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ABSTRACT

Thinfilms of LiCoO, were prepared by pulsed laser deposition technique.
Two important deposition parameters such as substrate temperature and
oxygen partial pressure during the thin film deposition were controlled.
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Electrochemical measurements were carried out on Li//LiCoO, cellswith a
lithium metal foil as anode and a LiCoO, film as cathode of 1.5 cn?* active
area. Cyclic voltammetry (CV) measurements have been carried out at sweep
rate a = 1 mVs™. The Li//LiCoO, cells were tested in the potential range
2.6—4.2 V. Specific capacity ashigh as205 mC/cnm?um was measured for the

filmgrownat 700°C.

INTRODUCTION

Lithiated transition metal oxidessuchasLiMO,
(WhereM = Co, Ni, Mn etc.) havereceived consider-
ableattentionin recent years as high voltage positive
electrode materia sfor usein secondary lithium batter-
ies. Among these, the high cycling stability and high
cell potential againgt lithium makesLiCoO, an attrac-
tive cathode materid inthefabrication of dl solid state
rechargeable microbatteries??. Itstheoretical specific
capacity and energy densitiesare 274 mAh/gand 1070
Wh'kg respectively. Experimentaly it hasbeen observed
that thematerid ddiversonly capacity around 140 mAH
gdueto structural considerations.

Thelayered LiCoO, consistsof aclose packed net-
work of oxygenionswith Li and Coionson dternative
(1112) planesof thecubic rocksalt sub-lattice. Theedges
of CoO, octahedral were shared to form CoO, sheets
and lithiumions can moveintwo-dimensional direc-
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tions between CoO, sheets. Thusthelayered LiCoO,
has an ani sotropi ¢ structure and thereby el ectrochemi-
cd lithiuminsertion/ extraction behaviour must depend
strongly ontheorientation of themicrocrystallites. The
growth of LiCoO, thinfilmswith preferred orientation
isknowntobecrucia. Severd thinfilm depostiontech-
niques such as RF sputtering!?4, pul sed laser deposi-
tion“®l, electrostatic spray deposition® and chemical
vapour deposition™® were employed for the growth of
LiCoQ, thinfilms A brief literaturesurvey revedsthat it
isdifficult to grow stoichometric and stablec- axisori-
ented LiCoO, thin films by several physical vapour
deposition methods due to many growth kinetic pro-
cesseswhich occur invacuum or at low oxygen partial
pressures.

Pulsed laser deposition (PLD) hasbeenwidely rec-
ognized as avery promising, versatile and efficient
method for the deposition of metal oxidethin filmgy,
When PLD iscarried out in the atmaosphere of achemi-
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caly reactivegas (aprocessknown asreactive pulsed
laser deposition (RPLD)), theflux of thelaser ablated
materia interactswith the gasmoleculesdl aongthe
transit from thetarget to the collector surface. There-
sulting deposited layer wasfound to have achemical
composition substantialy thesame asthebaseor start-
ingmaterid. Preiminary investigationson pulsed laser
deposited LiCoO, thinfilmswere carried out by Julien
eta.bl. Iriyamaet d.[® and studied the e ectrochemical
performance. They observed that thereactivityinsingle-
phaseregion at potentialsmore positivethan 4.0V was
lower than that of randomly oriented films. Poly-crys-

tallinelayered R3m phasethinfilmsof LiCoO, were
grown by PLD using Nd: YAG laser by Julien et al .[*2,
ThisLiCoO, cathodeactivefilmswerefoundto deliver
aspecific capacity of 195 mC/cm?um inthevoltage
range 2.0- 4.2 V. Inthe present study theinfluence of
deposition parameterson the el ectrochemical proper-
tiesof pulsed laser deposited LiCoO, thinfilmswere
reported.

EXPERIMENTAL

LiCoO, filmsweregrown by pulsed | aser deposi-
tion technique on silicon substrates maintained at tem-
peratures in the range 200 - 700 °C. LiCoO, target
was prepared by sintering a mixture of high purity
LiCoO, and Li,0O powders (Cerac products) with ex-
cessof Lii.e Li/Co>1.0byaddingLi,O. Themix-
turewas crushed and pressed at 5 tonns.cn? to make
tablets of 3 mm thick and 13 mm diameter. To get
quiterobust targets, thetabletsweresinteredin air at
800 °C. The typical substratesi.e. Si wafers were
cleaned using HF solution. Thetarget wasrotated at
10 rotations per minutewith an € ectric motor to avoid
depletion of materia at any given spot. Thelaser used
in these experiments is the 248 nm line of a KrF
excimer laser (Luminics PM 882) with 10 nspulse
with arepetition rate of 10 Hz. Therectangular spot
size of the laser pulse was 1x3 mm and the energy
300 mJ. Thetarget substrate distancewas4 cm. The
deposition temperature was maintai ned with thermo-
coupleand temperature controller. During the depo-
sition pure oxygen wasintroduced into the deposition
chamber and desired pressurewas maintained with a
flow controller.
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The e ectrochemical measurementswere carried
out on Li//LiCoO, cellswithalithium meta foil asan-
ode and LiCoO, film as cathode of 1.5 cm?* active
areausing a Teflon home-made cell hardware. The
silicon substratewas mounted onAg wirewith silver
paint and covered by insulating epoxy leaving only the
PLD film asactivearea. Theé ectrolyte consisted of
1M LiCIQ, dissolved in propylene carbonate. Elec-
trochemical titration was made by chargingand dis-
charging the cellsusing the gal vanostatic mode of a
Mac-Pilesingle 608 electrochemica andyzer system
inthe potential range between 2.0and 4.2 V. Quasi
opencircuit voltage profileswererecorded using cur-
rent pulsesof 5 puA cnr? supplied for 1 hfollowed by
arelaxation period of 0.5 h. Electrochemical potentia
spectroscopy (ECPS) was performed using 5 mV
potential steps.

