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ABSTRACT

Thinfilmsof LiCoO, were prepared by pulsed laser deposition technique.
Two important deposition parameters such as substrate temperature and
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oxygen partial pressure during the thin film deposition were controlled.
The Raman data consist of a series of broad bands located between 400
and 700cm* for LiCoO, films. The Raman band located at 592cm* can be
viewed as the symmetric Co-O stretching vibration of CoO, groups. This
band is assigned to the A,y Symmetry. The RS peak position at 484cm?®
derivesfromthe E, species. The symmetric motionsinvolve Co-O stretch-
ing and O-Co-O bending vibrations. The intensity ratio increased with the
increase of substrate temperature. The film deposited at 700°CinpO,=100
mTorr, indicating that the film had no preferred orientation.
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INTRODUCTION

Lithiated transition metal oxidessuchasLiMO,
(WhereM=Co, Ni, Mn etc.) havereceived consider-
able attentionin recent years ashigh voltage positive
electrode materia sfor usein secondary lithium batter-
ied¥. Among these, the high cycling stability and high
cell potential againgt lithium makes LiCoO, an attrac-
tive cathode materid inthefabrication of al solid state
rechargeable microbatteried?. Itstheoretical specific
capacity and energy densities are 274mAh/g and
1070Wh/kg respectively.

Thelayered LiCoO, consistsof aclose packed net-
work of oxygenionswith Li and Coionson aternative
(111) planesof thecubic rocksalt sub-lattice. Theedges
of CoQ, octahedral were shared to form CoO, sheets

and lithiumions can moveintwo-dimensional direc-
tions between CoO, sheets. Thusthelayered LiCoO,
has an ani sotropic structure and thereby e ectrochemi-
cal lithium insertion/extraction behaviour must depend
strongly on the orientation of themicrocrystallites. The
growth of LiCoO, thinfilmswith preferred orientation
isknowntobecrucid. Severd thinfilm depositiontech-
niques such as RF sputtering®?4, pulsed |aser deposi-
tion*®l, el ectrostatic spray deposition® and chemical
vapour deposition™® were employed for the growth of
LiCoO, thinfilms. A brief literaturesurvey reveasthet it
isdifficult to grow stoichometric and stable c-axisori-
ented LiCoO, thin films by several physical vapour
deposition methods dueto many growth kinetic pro-
cesseswhich occur invacuum or at low oxygen partial
pressures.
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Pulsed | aser deposition (PLD) hasbeenwidely rec-
ognized as avery promising, versatile and efficient
method for the deposition of metal oxidethin filmg™.
When PLD iscarried out in the atmosphere of achemi-
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 subgtantialy thesame asthebase or start-
ingmaterid. Preiminary investigationson pul sed laser
deposited LiCoO, thinfilmswere carried out by Julien
eta.bl. Iriyamaet d . and studied the é 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 195mC/cm?um in the voltage
range 2.0-4.2V. In the present study the influence of
deposition parameterson the Raman studies of pulsed
laser deposited LiCoQ, thinfilmswerereported.

EXPERIMENTAL

LiCoO, filmsweregrown by pulsed | aser deposi-
tion technique on silicon substrates maintained at tem-
peraturesintherange 200-700°C. LiCoO, target was
prepared by sintering amixture of high purity LiCoO,
and Li,O powders (Cerac products) with excessof Li
i.e.Li/Co>1.0by adding Li,O. Themixturewascrushed
and pressed at 5 tonns.cnr? to make tablets of 3 mm
thick and 13 mm diameter. To get quiterobust targets,
thetabletsweresinteredinair at 800°C. Thetypica
substratesi.e. S waferswere cleaned using HF solu-
tion. Thetarget wasrotated at 10 rotations per minute
with an eectric motor to avoid depletion of materid at
any given spot. Thelaser used inthese experimentsis
the 248nm lineof aKrF excimer laser (Luminics PM
882) with 10 ns pulsewith arepetition rate of 10 Hz.
Therectangular spot Sze of thelaser pulsewas 1x3mm
and the energy 300mJ. Thetarget substrate distance
was4cm. The deposition temperature was maintained
with thermocoupl e and temperature controller. During
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the deposition pure oxygen was introduced into the
deposition chamber and desired pressurewas main-
taned withaflow controller.

The Raman spectra of LiCoO, films were re-
corded between 200 and 1000cm? at room tempera-
turein aquasi-backscattering configuration at aspec-
tral resolution of 2cm. The Raman-laser apparatus
(Jobin-Yvon U1000) was equipped of holographic
grating double-monochromator, an intermediate spa-
tia filter and acomputer-controlled photon-counting
system. Theemission from alaser (Spectra-Physics,
2020 argon-ion) with awavelength of 514.5nm was
used. Thefrequency stability and the accuracy of the
apparatus were checked recording the Raman spec-
trum of silicon. To avoid sample photo-decomposi -
tion or denaturation, RS spectrawererecorded using
alow power density of 100W/cm?2.

RESULTSAND DISCUSSION

Pulsed laser deposited LiCoO, filmsare pin-hole
free asrevealed from optical microscopy and well
adherent to the substrate surface. The thickness of
LiCoO, filmsis 250 nm. Theinfluence of oxygen
partial pressure (pO,) and deposition temperature
(Ts) onthe Raman studies of thefilmsare systemati-
cally studied. The chemical compositional studies
made on LiCoO, films reveal ed that a minimum of
100 mTorr oxygen partia pressureisrequired to grow
nearly stoichiometricfilms.

