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FFaA, 14T 7tAAA ZAEED 2 68 TolA 7FHAERl F4-AAA Aol

A ATE 9 24R g2 FES ot U2 42 2 /A
ol2xA ¢ = JEAAIM AHEHog. & AFolME RF MIIYEE AHEHY ZANAM AbnTA 29l
WE A4S} Wi Ukt2Ee] BUFAY WIS ZASIAH. HitE SARIE YktRE2 200 TolA 1413t
¢ 200 watt® TRFRE AbarbA ZYASHOIA Si 71(Si\SiO2(300 nm)) Foll SEEH. vhbE SARIE thie
FEEY BUIYE AAYEE FARAENELE 2451, 24 E4e XA FEH(XRD) ¥ Raman
2o ZASIAT d7EY, SAE EE W SARIE UkTRES 0-V20s & AR Ao ER
AaZts Bol Zades ok AEd UkTEE9 The IVRIAY. 2 U4 5425 2= 3D ¢-V0s
UeF2E2 145 AEel2A 9 712 A&e] 382 & S ALs 7HdH.
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Abstract Vanadium oxides have received much attention as advanced cathode materials for lithium-ion
batteries (LIBs), highly sensitive gas-sensing materials, and thermochromic materials for smart windows
with a reversible metal-insulator phase transition at 68C. This is due to their low price, high theoretical
capacity, and noble properties. Nanostructured materials have been applied to advanced LIBs and highly
sensitive gas sensors due to their large effective surface area. In this study, the morphology change of
vanadium pentoxide nanostructures was investigated according to the partial pressure of oxygen gas in
an RF magnetron sputtering process. Vanadium oxide nanostructures were sputtered on Si
substrate(Si\Si02(300 nm)) at 200C for 1 hour at 200 watt, under various partial pressures of oxygen gas.
The surface morphology of vanadium oxide nanostructures was analyzed by a field emission scanning
electron microscope(FE-SEM). The crystallographic properties of the vanadium oxide nanostructures
were characterized by X-ray diffraction(XRD) and Raman spectroscopy. The sputtered vanadium oxide
nanostructures exhibit @-V,0s phase for all sputtering conditions. As the partial pressure of oxygen gas
decreased, the density of vertically aligned nanostructures was increased. The 3D @-V,0s nanostructures

with high surface area are expected to be applied to the fabrication of advanced LIBs and gas sensors.
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AutEZo] AYSHLEAY ARFES dAolA &8
Holl wjet F4 o]ojE, AHLE 9J7] 5 HHFY tHlo]A
9] ARgo] Z7Fstal Qlek. Egh, thefet WA |7e HE
433t Hoj7kar gloH, 433k AR 7oA = 371
7b 23, 2 A7)8HoE o ARHEt MYTFol
75, ZAA7ro] B, WoFo]| TLofjulz] groba] th
Fer fARIY Fdol 7Fsd 4% HiEE(micro
battery)oll tigt =871 S7kskar ot @A =HRY A
271719 Afez AHEHI Qe gEol_dA
(Lithium-ion Batteries, ©]% LIBs)= thE ©o]x}AX]
Hop A7185o] 37| wfjigo] LES 9 AnfEEZO] A
Yoz HgHT gt AT AHHALS AL
oji£ol| LIBsS] magoll Lolis IA wrod, 154, 34
o2 A9 7FsAdol 7] wiel A78=, AtolE
1, b S0l 247 wiEHYY aTARNE §
Zop7|ol= ofF] ottt A LIBsY &= 4= A
|51 = SA(graphite) 372 mAh/g9] 0|24 A
71853} vlsgh AA A7 8RS AAW, I AR
AgHT Q= FE FLE ABIE(LICo0)S 274
mAh/g9] o|22 A7]-&%<] ARl oF 140 mAh/g9]
AR A7 zZH=tH1]. viEEe] 837 AgL o
v o= LIBso| A&== = 4o o=t 927
g0l =2 78 w2 T Aol 7ksd ¢
AAE F= AL oJHs] A2 doploH2]. whg A
1A wiE e 1A AofdS ARS8 wiiEo] hdst
o, ¥ E4/1A4 Asjd/a= LS A 352
2 AZFo] ggol Z717F #a1, megolt 7o of
£ A gi= Aol qlo] 249 wiEl o] Aottt of
A B AFoE BT, B AU B2 A
7185, 93t AfolE HEA 5ol 7Fet 247 W
El2]= ofg] A83tElo] QA 2 AAolch

