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Epitaxial Growth of ZnO Nanowires on Sapphire (001) Substrates Using
a Hydrothermal Process
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Abdtract: Epitaxia ZnO nanowires (NWs) were synthesized on sapphire (001) substrates using a hydrothermal process.
The effects of the pH value of the precursor solution on the structural and optical properties of the resulting NWs was
studied. The epitaxial relationship and the domain matching configuration between the sapphire (001) substrate and the
as-grown ZnO NWs were determined using synchrotron X-ray diffraction measurements. The (002) plane of wirtzite ZnO
NW grows in the surface normal direction parallel to the sapphire (001) direction. However, three types of in-plane domain
matching configurations were observed, such as the on-position, 30°-rotated position, and +8.5°-rotated position relative to
the on-position, which might be attributed to inheriting the in-plane domain configuration of the ZnO seed layer.
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[5-9]. & Y0y F7]15 2= st et xZAE
ANEZ 2 e 71 71 SA ol ARt A &&
517] 95t 28 oy} aars] AaiEl 1w 9tk ZnO U
T 1A2Al= Uk 2 E(nanorod), Wx2}o]oj(nanowire),
Ul 22t (nanoflower) 5 O]-¢ st JEf= AR
& & Qo [10-17].
Zn0 Uriﬁ%iﬂ % 1AM ARQ k2Bl Uk
efoloj= Uri S A &7)|0] Ao R, J|aR o
2 0 & AL st [1.2,18,19]. opest
S&He et 1%01 3R HA(bulk) ARjet Agoldt =
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gt iy S BHo A0 2 FYsh vidste] F5E  OH5-Z sapphire 7|3 9o F/d5t7]oll b4, sapphire
g1HE 24T 4 Ao 7S AAsSEY T ofNE, tgtE, J2]il ZF40

Atstoted Lp-gtoloje] AMlzE it 22)A - ofst  sapphire 7| @71 ZSTAAZ|R ZF 1087 AIA
A SA7|ag olgoto] AP Ao R FI14 otk 4tgfotd KoHE2 FHEbA A S Alx

(vapor phase)2 ©0]&35F chemical vapor deposition §F & 7% Qo] £ 235}ict Alstotd A LLA|S AR5}
¥ [22], vapor transport® [23] £o0] HE]Qt}t o 7] {84l Zinc-acetate-dihydrate (Zn(CH;COO); -
=2 3R AGA|(precursor)E HAIER o] &sh= 4  2H0, Sigma Aldrich) #%-& ogH-20] =it} o|mj
A3 (hydrothermal) e Tadt APAA, We AE St 0.005 Mold Aold A%sHA wyrstAA
A7t 5 RS 7RI At [10,15]. F|Zol= super- B2 AAS] 504 LAt AFA B ARSHA
saturation £75 Z7sto] yetolojo] x|g, Zol o AEA| &M pHE 25| YdiA ammonium

