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ABSTRACT

Structural and optical properties of ZnO nano-wires
synthesized by hydrothermal method

Kim-Ju Hyun
Advisor : Prof. Hyon-Chol Kang Ph. D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

Recently, Zinc oxide (ZnO) has been wildly investigated due to its
excellent optical properties such as wide band gap of 3.37 eV and exciton
binding energy of 60 meV at room temperature. Recent interest in ZnO
related researches has moved to fabrication and characterization of
low—dimensional nano-structures, such as nano-wires and nano-dots that
can be applicable to manufacturing of optoelectronic devices such as
ultraviolet lasers, light-emitting—diodes and detectors. Among the various
synthesizing techniques of ZnO nano-wires, the liquid-based hydrothermal
process 1s recently received attention due to its simplicity, mass
production, and excellent physical properties of resultant ZnO nano-wires.
In addition, the implementation can be possible as the various forms such
as nano-rods, nano—-whiskers, nano-wires, nano—flowers, and nano-tubes.
Up to now, a chemically driven ZnO seed layer has been used as a host
for the hydrothermal process. In this study, chemical ZnO layer was
employed as a seed. This paper reports on the effect of chemical ZnO

seed layer on the structural and optical properties of ZnO nano-wires



synthesized by hydrothermal process. In particular, we found that varying
temperature, molecular of aqueous solution resulted in the considerable
changes of photoluminescence property as well as morphology of resulting

ZnO nano—wires.
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A1 F A

< dgrel o= Bl WEEA 4L %&“EV] Aek A FERE 2= o
r =49 AF7F EdtetA Hd = ColdRk Ak Uk FERARE
=4 (nano-wire), L‘r‘#%ﬂ,(nanofdot), =H¥ (nano-wall) F°] ow =7
& H(size effect)2} UA+<E &I (quantum confinement effect) = <13Fo] 7]
&9 bulkk® wHEAZ E2d¥= tE d7)F, A, A7H 5EA4E UEd
o} [1,2].
°]F nano-wirex= FH7HA] @siAl A47F M@ EI 9low ) whute] H] S|
o]l MluA ar, AR EI SFste], ke 54 A Rl o=
ZN7W A o g Eokell A AT+ Har Qlvk. o] ¥ 3 nano-wire®] FF Sio©]9]
of 7]&e wm=A 2k 2ol= GaN, ZnO 5 2 EFo] u¥sid. 1%
ZnOv I-VIF 3§&E wheAlo x4l 4= 337eVe wide band gap
I AF2o Al 60meVel exciton AFolUAE ZH7] wToll 2L o S A]9
g A4S 7HA 3 lew g ge] WwEd f&37] wiel FAAF $
2317] 98l ¥F=A(semiconductor), AN E, field-emission—transistor (FET),
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7] Wizel o] 284S A st B A7F & HAT [6,7,8]

% 48 FAWL ZnO nano-wireE Al Z3st=d 7 Wol ol &x = W

-

o

Mo Agzgel pudstn AeFPor selojE A WE & dn o
WA} bt Agu st e Aol vt
B wRAE Au W8 AR %3 £9FYWS B Zn0 nano-wire

szt ok Au Ev|ES t)al o]

L L
chemical €44 %3 ZnO seed layerZ< WE1 WE A seed layerz<



FATE&N YF 225 W3t A7]a, 3 ddFE&de T E vy 7t
WA nano-wires AGAZHT. o]E A WE X nano-wireg2 &%27F o}

455 4 S50

=
[e)

[e) I~ <

< ¢ F U FE&He

P

=
2kA nano-wire7t RFEOI A A Z7] % S t =
o] o]¢e] ZnO nano-crystalso] 222 A& = A2 &9 & 5 Ay &
s FATL&Ae 2E9 wL x4
nano-wire®] 54 4 stttk AASA A9 #A 2 Fx A4S Sst
o] X-ray diffraction(XRD) ¢ FE-SEM(Field enhanced scanning electron
microscopy) d¥S AL FHH 54 £42 #18+°] Photoluminescence

S
2
(PL)¥} Raman spectrocopy &< 433} t}.