LIBs9 F=4ARd #F FLE AIE(LiCo0)2
4.3 V3], 21§ BT ASHE(LiMn0g)2 4.3 V4], &
QIAFE(LiFePOg 3.4 V519 & Ay 2l 9lom
H| 2] Q531 Alo]Z o Qo] LIBsY 4= &
A2A FAeHA H8Eo] gtk 1=y
400~800 € A=2 w2 53 =& 875t A
o] QItH?2,6]. M HiLE AFSHE(vanadium oxide)
2 AHEH(sputtering @t 22 AF A2 o)
300 € Ao H|ma W2 LrofA F2o] 7HsditH=
Aol ot vhhg AHE2 VO, VO, V203, V20s,

olEZ

V6Or3... 5 ¢ THgst Ast A2 EAfsked], 11 5
oA @A} vlu-E(vanadium pentoxdie, ©]3} V,0s)
o] 71 ARl vk AlSEoltH7]. A4S} vhis
(V205)2 F-5/dolw Ao F5ste] 72 o] AHsta,
% FZE o|F1 o] &Y A(unit cel)F 2tH 374
9] ZE ol Ay 9 F&0| 7Fssith= Aol Aot
(6,8]. =3 FLE A5F=E(LiCo0)9] o84 %7
|2 274 mAh/g, BlE AHE(LiFePOyQ] 0|24 A
71832 170 mAh/go 2 FAY QA1) HiLE(V,0s)
9] 0|24 H7187F2 oF 440 mAh/gOE &2 0|23
A7 8FE 2= ¢ 2ot 101

QA5 HhE(V,05) BHERS S3kohs B o2 o]
2 4] 2 (ion beam deposition)[11], B2 oA
S (pulsed  laser AT EYH
(sputtering)(13], € Z&9(thermal evaporation)[14],
2xdo]  AE3H(spray pyrolysis)[15], ZE-AH
(sol-geDl16], 3F} 714 JFHE(CVD, Chemical
Vapor Deposition)[17]3} 22 T4t ¥hiEo] Sl
o] FollA A¥E R vhate] A 48T A4
9 Q@ /do] ot FAH WS 2-0 o 4hE Alof
7} &olsith= Aol QuTH13l

2HEYHE o|goto] ghahg Fa ok Hfolles o
AE 219 oA ovRof] wet 3717 APRER Bt
dho] AgAste}. 7)o P52 A9 AEARE oY
AEek 152 AA-F2 A7 9l A2 &g oyA7E o
e Aol Fig. 19 (@9 o] 443sk= Volmer-
Weber AZ2EBD island growth)2 AA&sta, =
2 JR-F2F P79 AT ARG oA Eet 7o PRt
52 A AEEE v A7t § A3jt B9l Fig.
19] (b)e} Zo] 4&5= Frank-van der Merwe “3%-
2 =(layer- by-layer growth)@ AJAstc}, =al A4
27191 Frank-van der Merwe %< 4o WA
dha} Fo] FAJEIL, 1 9ol Volmer-Weber ZEZ A
Aot island® dgste Aol Fig. 19 (02 2ol
Stranski- Krastanov A& X =(3D island growth on
top of layer-by-layer grown thin-layer)Z A%3tch
[18,19].

£ AFoAl= RF oFIHER AW
&5t Si0./Si 715 flo 4 o 4t
2 g ASE Beke SE6ke] Aka
£ vhhE ARk U250 #HPA HE
it

deposition)[12],

>

g 1> 1>
of,
flo
o,

~
B ot
o

r
~
>
= g

. & [o

5

i
>
o]l
3



RF WIOIHEE AHETY A28E o]83t 3344 vhbg FARIE Wet2E9] 7

e man o Aad

(a) Volmer-Weber Growth (3D island growth)

s d e

(b) Frank-van der Merwe Growth (layer-by-layer growth)

e i

(c) Stranski-Krastanov Growth (3D island growth on top of layer-by-layer grown
thin-layer)

