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A Study on the Vanadium Oxide Thin Films as Cathode for Lithium
Ion Battery Deposited by RF Magnetron Sputtering

Ki-June Jang, Ki-Chul Kim'

Department of Advanced Chemical Engineering, Mokwon University
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Abstract Vanadium dioxide is a well-known metal-insulator phase transition material. Lots of researches
of vanadium redox flow batteries have been researched as large scale energy storage system. In this
study, vanadium oxide(VOy) thin films were applied to cathode for lithium ion battery. The VO, thin
films were deposited on Si substrate(SiO; layer of 300 nm thickness was formed on Si wafer via thermal
oxidation process), quartz substrate by RF magnetron sputter system for 60 minutes at 500 °C with
different RF powers. The surface morphology of as-deposited VOy thin films was characterized by
field-emission scanning electron microscopy. The crystallographic property was confirmed by Raman
spectroscopy. The optical properties were characterized by UV-visible spectrophotometer. The coin cell
lithium-ion battery of CR2032 was fabricated with cathode material of VO thin films on Cu foil.
Electrochemical property of the coin cell was investigated by electrochemical analyzer. As the results,
as increased of RF power, grain size of as-deposited VOy thin films was increased. As-deposited thin
films exhibit VO, phase with RF power of 200 W above. The transmittance of as-deposited VOx films
exhibits different values for different crystalline phase. The cyclic performance of VO films exhibits
higher values for large surface area and mixed crystalline phase.
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ol MAHA] E AF2ATIA HiEEAlE 4,
7, A2dstel Tdste] AlgHoR g IS
o, nNHAeL {7tAE HiESHA] gl 7]
UAE At £ Qle olUA LS st fIste] Al
AR o R g A77F st A= Qiok A7l
A= iRl 4ollA wi¢- F8st, dA = A=Ay
Aro] RS SHAARet dAtE o] gdsta Atk
SEARE 083 EHA = vAHA E X247}
20 Z4E {7t AE HiESe EAIFC] itk B3
AGYHE ALPA] FARs F29] 913E ¢l Q17
2ol iy} ARk IS thAE 5 Sl =4
oqx 49 /i =7} sidsfor & F8% EAolth
fEH =Moz|Ql FEEH P I @AfET
YA §&Z =ol= &A Yoz, sl EX gAY
oz AYE PgH o R I 4= e Y+E oy
A AA7 X (Energy Storage System, ©]38F ESS)7F 72H]
= ojoRgitH]1].

ESS 7]&2 Aol wet E994 A%, ek A
& AN A, 8 Ao R BRRT 4 qloH, ¥
Aol sFskd A2l g Eol24A(Li-Ton Battery,
st LIB)7F d¥td o= S8 IoH1]. sHAT gE2
wiA=Fe] FHAZE AL, QFF/do] "ojAl= EAIF ] qlo]
A LIBETH A7to| A Qb AQl ESS 7] ido] Al
Hog g5 9o, LIBE WAY 4 U= AAH
ojAHA A &=A 7p ATAEl(Super-Capacitor), HEE
FNaS) #A, vhbE #GEs 5FAA(Vanadium
Redox Flow Battery), 2l&0|244] 5o] &idsiA
TEI ATt [2-5].

oJAkshtE(Vanadium Dioxide, ©J5F VO2)2 o
FAQl AAo|(Phase Transition) S ZA] 68 °C o[}
oAE A71H o REAAH Aol vi- A1, FeHH
o2 B9t EAS 7= Monoclinic #3285 ZA]9F 68
°C oA A& Tetragonal((E= Rutile) +2=2 AFAo0]
o] A71Ho R TAAY A3go] &, JeHoRE EF
BofAl= 42 7ML Q) ol2jt S5-F=A] A4
o](Metal-Insulator Transition, °]3} MIT) £/4& ©]
|5t 234 FAA6], 7HAAALT], -SZHAIA(Strain
Sensor)[8], °JxFAA](2,9,10] 5ol SE&=HI Ut

MITe} A 237] dAolXe VO, Heks F2kof
71 flste]  HA #olA S (Pulsed  Laser
Deposition)[11], RF ©IIYEE AHEH™HE(Radio
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Frequency Magnetron Sputtering)[12] 5°] F& A}
L&At AR §F8l7|AE2PH(Chemical  Vapor
Deposition, °Js} CVD)E& °]&3t &24 VO, Y=t
oloj9] gt MIT 4ol tigt A+ E1d o«
[13], CVDE °l&3to] VO, threolold &L =4
sto] o] LEE ARREToE YE= T4 € &2
A al el A H(Molecular Beam Epitaxy, MBE) 2.2
VO, Asto] MIT £4& 38[15]sk= &