LiCoO, possesses the R3m space group, D>,
spectroscopic symmetry. According to the results of
thetheoretical factor-group analysis, two modesare
activeintheRaman spectrum (Alg& Eg) of theLiCoO,
crystd™, Figure 1(a-c) showsthe unpolaized Raman
scattering spectraof LiCoO, filmsdeposited onsilicon
maintained a 300Cin oxygen partia pressurepO,=100
mTorr asafunction of thetarget composition.

These spectradisplayed the Raman active mode
of the silicon wafer at 520cm™. The experimental
Raman data consist of a series of broad bands |o-
cated between 400 and 700cm™. The RS peak posi-
tionsat 484 and 592cm™* of PLD LiCoO, filmsarein
good agreement with those reported for the LiCoO,
crystal™. The vibrational signature of the LiCoO,
matcheswd l thetwo allowed Raman modes. The pesk
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Figurel: Raman spectraof LiCoO, thinfilmsdeposited from
compositetar get with different concentrationsof Li,O; (a)
without Li,O (b) 10wt.%, and (c) 15wt.%
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Figure2: Raman spectraof LiCoO, thin filmsdeposited at
different substratetemperaturesin pO,=100mTorr

located at 693 cnr? in Raman spectra (Figure 1(a)
and (b)) indicatesthe presence of Co,O, impuritiesin
thefilm™l. Theformation of Co,O, isrelated tolithium
loss during the deposition process. In order to com-
pensatethislosswe have prepared filmsfrom lithium
rich targetsincluding addition of 10 and 15%of Li,O
concentration. The corresponding spectraare shown
in Figure 1(b-c). Upon addition of Li,0O, the peak at
693cm'! decreased substantialy indicating the disap-
pearance of Co,O, speciesasit isshowninthe RS
spectra(Figurel(c)). The optimum concentration of
Li,O to compensate thelithium loss must be 15% of
Li,0O. LiCoQ, possess the prototype symmetry R-3m
of therock-salt structure, where the cobalt cations
reside on the octahedral 3asites, thelithiumionsoc-
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cupy the octahedral 3b interstices, and the oxygen
anionsarein acubic close-packing, occupying the 6¢
sited®, It isal so convenient to analyzethe RS spec-
trumintermsof localized vibrations, considering the
rock-salt structure built of CoO, and LiO, octahe-
dra'. The Raman band located at 592cm can be
viewed asthe symmetric Co-O stretching vibration of
CoO, groups. Thisband isassigned to theA1g sym-
metry in the D°,, spectroscopic space group. Its
broadening could be related with the cation-anion
bond lengths and polyhedral distortion occurringin
LiCoO,. The RSpeak at 484cm* derivesfromthe E,
species. The Raman bands arelikely lieto the mo-
tionsinvolving mainly the Co-O stretching and O-Co-
O bending, asthe contributions of the Raman modes
areonly from the motion of the oxygen atoms.

The polarized scattering spectrashow uniaxialy
(003) textured LiCoQ, thinfilms. Based on theinten-
ity ratio of Raman spectra, the peaks situated at 484
and 592cm! correspond tothe E, andA, optl ca modes
of LiCoO,, respectively!*4, The pol arl ization depen-
dence of the recorded spectrais consistent with the
prediction for phonon symmetries. Theseresultsshow
that, asexpected, theA1g stretching mode should be at
higher energy thanthe E, bending mode.

Information for the structural quality of the PLD
LiCoO, filmscan be given cons dering theRaman data
using the shape and the frequency of two peaks lo-
cated in thelow and high frequency region of the spec-
tra. Whenthe PLD filmswere grown from target with
Li,0<15%, theoscillator strength of theA,_ stretching
mode of RS spectrarosewith anarrow full width at
half maximum (FWHM). Thisphenomenonisdueto
thewell-defined rock-sdt structure of thefilmsand the
regular distortion of CoO, octahedra. Asthestretching
modeissensitiveto thefilm morphol ogy, low FWHM
vauesprovideevidencefor therock-sat-likestructure
for samples grown at a high substrate temperature.
These spectroscopic resultsindicate that the conjunc-
tion of target composition (lithium-rich), substratetem-
perature (T >300°C), and oxygen partial pressure
(pO,_100 mTorr) promotes reconstruction of the sto-
ichiometric LiCoQ, |ayered framework.

Raman spectroscopy isal so useful to distinguish
between different symmetriesin agiven materia. Fig-
ure 2 shows non-polarized Raman spectraof thinfilms
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deposited a different temperaturesinpO,_ 100 mTorr.
The spectraarenonpol arized by theintensity of theA1g
peak at 592cm™. 1., and |, arereferred asi ntensiti es
of theE andA bands respectlvely Thel g, lg,l
creased Wlth adecreasein thedegree of the c-axisori-
entation of thefilms. Thefilm deposited at 700°Cin
pO,_100 mTorr, indicating that thefilm had no preferred
orientation. Theseresultsarein good agreement with
theresultsreported by Iriyamaet d .19

CONCLUSIONS

Thinfilmsof LiCoO,were prepared by pulsed la-
ser deposition. PLD filmswere found to be uniform
with regard to the surface topography, thicknesses and
well adherent to the substrate surface. The Raman band
located at 592cm® can be viewed as the symmetric
Co-O stretching vibration of CoO, groups. The RS
peak position at 484cm'! derivesfromthe E, Species.
The symmetric motionsinvolve Co-O stretching and
O-Co-0O bending vibrations. The intensity ratio in-
creased withtheincrease of substratetemperature. The
film deposited a 700°C in pO,_100 mTorr, indicating
that thefilm had no preferred orientation. Theseresults
suggest that the open and porous structured LiCoQ,
PLD filmsfind potentid gpplicationsasbinder freeelec-
trodeinthefabrication of dl solid state microbatteries.
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