Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2023.24.12.446

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 24, No. 12 pp. 446-451, 2023

RF WfIYEE AHEHY 34 o83 3344 V,05@Mo

Fabrication of 3D V,0s@Mo Nanostructures Using RF Magnetron
Sputtering Process

Min-Gyu Lee, Ki-Chul Kim'

Department of Intelligent Information Convergence, Mokwon University

lo
Q’
Hir
rlo

2 % A8 HiutEe 4 F2E 241 %Y, ol8d A718FE 21 AV WEel Fgel2uEY F=
=48 B2 F52 21 Qe 2F F9 stuolth. EJF FEAYo]l FET A7 Aot & AFolM= RF
oI ER AHET 332 o83kl Si0(300 nm)/Si 71F Yol 3D V,05 B=FFEI} 3D V,0s@Mo W=
FE85 ST 3D V05 UkeFEEHR 3D V,0s@Mo UWieFE2E EHEFLS AAFE FARAERA
(FE-SEM)2.2 BAsIAaL, 2AoH 542 XA EW(XRD)F Raman #3302 ARSI, £4 23, RF
MIHEE AHEY IR AloIste] 3D V.05 Ulket2=2 342 /AN 55 Mo Hido] gfA ZY
5= 3D V205@Mo Ulet2E9] A2t 23& SHIGH. o]2%t 3D V,0s@Mo Ulke72E2 2Eol2uHe
FEAAE AL 2D V205 ¥ ARG 9t e ElEol2iEE 9] o] 7T Ao Y|didn.
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Abstract Vanadium pentoxide is one of the cathode materials given much attention due to its layered
structure and high theoretical capacity. It is also abundant and has a low price. In this study, 3D V205
nanostructures and 3D V20s@Mo nanostructures were deposited on SiO2 (300 nm)/Si substrates using RF
magnetron sputtering. The surface morphology of 3D V205 nanostructures and 3D V20s@Mo nanostructures
was analyzed by a field emission scanning electron microscope (FE-SEM). Crystallographical characteristics
of sputtered 3D nanostructures were investigated by X-ray Diffraction (XRD) and Raman spectroscopy.
Fabrication conditions of 3D V.0s@Mo nanostructures were secured for conformal coating with Mo thin
film on 3D V,0s nanostructures via processing-condition control of RF magnetron sputtering. 3D
V205@Mo nanostructures could be applied to cathode materials of a lithium ion battery. It will be

possible to develop a lithium ion battery with higher performance than 2D V,0s cathode materials.

Keywords : All Solid State Battery, Three Dimensional Nanostructure, Lithium Ion Battery, Sputtering
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AL Feel2HiE = 7MY /71 S A4
S AMEStaL Q7] HEC] 54 Ee dEeE
gk GEF EA Alo] A= AsiE] Eafgkgol o
ot} HiEl ] A 7F YASH= fEol UTH1,2l. HiEE
9 erA/g= JMAsH ] A= BA Ashdo] ofd 1
A Y AafdS ARgot= 1A viElE(all solid
state battery)?] 7igo] Basiet. 1A Hafd 75k
AxA wiEes 58 AT} =2 ouvx] Ui,
£ 35 o] 7hsoitte HoR Qls) H EdstA
A= QATH2,3]. EF A HiEEE I
(cathode materia)¥ &= =4 (anode material), A
S d(electrolyte)e AFsto] ZItstA HiEHE Az
o s Aol ATH3]. AA wiEHE A o,
HEZE old FHE AZst=Alo] o2t oyA] dk
(energy density)?} &3 Ux(power density)7} €2}
ZcH4,5]. Fig. 19] 28% ol 193} o] gk g}
o] FHE HiEHE Aol 28 9= =2 5= U
HL2 Z - o] 7hsshA|eE, e gol Hof oA
Yw7h Golx|A =11, Fig. 19] 9% $&o] vehd 1
Y FAL ool JH= 5 g AldsH EEd
9] o] F7telo] AR UEE =Y = AT & U
L7 WolA #iE F - whdo] of IRtk o9} Zo| 23t
H F2E B ZJ355te] HEYE AR w2 &
Y 4o} 22 oy "Wk F 7HA] e BF 730}
7] ojH YA}, AT Fig. 19] QE& &0 Uehd
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Fig. 1. Relationship of energy density and power
density depending on battery typesl4,5].
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TIEAY 24 7271 ofd 33 2= HiEHE ARt
St =2 &9 et =2 oUR WeE 2= HiEdgE
A 4= Qlok. SHA|EE o]t 33k Hety HiE A E
Aslr] eliAle EE2 T2 (photolithography),
Zek=0}t ofH(plasma etching), ¥AESZHatomic
layer deposition)¥} Z2 117}19] vt A A4S AL
of 5tH, ZAAIZte] wi-- A7) wZe] wiE ] A @7t
7t oA ™, HF R A&st=Hox A7} Uk

