a J o g’; U 4 A Aa a o a J a
3%’9@y§]uwuﬁ miwwuwumumwmzLﬁmwuﬂﬁzﬁmmwmmL«Ifaaummmwuﬂ

a J
adou'luassanoon lag

Y A a 4
Y WIINTNIU gNTUY
[ Y] a ara 4 .
PSeyan USsaqutindia Wanalssgnd)
~ O P v s o
AMZNIINMINUSIB  A30Mans 19158 A5, gAIN PWUT 219158NS nEIMan
Y 4 A 1 Y] ot 1
A30M1dA319158 A3, aawdidossaus Inena  019158nSnusaw
4 aa o’d’ 1
A3. YIFHY HAITATIA 219158015 N3V
U |l
UNAAEID

(% ¥ Aa A 4 o a d a [y ¥ a
maaautasiuiidinesn lud W Tasan Insagnaiia laenszuiaumslsuiganumm
a A o 4 =3 [} [ Y] dy a [
n1unll Fenoon leaszgniasontunrusessunazUsuljanua nszuiumsiuilge
Y Y] 3’, = Y] g‘/
Usgnouale (1) nszurumsdivilgaiuaew@ed 2) nszurumsdiuilyeaesvunou (3)
Y
nizuaumsndounazliulgedesiuaou (4) nszuaunmsdivlgedae lewmdl nasmsdsuilss

[
=

a d @ Ja < [
NaﬂqﬁlgﬂﬁﬁﬁﬂﬁﬂﬂﬁﬂHmglﬂW”I$@9]}?]ﬂﬂi%}@\1i]a‘VI5iﬂui’)mﬂ€°'l5ﬂuLLUUﬁ@ﬂﬂiTﬂV]ﬁﬁﬂJiiﬂugq\i

I a v

A A A o A 1 ~ aa a A =
riaNafoNady 1nTeIansganaunadludugIuazdidida 190 swvalnlasalndl uas
a < Y g‘; o 4 a d a a9
’Jlﬂﬁ’lgﬂﬂﬂﬂﬂﬁzﬂjuﬂ']iﬂﬁg‘JJ'JﬁWﬁﬂ'lW Fﬂ’lﬂuuu’lnﬂﬂi%ﬂf]ﬂlcﬁaal!ﬁﬁi’]’lﬂ@ﬂﬂfﬂﬂﬁﬂ@ﬂqjllﬁq

wazilszliuaussousalremaiaanyazmmiena In o Tiadnuazauiiania lniluai

ar { o { A wvAa A
Waunlsuvlgannnnassurumsumslasunlasauianianienin duiagauas
wAa o v A d { 1 o g‘/
autia I uadl diwmsudlaundsodgelasnszuaumsdSulseiuaouaer  dreaisazae
o a a %,’ o 1
won Tuilenlaasonlas (esazarswa) uaz lalsnasin: luasn:aiinau (msazaienia) 1vian
a a I S 3 4 S 3 4 o w A ,3 Aa Aa
Uszansamgegalu 2.00 wlesiduduas 2.02 uledudamaiay manuvuvealszansnm
< v Ao £ A v oY v d A v 2 ' 7
WurauninTassadwvesdlaungudanumsgasuddonlaauu seldnitunuiuwad
a Ca) a a I S I 4 d' = ar o zé [
wasomadNlszansmmiu 226 nledigua weawssnuuandlsulyalasnszuiums
o g}J 9 I =1 a ~ o w =R o R4
USuilgeaeaiiuaou dsasazarsataznsadlumal 2 Wntag 10 WMDY FIFUHRUS

o A Y o A ald A a X Y] o A X
ﬂ‘]Jﬂﬁ!,‘WSJ511?]Qﬁ&l’f]llﬂuL“L!E]Qiﬂi]1ﬂ‘1/\|a‘JJllﬂ’nll‘Wi‘L!ﬂ"lluﬁ’f]ﬂﬂa’f']\iﬂ‘]JﬂﬁLWWlluéll’fJ\igW?uﬂluWﬂ

