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A Study on The Fabrication and Electrochemical Characterization of

Amorphous Vanadium Oxide Thin Films for Thin Film Micro—Battery

X{%g A_% '-gEJ'AFQt*_‘_-?—g__]kt—?r%d—r**t
(Eun Jeong Jeon*, Young ha Shi in*, Sang Cheol Nam=++, Won Il Cho*+, Young S00 Yoon#s+)

Abstract

The amorphous vanadium oxide as a cathode material is very preferable for fabricating high
performance micro-battery. The amorphous vanadium oxide cathode is preferred over the
crystalline form because three times more lithium ions can be inserted into the amorphous
cathode, thus making a battery that has a higher capacity. The electrochemical properties of
sputtered films are strongly dependent on the oxygen partial pressure in the sputtering gas.
The effect of different oxygen partial pressure on the electrochemical properties of vanadium
oxide thin films formed by r.f. reactive sputtering deposition were investigated. The
stoichiometry of the as—deposited films were investigated by Auger electro spectroscopy. X-ray
diffraction and atomic force microscopy measurements were carried out to investigate structural
properties and surface morphology, respectively. For high oxygen partial pressure(>30%), the
films were polycrystalline V.05 while an amorphous vanadium oxide was obtained at the lower
oxygen partial pressure(<15%). Half-cell tests were conducted to investigate the electrochemical
properties of the vanadium oxide film cathode. The cell capacity was about 60u Ah/cm’um
after 200 cycle when oxygen partial pressure was 20%. These results suggested that the
capacity of the thin film battery based on vanadium oxide cathode was strongly depends on

crystallinity.
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Mo A sl 2o FHoz Astel W N5
£ 43

1
g E ol FAE wug gozy Au” A ael By g o)z WX
AAE 4999 27 2 gz & WYL A 98 Aoz At = xx
Azrol Flsatn] ANANAL ALgatx] B7) W g dah A7l 2AE 8ol zuizk Ad¥wE 2n)
B 71A A AR o} = 7te, ARYE 9@ PCSe 22 AL Fo =
Zton BUAY AHE &% HYE 7} 13v]e] Ay FEAZS &80 7bsE Aol
39 J 4, YA AEg e 228 AF
> W82 3= microelectronics, MEMS %o o] &

4

el _r:n r>' |m

%1 A
—’,LJ 217\} An A AE
T4 Gt Eel e

*xx 1

|
(e
W
I
|



2 £ g olxAAd W a4t WA sHAE
ol upe} vt FAGE o] &3 o3 AR 7] &0]
a7Ha gon, dxzrES o8¢ ndY B
=y o)z AA o #E A+t Forstn U
F oad dxE dF AAY v U= o
A&, AW 58 L& FZ cathode AE 9
3 AAHDZ 3olx] HEF @l A7 ALEE]
7] A8 = A AH3F cathode M E 9 Aol Fo3
=3 ‘i\”%‘ AA s da gee] AR WH & Fol
23, A4 1:‘91 g3 g FgAEE FelA
58 ZH A 59 & 7t9Ae] £3] Fasiuh
B %?Oﬂ’\i‘: A9 X WME:st Ax FF
9] intercalation® &ate] Kolzm® =3 vz
cathodeB A€ & A vl 3v] o B
ZAF oS AU & v vATY V.05 o
99 cathode AE3tArt B 79 284 A
2ol A cathode®] Ao} 715 oz FFE wixm
A e IR ALY 7o HHAE T3
£ Aol sHsdttte Aolth W AHA cathoded #E
deh gAE 1e 3HE AT 4+ % MEMS
7, FRELY ISt 83 EHE 8 HE(d
AR Aol W FEEte nEA B
TaE AS A F98 A7), A2 24

TEAZ o] go] 7t

,.
£ ro

2. AE W
vhbE AbskE dbehe] FEE 9t Elile=z
99.9%9 $£5& 7R 490% vluug 2458 AMLs
o rf B¢ vlOvEE AdEyoR LA
FEY. 71Bo 2= ITO glass® PUTi7t Sy
24 F3g Si(1000& AHEAT 27 7F=EE 5
X10° torr ©|3t2 stz AsuhtEg FHsy| A
of whvtE ehdl EHe) 4EE Ao 9% AdA
AstE 4y Astdd =53 okmE FA7INA )
298 5 mtorr, r.f. power: 350WE 8Hil 208 &
QF pre-sputter etching$ #ch AshuivE wiete)
TdEg AE& £ 87 ] rf powerE 250W
2 gFo A¥sdd. AA st 4EH 2 5 mtorr®
FrA s Oy/Ar(100sccm)®] & 5%, 10%, 15%, 20%,
30%, S0% 2 WIAI7|HA APE BstAc. 2
FHESEE AL Byl & 4 Henz Fi
AIZbS g2 st ubete] RAE AASHA 1000A
o2 39 O/Ard 7t 5% Yo FAET = 222
A/min 0" ¥Ha] 50% UM FEEEE 83A/min
AEZ Yol Hr}

i3

Fad e EQEA L ugAd 2FEFPA 4t
289 wE q9te] O/VE ¥7] 98k Auger
electron spectroscope (Perkin- Elmer PHI-670) &
Mg slger Fad dete) Tz AAAY <l
g fatd X-A HE BARE2A PW 1817,
CuK, #3)& sttt 53742 JCPDS card®he
Hagz g3t wate] FAE TencorAld
Alpha step P1& ©]83ld 53 W& =A3lod 21
BELS Fsteh =g wdel A Arier AR
71 A5E 27} Y3AM  atomic force microscopy
(Park Scientific Instruments, M5)& sl ot

