Trade Science Ine.

ISSN : 0974 - 7486 Volume 7 I ssue 2

A Tndéian Yournal

— Pyl Paper

MSAIJ, 7(2), 2011 [136-140]

Effect of doping on the electrochemical performance of LiCoQO,

thin films grown by pulsed laser deposition

M.C.Rao

Department of Physics, AndhraL oyola College, Vijayawada - 520 008, (INDIA)

E-mail: raomc72@gmail.com

Received: 28" July, 2010 ; Accepted: 7" August, 2010

ABSTRACT

LiCoQ, thin films were grown by pulsed laser deposition technique on sili-
con substrates. Two important deposition parameters such as substrate
temperature and oxygen partial pressure during the thin film deposition
were controlled. The electrochemical measurementswere carried out on Li/
ILiCoO, cellswith alithium metal foil asanodeand LiCoO, filmas cathode of
1.5 cm? active area using a Teflon home-made cell hardware. The silicon
substrate was mounted on Ag wire with silver paint and covered by insulat-
ing epoxy leaving only the PLD film asactive area. Electrochemical titration
was made by charging and discharging the cells using the galvanostatic
mode of aMac-Pile single 608 el ectrochemical analyzer systeminthe poten-
tial range between 2.0 and 4.2 V. The Li//LiCoO, cells were tested 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. The el ectrochemical measurements
wereaso carriedout on Li//LiTi Co, O, and Li//LiNi Co, O, cells. TheLi//
LiTi Co, O, cell delivered aspecific capacity of 225 mC/umcnmrandtheLi//
LiNi Co,, O, cell delivered aspecific capacity of 220 mC/umcnv.
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INTRODUCTION

Lithiated transition metal oxidessuchasLiMO,
(WhereM = Co, Ni, Mn etc.) haverecel ved consider-
ableattentionin recent years as high voltage positive
electrode materia sfor usein secondary lithium batter-
ies. Among these, thehigh cycling sability and high cell
potential against lithium makes LiCoO, an atractive
cathode materid inthefabrication of all solid statere-
chargeable microbatteries??. Itstheoretical specific
capacity and energy densitiesare 274 mAh/gand 1070

Whkg respectively. Experimentaly it hasbeen observed
that thematerid deliversonly capacity around 140 mARH/
gdueto Structura considerations.

LiCoO, isconsidered to have high specific density,
high voltage, long cyclelifeand good reversibility for
lithiumintercalation— dei ntercal ation process. Itiseasy
to prepare but its high cost and toxicity remain prob-
lemsto be solved. Intensiveinvestigationshave been
carried out on doped LiCo, M O, oxides (M = Mn,
Cr,Al, Ti, B, Mg, etc.), which show interesting struc-
tural and €l ectrochemical properties®4. Doping with
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non-transition metal s such astitanium hasgained in-
creasing interest for thefollowing reasons. (i) thelow
cost and low toxicity, (i) thefact that titanium substitu-
tionfor transition metal oxidesleadsto higher lithium
intercalation voltages, (iii) thetitanium doping stabilizes
thelayered structure and extends the cyclability and
enhancesthe capability of theelectrochemica cdlls. It
isknown that the €l ectrochemical performanceof the
oxidesislargely governed by the chemica stoichiom-
etry, homogeneity, crystdlinity and sizeof theparticles.
Preparation of titanium doped LiCoO, filmsmay have
advantagesfromapoint of view of fundamenta studies
(becauseitisabinder freematerid withawel-defined
interfacial area) and of the emerging field of
microbatteriesaswell.

Other isostructurd lithiummixed oxides have been
considered for subgtitutionin LiCoO, host material to
reducethematerial cost. Among variouslithium based
mixed oxides, LiNiO, isone of the most significant
materia. Thiscompound hasthe advantages of pre-
senting ahigher specific cgpacity for lithiumcycling, less
toxic and low cost; nevertheless, it isdifficult to pre-
parein the layered structure due to the tendency of
lithium and nickel to disorder, leadingto adeterioration
of their e ectrochemical performance. However, thelay-
ered structure can be stabilized in mixed Co/Ni com-
poundsLiNi Co, O, for nickel contentsuptox =0.8,
resulting inimprovementsin thecyclelifeand rate of
theelectrodes®®. The substitution of nickel by cobalt
inhibitstheformation of Niz‘impuritiesand stabilizesthe
two dimensional character of the structure”. There-
fore, LiNi Co, O, has attracted much attention asa
candidatefor cathode materia