oF Y& 2-&s= ﬁ? I AIAI= AT [15,19,24]. hydroxide (NH,OH) 8#Z A7}sto] pH 32 92 &
sddgF oz GASH Atstotd Ueofoloj= 7| Aottt AW oz A XSH Atstotdd Lpi-gto]of
o AgAoc=w ’3%3}7‘] X6k ©7d0] ot mehA 7] 7F pH=90A 7} £2 22048 5443 YEYZ] [
o] 1xA /gAZ olo|wX] Z3tt). o]E HEestuAl  Folt} [11]. R|9H59] =X = sapphire 7]THE 250°C
EEo ~EA/dHE Kot5(seed layer)o] HQsity. = 7FEsHHA 202 ¢ fAIsHIT =2sh= &
AotE0] odsre AAA7 stetslo 2 whgsto] dAT 9 & JEE ZASHY =T, 250°CoA AlxgH AlH
2 Qe EOIE Aleots Zoloh ASHE2 7|Tate] 51 o] 7 #4243 BH FAE UEUY] o & o
shAl RO ofyel AARIE 5 ARl A= Al FollA RS2 250°Cofl A 7\1]—1—0}@'[)(.
Sott iEAQ KotS AW 2o AFEE = A OtS5E T3t Atmpolo] 7|2 teflon &7] 49
"AAAE AoReczs JF2 oA ARt & spin AlH 200 145t & JA %Oﬂ% 2ok} o]
coatingsl= Wi AA &do] 7@ @+ 9 o AELA &AL QoA AYst KotE ARGl A
o] AFEEAT}. AmE ZARS o] &35t 4tgtordd whak  o&tE oAl S RSE Eo] ARkt Teflon &7]
AotE9] gt W gLt [25]. E5F F(Au) B A & 2EY ¥HSEQD auto-claveo] AAfgH & o F
t59] J&¥e ALEHJUL [26]. ZE2HoE LETHH o HXIsIFT. 2E¥E T =+ 150°Col /-]
oz ZAkgh Atglordd Lfigtojojo] LARAQl EAL A2 24|7toltt. of7|ofA FAHRXEE 289 2%
AotE0l F2]AQl /Ao S T=rfal o|sfEn). 2 dASIA Y. 28T /A dEHH 229 2x
2 oM sETdHEoR AT Atstotd b & Aoz dAste] Yttt Y2heE auto-clave
- 0}o]ojQ} sapphire 7]“'}4—4 [TEA] E4E A7 oA AlES AW & oSy SR4E NAStL A
sttt AAA| 899 pH gro] Atgtold ui-eofo] oA AxstHTH & AFoAs Atstotd Lp-9fo]
oje] 1xA U FaA EMo| nlxl= FFS RAE o9 FAdo] A RS AA 8A k. Y
At FARE X-4d At A §oto] Atstotd Uk Y] 3AHAREE AR RASHIDH [11]. 2 ==l
otojojo] UAHIREL] LAA 53 AT A A AT JAFA| &9 == 0.1 Mojoh. 9hx d
ggFo = (002) ¥AtHol A FEH Atstord uwof ek "je} o] XA 899 pH 3 Wl O
olo] AYAZF WA} YO HAHE L & A2 A - GstA E4E A5 Ysto] pH WS 8
AP0 37 R £F9 YAMH vfZo] AL QIT o] 9, 1002 xAsto] AHS A XsHY
2ist Atstotdd Lpi-Qfolo] ofmEin] /At Atstotdd
A Qt50] E/4& olojet= Zlo=z FASIGIT. 2.2 M3SI0IA LE=2l0j0ie] EM &M
2APIHEoR AR AlHe BH PAF2 scanning
2. M3 dhy electron microscope (SEM, Hitachi S-4700)0.=2 EXA
3t E35] &AYpsFo 2 A g Alglold Lp-QfF
2.1 AHSloped L2002 M= o]o]o] HAFS cross-section SEMES £35t0 21513

ot wot=9 BH FAF U F7] BEX = atomic force
A RSHS5o] Az tisto] et Atetord X microscopy (AFM) 31 £ SEM OJ0]AlS &35t A4
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Fig. 1. Structura properties of seeds layer on sgpphire (001)
substrate. (8) SEM image, (b) AFM image, () AFM line profile,
(d XRD 6-20 profile, and (e) ©-rocking curve measured a
ZnO (002) Bragg peek.
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Fig. 2. XRD 6-20 profiles of ZnO nanowire samples prepared
a (@ pH=8, (b) pH=9, and (c) pH = 10.
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Fig. 3. ©-rocking curves measured a ZnO (002) Bragg pesk. The
sample gromn a pH =9 shows a two-component line shape composed
of a sharp and broad component. This can be explained by the
well-aligned and poorly-aligned domains, respectively.
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0l & 4 Qloy. pH=90A AR Ao 4ol=
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=AML UEeRACE [27,28]. AB=0"S 7]&Z2 2 sharp
component?t broad component® line profileo]
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Fig. 4. (& Top view and (b) cross-sectiona SEM images of
the ZnO nanowire sample grown at pH=9. Magnified view
image is shown in the inset of (a).
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Lteotojojo] Ymi= oF 200 #/um’olch. 17 4(a)ol
A (inset)st SEM AMXl1L uvjg=z &gt SEM AR
olE), 2% vjeiglo] EAlxo® & =ajdr) Alsfo}
A2 hexagonal wurtzite 125 Zt7] fj&0] vfgH
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Fig. 5. PL spectra of the ZnO nanowire samples prepared at
pH=8, 9, and 10. Peak at 377 nm corresponds to the bandgap
transition, while broad peak of 450~650 nm originates from
the defects such as O vacancies and Zn vacancies.
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to sgpphire were obsarved. All pesks showed a six-fod symmetry.
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