ZaE s AdstEe] #H7) EPE}@ 548 &
A&t7) 935l Half-Celle A=A g #Ag
< anode® &1 EC:DMC=1:1, IM LiPFs a4 A
HAE AR A HAE FASA 2008 o]
HAHF Z-0d NEE Peich AFIAEE 2040
A/em?, Cutoff voltage® 38V-15VE 3t 43}
3t} Half-Cell Al#& dry roomol A 33t o}

3. 4" g2 R =9

I¥ 12 FFA Y O/Arvld wE Fig 43
viubEet VOO HE 47l 913 BAE AES ¥4
Aoltt 19 19 (a)v OJ/ArM|7} 5%=2 Hlw 3

e ARG FHY AspldE wee) 24

S A dAen (e OJ/ArHZ 50%2 e Ee

AaFgelA Fag Astuhug date) o] Wk
oz29 24 EAed ¥ (@9 b)E svlus =2
AU A7l WS- FAE BFsn F3
ko] VO =AY E £ Aot e
olth. o] AL OY/ArH|7} 5% AEE Yol& oe
7}11 Aztulug 23 F Asleo) 7M 2 V.05
Yo A4 4+ dvde 438 vehdd & OJ/Ar
HM 109, 15%, 20%, 30% ¥ A$= 1@4 9
F 2A48E JeEhdeh
Aol Fag g vluEe F249 O/Ar
H)7} Z7}gtel] wel v FAGAN ARG E WEH=
FA4S Jelgch 13 28 A2EGY Fl

548

4 e g

da dn

Zzd V,0, ¥ute] AR Ho F&
XRD #4 ZA3olct O/Arvl 7} 15%0] 3t} A= ¢
A% 8jA3d Fhr YeElvdosl O/Ard) 2 20%7F
HHA dre) AAHA peak(Va0s(001) peak : 26
=20.3"0} uelhdt} OyAr®| 7} ol Z7hele] 30% o)
dol W AANY Ashuhvge] F& oA
23E B 5 Ao o] A AsutEe A3

% 40 MAYY A9t ARNY A% He

-635-



0 Ar0,=95:5 ]
80 |
o]
70 b
* 60 |
L sof
£
3:0" or In
30 Vv
20§
o 1
1 - _ Sn
0 T T T T T =
[} 1 3 4 5 Y M o
Sputter Time(min.)
(a)
100 T T T T T
%01 ArO,75050 1
80 ]
70}/ (0] ]
< &0
L 504
13
g 40 ln:
30 4 \ , 1
o) o
X
LB .
( 4 Sn
0 T T T T = T
o 1 4 5 6 7 8 9 10 11 12
Sputter Time(min.)
(b)
29 1 BE AaEgtel @g dsuhtE weel

AES o] ¥ =4 &4

(a) OY/Ar H] : 5% (b) OJ/Ar H] : 50%
Fig. 1. AES depth profile of vanadium oxide thin

films with different oxygen partial

pressure (a) Oy/Ar ratio : 5% (b) O)/Ar

ratio : 50%

-

olF Holmz £33 ZtAAN Y 5

Bol: HAALE A7 93 ALEPELS
Etﬂ ¢ $2% Ao}

1Y 3& o3 spH AxEQ we FaE A
ﬂﬂ}b}g ﬁwu MRS Yebd ot 1Y
(a)e OY/ArH|7} 5%l A F2het whate) Wb doe
Z R} WA FATANA Ewg st i) o
Ao wokel Aelzk 1y 29 XRD ¥4 Aol A
o] BlAAe) AtgtuhbgolgtE 2L A
2 A 2 39 (b)E O/ArH 7} 20%A =
z3) wrtubo] ¥yl I o A WA WATHAE
W ookzre] AWEZE yehde & £ gtk oy 4
gl FolA 24V ZH M §AN yRore
)

