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ABSTRACT KEYWORDS
The layered transition metal oxide compounds which are composed of LiCoO,;
hexagonal close packed oxygen atoms network with lithium and transition Thinfilms,
metal ionsin an aternating (111) planes, such asLiCoO,, LiNiO,, LiCo Ni Pulsed laser deposition;
O, etc. have been studied extensively as alternate cathode materialsfor low Gas sensor.

power applications. LiCoO, thinfilmshave been widely considered as good
candidatesfor their use as environmental gas sensorsfor detecting pollutant
gases like carbon monoxide, carbon dioxide, hydrocarbons, ammonia and
nitrogen oxides. Thedevice performanceisrelated to the structural properties
and morphologica features of the film, which in turn dependant on the
deposition technique as well as the preparative parameters. Hence in the
present investigation LiCoO, thin films were prepared by pulsed laser
deposition and the gas sensing properties of LiCoO, thin filmswere studied.
When the reducing gas is exposed to the sensing element, it reduces the
resistance of the material, which confirms the typical characteristic of an-

type material. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Advancesinscienceand engineering related tothe
emergingtechnologiesof lithium-ion batterieshavebeen
so spectacular in the past decade that they have be-
comethemost popular power sourcefor portablecom-
puting, battery cars, microdectronics, biomedical im-
plantable devices and telecommunication”. Recently,
thinfilmsof functiona materid sincluding oxideceram-
ics have becomeimportant for usein many eectronic,
photonic, magnetic, ionic, etc., devices. Most of them
have been fabricated through the so-called highly tech-

nical processing routesthat requireahigh consumption
of energy. However, we must consider also total envi-
ronmental |0ad of these processinginadditionto their
capability. Thereisagrowinginterest inthinfilm batter-
ieswith smaller dimension. The cathodeisoneof the
critical componentsof alithium-ion battery and it de-
terminesthe capacity, cyclic performanceand thermal
stability of the battery. Thelayered transition metal ox-
ide compoundswhich are composed of hexagona close
packed oxygen atomsnetwork withlithiumandtrang--
tion metal ionsin an aternating (111) planes, such as
LiCoO,, LiNiO,, LiCoNi, O, etc. havebeenstudied
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extensvey asaternate cathode materid sfor low power
gpplications. Among them, LiCoO, hasfoundlargescde
potentia gpplicationsinthecommercid lithiumion bat-
teries. Also it hasbeen widdy used as cathode materia
dueto advantages of high specific capacity, high oper-
ating voltage, good reversihility, low sdf-dischargeand
long cyclelife. For the cathode materials, LiCoO, is
extensvedy studied and gpplied. Thereasonfor thissuc-
cessisthat Li*ionscanbedeintercaated from LiCoO,
downtoLi, CoO,withavery goodreversibilityanda
high electrochemical potentid, givingriseto batteries
with agood cyclability and ahigh voltage?.

Recently, a number of new approaches for the
preparation of LiCoO,withimproved propertieshave
been developed. LiCoO, thin filmscan be obtained by
varioustechniquessuch asradio frequency (rf) sputter-
ing®¥, pulsed laser deposition (PLD)*9, electrostatic
spray deposition™ and chemical vapour deposition®,
Many effortshave been devoted to investigatethecrys-
tal structureand electrochemical propertiesof LiCoQ,,
Eventhough thetechnology israther expensveandthe
materid ishighlytoxic, lithium cobdtateisgtill themost
widdy used cathode material inlithium-ion batteries.
PLD hasbeenwiddy recognized asavery promising,
versdileand efficient method for thedeposition of metd
oxidethinfilmg¥. PLD isapowerful and flexibletech-
niquefor fabricating s mpleand complex metal oxide
films, and has severa advantagesfor thin film deposi-
tion: (1) Direct stoichiometry transfer fromthetarget to
thegrowingfilm (2) High deposition rate and inherent
samplicity for thegrowth of multilayered structuresand
(3) Dense, textured films can be produced moreeasily
by PLD within situ substrate heating. Inthinfilm depo-
gtion, thesubstratetemperature playstheimportant role
of determining thethermo emf of films. Inthisstudy, we
have deposited LiCoO, thinfilmson silicon substrates
and investigated thethermodynamic propertiesof these
thinfilms.

EXPERIMENTAL

LiCoO, thinfilmswere prepared by pul sed | aser
deposition technique. LiCoO, target was prepared by
sintering a mixture of high purity LiCoO, powders
(Cerac products) by adding Li,O. The mixture was
crushed and pressed at 5 tonns.cm 2 to make tabl ets of
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3 mmthick and 13 mm diameter. To get quite robust
targets, thetabletsweresintered inair at 800°C. The
typical substratesi.e. S waferswerecleaned usngHF
solution. The target was rotated at 10 rotations per
minute with an electric motor to avoid depletion of
material at any given spot. Thelaser used in these ex-
perimentsisthe 248 nm line of aKrF excimer laser
(Luminics PM 882) with 10 ns pulsewith arepetition
rate of 10 Hz. The rectangular spot size of the laser
pulse was 1 x 3 mm? and the energy 300 mJ. The
target substrate distancewas4 cm. Thedepositiontem-
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 controller29,