Thelayered LiCoO, consistsof aclose packed net-
work of oxygenionswith Li and Coionson dternative
(1112) planes of the cubic rock - salt sublattice. The
edges of CoO, octahedral were shared to form CoO,
sheetsand lithium ions can movein two-dimensional
directions between CoO, sheets. Thus the layered
LiCoO, hasan anisotropic structure and there by el ec-
trochemicd lithiuminsertion/ extraction behaviour must
depend strongly on the orientation of the micro-crys-
talites. Thegrowth of LiCoQ, thinfilmswith preferred
orientationisknowntobecrucid. Severd thinfilmdepo-
sition techniques such as RF sputtering*¢14, pulsed la-
ser depositiont®121¢l glectrostatic spray deposition”

—= Fyf] Paper

and chemical vapour deposition*#9 were employed
for thegrowth of LiCoO, thinfilms. A brief literature
survey revedsthat it isdifficult to grow stoichiometric
and stablec - axisoriented LiCoO, thinfilmsby severd
physicd vapour deposition methods dueto many growth
kinetic processeswhich occur invacuumor at low oxy-
gen partid pressures.

PLD hasbeenwidely recognized asavery prom-
ISing, versatileand efficient method for the deposition
of metal oxidethinfilmg?, In particular, it hasbeen
successfully employed for thedeposition of smpleand
complex metal oxide materialswith desired composi-
tion, structure, physical and chemicd properties. When
PLD iscarried out in the atmosphere of achemically
reactive gas (aprocessknown as Reactive Pulsed La-
ser Deposition (RPLD)), theflux of thelaser ablated
materid interactswith the gasmoleculesdl aongthe
transit from the target to the collector surface. The
resulting deposited layer wasfound to have achemi-
cal composition substantially the same asthe base or
garting materid . Another chief advantageis, PLD films
crystdlizeat relatively low deposition temperaturesthan
the other physica vapour deposited films. In addition,
PLD isenvironmentally friendly. Poly-crystallinelay-
ered R3m phasethinfilmsof LiCoO, weregrown by
PLD by Julien et al.[1. ThisLiCoO, cathode active
filmswerefound to deliver aspecific capacity of 195
mC/um cm?inthevoltagerange2.0- 4.2 V. Xiaet
al 14 prepared LiCoO, thin films by pul sed laser depo-
stionon PYTi/SIO,/Si (Pt) andAWMgO/Si (Au) sub-
strates, respectively. However theinvestigationson
the microstructural features of LiCoO, filmsthat are
essentially depend uponthe deposition parametersgive
ascopefor effective utilization of thesethinfilmsinthe
fabrication of microbatteries. Hencein the present
study theinfluence of deposition parameterson the
electrochemical propertiesof pulsed |aser deposited
LiCoO,, Li//LiTi Co, O, andLi//LiNi Co, O, thin
filmswerereported.

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
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LiCoO, and Li,0O powders (Cerac products) with ex-
cessof Lii.e Li/Co> 1.0by adding Li,O. Themixture
was crushed and pressed at 5 tonns.cm? to make tab-
letsof 3 mm thick and 13 mm diameter. To get quite
robust targets, the tabletswere sintered in air at 800
°C. Thetypica substratesi.e. Si waferswere cleaned
using HF solution. Thetarget wasrotated at 10 rota-
tions per minutewith an e ectric motor to avoid deple-
tion of material at any given spot. Thelaser usedin
these experimentsisthe 248 nmline of aKrF excimer
laser (Luminics PM 882) with 10 nspulsewith arep-
etition rate of 10 Hz. Therectangular spot size of the
laser pulsewas 1x3 mm and the energy 300 mJ. The
target substrate distancewas4 cm. The depositiontem-
perature was maintai ned with thermocouple and tem-
perature controller. During the deposition pure oxygen
was introduced into the deposition chamber and de-
sired pressurewas maintained with aflow controller.