A 27 olEH WA

1-1. 2AG4=%
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<Zinc blend>

Fig. 1 Schematic of hexagonal wurzite, Zinc blende structure of ZnO
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2. Nano-wire
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2AQE o] g3le] @A E@MA~E (Single electron transistor : SET), & 7|
2% 29 (Electric field-effect switching : FET), 3}stdlA 233

(Luminescence) 2%} & Yk 2AZA Y A% Yd5star Avh[18,19,20]
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A3 AD UH

1. +E9gAA R 93 ZnO nano-wires] AF
1-1. ZnO seed layer= A3t
7ZnO nanowires #FA387] 98] $AIFAAHES o] LTt B AT A
= 7ZnO nanowireZ 7|¥ro 7 3l FAxld S8 BFFE FH o2 e
A7 A1 7] o 2 sapphire”] #& A&
WA 7S 2539 MFYeR Zb7) olME 5, WlekE 53, DI-water 5

2ol AR AFeta MAHS vl 71H3S airZ2 AZAIZ Y. ZnO nanowire

AAS 93 seed layer=<S Zn acetate dihydrate(219) / ethanol(ils=%)
(0.006mol) (0.219g/200mDe] H]&=Z e & w72 308 &9 4o &t
g3 73S seed FYo] @i 20% %o ethanolol 33l air guno &
Az, o] }AE 59 HHESY seed A 2] ¥ AIEE hot plateo Al 250°C
2 208 %ot baking 3F1t}.(Zinc acetate dihydrate melting point : 237°C)
AZtE seed layerg< XW P 3 xW AAV|E xWe Fx4 54
EA317] 9t Atomic Force Microscopy(AFM) % Scanning Electron
Microscopy (SEM) Z4& $33th. SEM A M= 7|EX o= xH

=
& A (top-view)= & 31T}
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THE X el Feth olw A Al ETEC] vHE g As
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ZkEl Autoclave’tel Teflon bath® il &%E& 718t nano-wires 4%
A ZE 4749 ZnO nano-wireE T ool §-&3ot7] flsto] A=A
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Temperature 2500C
Baking time 20min
Coating Dip coating
Zinc acetate : Ethanol(high-purity)
Molesstc (0.005mol)

Table. 1 Growth condition for ZnO seed layer

Temperature dependence

Temperature S0°C, 100°C, 150°C, 200°C
Growth time 2hr
pH9 NH,OH
Molecular Zinc acetate : Deionized water (0.05mol)

Table. 2 Growth condition for ZnO nano-wire by hydrothermal method

Molefraction dependence

Temperature 1500C
Growth time 2hr
pH9 NH,OH

Zinc acetate : Deionized water

Molecular (0.025 ,0.05, 0.125, 0.25, 0.5mol)

Table. 3 Growth condition for ZnO nano-wire by hydrothermal method
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Teflon box

ri
/

Teflon cap

Sample

Stainless steel  gt3in|ess steel cap holder
box

Fig. 3 Hydrothermal system used in this study

Growth

Termperature("C)

cooling

&
R‘\preheating

Time (min)

Fig. 4 Growth sequences of ZnO nanowire
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Teflon box @ Zn(CH,C00),

\ « H,0

Substrate @ NH,OH

Seed layer
Reaction

Zn(CH,CO0), + 2NH,OH — Zn(OH), + 2CH,COONH,
— ZnO + H,O + 2CH;COOH +NH; (1)