= 4
3

I A

i

UEE‘_',N{O

=
i or

H

©:

st H7tgE wgor x7) &% 7
& A ed oY gFuLE £ oud WA

2o B o

&
N
X0
Ll
o
P
rlo
™o
S
lo
2

FET
WAr-G
WAr O Nl
A0 w (o
A0 o
NAF O S s

i
f |
> | e
=
[7]
5
= T

10 20 30 40 50
20

¥ 2. o7kA AdaEge a2
#tete] XRD 99
Fig. 2. XRD pattens of vanadium oxide thin

vhis 45

films with various oxygen partial
pressure.
ARGolN FHE AsuhtE Wee) ogiel 23
e TEE7) WRel o ARFs Aspuhigol
BEAQ PFe FUen dd V-02Fel Folx
AP wlg e F2E BT ¥W F 43E

o] Hof olgjdt AxE vehlE Aoz AR
=g 19 39 (0F OJ/Ar¥ & 30%2 &% Z2e
Arstubu g utube] WA IMdez 3 WA WHd 3
AeiA ge Fh g d¥HA A
V.05 29 st7h debdg & 7 Ao, o)
g FolA gA Tehubel go] 24V A A9 8
Ao A yaogel Awsld o& xy] £ ®

7t &) 30%92 AbaEsteld FarH
& AARGe AEutUES £FEs)
WA ol Fox o7 u7FF A< ¥
|3 #ZAE AHHoZ Yehtn
glch 18 321 (b9 ()9 200 cycle
Hias) B (byddIAde] &3] 60
pAb/cm’pmQdl BlE AT &L 38y
Ah/em’pmAEE W$ e 2 2 71 9o
oA Atstuhigoe] HjHAY 44449 4
So] vs|A B 5 7HY 72tk Ao
o} dA ot

py
g
F

o o

&‘3

)
rE
_-"é

|
tlo

o 50 do &

Yo do O A

ool 1S Jb
M
2

r.\‘,o N

oo

HJo rz: _M

N
-

o _E a4 1‘3".

o?i:
e

- 636 -



1= 20)AVem’

Potential/V vs.Li/Li+
~
b

100 °\‘N

o 2‘0 40 100 1%0 14‘0 |G‘0 180
capaclty ( pAhIpm-cm )

(a)

1= 20}t Alem’

Potential/V vs. LilLi+

100 60 105

0 20 40 60 80 100 120 140 160 180

capacity ( pAh/pum-cm? )
()

40

1= 200 Afem’

Potential/V vs. Li/Li+

2 18t

(c)
I 3 A9 A AdLaEgd WE uhtE A E
whato] AR A (a) OJ/Ar H @ 5%
(b) O/Ar ®] : 20% (c) O«Ar ¥] : 30%
Fig. 3. Discharge curves of vanadium oxide thin
films with different oxygen partial
pressure (a) Ox/Ar ratio : 5% (b) Ox/Ar

ratio © 20% (c) OYAr H] : 30%

4.4 8

M B MSHANEA WA 2T
osted MY AsuES ALBte] F7Hl
wep mAgA At A Asuhts
o) FUct. AshuhrEel A7IsetY Saol wAA
U A AP BTt §37 A4 o 5@
4% wolmz HAYLE A7) AslHE O/Ar
18 20%°)5tlq FHslol @ B A7elM A

o9

gl AR 9 £ uAAY AsjultEe AHe
200 cycle ¥ % 60xAh/cmipzm AEE FARS
o AA4e] AshbdES W cycle e @A E &

% A8 Heo 200 cycle ¥l 38xAh/cm’em
Ao ¥ £FS HYh

AnEd
1. J. H. Kennedy, Thin Solid Films, 43, 41

(1977).

2. Satoshi Sekido, Solid State Ionics, 9 &l10,
777 (1983).

3. A. Levasseur, M. Menetrier, R. Dormoy and
G. Meunier, Mater. Sci. Eng, B3. 5 (1989).

4. ]. B. Bates, G. R Gruzalski, N. J. Dudey,
CF. Luck, X.-H. Yu and S. D. Jones, Solid
State Technol. 36, 59 (1993).

5. Johann Desilvestro and Otto Haas, J.
Electrochem. Soc., 137, 5C (1990).

6. D. Gourier, A. Tranchant, N. Baffier and R.
Messina, Electrochim. Acta, 37, 2755 (1992).

7. Y. Sakurai, S. Okada, J. Yamaki and T.
Okada, J. Power Sources, 20, 173 (1987).

8. A. C. Leech, J. R. Owen and B. C. H. Steele,
Solid State Ionics, 9-10, 645 (1983).

9. T. Hirai, S. Okada and J. Yamaki, in
“'Proceedings of the Electrochemical Society

of Japan’’, H121 (1986).

10. K. West, B. Zachau-Christiansen and T.
Jacobsen, J. Power Source, 43-44, 127
(1993).

11. J. M. Cocciantelli, M. Menetrier, C. Delmas, J.
P. Doumerc, M. Pouchard, M. Broussely and
J. Labat, Solid State Ionics, 78, 143 (1995).

12. Carolyn Rubin Aita and Mei Lee Kao. J. Vac
Sci. Technol., 2174 (1987).

13. C. Cartier, A. Tranchant, M. Verdaguer, R.
Messina and H. Dexpert, Electrochim. Acta,
35, 8389 (1990).

- 637 -



