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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. The
composition of the experimental films was analyzed using X-ray photo-
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electron spectroscopy (XPS). The binding energy peaks of Co(2p,,,) and
Co(2p,,,) areobserved at 779.3eV and 794.4eV which can beattributed to the
Co®* bonding state of LiCoO,. The corelevel binding energy peak positions
observed from XPS data and the estimated Li/Co ratio of the LiCoO, films
deposited in an oxygen partia pressure of 100 mTorr and in the substrate
temperature range 300-700°C indicated that thefilmsarenearly stiochiometric.
The FTIR displayed the characteristic IR dominant bandsat 250 and 554cn?

for LiCoO,, © 2010 Trade Sciencelnc. - INDIA

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 densities are 274mAh/g and
1070Wh/kg respectively.

Thelayered LiCoO, consistsof aclose packed net-
work of oxygenionswith Li and Coionson dternative
(1112) planesof the cubic rocksalt sub-lattice. Theedges
of CoO, 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-

cd lithiuminsertion/ extraction behaviour must depend
strongly on the orientation of themicrocrystalites. The
growth of LiCoO, thinfilmswith preferred orientation
isknowntobecrucia. Severd thinfilm depostiontech-
niques such as RF sputtering>4, pul sed laser deposi-
tion“®l, eectrostatic spray deposition® and chemical
vapour deposition’*? were employed for the growth of
LiCoO, thinfilms A brief literaturesurvey revedsthat it
isdifficult to grow stoichometric and stablec-axisori-
ented LiCoO, thin films by severa physical vapour
deposition methods due to many growth kinetic pro-
cesseswhich occur invacuumor at low oxygen partia
pressures.

Pulsed laser deposition (PLD) hasbeenwidely rec-
ognized as avery promising, versatile and efficient
method for the deposition of metal oxidethinfilmg*y,
When PLD iscarried out in the atmaosphereof achemi-
caly reactive gas (aprocessknown asreactive pul sed
laser deposition (RPLD)), theflux of thelaser ablated
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Figurel: The XPSbinding energy corelevelsof (a) Li (1s) (b) O (1s) (c) Co(2p,,) and Co(2p,,,)

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 pul sed laser
deposited LiCoO, thinfilmswere carried out by Julien
etal.®, Iriyamaet d.19 and studied the el ectrochemical
performance. They observed that thereectivity insingle-
phaseregion at potentialsmore positivethan 4.0V was
lower than that of randomly oriented films. Poly-crys-
talinelayered rR3m 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 parametersonthe Compositiona and FTIR
studiesof pulsed |aser deposited LiCoO, thinfilmswere
reported.

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 > 1.0 by adding Li,O. The mixture was
crushed and pressed at 5 tonns.cm to make tabl ets of
3 mmthick and 13 mm diameter. To get quite robust
targets, thetabletsweresinteredinair at 800°C. The
typical substratesi.e. S waferswerecleaned usng HF
solution. The target was rotated at 10 rotations per
minutewith an € ectric motor to avoid depletion of ma-
teria at any given spot. Thelaser used in these experi-

mentsisthe248nmlineof aKrFexcimer laser (Luminics
PM 882) with 10 ns pulsewith arepetition rate of 10
Hz. The rectangular spot size of the laser pulse was
1x3 mm and the energy 300mJ. Thetarget substrate
distance was 4 cm. The deposition temperature was
maintai ned with thermocoupl e and temperature con-
troller. During the deposition pure oxygen wasintro-
duced into the deposition chamber and desired pres-
surewasmaintained with aflow controller.
Thecompogtion of theexperimentd filmswasana
lyzed using X -ray photoel ectron spectroscopy. X-ray
photoel ectron spectroscopy isa so known aselectron
spectroscopy for chemica andysis(ESCA) isaccom-
plished by irradiating asamplewith monoenergetic soft
X-raysand analyzing the energy of the emitted el ec-
trons. Mg K X-rays (1253.6eV) or Al K_X-rays
(1486.6€V) are ordinarily used. These photons have
limited penetrating power in solid. They interact with
atomsinthissurfaceregion causing e ectron emission
as per the photoel ectric effect. Theemitted electrons
havekinetic energiesgiven by therelation,
KE=hv-BE-q¢_ (@]
wherehv istheenergy of the photon, BE isthebinding
energy of theatomic orbital from which theelectron
originates, andq ¢Spthework function of the spectrom-
eter. Thekinetic energy of the escaping photoel ectrons
limitsthe depth fromwhich it can emerge, giving XPS
ashigh surface sensitivity with sampling depth of afew
nanometers. Photoel ectronsare collected and andyzed
by theinstrument to produce aspectrum of emission
intengity versusel ectron binding energy. Sinceeach e -
ement hasauniqueset of binding energies, XPScanbe
used to identify the elementson the surface. Also, peak
areasat nominal binding energiescan beused to quan-

e, P pterioly Science

Hn Tndéan g%wumé



140

Compositional studies on laser ablated LiCoO, thin films

MSAIJ, 6(2) June 2010

Full Poper =

ol |

|
U‘va[-»

Absorbance units

I |
u-%[i || U KR |
100 200 300 400 500
Wavenumber(cm ')
Figure2: FTIR spectraof LiCoO, deposited at 700°Cin pO,
=100mTorr.

tify concentration of theelements. Small shiftsinthese
binding energies(Chemicd shifts) provide powerful in-
formation about sample chemica statesand short range
chemidry.