Nano-wire growth

Fig. 5 Schematic of the reactor system used for the growth of ZnO

nano-wire
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A4 A3 H

4-1 ZnO seed layer 9 +% 3 E4

seed layer T2 nano-wireE AJ&A7]=d ZFH ot} seed layer 5 ©]
A siteR ZHEstAA & Qo = ZnOEeo]l Ay AE Wil 53
Ho] C= Weko g AAsA ®rl. T3 nano-wired] EAZH W T2
gk 9es g Ao 2 "L Zo] T seed layers o 2HEH Ee
TS e 2 AFY HAS A 25 W] mE ZnO nano-wired]
SA4W3 oln g 7P7<] o &2 A5t 3 st

2 seed layer= 9 Zﬂl}“i
Atk seed layer=2o T 4t T ZWe FxA EAE &
2387]  $¢38te] Atomic Force Mlcroscopy(AFM) 2 Scanning Electron
Microscopy (SEM)S =4 3litlh. SEM =AM 7|2 oz W A4

pUES
l:&:l
Y
i)
i

(top—view)S ZG3tATh Fig. 6 & EA =W ZnO seedE°] 713 9ol

o] #ol A& AE & & F AUtk o] seedeE°l Yol wireZt AEFuAl
= nucleation site &S =3 3HA E]U‘r AFM< probeAtol2] 1= o ot A4
SAg o R A RE SAstE Arlolv. AR} 7hol e AEshs 2 A4 A
el A%l Hﬂo}ﬂ 2 ZAY BEA 25 ZA0] shseith o] aYds B
W Seed layeras AFMS &3llA EAgk Aoty 54 A A5 &3S =

o]7] ¢34 semi-contact modeZ =4 st9oH, SeedE9 EHYrolE ¢F 4dnm

Aol RMS ¥ 7 &7+ 1.028nme| tt.
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Fig. 6 FE-SEM image(Top view) of ZnO seed layer

o B
.
-

[

;
O TN T R T T

10

Fig. 7 Surface AFM morphology of ZnO seed layer
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Fig. 8 The cross sectional line profile and roughness of ZnO seed layer
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4-2-1 |+ z2Ad 93 FEFAHAHeE AHFZH ZnO

nano-wired +% EA

2 ro wet AFH ZnO nano-wired] ZAA 7 whe A 2 AHAES g9l
sl7] $18te] X-A 3|AXRD)AES 3 stttk old CuKa(3Hd 1.541A) X-
A HAGAE AFESIATE X-Ho]l 6 xR A4 dwe A dHe 9
of o8] dF X-do] AtgtH i AFehE A g& X-HL A v Fo 2

= A

=

% T
AEFste] oAl AbgbEch Ak (FAS R Fof Qe AA FAAdA 7= o
2t akehe] Al a3 X-H9 sldoln ALt X-Ao] Bragg's law
S 75y dojx= XRD #Ho® A AR 9 AH FXE Y o 4
Sl
nA = 2d Sine .......................................................................................................... (1)

A 5o WE ZnO nano-wirex= A &¥  sapphire (0006)H A 7] Zkol] <]

el kAL 200°Coll A "FEo % nano-wireEs A9 stils 24 3)
o] Bragg3|d 3] A (241A) "ol #Z% At ©] bragg ¥ 2+ Hexagonal 73
9] ZnO(0002)¢]t} ©]+= ZnO nano-wire’} 4~2 ®goz Q2 (0002)H L= Hj
3 HQotE AL on| 3ol ZnOE wurtzite XS 7HA = g WU =T
=S AAmol bl2 (0002)™ o]t} 50°Coll Al WHE ]2l nano-wire] 7§ E%O]
wire Eth= @5 JEjE stz 7] wEe (0002)H thste] ©-rocking= S
A3 7]33 Epitaxial growth stil 5= &2l stk &3 2%=7F F7Fgl
kA 50°Col Al RFE01% nano-wireE Al€lstais AHF 0.006 4= FWHM
s UEHRIAL, peak Al71= HA Atk ol W peak Al71= ZnO A% 9

ol vl shH, FWHMS ZnO ZA 9o Z7]ol] ®kaE ghoh whepa] 2o
A 4% nano-wired] Aol =& AS & 5 Adnk 200°C A AddE
ZnO nano-wire®] 73-¢- wireZ} $lojel] wet & W (100), (101)¥ o] vrept
= As gL, wME AGEERE ot EeE Sk o AT witol