RESULTSAND DISCUSSION

Thedeposition parameters such as substrate tem-
perature, depositionrate, film— substrate combination,
vacuumduring thefilm depostion etc. greetly influence
the physica and chemica propertiesof theoxidethin
films. Inthe present investigationthinfilmsof LiCoO,
were prepared on Si substrateskeeping al the deposi-
tion parametersfixed except the substratetemperature.
Thedectrica conductance of asemiconducting oxide-
based gas sensor depends on the chemisorbed oxy-
genions, oxygen vacancies and theinterstitial ions.
The target gases change the oxygen balance of the
oxide sensor, leading to a variation in its conduc-
tance. It isbelieved that in most of semiconducting
oxide-based devices, the electrica conductance of
a semiconducting oxide-based gas sensor depends
on the chemisorbed oxygen ions, oxygen vacancies
and theinterstitial ions. Thetarget gases changethe
oxygen balance of the oxide sensor, leading to a
variation inits conductance.

The conductance of the sensor in dry air was
measured by means of conventional circuitary by
applying constant voltage and measuring the current
by picoammeter. The conductance was measured
both in the presence and absence of test gas. Thegas
response (S) isdefined astheratio of changein con-
ductancein gasto air to the original conductancein
ar
S=(G,-G) /G,
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LiCoO, conductometric sensorswere mounted on an
electric heater. Gas response measurements of the
devices were performed in a stainless steel test
chamber made from Teflon, which was sealed in a
quartz lid. The heater was controlled by aregul ated
DC power supply providing different operating tem-
peratures. The total flow rate was kept constant at
100 scem and dry synthetic air was used as the ref-
erence gas. Subsequently, the device was exposed
to sequences of different concentrations of NO, for
severa hours. In the LiCoO, sensor, change in the
oxygen balance of the oxide layer leadsto avaria
tion in its conductance. In the case of an oxidizing
gas (NO,), reactions directly take place on the ox-
ide surface.

LiCoQ, filmswereexposed to different concentra-
tionsof NO, gasat varioustemperatures. The sensor
wasplaced inastainlesssted test chamber. A continu-
ousflow of gas (100 sccm) passesthrough the cham-
ber, which makesthe pressurein thetest chamber to
benearly atmospheric. The desired gas concentration
isobta ned by mixing the appropriateflowsof gasesby
meansof massflow controllers. Thefilmsaregenerdly
heat treated before exposure to different gasses be-
cause it produces contacts between grains, many of
which arebetween grainshaving different crystal struc-
tures. When both the films are exposed to NO, gas,
thedc electrica resstanceof thefilm dramatically in-
creased. SinceLiCoO, isan ntype semiconductor, its
electrica behavior upon exposureof NO, oxidizing gas
can be explained by adecrease of conduction carrier
density. Theamount of oxygenionsavailableonthe
LiCoO, surfaceincreasesat the operating temperature.
Theadsorbing NO, moleculesinteract directly withthe
adsorption sitesat the oxide surface. Thereforethein-
teraction between thefilmand NO, isasfollows;
NO,+ e — NO?* (ad)

The interaction with NO, results in a decrease
in the free electron concentration. The decrease in
free carrier concentration causes arise in the film
resistance. The sensitivity of the prepared LiCoO,
thinfilmsfor various gas concentrations can be cal -
culated from the equation defined asfollows:

S=R,/R
a g
where S is the sensitivity, R is the resistance of a
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Figurel: NO, concentration asafunction of sensitivity

sensor in air medium and R is the resistance of a
sensor in atest gas medium. The calculations were
made by taking the resistance values at the time af -
ter which there was no significant decrease in the
resistance. The results of the sensing experiments
were graphically presented in Figure 1. When the
reducing gas is exposed to the sensing element, it
reduces the resistance of the material, which con-
firmsthetypical characteristic of an-type material.
It isclearly observed that, asthe test gas concentra-
tion was increased the resistance decreased drasti-
caly.

CONCLUSIONS

Gas sensorsbased on metal oxide semiconductors
may beusedinawidevariety of applicationsincluding
gasmonitoring and alarm applications. Assome other
transition metal oxides, LiCoO,showsgood adsorp-
tion of ammonia, carbon oxide, nitric oxidesand hy-
drogen. Itisa so senditive to many organic compounds
such ashydro carbonic and aromatic gases, ethanal,
gasoline, trimethylamine and many others. Chemical
sensorsthat aresmall, portable, cost efficient and able
to detect low concentrations of gases are needed for
thisapplication. LiCoO, filmswereexposed to differ-
ent concentrationsof NO, gasat varioustemperatures
and thesensitivitiesof thefilmswererecorded at vari-
oustemperatures. If asensor exhibitsaspecidizedre-
sponse to one gas only, then it can be used to detect
that gas since there will be no interference by other
gases. Theultimate goal isto create auseful chemi-
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cal gas sensor that can be used to determine the con-
centration of onegasin air at the lowest concentra-
tion possiblebeforeit becomes dangerousto human
hedlth.
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