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£ ASjol1(2n0) Wi Enanorods) & 018510] BT (g xSl FoH 54 9 2 Hutol el ZASC, A
25 2vlsl7] Y8l A E P (sputtering) 02 FHH AlSlotd A =F(seed layer)S o]-8ato] A 71§P§}%31“ﬁ(electr0*
chemical deposition) @& Alslo}d U2 EE A7l & IZ0=22MH (thermal evaporation) S ARESlo] &8 Z=215191
o, Ao Lol et 4 ] ol S W 2 U Y Wag 9i9) 2
25 WL ITO/PETO]| F2Fsto] A &g FHlstglon, F2kE= 29 o 2457] f18l 10024 60027}
A SeURAAS I, & RaTS] S skl s TR B € 249 a1k 30 5
sigiom, ek o] 480l ZAR Gelold A FreHe A TSl ok & Yol FoTuBehAEEY
(localized surface plasmon resonance)ol|A] 7|Q1E Ao 2 At E3F B2 HAEAIS A HHSH ITO/PETO| 2+
H 20419] HZZH(contact angle) Et} AlSlotd LR Eof| Z21E 2 QAo X 9] FFZto] A SIS Ho, /hAE &
4 BUE 7H 5 QS-S ERIEk ofdt FEy BN g i A Alglotd e 259 7|ke] AR A3
B FAA] Ees A AT (self—cleaning) & 2= RUTERE FANA | §-851A S8 4= U AR 7|dfdrt.

FHO 2 AL Aol Uz ARy g g, sagdEetzEdy, ¥ T8, &
Gl
LM E A zgstel B4k Wo) TS Aofat

foponiy BT NS ERYoR FroE d URgAEe Y 1
T= BFHEAY] eE TiAdsh] 1Rt DAl aaEH FRIQIsHA gL Qlek [6-8]. 53], & YA 7%
HEARYR| I (antireflection layer), 3 3£2(light trap— YoM ] FaFHSeEETEAYo] avpe oz WA
ping), A% (light concentration) & o8 7}*] 7|&E9| o Bk oy e}, vlwA 744 o] AFsitt [9]. o] ek Yl

ERlEo] gtom, A I AF s JEL 9 A9 2 °‘?<l~t— ﬂiﬁ e 01 6}74‘% e EHH

7 Z7RIAA B4 G 9ol 24710l WFE]

wo}) Hef, Eat B4 QAhe] Ale} wop 1l B

i Mo

S 1

* [AA-E] jsyu@khu.ac kr

o -3, HTohs Uieaslel B4 drjeld wae: e B

AAFHEHGAETYH A localized surface plasmon £k} [10,11], 6}2]‘{]', sskA ‘ﬂol"ﬂﬁi ZﬂZl‘Q 7§—‘,’4, vy

effect) S o]-8-5to] BlFAA Y F F48E sl E o o A-gs17| sl HAdsHA ZE k=t FAIF QlaL, 24

Tofl Thalo] RopA|arl Qlrk [4], d¥HAom 22 579 ey WS S o] Bt wiimoll 3 Alte] 71

Fhw), £iAg), LEOIRD F T YA AL L 0l 9

A, EE TAYMS YAAAE, BEURS AAE  E, LT H(ydrothermalolh H7|SHLEE
o] ejtofzlof oaf FHE oA F Alwt 9l F (electrochemlcal deposition)& ©|-8sto] IH 1ketof

A(Zn0O) Y2 = (nanorods)«= 13 Yle b2 FE|Z A4
7igel Ao R AgAstel wWiES olRal, £ A4



(crystallinity) ¥} =2 thg4d(porosity)

olefet w149l ERHE 7 57 o
o] Fao] ol2oid 49,
QA oblique angle) 0.2 b}l-:?—f{:
4 Qle} [13], 2 AFo|HE <
H|H & o] E(ITO/PET: indium tin oxide/polyethy—

lene terephthalate) -1 7] $jof| A7|&er52PHS O]

o

&oto] Alstobdd Uer s AT thE, W &
Rk (thermal evaporation) O 2 22 Z2k5}0] L]-h:
2719 A YAsHT. o2 Bl e A
HE 6l BAE 2 e =2 F T =8 o
4 EHS UERH
I, s

ITO/PET 7|3+ 9o Akgjoldd Y2 TS AJA517] 23
QX olHIE, HErE, Eo|24>(deionized Water)i Z+7+ 5
A 2FUR A AT v, Agleldd A=
2 yFu u Y EE AHE Y H(radio—frequency ma—
gnetron sputterlng) o7 ZA5ct AHE LS 98l A
‘Zﬂe 3.5%x107° Torr9] XZAMNRZ AT ]S, oj=x

“Z(seed layer)