Thed ectrochemica measurementswerecarried out
onLi//LiCoO, cellswith alithium metal foil asanode
and LiCoO, film ascathode of 1.5 cm? active areaus-
ingaTeflon home-madecdl hardware. Thesilicon sub-
strate was mounted on Ag wirewith silver paint and
covered by insulating epoxy leavingonly the PLD film
asactivearea. Theelectrolyteconsstedof 1M LiCIO,
dissolvedin propylenecarbonate. Electrochemical ti-
tration wasmade by charging and discharging thecells
using thega vanostatic mode of aMac-Pilesingle 608
electrochemical andyzer sysseminthepotentia range
between 2.0and 4.2 V. Quas opencircuit voltage pro-
fileswererecorded using current pulsesof 5 uA cm?
supplied for 1 hfollowed by ardaxation period of 0.5
h. Electrochemical potentia spectroscopy (ECPS) was
performed using 5mV potentia steps.

RESULTSAND DISCUSSION

Pulsed | aser deposited LiCoO, filmsarepin-holefree
asrevealed from optical microscopy and well adherent
tothesubstratesurface. Thethicknessof LiCoO, filmsis
250 nm. Theinfluenceof oxygenpartia pressure (pO,)
and deposition temperature(Ts) on thedectrochemicd
propertiesof thefilmsare systematically sudied. The
chemica compositiond studiesmadeon LiCoO, films
revea ed that aminimum of 100 mTorr oxygen partia
pressureisrequiredto grow nearly soichiometricfilms.

Thedectrochemica meassurementswerecarried out
on Li//LiCoO, cellswithalithium meta foil asanode
and LiCoQ, film as cathode of 1.5 cm? active area.
Typical chargedischarge curvesof Li//LiCoO,cells
using pulsed laser deposited film grown a substratetem-
perature 700 °C in an oxygen partial pressure of 100
mTorr areshownin Figure 1. Electrochemical mea-
surements were carried out at arate of C/100 in the
potential range2.0- 4.2V; assuch, thevoltageprofile
should provideaclose approximation to the open cir-
cuit voltage (OCV). From thed ectrochemicd festures,
we may make some genera remarksthat are (1) an
initial voltageabout 2.15V versusLi/Li*wasmessured
for LiCoO, thin film cathode cells, whichislower to
that recordedin thegd vanic cdll using crystaline cath-
ode, (2) thecdl voltage profilesdisplay thetypica pro-
filecurrently observed for Li CoO, cathodes, (3) the
cdl voltageisafunction of thestructural arrangementin
thefilm and thus depends on the substrate deposition
temperature. These potentid sdightly increased for films
grown at high substratetemperature.
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Figurel: Charge-dischargeprofileof Li//LiCoO,cell.

Theseresults suggest that about 0.5 Li canbere-
moved a chargepotential upto4.2V. ThePLD LiCoO,
film grown at substrate temperature 700 °C hasinter-
esting electrochemica propertiesfor the microbattery
gpplication. Inthehighvoltageregion, suchacdl ddiv-
ersaspecific cgpacity of 205 mC/cm?pumi?Y, Thisvalue
could be compared with the theoretical specific capac-
ity of aLiCoQ, film 420 mC/cm? um (116 u Ah/cm?
um) assuming density of 4.28 g cmr® and atheoretical
gravimetric capacity 273 mAh g'for atota extraction
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of Li* ionsfromthehost matrix.

Thed ectrochemica measurementswerecarried out
onLi/LiTi Co, O, cdlswithlithiummetd foil asanode
and aLiTi Co, O, filmascathode of 1.5 cnm active
area. Electrochemical titration was made by charging
and discharging the cellsusing the ga vanostatic mode
of aMac-Pilesysteminthepotentia range between 2.0
and 4.2 V. Figure 2 showsthe charge discharge curves
of Li//LiTi,.Co, O, thinfilm cells. Electrochemical
measurementswere carried out at arate of C/100inthe
potential range2.6-4.2V; assuch, thevoltage profile
should prove aclose approximation to the open circuit
voltage (OCV). Theinitid open-circuit voltageof the
filmis2.7V anditiscycled between 2.6 and4.2V. The
voltageplateau a 3.65V inthechargecurveof LiCoO,
isduetothe semiconductor metal liketransition of the
LiCoO, framework. Thevoltageplateau at 3.65V in
the charge curve of LiCoO, disappearsin the charge
curveof LiTi  .Co, O, thisisthenet result of thedop-
ing affect which cancel sthe semiconductor-metal like
trangition of theLiCoO, framework. Ontheother hand,
thepractical capacity for theLi//LiTi, Co O, cellis
larger than for the Li//LiCoO, cell becausethedlight
lower averaged potentia allowsfor deeper chargeca

