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ABSTRACT

CdSe is an important compound semiconducting material for the devel op-
ment of various applicationsin solid state devices such as solar cells, high
efficiency thin film transistors. In recent years mgjor attention has been
given to the investigation of structural and electrical properties for the im-
provement of performance of such devices and its applicationd¥. We pre-

KEYWORDS

n-type CdSe;
Grainsize
Resistivity;
Hall mohility;
Carrier concentration.

pared n-type CdSe thin films on glass substrate using cadmium selenide
material with various composition of Cd (99.999%) and Se (99.999%) by
electron beam evaporation technique under vacuum 10° torr in vacuum
coating unit, keep substrates at room temperature and studied the effect of
composition ratio of cadmium & selenium on thin films and evaluate the
grainsize, resistivity, hall mobility and carrier concentrationin n-type CdSe

thinfilms. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Among chal cogenide semiconductorsli-VI group
compound semiconductors have drawn interest of
many researchers because they found many applica-
tionsin solid state physics?. 11-V1 compound semi-
conductors having band gap between therange of 1
to 3 eV invisibleregion and these semiconducting
materialsare useworld widein opto-electronics de-
vices. Cadmium selenide (CdSe) thin filmshaslong
popular inthefield of opto-el ectronicsbecause of its
direct band gap!¥. CdSe, along with some additives
init, froman application point of view important class
of compound semiconducting materials, which find
applicablein production of in low cost devices such

aslight emitting diode, solar cells, photo detectors,
laser gas sensors, thin film transistorsand gammaray
detectorsetc®. Cadmium selenidethinfilmshave been
prepared by using different methods such aselectron
deposition, molecular beam epitaxy, spray pyrolysis,
successiveion layer adsorption and reaction methods
etc. Among these methods the el ectron beam evapo-
ration method isfound to beinterested for the prepa-
ration of high purity and good semi-conduction thin
filmgY. The propertiesof thin filmsprepared by el ec-
tron beam evaporation method critically depend on
various preparative parameters such as a substrate
temperature, vacuum and composition ratio etc.
Inthisinvestigation CdSethin filmswere prepared
by d ectron beam evaporationtechniquewithvariouscom-
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position ratio of Cd/ Se and studiestheeffects of com-
positionratio onstructura and dectrica properties.

EXPERIMENTAL

Substratecleaning

Thesubstrate cleaning play animportant roleinthe
depogtionof thinfilm, commercidly availableglassdide
with sizeof (75mmx25mmx1mm) washed using de-
tergent, chromic acid and finally washed with double
digtilledwater inultrasonic cleaner anddry at 150°Cin
oven.

Deposition of thin films

Thedartingmeateria with compodtion of high purity
cadmium (99.999%) and sel enium (99.999%) prepared
by usingformulaCd,_Se (where, x variesform0.24to
0.40) of finite compaosition under dry powder reactionin
vacuum 107 torr bel ow melting temperature. Filmsare
deposited on glass substrate by € ectron beam evapora
tion using graphitecruciblein vacuum coating unit (Hind
Hivac model -12A4) invacuum (~10°torr).
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Characterization of theCdSethin films

The CdSethinfilmsweredectricaly characterized
by four probe resistivity measurement setup designed
by Scientific Equipment and Services-Roorkee (UK),
Hall mobility measured using Hall setup and structural
property measured with the help of X-ray diffractometer
designed by PhilipsAnalytical (Germany, model PW
3710).

RESULT AND DISCUSSION

Sructural properties

Thetypica X-ray diffraction pattern of n-type CdSe
thinfilmsarerecorded by diffractometer and givenin
figure1tob.

Thegrainsize ‘D’ of the film was calculated from
the Debye Scherrer’s formula from the full width at half
maxima(FWHM) of the X -ray diffraction pattern shown
infigurel-54.

