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Abstract: ZnO nanostructures were developed on a Si (100) substrate from powder mixture of ZnO and 5
mol% Pd (ZP-5) as reactants by * sccm oxygen pressures(x= 0, 10, 20, 40). DTA (differential thermal
analysis) rasult shows the Pd(5 mol%)+Zn0O mixtured powder(PZ-5) is easily evaporated than pure ZnO
powder. The PZ-5 mixtured powder was characterized by DTA to determine the thermal decomposition
which was found to be at 800C, 1,100C. Weight loss(%) and ICP (inductively coupled plasma) analysis
reveal that Zn vaporization is decreased by increased oxygen pressures from the PZ-5 at 1,100T for 30
mins. Neecle-like ZnO nanostructures array developed from 10 sccm oxygen pressure, was well aligned
vertically cn the Si substrate at 1,100C for 30 mins. The lengths of the Needle-like ZnO nanostructures
is about 2 pm with diameters of about 65 nm. The developed ZnO nanostructures exhibited growth
direction along [001] with defect-free high crystallinity. It is considered that Zn vaporization is responsible
for the growth of Needle-like ZnO nanostructures by controlling the oxygen pressures. The
photoluminescence spectra of ZnO nanostructures exhibited stronger 376.7 nm NBE (near band-edge
emission) peak and 529.3 nm DLE (deep level energy) peak.
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[1-6]. o]&|g ZnO FZEE AAA717] QM= 71733t
8} =2 (chemical vapor depostion), #lo]A oj&# o]
(laser ablation), 71’4 4 (vapor phase evaporation),
A7) 83 FAHW (electro chemical deposition-template
approach), solvothermal synthesis® 52 |7} 35
1 glew, Zn0 SG4RL wgLate] nEFAsel +9
FE feide dEAe Fdo| FR3IA AAAEZR,
o 9244 AiE] S E vy 2Fo
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ol &3t} [7-13]. 7]€ B E Zn09 E2
4L F3F7] YA graphiteE o] &5 on o
E AYL U5HoR Of AIGHE FFo| o]FoA
FeolA YxegzEo] AAHALH, ol ¥ 54
FF QAE T S st o2 HaHT 9]
t} [14-16]. &A1 9t graphiteE o] &3 AL CO, 2
CO gasg LAA €d [17,18]. o€ FE37] A
3 Pdo Uy Fojukg SAL 0] &3 &L ZnO
£83E J3 48L AYsAd. Pde A5A i
71722 FAZE H3 e A4 A EER dsd
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o] §3le ZnO 8 EEE HF 1LFZY Zn0 Y=
TZEL AFAZ 477 BaEa Qg [19] A
gk AFARQH W3] w2 Pd-ZnO¥H$-o] ZnO Y=
25 A ojud HsE Hol=Ad I A+
AR Aot & dFE 7|13 FAYE o] 83o9
AR ¥gle W& Zn0 YxFRE A% AF
B 32 9 3 548 BES}AC
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2. 48 2H

2 AgdMe AL FEFe] ¥t ©E Zn0 Y=
TZE9 AAMIE tube furnaceE ©] 83l EF
AYoz 1100CoAA 302 T weAA APeHA
o ZnO0 Yx FZEY AFEL A3 W$ sourceR
AHE" 999 ZnO (LTS 99.999%, USA)SH Pd (5
mol%) (Alfa Aesar 99.9%, USA)E 24A17F F9F &
L (9997 &7 ball millingg T3l EFAAL
o, 12A2F A& A ¥ Sieve (425 ym)E F319
Zn0 Yx7ZE 43L AT I$9= A&
A% 71gez AEE Si(00D)L dE23 FHTE

o] &3t xgd MHVE T3 1AL Fe AFH3
At ¢Fuy HE <k Pd (5 mol%)+ZnO (PZ-5)
B4 E F F tube furnace?] FYo| HAAAL
o, Si(001)7] 84S ¢Fujy HEE 7|2 22 cm
ol AW o] JAANZY. e HEE o] 43}
o FHEH#A YR S 1 tor2 FAAZALH, tube
furmnace ¢tollA & 2 5CE 1,100C7HA A2