Fig. 1. Schematic representation of thin film growth
modes[18,19]
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HRME SAM0|E Y7222 RF UFIYEE AHE
P A2HA viUE Bl (Kurt J. Lesker, &%
99.96%, A& 50 mm)< o]&sto] Fastrt. A&
71%HSi02(300 nm)/Si(100))& OHIE, oeE, ol
*(deionized water) &ollA 247} 5E4 253} A A%
H, A4 7FA gunOE ARA|A ARESHATE 27] AT
= BHHE EX HI(turbo molecular pump)E °l&
319 5.0 x 107 Torr °3t& FASI9, 27] AT
7} 5.0 x 107 Torr o3l2 =23t H 3|EE 55}
7| 225 200 T= FASFAH. 718 %71 200
Coll =dgotd Ak §%F AloJ7I(MFC: Mass Flow
Controller)E 083 I&% of2F 71A(Ar, 99.999
%)<t AT Ak 7EA(O2, 99.999 %)E SISt o]
o, A4 7FA BQRS 20.0 Vol%, 5.0 Vol%, 3.0 Vol%
2 7V 24 SHF 378 482 AlolE WE
(gate valve)E &5t 3 mTorr®Z SR8, vt
£ EM(vanadium target)d 1@ A= 100
mm, RF FYE 200 WattZ 12431t 2087F oy]
AT E R (pre-sputtering)s AAISt BlbE BHAY
HH LAEZ AASHH. dH] AWEF o] 747} ]
AIZFES SR Sl B¢ &, S 5=
F1 7R 2E7F Ao TEd o AEE
chamber 802 7AW},

AR TE Ak 7HA BEROo R FAE Hivg SALO)
T Ye72EY #H P4 dH ARE AANES
FAPAAFA ] F(FE-SEM:  Field Emission Scanning
Electron Microscope, ©]3} FE-SEM)2.& 3131,

A8 E4L2 Raman spectroscopy®?} XAl 3184
3J(XRD: X-Ray Diffraction, °]3} XRD)2.2 H7|5}
At
IR

AHEY ZANA 22 T E Ak 7EA BYolA S
71g 9ol AnEE " Hhbg SAPIE Ul gtRES
W AL FE-SEMO.2 BESIAT, 1 ATES Fig. 2
o YeFfigitt. Fig. 2 (a-0)& BlwsiEH Ak 7hA B
Yol e} vtk SARe]E BFato| 4] Yt 2E0] 4
A== Fdol OE RS EIT & Uk Ak TtA B
te] 20.0 Vol%, 5.0 Vol%, 3.0 Vol%& FATFE Si
71% #Ho|| AAEE HiUE SARIE Uit 2Ee U
7t 37k, et 2EY] 7 AR AE E 5
Aot &3 Fig. 29| (d-DE H|WSIEHA o]2f3t L+
ZE9] Aol Si 7| dFE] =3E]o] Y A
o] ofa, 7|t A tfHAoZ Ueht= d/dolzt
= AL QT 5 9tk

hakg FasHs Aol dAE 719 4eEkE oy
o] w2} Volmer-Weber & =(3D island growth),
Frank-van der Merwe A% =(layer-by-layer growth),
Stranski-Krastanov %2 E=(3D island growth on
top of layer-by-layer grown thin-layer)= gfdfo]
715 9o SRE 47 O Atas 7RA EAolA AT
B3 & HE SARRlE Uitz Ee] T xR v
ko] EAE BA57] Y3 Cross- sectional FE-SEM
A4S sk, 11 IS Fig. 3°] UERSIH: Fig. 3
9] (a-0& HwojEH F2E HhtE SAlE Yt
ZEY AAHEE IRIT 4 Ut EE PR
layer-by-layer grown thin-layer 9ol 3D island
growthdl= Stranski- Krastanov AHZHEZ A4A5H
ZAo=Z FRIFEILt. AN layer-by- layer grown
thin-layer®] FAoll= 2o]7h AU} 4k 7kA 29F
°] 20.0 Vol%<l 4-%l= °F 25.5 nm, 5.0 Vol%l 7
$oll= 9F 45.3 nm, 3.0 Vol%<l F$-ol= F 47.0 nm
2 A 7MA9 EYol WERE ©H FAR
layer-by-layer grown thin-layer’} @A=L, 1
ol 443t 3D island HhHE SAMO|E TR EE
o s, 7% B 1 IA L=
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0, 20.0 Vol%

0, 20.0 Vol%

P

Fig. 2. FE-SEM images(45° tilted view) of vanadium oxide
nanostructures with different partial pressure
of oxygen gas. (a-c) 200k times, (d-f) 50k times

