Inter-
national Symposium on Eco-materials Processing
and Design (ISEPD 2011), January 8 — 11, 2011,
The Empress Hotel, Chiang Mai, Thailand.

3. (Invited Speaker) Gas Sensors Based on ZnO
Nanostructures, S. Choopun, N. Hongsith, E. Wongrat,
D. Wongratanaphisan and A. Gardchareon, (Invited
Speaker), Siam Physics Congress 2012 : Past, Present
and Future of Physics, 9 —12 May 2012, Krungsri River
Hotel, Phra Nakhon Si Ayutthaya, Thailand.

ZnO Nanostructure

Zn0O Tetrapod

Applied Physics Research Laboratory,

Department of Physics and Materials Science, Faculty of Science
Chiang Mai University, Chiang Mai 50200, THAILAND

Tel : +66-53-943375 , +66-53-942463 ext. 11

Fax : +66-53-357511

E-mail : supab99@ gmail.com

Web page : www.apricmu.net
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“Smart window” prototype

with 3 x 3 cm® bleaching
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Thin Film Technology, Research Techniques (Tt
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B UUIZUULAADURANUSLUUNLAREU

dnlewln Zn SnO, UWWKIW389FU Au-coated ITO/

borosilicate

amunnngo

wosufuRnsidemaluladfdnune metanfand
AINenAans aminenaenaluladwszaanindiowy3
WATIAT NINN 10140

Tnsinel : +66 2470 8873

Tnsang : +66 2427 8785

E-mail : Wandeeon@yahoo.com, panita.chi@kmutt.ac.th
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coloring state with applied voltage of 3V

Thin Film Technology Research Laboratory

Research Achievements

1. Development of Strontium Ferrite magnetic
films coating technique by sol-gel method.

2. Development of technical know-how of nano-
fiber metal-oxide thin flms coated by Vapor Transport
Technique.

3. Development of techniques for coating electro-
chromic (Tungsten Oxide) thin films used as electrodes
of smart window, and build a prototype cell for studying
film coloration influenced by various parameters

4. The prototype of spray-coating system that
supports a number of controllable coating conditions
such as substrate temperature, spinning speed, spraying

speed, etc.

Academic Services

1. Bringing in-house know-how and database of
deposition, characterization, and processing techniques
into manufacturers and industries through individual
mentoring, seminar, and technology transfer.

2. Research collaborating with research laboratories
in universities, government laboratories, and industries.

3. Making opportunities and motivating high-school
and undergraduate students in joining research fields in
thin film technology through doing projects (10 graduate
research students and 5 undergraduate senior projects).

4. Integrating research work into teaching in subjects
like semiconductor physics, thin film technology, research

techniques, etc.

Thin Film Technology Research Laboratory

Department of Physics, Faculty of Science,

King Mongkut’s University of Technology Thonburi.
Toongkru, Bangkok 10140, THAILAND

Tel : +66 2470 8873

Fax : +66 2427 8785

E-mail : Wandeeon @yahoo.com, panita.chi@kmutt.ac.th
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