Zn0 Y:=T2EL AZA7I7] 98 1,100TeA
0E T FANALH, old ALEUYE x scem
(x= 0, 10, 20, 40)%+3F WE Fof 0% F¢ &
A, ¥§& uA 1 Ge7tA] A3 F AJEE #
Zg A3 Si(001) FHo] Yo W AL <
3 4 219t DTA (differential thermal analysis;
2000SA, USA)E3 < ®sle ¢ ZnO 3549
PZ-5 €% 999 FE LE¥E oRE FES
9, ICP-MS (inductively coupled plasma mass spectroscopy;
Perkinelmer, ELAN 9000, USA)E &3 PZ-5 35tje] A&
e AAEY A3E Yx FEREY A
FE-SEM (field emission scanning electron microscope;
JEOL JSM-67000F, Japan)< °|&3ld #zststh. XRD
(x-ray diffraction; Rigaku D/MAX-2200 V diffractometer,
Japan) SAED (selected area diffraction; Jeol Ltd., JEM
4010, Japan)E ol€3l9 ZnO Y F2E9 ZH F2E
w3 2o A 325 nme] He-Cd #lo|AE o] &8l
PL (photoluminescence; thermo electron corporation,
FA-356, USA)E E3IM A3E Zn0 Y= 7289 3%
A BAL BEsi.
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a9 18 2% ¥3le o Zn0%} PZ-5 £
99 DTAE Yeiddt. DTAE F3|A PZ-5 &
#F F9HoAME 800T, 1,200C F peake] LZAHA
o, &% Zn0 FeHA s BHHA F& FE
WHg peako] #FHUT o= Pde 4 Fof g
82 YAE e HA

39 28 E€FFAYPE o8t 1,100TAAN 30%
T AAFHe] W wWE PZ-5 £F ¥e4H9
ICP A3& Yepdiddh A4 #9Fel x secem(x= 0,
10, 20, 30, 40) F71&+%E PZ5 EFHSHY
Znlppm)] s5E A Z7} s+92o9, 1,100CoA
0% F< A B9 F7H2 AF PZ-5 EF 94
©] Zn vaporization dAro] A= o] Zn(ppm)e F%=
7t &7 AFE F A
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Fig. 1. DTA graph of PZ-5 mixtured powder.
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Fig. 2. ICP data of PZ-5 mixtured powder with various
O, pressures by thermal evaporation. (a) 0 sccm, (b) 10
scem, (¢) 20 scem, (d) 30 scem, (e) 40 scem.
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Fig. 3. Weight loss of PZ-5 mixtured powder with
various O pressures by thermal evaporation. (a) 0 sccm,
(b) 10 scem, (c) 20 scem, (d) 30 scem, (e) 40 scem.
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Fig. 4. XRD pattern of ZnO nanostructure with various
0, pressures by thermal evaporation.(a) 0 sccm, (b) 10
scem, (¢) 20 scem, (d) 30 scem, (e) 40 scem.

sccm(x=0, 10, 20, 30, 40) F=7}1¥+E 2E ZnO
peak intensitys ZAHE Aoz BFEon A
A ¢ F7te Zn0 Yx=TE F9 ALE A
XRD ZE EF Z2A7E Aoz BEAHUGY

719 5% thermal evaporationg ©]-&3t4 1,100T
oA 30% F¢ AHAESGE 10 scem FYIAE d
Si(001) 7| Zel AAE ZnO Yx=+4ZFE2] HRTEMI}
SAED #€e& udehsdd. 13 5(a)¢] HRTEM
imageE %$d 1Y 5(b)¢] SAED patterng #3319
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A% F AU
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Fig. 5. (a) HRTEM and (b) SAED pattern of ZnO
nanostructure with 10 scem O: pressure by thermal
evaporation.

Fig. 6. FE-SEM images of ZnO nanostructure with
various O pressures by thermal evaporation. (a) 0 sccm,
(b) 10 scem, (¢) 20 scem, (d) 40 scem, (e) 10 scem.