Q

9
o [

3 1 ~ A v Y 1 dy A A = a Y
Laﬂcl,u‘]ﬂ\“l 5-10 ‘LHI“L!L?JG]? "INﬂuﬂuﬂﬂﬂﬂ'lWHVlN’JiﬂlW'qu\i’q@ ﬂﬁuu%ﬂﬁTN1iﬂWﬂ15m1Uiﬂ31



' o 3 3 v o w ) [ A = @ U 1
msnemvesgnguvaaniufiteddgydmiumanulSunansgaduddounaz diwase

A A a ¢ o ) @ A a A @
manulszansnmveusad disumsdsulyanua lasnszuiumsinasutaz Uil jiaes
g ' Y A X A ad A 2 & A = o v A
TUADY WUINTLUTAAIDTNNVLDINNWTUTANUHIVUGIWIUNNTINTAN TN TV

9 2 v & A Jd 1 Yo @ 2 g9 2 g 1 o ' A
dou g9 lUnimiuladudames Iasumsdsulyauaresailumsizmsnediveagngusaomu

Re

a 1

P ) A ¢ o q ¥ ~ s ad o &
WUAIToE0vD3 TInoon lsa/ddoumanInilag Ml¥ascuIumsTRUUDITFUATY Ad1T1
A a = A X 4 P A o s A X 0 o P
Yszansomaunvvualu 2.28  wlessua vazWaaumaesnnyiiv 0.51 drrsusaan
A NP A P A o H v
wionuudugnoon lsazsaaulatlasnszurunnnaovuazliuljeaestiunouaie
z:gl’o [y c’d’ = ald Aa 4 c’é [
MsazangnIatazaTazaeld uennta s uaanes snuuNdusIneon loaaaaaulas
Y Y Y
Tagnszurumsnasutezliulsassiuaousisasazatonsanidesiuaouiidszansnm

iy 235 wlesidud uailduawesiilu 0.54 Mofiganszuiumsifulyedielosanillasy

a

A 1 axaAsm a ° o A = a9 A a
ﬂ']ﬁﬁ']'ﬁ@'lﬂqlﬂujﬁﬂﬂﬂﬁgﬁﬂ‘ﬁﬂWWﬁTWiﬂﬂ'lﬁLWiJﬂ']ﬁfJﬂlﬂﬁlgsUﬂﬁﬁﬂﬂll INUNITNITLIULAILLDE AN

@ ad 1 @ A a A J a a a
ﬂ"liﬁilll@n“’llf’)ﬂ'ﬂ!,aﬂ@ﬁﬂu‘ﬁﬂcﬁjﬂﬁuﬂﬁuuﬂTﬂWNﬂﬁS’JﬁﬂﬁﬂWWﬂl@Q!‘;}faau'ﬁﬂ@Wﬂ@]ﬂ Uszansnn

4 o A zg I [ A A tg Y @
ﬂJfNmaagﬂﬂiuﬂgﬂmmmiﬂmﬂuNammﬂﬂszuﬁamq%imeumuﬁaﬂﬂammJﬂ'iziJ’Jumi
4 ' v o o ' ' v o o A v Y o '
51!"] TQEJW’]J'J"Iﬁﬂ'J'UJﬁﬂJ‘WHﬁﬂ’Uﬂ’J"I?JWH']LLH‘L!GUE’]QEW?H@&TQ?JUU?T"I?IQ_J’ ENll‘]Jﬂ'J']uquWTJ’J”Iﬁ

H v Y v
ﬂ’J13Jfﬁl‘ﬁu‘ﬁolﬂ‘]Jﬂ"liﬂ'i%ﬁ]\m?f\i‘ﬁlwuﬁuuagﬂﬁi’JﬂJﬁ’Jﬂl’t’Ni’)LSﬂ@Sﬂuﬁaﬂaﬁﬁjﬁﬂ

Aaw dy 9 a 1 [ dy a 9 a o ~
QTL!’J%Eluhlﬂﬁ’ﬂ‘ﬁﬁ’Nﬂi%‘U’JuﬂTﬁiJ‘i‘]Jﬂi\'iwuW’JﬁnﬂiﬂﬁiNV\IaNW?uﬂJu1ﬂ‘1/1L°Vil|1$ﬁ3J

q

[ o [

) @ A 2 : < [ A a A J a J
ﬁ"ﬁ"f5Uﬂ1§£WNﬂiN1ﬂl%gﬂN“§QLﬂUﬂﬂ%Uﬁ"lﬂﬂ]ﬁ"]ﬁiﬂﬂ?ﬁLWllﬂﬁgﬁﬂﬁﬂWWﬂlﬂﬂl%aallﬁQGTWﬁ‘(’J