Ar) 7}AE 5 mTorre] 22948 §-x]81a1, 100 W] 11
ST S B
g /ISR ol galol AEFL e Aol
ezEg Ao, et 2us] 98 1 Le)
o} 2ol 212} 10 mMe] A ol FARRSHE ine ni-

o

trate hexahydrate)¥} dAIH|EH e Etol(hexame—
= ZeISlch o714 AREE
A MBS £ 99, 9%2 1okl Aa(Kojundo
s e = 2ot e
£% 99, 5%% Al1nFd =2 X (Sigma—Aldrich, USA)A})|
A 22t 3isisit, eln
o] 8% 1TO/PET 7]

thylenetetramine)= 214} o}

Chemical Laboratory, Japan),

A A A= MES
—2 Vel Ake olrleron,

AT R WE(P)S o835t oldf F4E AR
Wl ok 0,27~0,31 mA/cm’0|9JTh 181 AJAFgoN]
255 80°CE FAJ5to] 1A Bt Algloldd R ES
AN &, golrR AHE vy AAaN,) 7R 7
ZAF, o]gA EHlE AR 99 %%‘%‘%Z}‘ﬁoi —
U9zl Zaksldn) 2AL 98] 3x10° Torro] 2

CIES
S FAI51, 2 Bl (pellet) 25 A3} 0.5 A/s
O] ZAER 2 FHAITEE 1002004 600Z271A] HBFAF
o}, AlSjotd YR 0] fHo| F2E= 29| FHiet &
214 54 vlasly] flsf B ek ITO/PET 7|3 flof &
2 27108 2% FASIGT oA FHlE AR HlA|
T2E AANEY FAPAAAVH(FE-SEM:  field—

emission scanning electron microscope) 0.2 2514 0.
o, ¥ 545 5457 flelA Att(integrating
sphere)& AZFSE Ak A/ 7HA1GA B3 A (ultraviolet/
visible spectrophotometer)S ARESFTE 181l Alslo}
o] AAAS Lol 7] Yl XA SHXRD: X—ray dif—
fraction) ATEZHS =Aslgon A=

AR AgA

FA0 E
== 70

(contact angle system)<

o},

IIT,

Fig. 1(a)= PET®} ITO/PET 7|%
= /K‘]X]-E]- }\]i_,] JJ- ‘0‘/\0 2 (4N
H 3 Fae Z451) 9
% QA ol A HHAY &= o] Alek(light scattering)<
skt o)l 3, AHMAL AdE(specular component)i}
WAL Al E(diffuse component)S =4+
T= o]&ste] WS (AN)Z Tk (70V)
], A(N)=100%— R\)— 7()) 2] 47:]]*12&‘:’1—:1
AITh FE-SEM ARRIOIA &
£510] Z7]7} oF 40~60 nm, 0] } OF 600~
| Akslote] Y2 E=7) Ro7 7§§
i, olefat Eee TS 2
A ol el 1t 4 5 2
SrE SFEYS 2l EE, ITO/PET 7|wo
o] 450 nolH3E] Hol345 48] 2713}
Fch ol= Hlo] ITOof|A o] HEZY o x|kt Z oy 4]
7F AR o) AL s Fpste] of 7] )7] wiisolt, gt
H, Alslold Ue 27}t AAE A 7o A= 450 nm o5}
o] g Aol F el A TS & 4 Uth
EZH AFSPoA Uez =0 HEZ o | X[(3.37 eV) Hi}t &
Aol A= oF 97~99%9] Bl S-S & 4= St Fig,

1(b)%= ITO/PET 7|% $lo] AAE Alsfotel themeol

%

A 0]
T AR

1

r
rl

O
=

[e)

l

/\011:]

e o8

o Bl

o

0 nm

v
2~
T

Y

kel
=
Hl

=

T35

)

71 A

o
Z T

2

=
9

|

= &

e

Journal of the Korean Vacuum Society 21(4), 2012



ITO/PET 7|2t {0ff MZE

100 'ZnO N'RA on ;TO/PElT

80+,
601 “
40+

201

Absorptance (%)

ITO/PET 1

“
N N e
M o i T ——————— e L L e T

300 400 500 600 700 800 900 10001100 1200
Wavelength (nm)

—
(=)
~

6.0x10"
PET
5
G 4.0x10°}
=
2
5} Zno(002)
E 2.0x10*
o no)e
x
<
PET PET
ool L A
20 30 20 50 80 70 80
20 (degree)
Figure 1. (a) Absorptance spectra of the PET,

ITO/PET, and the ZnO NRs grown on the
ITO/PET (i.e., ZnO NRs/ITO/PET), and (b)
XRD pattern of the ZnO NRs/ITO/PET. The
inset of (a) shows the top— and oblique—view
FE—SEM images of the ZnO NRs/ITO/PET.
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Figure 2, Top—view FE—SEM images of the deposited Ag on the ITO/PET for (a) 100 s, (b) 200 s and (c) 600 s,
and the deposited Ag on the ZnO NRs/ITO/PET for (d) 100 s, (e) 200 s and (f) 600 s. The insets show
the oblique—view FE—SEM images of the corresponding samples.
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Figure 3. (a) Absorptance spectra of the deposited Ag on the ITO/PET for 100 s, 200 s and 600 s, and (b) absorp—
tance spectra of the deposited Ag on the ZnO NRs/ITO/PET for 100 s, 200 s and 600 s