AlA Si Z]Ee] AAZE Zn0 Yk F2ES EW
FE-SEM ARzl-& Yepdiglch. 28 6(b)9] olv|A & &
3 BRI £ gdxo] AAh B 10 scemolAd AAZH
ZnOH =78 AEFS A3 Zad ez #F
HAow, 1% 6(e)E 3l needle Fel2] ZnO Y=+
ZEo] A%E AL BFY F AN Si 7] FA
¥ ZnO/Zn liquid droplet®| seed® Z-2-3}¢] needle &
HE AAEen, o9t e LS self catalyst
VLS (vapor liquid solid) mechanism &2 A% 3 &
Atk 29 6(c,d)E T3 AHAaEGol 20 scem o]
AA 4%E ZnO Y=TFXE9] A5 4% 343 &
28 A& FAF & gl9led o9 e AnE 1Y
2, 3& B AaxE¢e] F7F= Zn vapor #AE ZnO
Uket2E Ao 7HAE Aoz Holn 1Y 49
XRD A#E FHAME Kol AxESte F7t
o] w2} F243) YolA= ZnO peak intensity”} ZnO
YT 2EY A% A& JAEIdg.

Fig. 7. FE-SEM images of ZnO nanostructures with
various Oy pressures by thermal evaporation. (a) 0 scem,

(b) 10 scem.
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Fig. 8. PL data of ZnO nanostructure with various O:
pressure by thermal evaporation.

aY 7S 4FFHUE <l&3td 1,100TeA 30%
¢ RS x scem (x= 0, 10) 9HE WEA A
Si(001) 71l 4FY ZnO0 Yk FEEQ 49
FE-SEM A& yepdidet. 298 7(a)9] ZnO Y=
TZEY AEFL digF 250 nmE AZE AL g
F dew, a9 79 ZnO YTEE AEL
HeF 65 nmE #FE AT 10 scem®] AtaEgoz
Zn0 YxTxE9 AFL Z2AZ F UAUY. Su
Lie] ®ie] w2wW ZnO/Zn liquid droplet®] Zn
vapor #¥3} (supersaturation)d=e] we}l ZnO
ETEEY AFd d¥E Fux ®RuHn g
[20]. =& 7(b)9] ZnO Y=FZE9] A% 10 scemd)
A2 ®ete g 93 ZnO/Zn liquid dropletel]l ZHA%
Zn vapor7t ¥H§8te] A Fo] FE ZnO Yt FE
o] A4%d Aoz BRI}

a7 82 AbaEste] Wk wel ZEE ZnO v
TZE° PL 54 4%4E Yt ZE AEA
Zn0¢] A& 7}A= 376.7 nme] #2)A o] NBE
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(near band-eige emission) peak$} E4+E 2L A4
vacancy°ll 2] 2A® 5293 nme DLE (deep level
energy) peak’t #EAEHIH xRl x THE(x= 0,
10, 20, 40) 7}l wel EE peak intensitys @A
A Za" AL #FFL F 9 ew, NBE peakd)
AF A B9 F7bd @& Zn vapord #HAE <l
& A7 Zn0 Yx=TZ2EY A% #id 9% AR
Holn, DLE peak®] 4% AAEYY F7l2 a
vacancy®] 7Z:7F €9le] HAdx IR F Ao
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2 dFE thermal evaporation W< o] 3o
1,100TCl A 308 F<¢ AA2ESH x scem (x= 0, 10,
20, 40)°] ¢35 AAE Zn0 Yx=TFxE WS #
23t gl

1. PZ-5 &£39999 DTAZHE T3] 800TeA
FENHS peake]l BEHJLH, 1,100CAA 30& F
b A2 ES FUMAA AEE A 9g A ¥
o] PZ-5 &% #9099 weight loss(%)3tS 73}
¥deod, ICP YEEAE T3 98 ¥ PZ-5 #¢4H
el Znlppm)EE7t $7HEE #3988 + A

2. X-rayEA4 S 53 2E AHAN £43 Zn09
hexagonal &7} #&FEoH, A4 Etel F71
o @} ZnO peak intensity: 743ttt FE-SEM
L 59 A BYEE 10 scom FEEAES o A
Eo] g 65 nmol® A Fol diF 2 ym9 A=
needle BEle] Zn0O Yk TxE FFHAG. A
B4 20 scem ol FIMESFE Zn0 Y=TEE
o] AFL Z4EE AT F dUT

3. PLZA&¢ %3 3767 nme NBE (near
band-edge emission) %% peak¥ 5293 nme|] DLE
(deep level energy) peake] T&H U2, AAELS]
Z7}toll we} PL peak intensity:= A} 7HA3sHsioh

#Ate 2
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go] xYgg wol #3E AFYYrh EF 20108 %
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T #AYYh (No. 2010T100101097)
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