FTIR absorption spectrawere recorded at room
temperature using aBrucker IFS 113v interferometer.
Inthe study region (100-1200cmt), the spectrometer
was equipped with a 3.5um-thick beam splitter, a
globar source, and aDTGS/PE far -infrared detector.
Samples were ground to fine powders painted onto
polyethylened abs. Datawerecollectedintransmission
mode at a spectral resolution of 2cm™ after several
scans.
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RESULTSAND DISCUSSION

Pulsed laser deposited LiCoO, filmsare pin-hole
free asreved ed from optical microscopy and well ad-
herent to thesubstrate surface. Thethicknessof LiCoQO,
filmsis250nm. Theinfluence of oxygen partia pres-
sure (pO,) and deposition temperature (Ts) on the
Raman studiesof thefilms are systematically studied.
Thechemical compositional studiesmadeonLiCoO,
filmsreved ed that aminimum of 200mTorr oxygen par-
tial pressureisrequired to grow nearly stoichiometric
films

A typical X- ray photoel ectron spectraof LiCoO,
thinfilmsdeposited at 700°C andin an oxygen partia
pressureof 100mTorrisshowninfigurel. Thebinding
energy peak position of lithium, cobalt and oxygen are
evidencedinthe X PS spectra. Thereisnosign of broad-
ening or splitting of the peaks. Thebinding energy pesks
of Co(2p,,) and Co(2p,,,) are observed at 779.3eV
and 794.4eV which can beattributed to the Co* bond-

ing stateof LiCoO,and arein good agreement withthe
previousresults*®. Theenergy separation (AE) of the
spinorbit splitting of Cobalt 2p levelsis15.1eV. The
bindingenergy of lithiumisat 54.0eV indicating that the
lithium atomsarein an octahedral environment of oxy-
gen atoms. The oxygen O(1s) corelevel wasobserved
at 530.5eV. TheLi/Coratio estimated from ICP-AES
datafor thesefilmsisfoundtobe1:1. Theintensity of
corelevel binding energy peak of Co(2p) decreased
for thefilmsdeposited at |ower substratetemperatures.
However the peak positions are observedto besimilar
except the broadening of the binding energy peaks.
Theseresultsindicated that thereisno severevariation
inthe composition of thefilmsdeposited in thetem-
perature range 300-700°C.

The composition of filmswasfound to beastrong
function of oxygen partid pressure. A shiftin Co(2p,,)
towards higher energy value was observed with are-
ductionintheenergy separation (AE) of spinorbit split-
ting of Co(2p) levelswasobserved for thefilmsformed
at lower oxygen partial pressures (< 100mTorr). The
oxygento cobalt ratio for thefilms deposited at |ower
oxygen partial pressures decreased and found to be
1.76 for thefilmsformed at an oxygen partia pressure
of 50mTorr. The corelevel binding energy peak posi-
tionsobserved from XPSdataand theestimated Li/Co
ratio of the LiCoOQ, filmsdeposited in an oxygen partia
pressureof 100mTorr and inthe substratetemperature
range 300-700°C indicated that the films are nearly
diochiometric.

Experimental FTIR spectraof LiCoO, thinfilms
have been recorded at various stages of pulsed laser
deposition. LiCoO, possesses the R3m space group,
D®,, spectroscopic symmetry. According to theresults
of thetheoretica factor-group anayss, four modesare
active in the infrared spectrum (2A,, & 2E ) of the
LiCoO, crystal*4. The FTIR spectrum of LiCoO, thin
filmsdeposited on silicon substrate maintained at tem-
perature 700°C in an oxygen partial pressure pO,=
100mTorr displayed the characteristic IR dominant
bandsat 250 and 554 cm ' for LiCoO,. Theformer is
attributed to the asymmetric stretching mode of theoc-
tahedrd LiO,units, whilethelatter isdueto theasym-
metric stretching vibration of CoO, groups. FTIR fea-
turesin good agreement with el ementd andysis.
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CONCLUSIONS

Thinfilmsof LiCoO,wereprepared by pulsed la-
ser deposition. PLD filmswerefound to be uniform
with regard to the surface topography, thicknesses and
well adherent to the substrate surface. Thebinding en-
ergy peaksof Co(2p,,,) and Co(2p, ,) areobserved at
779.3eV and 794.4eV which can beattributed to the
Co** bonding stateof LiCoO,. Thecorelevel binding
energy peak positions observed from XPS data and
theestimated Li/Coratio of theLiCoO, filmsdeposited
in an oxygen partia pressure of 100mTorr and in the
substrate temperature range 300- 700°C indicated that
thefilmsarenearly stiochiometric. The FTIR displayed
the characteristic IR dominant bandsat 250 and 554cm®
for LiCoO,. Theseresults suggest that the open and
porousstructured LiCoO, PLD filmsfind potential ap-
plications asbinder free electrodein thefabrication of
all solid statemicrobatteries.
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