208

Journal of the Korean Vacuum Society 21(4), 2012



ITO/PET 7| flofl e Astotet Leze0] Y

oleid 7P Felat kg JelA FAHE F EhE
o gsjotel 7ue] GRS FHPIA 388 A9
aAje] B8 FHA A0 JlgEr,

Fig. 4(a)~(f)= Fig. 2(a)~ ()] siB=H= A=

444 (hydrophobicity) E# HAEES: 93] UAF 45
2} 2gaplolh, AP BH1E 4+ GlEol, & FAARE
o FNURE Ay B0l FBIRCR, Alstolel 1}
e A9 H e 294 B4S Holt

2T RS2 7

Fig, 4(g)= 7127 W3 ITO/PETS}L Aol L2 E7}
37 ITO/PETO|| & F2FAME WS A - Al RS
o] &L a1 =2 YERYSITE ITO/PETS] 0] 52
2] kS 7%, 83.27°9] UubAQl HE7to] WHE Y
on Abstobe] U2 E7F AAE S 73, 22,262 3
F2to g ZpA(hydrophilicity) S/l 3=t o]
2|3t olfi= g FW EAS e Alstorddol

83.27°0|A 102,55° 0.2 AA5] F7F5h= HHH, Alglobed
W2 25 2 49, 22.26°0014 125 7°C.= o
5 3A F7Fh= 2l Rk ol o= A
EAE AL 3l 20 W A A Yiellte] FH|
2 gryo] #UAE yoxus EH 77| (rough-
ness)7t A7] wizolct [19]. olg A4S Wenzel
modelo| A 712719} H&7k0] HBTA (cost, —revst, 6, :
apparent contact angel, 6. intrinsic contact angle, r:
roughness)& &3l & = 1o, |83l o] -2 FHHS
d38 a4 S4E ST7RPPIEe d9F BaEoisit
[20]. oA A2 Alme] AAE pd U2 A
IHself—cleanning) S Zt= FHIZRZE Thoksk §ALA}
of 82 & & Aoz 7|HE [21].

e Yez 4502 Fusof glo} EAHo| 27 V. 2 8

S7keto] 4] BAJo] A YeRd 0= H]ltt [18]

Ahd, %3 ITO/PET $lofl &2 33t 39, A&7 ITO/PET 941 7|9k 9jo] Alsloled L2 =2 A7ks}
(a) Ag 100son ITO/PET (b) Ag200sonITO/PET (c) Ags00son ITOPET

Contact angle : 98.36°

Contact angle : 102.55¢°

(d) Ag 100 sonzno NRs/TOPET (€) Ag200sonZnO NRs/ITO/PET  (f) Ag 600 s on ZnO NRs/ITO/PET

—

Contact angle : 103.83° Contact angle : 121.94° Contactangle : 125.7°

(@) 140
— e
120+
)
AR T010] A NN UUNUUSIRSSSEESEEELESS -
(=)
S
= | |
P 80
E’ --l-- Deposited Ag on ITO/PET
<< 60}
g —@— Deposited Ag on ZnO NRs/ITO/PET
T 40
]
O
20

0 100 200 300 400 500 600
Deposition Time of Ag (s)

UFTSYRAX] 21(4), 2012

Figure 4, (a)~(f) Digital-photographic images of water
droplets on the corresponding samples of Fig.
2(a)~(f), and (g) contact angles as a function
of the deposition time of Ag on the ITO/PET
and ZnO NRs/ITO/PET.
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Optical and Hydrophobic Properties of
Ag Deposited ZnO Nanorods on ITO/PET
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We investigated the optical and hydrophobic properties of the deposited silver (Ag) zinc
oxide (ZnO) nanorods (NRs) on flexible indium tin oxide (ITO) coated polyethylene
terephthalate (PET) substrates (i.e., ITO/PET). The ZnO NRs were grown by an
electrochemical deposition using a sputtered ZnO seed layer and the Ag was deposited by
using a thermal evaporator. For comparison, the same fabrication process was carried out
on the bare ITO/PET without ZnO NRAs. Due to the discrete surface of ZnO NRs, the
deposited Ag was formed as nano-scale particles, while the Ag became film-like for bare
ITO/PET. In order to control the size and amount of Ag particles, the Ag deposition time
was changed from 100 to 600 s. When the deposition time was increased, the Ag particles
became larger and denser, and the absorptance was increased. This enhanced absorptance
may be due to the localized surface plasmon resonance of Ag particles. Furthermore, the
relatively high hydrophobicity was observed for the deposited Ag on the ZnO NRs/ITO/PET.
These improved optical and surface properties are expected to be useful for flexible

photovoltaic and optoelectronic devices.

Keywords : Ag particles, ZnO nanorods, Indiun tin oxide/polyethylene terephthalate,

Localized surface plasmon resonance, Optical absorptance, Hydrophobicity
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