1) 2] 4204 43,

2011d 7€, pp.300~306

DOI 10.5757/JKVS,2011.20.4,300

FEOH WS o] 8% AT NH AHAA THol
5 egae] FH) e AT

=1 0 = o) T
Foigtn 28y, A& 100-715
(2011 69 289 Wrg, 2011 79 1891 44, 20114 79 209 &)
B a7E B3 ARE B B8 LN, (0001) 719ke] 514 BUNEES ol kol F4(Au, Ag) hetAE 2
Al7)aL, T ARbe] EHel el FAo e Yiedxte] B RIE ANH AN F(AFM) 0.2 ZARIG L A= 21l
& F714 o A= duE A4 @24 LiNbO; (periodically polarity—patterned LiNbOs: PPLN)S- 7]#0. 2 A3}
o PPLNO| 7z} d9e] H= vk Piezoresponse force microscopy® EHIEFATE F4:(Ag, Au) Y YAR= F4:9]
23 g PPLN 7|3hs Wi, AR s 2 30x00A] 33t E3AA J3d g 7]401] AN AR A4
%, 37] 14 APME ol88lo] Uisiatel ), 27], % WHRES ZARIIL Ag YAl A%, 7 B Feue) 47
He 9ol 33 dur} =& Uk JA7F SEem, 53] A5 A F2 7P & Ag I/Pi%]xm' 2], YA
wepoz gelo] BARAT, et A AAH) AIE BT AAREA YAt ZARE Aol Gk T WA 27 A
S s AIIo] Z7Hl W, 2 egle] 271 Sohehe e waih olsk o] FA B4 A} A
] S T TS R S A G U 0 i 0 W M 0 4 ) 0
717e] Bd Aol gt 589 &o] G4 ofol 3 Aol o3 AGE Zxjete] FastA uhgof tdk ndlg =o)d 7]
ot}
0] © LiNDOs, AR, 504, B4, B4 sl B9 e
L A & ZHAAE ZPEHE = (spontaneous  polarization) S
71 S22 A7S Q7Fsk HFAS I (rever—
FHo etz 43 A|AEE sHEA o 2L Ve sion) A = = EZ ot} ulebA HIA 9A 7
o2 Bolgk A4S Yl glo] B2 AAHQ 840 S o] g FHHoR ¢ 52 S WS ¥ 99s
2 oy AFAENA 4%E w2 Yot YegIoM = THso] AAA ¥HS =4 9 (polarity patter—
ArG el X} ge] gt d4do] el ol& ning) & = 9ok A, AR AE 2 AP J=44S Ay
ol g3t Az Jidel 3T A ARl 7hssitt ¥l W M3E gt HPAMAEH oA o] ¥ A
[1,2]. FH<toll MAPAALe] A7)7} 7HAstol| whe) B4 o) A ZAsk= bulkell EAshH= AHHEE 22 37 Tl e o
28BS Y22 A7 el Wol ATE T 25 Agste okstE AHdA xas FAgsi
A =2E A7k top—down B2 EAES Ap|xH [6,7]. wpehA, o]9} 22 PGS 2~78de HHAA
o2 A= bottom—up o] vt o=k ik ol Jx] M= bendingo]tt HAHEE (electron affinity)
Hel 1hA4d 9] 4HE 7H bottom—up HAS o]§-3ted] o] Hsls fesle] ¥ e 2E WstAIZIY [7]. wet
Ueg4S 44 49, f1A] Alofo] oj#go] ) o5 A ZAFAAY aHE FEA o R A= dfEdste] S48
Hekel| Qe gt e A2 HHES A st olE oy B9 S YxgAE Aduo=m
o] AA|¥| 3L Qlt}. ghH FH el HE thE o= A 78l= 8 (template) 2 ©]83F 4= 9t} Lead ziro—
o] ¥H FAS dEdste] 1 ol YyEH-S AHsto] nate titantate (PZT), barium titanate (BaTiOs), lithi—
AAE Alofsh= ol AA= L vk [3-5]. um niobate (LiNbO3) 9] 734 2HE e dste]

s [FAF9-H] wyang@dongguk.edu



B3 W3E 048 W AW P

FsketA gkl o8 ofy Yesds
7 Barwar ek [8-10]. 1evh ye§iRte] A &
(aspect) = AAzAT B4 we} 2}, =3k OE 3
A GHE daHoR Adsty] gk BEle o} 71

de%H oMOl LiNbO; ©2AS 5
3 Y43 o] o
) vhegia)
d(Atomic Force Microscopy:
]85 if\}%}ﬁiﬁ}. EH S 99, 33wt
YAk 724 FeY, 27 2 &
Asto] H= JHEL 7} ol A o] Lpi
& MAYSEES AAEIT