(0002)™ el a3t peak®] 717} 7HAskAt
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30 ' (a)50°C
20 sapphire(0006)

[ S —

30
20
10

-
Zn0(0002)

(b) 100°C

30
20
10

(c) 150°C

Intensity (Arb. Units)

30
20
10

2.0 2.5 3.0 3.5

0-rocking at ZnO(0002) in 50°C sample

Intensity (Arb. Units)

1 " 1 " 1 " 1 " 1
-4 2 0 2 4

A0 (degree)

Fig. 9 XRD patterns of ZnO nano-wire (a)Temperature 50°C, 100°C, 150°C,
200°C (h)6-rocking at ZnO(0002) in 50°C sample
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4-2-2 2+ Z2A4d 93 FEFAHAHeE AHAFH ZnO

nano-wired W 54

SEM o|uA] & %3lo] &% ¥2 449 ZnO nanowire €9 &7k Y]
welel TS F3 wired] AolE AT 2= A SUsIHEA
wire®] AEE7F welA] = A & F7F Ade=dl SEMQ cross-section©] 7|
AS BA HW wireo] ZolEol #A4 F7betthrt 200°C wires ol 7]1&0] A
A A Ae B 4 Ak olE 200°Col A olu] wireE2l Aol AR o
ojua iR g =L 2xoA FEAE tF Aol A wires
o] 7]&ojHta v & 4 gtk Ed wired] diameterE R Al =W 50°Col
A AFE wires A% 27] AR 15nmA =2 diameterE 7FAH %7}
oA FobA AT wireRe A oA XU Zol= °F 300nm ©]H

(1400/im") 2 A= #A e AL &< Ak 100°Col A= J3str §l

3 2R =Ysle] diameter’l 2onmAEZ SUHEA HAH wired HHE
el HA wire & 2 %] hexagonalZ2 A& = A& & 4 A}, oju 2
ol 700nmAEE A #Hda, o] wel WEs 830/um’ 2 A As g on
LA wireZ7b THE o] A 7} 150°CE Zepztoll webA wirego]l A

4 2+=d diameter:= 30750nmE  zt:=
= 8

S0/Mm A TR AZ 7hastdal Zol:=
1300nm 741 A% e A& FA F 5 AATh 200°CAAM B FE wire &
< A2 AL 40nm diameterE Zt= ZOAFE AAE 70790nm7 =o
diameterE 7t: wireSo] 7 U5 AAEHE AL g9 T £ 9. A
o]= gk 863nmol i LEE 300/um B EE A FAreATh wed &

7} nano-wire?] AAET o] S u XA HiEY &

e
wire?] diameter+= =7} A H i 2o wgl ExEE FAE A Huh £33
A

ok
=2
»
[l
o
=8
=
=N
D
o
7
»
—+
D
(¢
o,

200°Co A A4E wire 52 o1 wire’/} o W=
oto] &3} solution?] o Foll S o

=o)X dHz vt AHue As &

2 AE MAA Sstar 7

_20_



200°C ).
‘._\.‘;I‘

Fig. 10 FE-SEM image of ZnO nanowire grown at 50°C, 100°C, 150°C,
200°C (Top view)
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Fig. 11 FE-SEM image of ZnO nanowire grown at 50°C, 100°C,
150°C, 200°C (Cross—section view)
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Fig. 14 Optical spectra of ZnO nano-wire as growth temperature
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(2) Raman spectroscopy
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Fig. 15 Micro-Raman spectrum of the ZnO nano-wire
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Fig. 16 XRD patterns of ZnO nano-wire as molefraction dependence
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Fig. 17 FE-SEM image of ZnO nano-wire as molefraction dependence

(Top view)
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Fig. 19 Optical spectra of ZnO nano-wire as molefraction dependence
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