i {=1gui N

=
3]l @7l ek A7 ditollal, 881
t AR wx it

Z&sto] 71221 B44E 45191, Cu Foil
FAXH(Coin Cell) FE{9
E4E A

2. MYy
R SAIE(VO,) HEke Theat 2e Thgow

RF PIIHEE AHERE FHEUL vhbg A=
dhake] F244EAS 9J6te] 1 ecm x 1 ecm 3719] Si 7]
W F= 7|8 oMlE, LE, golS SolA 44 5
A 250 AFHSAL, e A 7k Gunloz A
Azt AFE o9 718 718 &6 (Holden)oll
BAHT. AR 718 SRS S5 HoiA g
FAZT HiLE SAtolE HhE2 BE EXHEHI
(Trubo-Molecular Pump)7} 424 3-Gun RF w2
HEE AHE AAFE o]8ste] FE=H. 27] 2%
T 5.0 x 107 Torr olstgion, 7] sleg 5ot
o] 7o) £%Z 500 °CE §AAZI v, HF 8
Ao17](Mass Flow Controller, MFC)E ©]-&3}o] 114
T of2Z(Ar, 99.999%) 7tAS} A0z, 99.999%) 7t
A5 50 scem (Standard Cubic Centimeters per
Minute, ©J5t scem)C&2 EF]Ueh. 2 Hidlo]

i

T ST

VO, & ZEE 517 oA APAT-E Fasto] Ar
48.65 sccm, Oz 1.35 sccmC 2 ZE35H9 L, Alo|E ¥

H(Gate Valve)s F4slo] AHEH FA4YEES 3.0
mTorr7t H=& SH3ich o] 2087t ofH|AwEF
(Pre-Sputtering)2 S35t H¥hgE EFl(Vanadium
Target)d] EH LAES AASHA. Aol AgH vt
g B2 % 99.96%, X5 50 mm(EFasHF)o]
Jot. RF Z(Powen)E ZZstd 100 watt, 200
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watt, 300 watt® 229 ARE 6027 2okt
Szo] B ¥ 7|1 ol F5S WEIL ol TkA

o AbA 7EAY] FFE FHE AHolA AlClE WEE
YR Fo] A AFZE AR AeollA 7] 2
L7t Ao =gt the, AlRE AW

F2HE VO, vt FAE @At 34" 449 Si
718 A= diste] AR AU (Atomic  Force
Microscopy, ©]5t AEM)C. &2 BA519ith AFM 242
H|H&4] YIE(Non-Contact Mode)Z2 &73tth
(Park System, XE-100). 25 € F Qo] w2 VO, g
qo]  EHPLL AANE  FAREAEUA(Field
Emission Scanning Electron Microscopy, ©°]3}
FE-SEM, FEI, Sirion) Q& ZAISI1, 245k EAL
Raman g8 Raman Spectroscopy, NOST, FEX)2.

2 WStk VO, el Baka B4 2 ol

ol S 479 Az thiste] FHA-7HAgA &
FA(UV-visible  Spectrophotometer,
Mega-800)2 E-413}H .

VO, B gFol oA F=FEAE B7I6t
7] #I5tod CR2032 FEf9 Z RS A &saiet. Z A
A& AAsiA ol det FHRALE VO, Hhks
Si 7193 22 AEFEE AF Cu Foil(Alfa Aesar,
99.8%, #13382) 9l°l RF MY EE AWER F25}
At FRIAL V5% of23 FhAZE YAZ] ZE 8 B
2(Glove Box) SHilA ARFESGIck QA g=
(Cathode Electrode)2 Cu Foil 9o 2k VO, =t
AF835F9 T, S HAnode Electrode)2 Li
Foil(Alfa Aesar, 99.9% metal basis)2 ARE-5FAT} &
22k olM|71E Z2jod#l(Microporous Polyethylene,
Celgard 2400)= ARE-0FAL, HSfAL o2 =] A
ol 2219 1.0 M LiPF6(Lithium Hexafluorophosphate,
Sigma Aldrich) €9-& ARSI

RF FIIYIEZ AHEPoZ F2H VO, B g
FolZ oA 9] F=o= A3l Az CR2032
FRAO] A7 EAE Hrol] fiste] AQldS
207 AATHA L7t FAEE H7)R ol 9
ANZ g, A7|sE £47](Electrochemical
Analyzer, Wonatech, WBCS3000)2 #7|5}sH2 £/
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Fig. 1. FE-SEM images of as-deposited VOx thin films
on Si02(300 nm)/Si substrates with RF power
(a 100 watt, (b) 200 watt (c) 300 watt
deposited at 500 °C substrate temperature.
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VO, Hee] 1 AA77E S71she AS A 5+ 2
o} VO, HfEfo] AJuEl= 7]e] £&71 500 °C& FA
H7] wizel A¥E H vhbg #ARS0] AR
7ol VO, Aoz AAeks7]0] A3t oAt 355
okl detE Y 53] RF 971 S71drs AvE |
s 2A4RS0] Ze odArt ek, 2d €Y
(Crystalline Grain)9 =77} Z7}6t= AL gRIg
ALt

