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Abstract We report on an all-solution-processed hydrothermal method to control the morphology of ZnO nanostruc-
tures on Si substrates from three-dimensional hemispherical structures to two-dimensional thin film layers, by control-
ling the seed layer and the molar contents of surfactants during their primary growth. The size and the density of the

seed layer, which is composed of ZnO nanodots, change with variation in the solute concentration. The ZnO nanodots

act as heterogeneous nucleation sites for the main ZnO nanostructures. When the seed layer concentration is increased,
the ZnO nanostructures change from a hemispherical shape to a thin film structure, formed by densely packed ZnO
hemispheres. In addition, the morphology of the ZnO layer is systematically controlled by using trisodium citrate, which
acts as a surfactant to enhance the lateral growth of ZnO crystals rather than a preferential one-dimensional growth
along the c-direction. X-ray diffraction and energy dispersive X-ray spectroscopy results reveal that the ZnO structure is
wurtzite and did not incorporate any impurities from the surfactants used in this study.

Keywords: ZnO nanostructures, Hemisphere, Hydrothermal growth, Surfactant

.M £

E3 = Si, GaAs, GaNA| &

F7F H1 P EFE Zn0E
&3t FHY Y=o AT
thoksl B2 Eo)AS zky

=~

L
ki
i—’ﬂ

A3} o] 714
T Aot ZnOT
frelsithe 4A
901 ST o
A= 3.37eVY
60 meVo]Xd2]
s ol AT

° 1:}0]:61 27

d
=
(3

re

1} =
=

A

BN g
e o

o

i)
in)
12 N e
Lo 2 00
o
T =

ri

o=

p

ha|
=
O

f
K
32
il

Hle
Zal glow,

o=

Hroeg g
fo ro r
>

In
i
o)

°
o2

AR —w‘lﬂ; ,\)\‘:]’[1,2]

ofN ot lo
rr _t:k} 0|

(A

—L

= 741T7} Li, %‘d
o] kAl Azl o] S8 % i)
ATH3.,4]. ©]2} HE0], ZnO

=
o] 0] 31

Bl Ga, In 59 IS ¥

SRV
d e e
2 Sl wis} o] o2
MY Sk o) web 2o

e g 0 2 dofd
ol Y= Ao KB
2 SHEEO]

FHE 53 o] Fol

o
o8t
&
&
BN
fr
2
ju:

T

=}

AT7F #AAES W
ﬂsﬁﬂb Z|ge A A2 A
Alojol] &S+ A77F e siriar
01]/\1 Zn0 Y=7xE5 t&%l 3

ﬂlOﬁW o}z oo we} vl

O

T

?L

of -
b rlr s o R ol

é“d}-n

*Corresponding Author: II-Kyu Park, TEL: +82-02-970-6349, FAX: +82-02-973-6657, E-mail: pik@seoultech.ac.kr

270



5
 AH6-8]. 53 e
2He] E9F5 02 A GA| vy PAFoRRE o= AU
A 24 3 E4=2 Q3 &
AE TZEE &) 7 Ziéli
Folre SATTINE S 5i 719
AT AT T % sgg}oq Bl &g o) urw— :rL_,_lz,_
F4 YA AR & e S1ge e, o
Z0] A E 9ISt AA A Z A, Trisodium
citrateE ARESER o, A AEEGA Y] E5) 3
A5 XS B3l Zn0 73S Aot
2. )él%lul-u—l
2 =M= Zno e
(Hydrothermal method) 7|¥+e] &
A} o] & 23l A (Seed layer)} /3785 (Main layer)
£ WAF o2 sk 20 A4S A83HATHI). &
=olAE 71O ZEMN, 2.0 x 2.0 e’ F719] p-Si (100) 7]
TS ARESETE A Si7lEe] W AFHE ofbAlE, ol
e, STl 47 584 259 AlFS s 1
F Ak ks BAE 5o w0 2R AAD T 3
= 150 mL9] okl =21 0.5, 1, 2.5,
Acetate [Zn(CH;COO),-2H,0] £4&

LR SNEE 305 19l 919 oe A
%3 894 ARARL Bl AZHTE oF 20mLe] I

]
A NS Yoy 3, AW 9] IHEEE 5,000 rpm
i /\]-oﬂ -|_—|L?___]6]— 6_116:]&] _/,;&ouz
< ¥4t 41%@3 S 33 Tole 120°CE 719 %
hot plate<] 32+ 9] ZnO nanodot®
Ejj 2] 5—‘1&1 %% 63*3%01 A Si7|H
3 7 ZnOY =