=215} T
o—1§“l‘

SRk

o
>~

L A3

Aol Al e R Fr1A 0 S/80] dE
LiNbO; (0001)& AHE-8llth o] 714 o= =4 3id
LiNbO; (PPLN)-& Crystal TechnologyAtollA -3k
o7 1x1 em® $%3A7], 0.5 mm FA9] ©AA o,
+z7 BTG} —z HFJ o] 5~10 pm H4E 7|1

F714 0% sEEe] gink F71H4¢] A= Oé‘l.ﬂ%
2 0 & LiNbOso +z W

.l
4l

Py

=4 stripe
s Al 4’6}04 5“3
399 542 piezoelectric
SHlst3iek(Fig. 1).

L o Eo R 104,
DI water = A

SAste] A7PE 7 & 54
%Stk LiNbO; 9] A= 4
force microscopy (PFM)2.=
& Ue=E 5
M2 1087 239

2317 Hol| 7|7
AR TEE AR

Figure 1. (a) AFM topography image and (b) PFM im—
age of a PPLN surface. The scan size is 20X
20 umz.
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Figure 2. AFM images of Ag nanoparticles grown on the PPLN substrates through the
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photochemical reaction using

UV-light exposure for (a) 30 sec, (b) 60 sec, and (c) 120 sec, respectively. The image size is 2X2 pm®.
(d) UV—exposure time dependence of nanoparticles' average height.
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Figure 3. AFM images of Au nanoparticle grown on the PPLN substrates through the photochemical reaction using
UV-light exposure for (a) 30 sec, (b) 60 sec, and (c) 180 sec, respectively. The image size is 2X2 pm®.
(d) Average height variation with the UV—exposure time.
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Figure 4. Schematics of the surface energy band struc—
tures of +z and —z polarity region and diffusion
of photo—excited the electron—hole pairs ge—
nerated in LiNbOs; by UV-—light.
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Figure 5. Schematic of mechanism of growth of metal
nanoparticles on —z polarity surfaces of fer—
roelectrics through photochemical reaction
with metal positive ions and free electrons
generated by the photoelectric effect.
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Ei: Electricfield of electrons
in Au nano-structure
E. : Electric field of electrons Ag*
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Figure 6. (left) Preferred growth of Ag nanoparticles by strong electric field near polarity boundary regions by
high density defects. (right) Au nanopraticles grow larger on +z polarity surface instead of growing
on polarity boundary regions due to higher electric field near the existing Au nanoparticles induced

by high electron affinity of Au materials.
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Ferroelectrics by Photochemical Reaction
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We report the surface distribution of metal (Ag, Au) nanoparticles grown on polarity-
patterned ferroelectric substrates by photochemical reaction. Single crystal periodically
polarity-patterned LiNbO; (PPLN) was used as a ferroelectric substrate. The nanoparticles
were grown by ultra-violet (UV) light exposure of the PPLN in the aqueous solutions
including metas. The surface distribution of the grown nanoparticles were measured by atomic
force microscopy and identification of the orientation of the polarity of the ferroelectric
surface was performed by piezoelectric force microscopy. The Ag- and Au-nanoparticles
grown on +z polarity regions are larger and denser than that on -z polarity regions. In particlur,
the largest and denser Ag-nanoparticles were grwon on the polarity boundary regions of
the PPLN while Au-nanoparticles were not specifically grown on the boundary regions. Thus,
we found that the size and position of metal nanoparticles grown on ferroelectric surfaces
can be controlled by UV-exposure time and polarity pattern structures. Also, we discuss
the difference of the surface distribution of the metal nano-particles depending on the polarity
of the ferroelectric surfaces in terms of surface band structures, reduced work fucntion, and

inhomogeneous electric field distribution.

Keywords : LiNbO;, Atomic force microscopy, Ferroelectrics, Polarity, Metal nanoparticle,

Photochemical reaction
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