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ABSTRACT

Thin films of LiCoO, were grown by pulsed laser deposition technique on
silicon substrates. Microstructural properties were studied with respect to
their deposition parameters i.e. substrate temperature (T ), oxygen partial
pressure (pO,) and target composition in the deposition chamber. The atomic
force microscopy (AFM) data demonstrated that the pul sed laser deposited
LiCoO, thin films are homogeneous and uniform with regard to the surface
topography. For the film deposited at 300 °C in oxygen partial pressure of
100 mTorr (prepared from target with 15% Li,0) is composed of roughly
spherical grains of varying sizes and the average grain size is estimated to
be around 80 nm. The grain size increased with the increase of substrate
temperature. SEM results supported the AFM data. The growth of LiCoO,
filmswerestudiedin relation to the deposition parametersfor their effective
utilization as cathode materials in solid state microbattery application.
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INTRODUCTION

Lithiated transition metal oxidessuchasLiMO,
(WhereM = Co, Ni, Mn etc.) haverecelved 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 materia inthefabrication of dl solid state
rechargeable microbatteries?3. Itstheoretical specific
capacity and energy densitiesare 274 mAh/gand 1070
Wh/kg respectively.

Thelayered LiCoO, consistsof aclose packed net-
work of oxygenionswith Li and Coionson dternative

(111) planesof thecubic rocksalt sub-lattice. Theedges
of CoO, octahedra were shared to form CoO, sheets
andlithiumionscan moveintwo-dimensond directions
between CoO, sheets. Thusthelayered LiCoO, hasan
anisotropic sructureandthereby dectrochemicd lithium
ingertion/ extraction behaviour must depend strongly on
the orientation of themicrocrystallites. The growth of
LiCoQ, thinfilmswith preferred orientationisknownto
becrucid. Severd thinfilm depositiontechniquessuch
asRF sputtering4, pulsed laser deposition*®, dectro-
static spray deposition™® and chemical vapour deposi-
tion™* were empl oyed for the growth of LiCoO, thin
films. A brief literature survey revedsthat it isdifficult to
grow stoichometric and stablec - axisoriented LiCoO,
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thinfilmsby severa physica vapour deposition methods
dueto many growth kinetic processeswhich occur in
vacuumor at low oxygen partia pressures.

Pulsed laser deposition (PLD) hasbeenwidely rec-
ognized as avery promising, versatile and efficient
method for the deposition of metal oxidethin filmg™.
When PLD iscarried out inthe 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 substantialy thesame asthebaseor start-
ingmaterid. Preiminary investigationson pul sed laser
deposited LiCoO, thinfilmswere carried out by Julien
etal.®, Iriyamaet d.9 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 phasethin filmsof LiCoO, were
grown by PLD using Nd: YAG laser by Julien et al .[*2,
ThisLiCoO, cathodeactivefilmswerefoundto deliver
aspecific capacity of 195 mC/cm? uminthevoltage
range 2.0-4.2V. Inthe present study the influence of
deposition parameterson the morphologica studiesof
pulsed laser deposited LiCoO, thinfilmswerereported.

EXPERIMENTAL

LiCoO, filmsweregrown by pulsed | aser deposi-
tion technique on silicon substrates maintained at tem-
peraturesin therange 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.cm? to make tablets of 2 mm
thick and 13 mm diameter. To get quiterobust targets,
thetabletsweresintered inair at 800 °C. Thetypica
subgtratesi.e. S waferswerecleaned usng HF solution.
Thetarget wasrotated at 10 rotationsper minutewithan
€lectric motor toavoid depletion of materid at any given
spot. Thelaser usedintheseexperimentsisthe 248 nm
lineof aKrFexcimer laser (LuminicsPM 882) with 10
nspulsewitharepetition rateof 10Hz. Therectangular
spot sizeof thelaser pulsewas 1x3 mm and the energy
300 mJ. Thetarget substrate distancewas 4 cm. The
deposition temperature was maintained with thermo-
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coupleand temperaturecontraller. During thedeposition
pure oxygen wasintroduced into the deposition cham-
ber and desired pressure was maintained with aflow
controller. The surfacetopography wasinvestigated by
atomicforcemicroscopy (AFM) using abench appara
tus(Digita instruments, 3100 series). Thesurfacemor-
phology was d so studied by JEOL 2000.

RESULTSAND DISCUSSION

Pulsed laser deposited LiCoQ, filmsare pin-hole
freeasrevealed from optical microscopy and well ad-
herent to thesubstrate surface. Thethicknessof LiCoO,
filmsis250 nm. Theinfluence of oxygen partia pres-
sure and deposition temperature on the surface mor-
phology of thefilmsissystematicdly sudied. Thechemi-
cal compositional studiesmade on LiCoO, filmsre-
veded that aminimum of 100 mTorr oxygen partid pres-
sureisrequired to grow nearly stoichiometricfilms.