RF UIHEE AWE=Z
aro] A4sky 542 &45P7] lstel Raman
AT, 1 A Fig. 20 YERAcE RF oh)7h
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Fig. 2. Raman spectra of as-deposited VOx thin films
on Si02(300 nm)/Si substrates with RF power
(a) 100 watt, (b) 200 watt (c) 300 watt
deposited at 500 °C substrate temperature.
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e FHE EA= SHATF RF #HI7F 200 watt
9 300 wattSl Fig. 2 (b), (0)9] BLol= 24 VO, 4
o Yehte AL AT 5 9tk o]AL Fig. 19
FE-SEM E4Z7ol| A= EQ1eh 4= 9l AXH, ATH
H it BAREC] ZHe olvR|ol wEkA] Bhg AL
o|lt whato] AAgo] HeEHE AS € F Utk 59
AHE R 2 dhake] A9 7ol 2=, 3 2971
ofl49] AbA 7kAS] BEQME, RF ¢ 5ol HhtE &
Aol & whato] AH/dE Fe-ghchal gEA UrH12,13).

HAz= 715 9joll RF oE gelote] 524 VO, o
ato] Pt EAE AA-7HFA BBAR 40619
I, 1 AIE Fig. 39 YEFHICE AFM B402 B4
H VO, 9] A= RF 7H9) 100 wattol Al S 641
nm, RFEHY 200 wattolA T4 634 nm, RFE-Y 300
watto|A] T4 868 nmZE 4=t wEkA] RF 1
100 watte} 200 wattollAl S2HH BhtE SAlo|= 8
uko] =L A9 Hlgsirial 7kEe 4 9loy, BEky
E7S-2 RF 3¢ 200 watt ¥ 300 watt® S2H vF

so] 2 AnE Uehfgict. of
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g. 3. Optical (a) absorption and (b)
transmittance of as-deposited
VOx thin films on quartz
substrates for different RF power
of 100 watt, 200 watt, and 300
watt, respectively.
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UE SAle|E Biete] Bakgo] R vXA] =t
A IRl 4= A dEtk. RF 39 300 wattollA] &
2 vhbg SAbelE HkE T} 200 nm o4 gk RF
9] 200 wattollA S2E Hibg SAO|E BHkY] &
I3t &48°] RF 39 300 wattollA S2E dhatat
Y ¢E0E EAET TEtA HiLg SAtolE )
uto] Fok EAJL vhihe] FAETH: Hido] Zt= 2
A BAR = AL €91 4= ok RF oY 100
watto|lA] S HRE SAlolE HER2 VO, A
V6013 o] EA41E Feil 2 Raman #A 0 2HH
gl olggt 2A4d9] Atol7} Fehy Fikg g
TrEoE TS A= RS FRIsHITH11,12].

RF tfIHEE AW 9] RF #1195 EEl5t] Cu Foil 9
o & Hhg SAMo|E Bk 2ol o] AR 9]
F=o=z #gsto] AR CR2032 UM 4, wrd
Atolg EA4& &345191a, 11 A& Fig. 40 Ve
o}, A7|sket BEA710] H8E Y 15V ~ 35V
o]al, A7H ¥]E(Scan Rate)2 0.1 mV/seco]} oM,
100 mA/g9] ¥4 AFH=(Constant Current Mode)Z
SAslelt). 49 A7183g 7Idslld AR
5 ZA &40] HIUth oA I gHeE
VO, YA EE UYEFOC]2AA](Sodium-Ion Battery)
9] FFo2 HEAAS Y E2 A7187F (100 mAh/g)
I} B WS AFFS] A2 FroH[9], A lo]A F2
o7 AHHA 2AY(Stainless Steel) 71 o] Z&
H HFE ¥iE 2A]=(Amorphous Vanadium

Oxide) BHhE YEFO|24A)9] F=o2 HEAHS
0 A2 A7]-8%F 110 mAh/gETHE 212 groloH4]. &

Aol A A2k 2lgel2dAe =82 Cu Foil 9

5.0
Q —8— 100 watt charge
45 =0=100 watt discharge|
40 ~—a&— 200 watt charge
a =0=200 watt discharge|
= 35 —d— 300 watt charge
E 30F & =& 300 watt discharge|
= 25} oo
I
5 20F 0 oeteG3000000000000000000000000es
g
& 15
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Fig. 4. Cyclic performance of VOy thin films for

different RF power of 100 watt, 200
watt, and 300 watt, respectively.
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