05 20.0 Vol%

Fig. 3. Cross-sectional FE-SEM images of sputtered
vanadium oxide nanostructures with different
partial pressure of O; gas. White dashed line
is a boundary between substrate(SiO./Si) &
sputtered vanadium oxide nanostructures. (a,
b) 200k times, (c) 500k times

g SALO|E= of$ teFet AHphase) 22 &4
Skt V205 EFF @-Vo0s, B-V20s, 6-V20s, 7’
-V20s, ¢'-V20s, &'-V,055 ZF5to] FHa 6719 &
Zoligo] EAFTH201. 1 FollA 7 LRkAQl V205
+ orthorhombic #+2& ZH= @-V20s0|t}. 242t 12
Aba ZEA BRpolA AXEY H HUE SARIE Uk
T2EY AR A4S EA5H] flste] Raman
Spectroscopy®} XRD £4& AAs1, 1 AdE
ZYZt Fig. 4%} Fig. 501 YePHQIt. Fig. 40l yehd
Raman Spectroscopy &4 Z3Lg FAES| EH A4
7k E9¥o] 20.0 Vol%, 5.0 Vol%, 3.0 Vol%<l ZE
ghatol A @-V,059] Aol UEhb= Raman peaks?l
= 104, 147, 199, 286, 303, 404, 484, 702, 996
em™'9] =7} A5 AL B S 20l ATEY
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THERQA A4 kA BEQo] Wgl:  E4Loial
Raman 404 1+49] peak Z=7F 24 Wl &

L 72 Raman £4 skin depth7} Yol Al&29] ¥
AHE 4517 wiEold, Akd 7RA0] Eto] tHE A
gloflA S22k dhdl BE V,05 A4S ZHe ZoE B
A =31t

B} o] gt AREk A4S E45k] ffste] XRD
A& A, ATHE Fig. 50 YERZITE XRD
B4 A3E ICDD Card No. 01-089-2482(a-V,0s)
oF w3t A3} Si 7|9 Qo) F2E BE vl SAto]
T UYket2EY AR 284
T29] a-V20s AA/golqirh
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Fig. 4. Raman spectra of sputtered vanadium oxide
nanostructures with different partial pressure

of Oz gas
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Fig. 5. XRD patterns of sputtered vanadium oxide

nanostructures with different partial pressure
of O; gas

Ab4 7FA EQFo] 20.0 Vol%, 5.0 Vol%, 3.0 Vol%
= Aol et (001) MY peak A=7t S71SFAAL,
(020) HY| peak Hr= IA WA Lttt oA
(020) W] peak= layer-by-layer A EE=Z AAF
dhatoll A 7]91skal, (001)We] peak: 3D island
growth ZER F4H 3D er2E0A 7191517 o
Zo|t}.

vhag4dol] thste] YRk o= HolEa X1 §l= ©]
E2 9 E= E471 713 YoM P d(nucleation)
T AATg(diffusion on grain boundaries)S AA
Elgie Rk Zo|tt, E3 TLK
(Terrace-Ledge-Kink) REoAE QX E= EX7}
71 #Ho) FFHEH & ®HY UXE 27| 96
terraceOl| Al ledge, kink@ ©55FHA] B = Ll
FREZ At A9st}21]. abnormal growth
ZeElof A= dake] £A7F 2~6 nmZE W9 ¢FE wofl=
HPA & FL3HA grain growth(diffusion on grain
boundaries)7} ¥oJu= normal grain growth
mechanism®] F2 YELAT, dhako] =771 6 nm
ojAlo g Ht} T/AYAH abnormal grain growth
mechanism(surface diffusion)= FAl] YEh}H
normal grain®} abnormal grain® ¥ oY #] Z}o]
o oA Aesh= WFOR HEE grain growth’t U
ofdtia Agich22]. whate] 7ol diste] thakst 4
A HAUEeE A9gsAnt, ANEIYR AFFER
(BE-beam evaporation E+ thermal evaporation)
T 31 714 FEHCVD) 3R 7| -r]oﬂ 4
S o], A== 719 2=9 F3E= E29 o
Zopwo]  wEkA H% o474
(polycrystals), dendrites, platelets, epitaxial
growth 5 Tt FH= S2HETH23].

£ Aol 3% BitE SAle|E AuEEY A3
A= Fig. 1014 AWd 3714 AZRE FoA
layer-by-layer grown thin layer 9J°] 3D island
growthdH= Stranski-Krastanov AFEEZ A=A
o}, SAYE Bof =2 93 HHAY YTt RES T4

AlZ17] oA 715 el 3D Hletz2Eo] A %
= Volmer-Weber AFEERZ Yle7-2E0] 4H
£ Zo] vidAseh, e 7Rl AF-E Boto] 7w
flofl 3D YeFREo] Y A== THR0E 94
g ofolot.

Q(amorphous)
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