Q) HPE(V,0s: vanadium pentoxide, ©|3}
V205)& 34 T2E 7L QloiA 7H94Rl 2 ol
9] A9l/FZ(intercalation/de-intercalation)?] 7Fs
sk Ff 441 mAh/g9] =2 o|24 7|8 71
7] 2ol gEol ey A1A vy = =
A= o] A= Q= EE F sfoltH2,6,7]. TS
2lF TUE ASHE(LiCoO) T Z2 38 EolHiH
o] =A<} vlaste] FEAH] FHSte] APz
Aol St 18t} V05 W Al Gojub= H|719EE
Ql Ao](phase transition)?} ¥ A7|AEE 5 &

T X

= 222X S50 & A4S0 AHH6-8]. ol
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AEL fdsh] gt YHo2 = st 3% A9
T=(doping), FH(coating) So| AAEI It}

[6,9,10]. €3] Li-Qiang Mai 52 &8 Bd(Mo)°] 1

molté 53 B MFE AlsHEo] Eejudo] 3 5
L W AISHERT 959 /1S 52 2t

& HISHAT10].
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Fig. 2. Schematic diagram of (a) 2D V;0s thin film,
(b) 3D V205 nanostructures and (c) 3D V,0s
@Mo nanostructures.
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3D V205 Yet2E3 3D V205 et R2E 9ol &
< E8Hd(Mo)e] ZHH 3D V,0s@Mo YrTZ2E2
AR A8 AFE HFOE RF WIIHEE AHEH
34E ol&sto AZstrH11]. A¥ole vanadium
EHIRAE 2904, €% 99.96 %, Kurt J. Lesker)Z}t
molybdenum EF(XE 3914, <& 99.9 %, Kurt J.
Lesker)o] AMEEIZY, 7|®at =AY A= 100
mmE FAHA FAHA. Sl AR Si0x(300
nm)/Si(001) 7|¥ oMAIE, ofehE, Eol2% &oflA
253 A ES 5, A4 7 gunO & AXRSH
A, AHE AAHY 27| AFTs BHE ER
(turbo molecular pump)E ©]83t9] 5.0 x 107 Torr
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FES A St V1S ARRTEA
molybdenum EFE o]-&5to] FAF6Igith Mo BPeRe
HE Z7o] FUT AFHolA Mo ¥Ehs F26k= R
powerdt 27HA] 270 = t2A F&SH3Th & Mo
ghakg =251= RF power®t 40 watt, 100 watt® &
Fstgct. 3D V,0s@Mo(40 W, 100 W) Ylet2ES
AZst7] oA BA47EA Arg 100 SCCMO& &8
4 9E¥2 3 mTorr® XFsI9om, RF
power 40 watt, 100 wattollA 22zt 22519k

RF MO EE AHEY 2R Si0,/Si 713 Heoll
24 3D V,05 Y2 E 9 3D V,0s@Mo(40 W,
100 W) Wet2E9] RHFALZ AALE FAH A%
HAu]F3(FE-SEM, Field Emission Scanning Electron
Microscope, °]8} FE-SEM)& o]&3dto] EA5191,
AR B2 XA IEXRD: X-Ray Diffraction,
o]a} XRD) ¥43} Raman #g8Kspectroscopy) 22
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Fig. 39] (& B¥ 34 vhbs SAl|E Bk 2D
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Y280 IHS FE-SEMO.2 EA3t ojujz|o|c},
3D V205 Ye=tzxE 9o MoZ S&tEdl RF
power”} 40 wattd @2eKFig. 39 (b)) 100 wattd
(Fig. 39] (@)Y WeTz2EY] FH7t e 2& S
& Qlth. Mo $2+& 9%t RF power”} 40 wattQ o]
= 713 9ol ¥4% 3D V,05 Y7259 FE7t &
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Hell vlg] S&=0] AU 3D V205 Hiet-2E0] FH)
7F HEEHA g1 E5EST 249 3D V,0s@Mo U
LrzxEo] FEE Zog IAEI

AAE Si0,/Si 71 flof] oFFAE F2=A] gk A
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Fig. 3. FE-SEM images(top view) of (a) 3D V205
nanostructures (b) 3D V,0s@Mo(40 W)
nanostructures, and (c) 3D V,0s@Mo(100 W)
nanostructures.
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2 FA5HEEE 3D V.05 A& 3D V,0s@Mo(40 W)
AlZOAE V205 2730l F36HA = IeH12l. o]
£ Boto] V205 20 & 33 AL & 4 Stk E
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ZE 9o Mo &°| UF 544 S& =] XRD +49
skin depth7} 3HE] Mo #at3o] Y= 91719 V,20s
AAgo] TEEA $2 Zo= o

e 3D V,04(200 °C, 3 mTorr)
= 3D V,0,(200 °C, 3 mTorr)+Mo(RT, 40 W)
e 3D V,0,(200 °C, 3 mTorr)+Mo(RT, 100 W)
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Fig. 4. X-ray Diffraction patterns of 3D V,0s
nanostructures and 3D V,0s@Mo(40 W, 100
W) nanostructures.
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