RESULTSAND DISCUSSION

Pulsed laser deposited LiCoO, filmsare pin-hole
freeasrevealed from optical microscopy and well ad-
herent to thesubstrate surface. Thethicknessof LiCoO,
filmsis 250 nm. Theinfluence of oxygen partia pres-
sure (P(0,)) and deposition temperature (Ts) on the
electrochemical propertiesof thefilmsare systemati-
cdly studied. Thechemica compositiond studiesmade
on LiCoO, filmsreved ed that aminimumof 100 mTorr
oxygen partid pressureisrequired to grow nearly sto-
ichiometricfilms

The e ectrochemical measurementswere carried
out on Li//LiCoO, cellswithalithium meta foil asan-
ode and LiCoO, film as cathode of 1.5 cm?* active
areausing a Teflon home-made cell hardware. The
silicon substrate was mounted on Ag wirewith silver
paint and covered by insulating epoxy leaving only the
PLD film asactivearea. Thee ectrolyte consisted of
1M LiCIQO, dissolvedin propylene carbonate. Figure
1 showsthecyclic voltammogram for aLi//LiCoO,
cell with afilm grown at temperature 700 °C in an
oxygen partial pressure of 100 mTorr. Therearetwo
setsof well defined current peaksobservedinthe CV
diagram corresponding to the oxidation and reduction
reaction: they arelocated at 3.73 and 3.63V for the
LiCoO, film. These CV features are associated with
theredox processof Co* to Co* and vice-versa, when
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lithiumisextracted from, andinsertedintotheLi CoO,
phase. Theredox couplewith amid-pesk potential of
about 3.68 V isconsidered to be asingle-phasein-
sertion/deinsertion reaction of lithiumionsin LiCoO,,
Figure 2 showsthe cyclic voltammogram for aLi//
LiCoO, cell withafilm grown at temperature 300 °C
inan oxygen partia pressureof 100 mTorr. The peaks
aredightly shifted to lower potentia dueto the small
grain size for the films grown at lower substrate
temperature.
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Figure 1 : Cyclic Voltammogram of Li//LiCoO, cells
deposited at 700 °C
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Figure 2 : Cyclic Voltammogram of Li//LiCoO, cells
deposited at 300 °C

Typical chargedischarge curvesof Li//LiCoQ,
cellsusing pulsed | aser deposited film grown at sub-
strate temperature 700 °C in an oxygen partial pres-
sure of 100 mTorr are shown in Figure 3 Electro-
chemica measurementswere carried out at arate of
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C/100inthe potential range 2.0 - 4.2V; assuch, the
voltage profile should provide aclose approximation
totheopen circuit voltage (OCV). From the el ectro-
chemical features, we may make somegenerd remarks
that are (1) aninitial voltageabout 2.15V versusLi/
Li*wasmeasured for LiCoO, thinfilm cathode cells,
whichislower to that recorded in the galvanic cell
using crystalline cathode*¥, (2) thecell voltage pro-
filesdisplay thetypical profile currently observed for
Li CoO, cathodes, (3) the cell voltageisafunction of
thestructurd arrangement inthefilm and thusdepends
on the substrate deposition temperature. These po-
tentia sslightly increased for filmsgrown at high sub-
stratetemperature.
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Figure 3 : Charge-discharge profile of Li/LiCoO, cells

deposited at 700 °C

Theincremental capacity curve (-6x/6V) versus
cell voltagefor theLi//LiCoQ, thinfilmcell that isde-
rived from the charge curve (Figure 3) exhibitsonly
onewell defined voltage, which displaysapeak cen-
tered at 3.64 V. The electrochemical process seems
tobeaclassca intercalation mechanismfor thelithium
ionsintotheLi CoO, matrix asindicated by the peak.
Theseresultssuggest that about 0.5 Li can beremoved
at charge potential upto4.2V. ThePLD LiCoO,film
grown at substrate temperature 700 °C hasinterest-
ing electrochemical propertiesfor the microbattery
application. Inthehigh voltageregion, suchacell de-
liversaspecific capacity of 205 mC/cm?umi*?, The
potentiad saredightly decreased for thefilmsgrown at
300°C andthecell delivered ahigher specific capac-
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ity of 190 mC/cm?pm. Thisva ue could be compared
with thetheoretical specific capacity of aLiCoO,film
420 mC/cm?um (116 p Ah/em? um) assuming density
of 4.28 g cnr® and atheoretical gravimetric capacity
273mAhg*for atota extraction of Li* ionsfromthe
host matrix.

CONCLUSIONS

Thinfilmsof LiCoO,were prepared by pul sed
laser deposition. PLD filmswere found to be uni-
form with regard to the surface topography, thick-
nesses and well adherent to the substrate surface.
Cyclic voltammetry (CV) measurements have been
carried out at sweep rate o = 1 mVs?. The Li//
LiCoO, cellsweretested in the potential range 2.6
— 4.2 V. Specific capacity as high as 205 mC/cm?
um was measured for the film grown at 700 °C .
This performanceis dueto the good crystallinity of
the LiCoO, filmsgrown by PLD technique. These
results suggest that the open and porous structured
LiCoO, PLD films find potential applications as
binder free electrode in the fabrication of all solid
state microbatteries.
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