9

Y ]
1 a

a a J 4 @ a @
Gﬁu@%gﬂﬂl‘lﬂllﬁﬂ%ﬂﬂﬂﬂﬂq“ﬁﬂ UONANHUIIFIVINUNITNTLVILAIULALAANITTINA IV

ag gy~ 9
ﬂlaﬂﬁiﬂuqﬂ@ﬂﬂﬂﬂ



Dissertation Title  Development of Carrier Transport Layers for Efficiency

Enhancement of ZnO Dye-sensitized Solar Cells

Author Mr. Sutthipoj Sutthana
Degree Doctor of Philosophy (Applied Physics)
Advisory Committee Asst. Prof. Dr. Supab Choopun Advisor
Asst. Prof. Dr. Duangmanee Wongratanaphisan Co-advisor
Dr. Surachet Phadungdhitidhada Co-advisor
ABSTRACT

Surface modification of ZnO films were demonstrated using chemical texturing
processes. Firstly, ZnO films were prepared on SnO,:F substrates and modified.
The modification processes consist of one-step texturing process, two-step texturing
process, two-step coating-texturing process and acid vapor texturing process. After
texturing process, the texturing films were characterized by FE-SEM, UV-Vis
spectroscopy, BET, Raman shift, and analyze using an image processing. The films
based dye-sensitized solar cells were evaluated by measuring of photovoltaic

characteristics and electrochemical impedance spectroscopy.

All of the texturing films from each modification processes exhibit a change in
characteristics include physical property, optical property, electrochemical property. For
dye-sensitized solar cells applications, the films textured by one-step texturing process
with NH4OH (base solution) and HCI:HNOgz:distilled water (acid solution) exhibit
maximum power conversion efficiency of 2.00% and 2.02%, respectively. The power
conversion efficiency is enhanced due to a formation of porous structure which is
achieved better dye adsorption. Moreover, an enhanced power conversion efficiency of
2.26% is obtained for the cells fabricated with the two-step texturing films with a
sequential texturing step of NH4,OH and HCI:HNOg;:distilled water for texturing time of
2 min and 10 s, respectively. The enhancement is related with increased dye adsorption
due to a better high-ordered fine porous formation which is observed from a significant

increase of small pore size in range of 5-10 nm and confirmed by maximum specific



surface area. Thus, the fine porous formation is considerate an important factor for
achieving dye adsorption and enhancing power conversion efficiency. For a two-step
coating-texturing process, it is found that short-circuit current density is successfully
increased because thickness of the films is increased and support more dye adsorption.
Furthermore, fill factor is effectively improved because porous films is formed and
supported better interfacial contact of ZnO/dye/electrolyte for better regeneration
process. Thus, the power conversion efficiency and fill factor of 2.28% and 0.51 are
observed for the two-step coating-texturing process using acid and base solution.
Nevertheless, the maximum power conversion efficiency is observed of 2.35% with fill
factor of 0.54 for the two-step coating-texturing process using double acid solution.
Finally, a vapor texturing process is demonstrated an effective method for improving
dye adsorption, increasing light scattering and reducing electron recombination which is
provided an enhanced power conversion efficiency of dye-sensitized solar cells. Power
conversion efficiency is enhanced related to increased short-circuit current density
similar to another processes. The short-circuit current density is increased due to an
increased dye adsorption which is agreed with the change in pore density. Besides, the
short-circuit current density is also increased due to increased light scattering and

reduced electron recombination.

Therefore, this work demonstrates that surface texturing processes have ability to
create appropriate porous films for achieving dye adsorption. The dye adsorption plays
the significant factor for enhancing power conversion efficiency of ZnO dye-sensitized
solar cells. In addition, the porous films can also improve light scattering and reduce

electron recombination.