D =0.94)\ B cosO
where, D = Grainsize, A= wave length (=1.5404A) of
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TABLE1 TABLE?2
: ] a° . Hall AT
Composition Grain Size ‘D’ (A) for Planes S o Hall Carrier iy Resistivity
S.No. ratio (100) (002) 400 300 NO_ComposnonThmkne& cotseffu:lent concentrastlon (cméivolt p (Q-cm)
plane plane ( ) ( ) (m*/colam)  (per m°) se0) at RT
1 Cd.50S€0.40 20717 4.0336 3.9932 6.3385 1 CdoeoSeoso  5SKA 258x10%  2.422x102 1232 20.93x1072
2 CdpesSevzs 20602  4.0118  ----- 6.2311 2 CloesSeozs 5kA  318x10°  1.965x10” 1215 26.16x10”
3 Cdo.6sSe02 20319 39269 3.8121 5.9295 3 CdoesSensz 5kA  351x10%  1.780x10% 724 48.46x107
4 Cdo72Sep2s 19723 37579 3.6948 5.8354 4 Cdo7Seozs SkA  381x10*  1640x107 663  57.46x107
5 Cdo.765€0.24 1.9361 3.7109 35024 5.5702 5 CdozeSepza  5KA 3.97x10*  1574x10% 679  58.45x102
used X-ray, = Full width half maxima, 6 =Diffracted proportionalytograinsize®.
angle

From TABLE 1 wefound that themaximum orien-
tation of particlein each samplealong (100),(002),
(300) planesand grain size according to each planes
decreaseswithincreaseof theamount of cadmium. This
causes occursdueto presence of highly agloramation
effect becausethediameter of particlelessthan Rb (bore
excitation (211.1 nm) radious and hencethe particles
aremorea ogomorated by increasethe quantity of cad-
mium in composition and correspondingly decreases.
Thusgrain size decreases and hence correspondingly
itsconductivity decreases because conductivity directly

Electrical properties

Themeasurementsof dectrica resstivity and con-
ductivity of the sample using a standard four probe
method. Themethod isthe most widdy used technique
for electrical profile measurement of materidsand has
been proven to be aconvenient tool for theresistivity
measurement. A four probe measurement isperformed
by making four electrical contactsto asamplesurface.
Two of the probes are used as source current and re-
maining other two probesare used to measure voltage.
The advantage of the use probeisto eiminate the oc-
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currenceof errorsin dueto theproberes stance, spread-
ing resistance under each probe and the contact resis-
tance between each metd probeand materid. Thedec-
trica resstivity ‘p’ isevauated by loading adirect cur-
rent ‘I’ through the outer pair of probes and measuring
thevoltagedrop ‘V’ between the inner pair of probes
which arepositioned at adistance of S=0.2cmusing
thefollowing equation,

p=VXx2IS/(IxG,(W/s))

where G, (w/s) =2S/wlog 2, w =thicknessof thefilm,
p=resistivity.

Figure 6, 7 and 8 shows that resistivity increase
withincreasing of Cd/Seratio. Filmsarein semi-con-
ducting nature becausetheres stivity decreasesaccord-
ingtotemperature. All filmsare of n-type asconfirmed
by Hall effect data. In TABLE 2 showsthecarrier con-
centration decreasewith increase the Cd/Seratio and
samenature show in caseof hdl mobility. Theagglom-
eration effectsgivesriseto larger absorption edge blue
shift and thisexplainsthediscrepancy inthecrystalite
sizeasmeasured from X RD measurements®.

Hall coefficient (R,,) =(V,,xw) /(I xB)

Carrier concentration (n) =1/(R,, xQq)

Hall mobility () =R, /p

whereV  isHall Voltage, | = Constant current in x
direction, B, = Constant magneticfieldinzdirection, p
=Resdivity of thefilm.

CONCLUSION

Insummary the effect of compoasition ratio of cad-
mium & sdenium (Cd/Se) onthestructura and el ectri-
cal propertiesof the e ectron beam evaporated CdSe
thinfilmswasinvestigated. Thegrainszedecreasesfrom
2.07171t01.9361for (100) plane, 4.0336t0 3.7109
for (00 2) plane, 6.3385t0 5.5702 for (30 0) plane,
3.99321t0 3.5024 for (4 0 0) planeand theresistivity
increasefrom 20.93x102t0 58.45x 102 ohmscmwith
dightly increase 0.60 to 0.76 cadmium amount of the
composition at room temperature and charge concen-
tration decreasefrom 2.422x10%to 1.574x 10%per m?.
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