Atomicfor cemicroscopy

Theatomicforcemicroscopy datademonsrated thet
the pulsed | aser deposited LiCoO, thinfilmsarehomo-
geneousand uniform with regard to the surface topog-
raphy and thicknessover anareaof 1 cm? Figure 1(a)
showsthesurfacetopography of LiCoQ, films depos-
ited for puretarget on silicon substrates recorded by
atomic forcemicroscopy at T_= 300 °Cin pO, =100
mTorr. Thesurfaceof thefilmsiscomposed of irregular
grainswith high root mean square surface roughness of
about 18 nm. Theeffect of target composition onthe
film morphol ogy can be seen from themicrographsas
long asthelayer thicknessesaresmilar. TheAFM pic-
ture of LiCoO, thin films deposited at 300 °C in an
oxygen partial pressure of 100 mTorr prepared from
target with 15% Li,O (Figure 1(b)) reveal ed that the
filmiscomposed of roughly spherica grainsof varying
Szesandtheaveragegrain Szeisestimated to bearound
80 nm. Theroot mean square surfaceroughness of the
filmsderived fromAFM datais8 nm. Theindividual
grains are clearly visible and are seem to bein good
contact with each other. Thefilmsexhibit characteristic
open and porous structurewith small grainsat lower
substrate temperature (300 °C). Infact thisisthe ad-
vantage of the PLD where nanocrysta linefilmscan be
grown at lower substrate temperatures compared to
other physical vapour deposition methods. Because of
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the short distance between thetarget and the substrate
inthePLD techniquethefilmsexhibit denselayerswith
smdll grainsat lower substrate temperatures.

Figurel: AFM imagesof (a) thin film deposited from LiCoO,
puretarget, and (b) thin film deposited from LiCoO, tar get
with 15% Li,0.

Theincreaseingrain Szewith depositiontempera:
tureisclearly observed in AFM data and found to be
around 210 nm for thefilmsdeposited at 700 °C (Figure
2(b)) with aroot mean square surfaceroughness of about
15 nm. Thesurfaceroughnessincreasesdueto theran-
domnessof thegraindigribution a higher substratetem-
peratures. Figure 3showsthevariation of grainszewith
theriseintemperature. Themorphological changes, grain
szeenhancement andtheir ditribution characterigticsas
aresult of increase in growth temperature can be ex-
plained onthebasisof thedifferenceinthe mobility of
ablated specieson thesubgtrate surfaceasfollows. When
thelaser beam hitsthetarget theions or moleculesor
atoms of thetarget material areliberated. Theablated
atomic or molecular or ionic speciesimpinging onthe
substrate surface (whichisat higher temperature) ac-
quirealargetherma energy and hencealargemobility.
Thisenhancesthediffusion density of the ablated spe-
cies. Asaresult, thecollison processinitiatesthenucle-
ation and enhancestheidand formationin order to grow
acontinuousfilmwithlarger grains Theseresultsaresuit-
ablefor thefurther utilization of PLD filmsbecausea

fundamental roleintermsof chargetransfer capability
and cyclelifeisplayed by themorphol ogy of thefilms
used ascathodesin lithium microbatteries®.

()
Ts=700C

Figure 2 : AFM images of LiCoO, thin films deposited at
different substratetemper aturesin pO, =100 mTorr.
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Figure3: Variation of grain size of LiCoO, thin filmswith
substratetemper ature.
Scanning electr on micr oscopy

The surface morphological features of pulsed laser
deposited filmsgrown at various substrate tempera-
tureswere also studied by scanning el ectron micros-
copy and theresultsare compared withAFM data.

Scanning e ectron micrographsof pulsed | aser de-
posited LiCoO, filmsgrownin oxygen partia pressure
pO, =100 mTorr on siliconwafersmaintained at 300
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°Cand 700 °C are shown in Figure 4. The SEM mi-
crograph of LiCoOQ, thinfilmgrown at 300 °C exhibits
asmooth surfacewith small roughly sphericd grains.
For thefilmsdeposited at 700 °C the surface morphol -
ogy appearsto bedightly different. Inthiscase, thefilm
displayed asurfaceroughnesswith larger small grains
of irregular shape. It was reported that high the sub-
stratetemperature, thelessporousthelayer™>4, There-
fore, the reaction between LiCoO, and Li,O contrib-
utesto theformation of thisdense morphology. These
resultsarein consistent withtheAFM data

Figure4: SEM images of LiCoO, thin films deposited at
different substratetemperaturesin pO2 =100 mTorr.

CONCLUSION

Thinfilmsof LiCoO, were prepared by pulsedla
ser deposition. Theaomic forcemicroscopy datadem-
onstrated that the pulsed |aser deposited LiCoO, thin
filmsarehomogeneousand uniformwithregard tothe
surfacetopography. For thefilm deposited at 300 °C
inoxygen partid pressureof 100 mTorr (prepared from
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target with 15% L.i,O) iscomposed of roughly spheri-
ca grainsof varying sizesandtheaveragegrainsizeis
estimated to bearound 80 nm. Thegrain sizeincreased
with theincrease of substratetemperatureand for the
film deposited at 700 °C is210 nm. SEM resultsare
compared withtheAFM data. These results suggest
that the open and porous structured LiCoO, PLD films
find potentia applicationsasbinder freeelectrodein
thefabrication of al solid state mi crobatteries.
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