pacity inthe same potentia window.
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Figure2: Charge-dischargeprofileof Li//LiTi Co, O, cell.

Cong dering theexperimentd error, theseresultssug-
gest that about 0.5 Li can beremoved a charge poten-
tial upto4.2V. ThePLD LiTi, .Co, O, filmgrownat
700 °C hasinteresting electrochemical propertiesfor
the mi crobattery application. Inthehighvoltageregion,
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suchacell delivered aspecific capacity of 225 mC/um
cm?. The capacitiesare observed to beretained even
after 10 cycles. Thisresult isinteresting in view of the
fact that we have obtained higher capacitiesfor thetita-
nium doped LiCoO, filmsthan as deposited LiCoO,
thin films. Thus titanium doped LiCoO, materials
emerged asanimproved active materia for commer-
cia useinlithium based batteries.
Fgure3showsthetypica charge— dischargecurves
of Li//LiNi_ Co, O, cellsusing pulsed |aser deposited
film grown at temperature 700 °C in an oxygen partial
pressureof 100 mTorr. Electrochemical titration was
made by charging and discharging the cellsusing the
ga vanostatic mode of aMac-Pile system at arate of
C/100inthe potentia rangebetween2.5and 4.1V, as
such, thevoltage profile should provideacl ose gpproxi-
mation to the open-circuit voltage (OCV). Theinitia
open circuit voltageof thefilmis2.5V anditiscycled
between4.1and 2.4 V. Thevoltageplateau at 3.65V
inthechargecurveof LiCoO, disappearsinthecharge
curveof LiNi ,Co, O, thisisthenet result of thedop-
ing effect which cancel sthe semiconductor-metal like
trangtion of theLiCoO, framework. Thisismainly due
to the presence of Ni®* ions, which are preferentially
oxidized to Ni* before cobalt in Ni-substituted com-
pounds?. Thus, at low degree of Li extraction, the
electrochemical featuresresemblethoseof Li NiO, with
astabilization of the 2D framework. Consequently, the
charge-discharge profileshaveaLiNiO,—likecharac-
ter without the disadvantages of themultiple-phasesys-
tem exhibited by this compound. The LiNi ,Co, O
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cell delivered aspecific capacity of 220 mC/pum cm?.

.5
v [=2=2-0- 22 Charge
E sasnsn discharge
5 4O0F
%)
-
b o
E 3’5 ..._.~.-:= ey e
E’ )
-6' b
) i -
;'n' 3 Di_ { Llle ‘301_x02
=
2-5 ' | l r

o} 50 100 150 200 250

Capacity (mC/umem?)
Figure3: Charge-dischargeprofileof Li//LiNi Co, O, cell.
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CONCLUSIONS

LiCoO, thin filmswere prepared by pul sed | aser
deposition. Thefilmswerefound to be uniform with
regard to the surface topography and well adherent to
thesubstrate surface. TheLi//LiCoO, cellsweretested
inthepotentia range2.6—4.2'V. Specific capacity as
high as 205 mC/cm? pm was measured for the film
grown at 700 °C . Theelectrochemica measurements
were aso carried out on Li//LiTi Co, O, and Li//
LiNi Co, O, cells. TheLi//LiTi Co, O, cell delivered
a specific capacity of 225 mC/um cm?and the Li//
LiNi Co, O, cell delivered aspecific capacity of 220
mC/um cm?, These results suggest that the open and
porousstructured LiCoO, PLD filmsfind potentia ap-
plications asbinder free electrodein thefabrication of
all solid statemicrobatteries.
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