56 mM Zinc Acetate
[Zn(CH;COO0),2H,0], 160 mM NH40H% 150 mL =55
of| Zoda A3} o] W], ZnO =729 TATZE Ao

£ 93 AHEAAZE Trisodium citrate [HOC-(COONa)
(CH,COONa)y; TSCIE AHE-3FA T TSCY =2 0, 1, 2.5,
5, 10mMS 718t Th g8 E =808 95°CE 713
-, 719 AEHERo 2 8ol st 2417 F1t
InOHW=T2E 7|3 AT §Eo] ¢ Soll=
ARG SHGlA 2027t 259 AlHS go=H, Y
A2l BAEA a1, FEA oA FAAE ] YTt &

é
_I_4
oflt l‘-llI
)
N
A
e
9 ¢
_EL

St ZnO Y=t 23 Ao 271

th2o] A= free standing ZnO W=7 9 HHg- BoHE
S5 AASNTA. o)) o R AFxHE ZnOW=T
Ze AANE FAPAAE V] (field-emission  scanning
electron microscopy, FESEM, Hitachi S-4700)2 ©]-8-5}]
ZHAlgE £ 2 S AAISFAAL, Xoray3] AEA(X-
ray diffraction, XRDyS B3l w41S &al 287xE &
AT o5 Bl AT 7= ‘g‘l ARLgA o] =
ol whe ZnovhieT2 st B 33k FRIHE 23k
w22 Welelrbe WAYSS ATsich

3. &t # n#E

b}

A APGF] F2E RIS Siviel AP
FESEM= 53] 215t 19 1(a)
MJJr 2.5 mM®] Zinc AcetateS AR3-3F
ZE Yeidd 0.5mMY Zine
AcetateZS Ao 7 /\}% 73-%-, ZnO nanodot®] =7]
= 2F 100 nm©]aZ, ~10° cm? &) WEE zl= 207 9]
Tt} Zine Acetate«] EUE 2.5 mME SH SVHAIZ
-, ZnO nanodot®] =79} W&7} Zrlsle AL &
ATk E3F ZnO nanodotE°] FHEH O Z FAHAE AS
golgk = AT} Volmer-Weber 37 REZ FAFH =
7ZnO nanodotsS S| A Z7]d] A ] s g5tz
© F 9FA3F heterogeneous nucleation siteS A|-F3F] ©
5 TR 94 o] Yo R 7RI Ao A}
FH6]. Wb 84 F Zinc Acetate
sro ), P STl Heo] 93-S = ZnO nanodot
o] 7] 2 & AT & IS5S & F Aot wEpA
Zinc Acetate?] Z4S SV o g Ho] 27)E ZU}
A71aL FEE S7HIZE
a9 2= A F9] ZnO nanodotQ EME ==t
A7) B npEko g AAE ZnOvEeT2o] ¥ d4S
UeRdth ZnOW=72E J43H7] S8l 842 56 mM
Zine Acetate [Zn(CH;COO),2H,0], 160mM NH,OH-S
150 mL 7ol oA Alxzstlon, ZnokeT52] &

10 —W oﬁ

rl

O

=
TS X%

Fig. 1. FESEM images of ZnO seed layers formed by using a
seed solution with (a) 0.5 mM and (b) 2.5 mM of Zinc Acetate.
Small dots on the surface indicate ZnO seed as discussed in
the manuscript.
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Fig. 2. FESEM images of the ZnO nanostructures grown on
seed layers formed by using (a), (b) ; 0.5 mM, (c), (d) ; 1 mM,
(e), ( ; 2.5 mM, and (g), (h) ; SmM of Zinc Acetate in the
seed solution. TSC molar contents in main solution for all
samples are 2.5 mM.
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Fig. 3. FESEM images of the ZnO nanostructures grown on
Si (100) substrates by using the TSC concentration of (a), (b) ;
0 mM, (c), (d) ; 1 mM, (e), (f) ; 2.5 mM, (g), (h) ; S mM, and
(i), (j) 5 10 mM in the main solution.
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Fig. 4. Enlarged images and EDX patterns of ZnO nanostructures with the TSC concentration of (a) ; 0 mM, (b) ; 2.5 mM, and

(¢) ; 5 mM in the main solution.
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Fig. 5. Normalized 426 XRD pattern of the ZnO nanostructures
on Si (100) substrate by using various TSC concentrations in
the main solution.
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