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ABSTRACT

Zinc selenide (ZnSe) thin films have been deposited using chemical bath
deposition method (CBD) on glass substrate at 70°C. The deposition
parameter of ZnSethin filmisinterpreted in the present investigation. The
as-deposited films were annealed in air for 1h. The prepared films were
characterization by X- ray diffraction (XRD), UV-visspectroscopy and dc-
electrical measurements. XRD study revealed that the ZnSe thin films are
polycrystalline in nature and have a cubic (zinc blend) structure. The
structural parameters such as particle size (D), strain (¢) and dislocation
density (8) valuesin thefilmswere calculated. The average grain sizeisin
the range of (10-30 nm). The values of optical direct energy gap E, have
been determined from the absorption spectra. The energy gaps of thefilms
werefoundto lieintherange between (2.72- 2.82 €V). Temperatureresigtivity
measured in the range (300-560 K) showed a change in conduction
mechanism at (350 K). The room temperature el ectrical resistivity isinthe
order of 10°Q.cm. Thus prepared ZnSe thin films can be used as awindow
layer in solar cellsdueitswide direct band gap and high electrical resistivity
properties. © 2014 Trade Sciencelnc. - INDIA
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Semiconductor nanocrystasare of ever-increasing
research interest, dueto the unique optical properties
demongtrated by those quantum-confined nanoparticles
such asquantum dots (0 diminutions), wires (1diminu-
tion) and sheets (2di minution)™. Among various semi-
conductor nanoparticles, Zinc sdenide (ZnSe), mostim-
portant (II-VI) group of semiconductors, have attracted
considerabl e attention because of their novel physica
properties such as, wide-band gap (2.7), higher lumi-
nescent efficiency, |ow absorption coefficient and excd -

lent transparency toinfrared range, soit hasconsidered
asaprospectivematerid for thefabrication of optodec-
tronic devices, such asblue-green laser diodes!?. Be-
sides, ZnSealso has potentia applicationin optically
controlled switching dueto its giant photo resistivityt.
ZnSe synthesized by several methods such as, micro-
wave-irradiation, sol gel®, hydrothermal®®, vacuum
deposition techniqué?, successiveionic layer adsorp-
tion and reaction (SILAR)®, electrodeposited® and
chemical bath deposition*®. Among these methods
(CBD) has greater advantagesthan othersfor several
reasons, (CBD) isquiet Smple, low cost, amplicity, itis
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oneof themoreversatiletechniquesfor thinfilmsgrowth,
itisquite gppropriated for largeareadeposition, which
can bevery convenient for large scalesolar cell fabrica
tionand it isproduces homogeneousand high-quality
thinfilms. The propertiesof thin filmsdeposited by
(CBD) technique can be controlled by several param-
eterssuch asPH of the solution, temperature and time
deposition. Inthe present work wedescribethe deposi-
tion of ZnSefilmsontotheglasssubstratefrom aqueous
dkainemediumusing sdenoureaasasdenideionsource.
Theprepardtion parameterssuch asconcentration of Zr?
and Se* ion source, deposition timeand PH have been
optimizedin order to obtain good quality ZnSefilms.
TheZnSefilmscharacterizationinduding structurd, op-
tical and dectrica properties. In order tostudy theinflu-
enceof annedling on thefilm properties, theZnSefilms
wereanneded at 100, 200, 300 and 400X Cinair at-
mospherefor 1h.

EXPERIMENTAL

TheZnSethinfilmsweredepositiononcommercid
glassdides (2.5x7.5x2 cm?) by the (CBD) technique
using the procedure described previoudy!* at tempera
tureof 70°C and with deposition time of 30 minute. The
glassdidesweredeaned with sogp and, dried, degreased
with ethanal in ultrasonic cleaner and kept immersedin
digtilled water prior to thedeposition. Thecleaned glass
substrateswere clamped vertically with plastic clamps
and kept immersedinastirred solution for 30 minute.
Thedeposition of ZnSeon glass substrateisbased on
dow rdeaseof Zn"2and Seionsinasolutionwhichthen
condenses onto the substrate. For thisZn salt zinc ac-
etate[(CH,COOQ) ,Zn] with asuitablecomplexing agent
(ammoniaNH,) is used as a Zn*? source and
selenosulphate(Na,SeSO,) asaSe™sourceinakaline
medium (pH=11). Chemicasused for thedeposition of
ZnSe thin films were Zinc acetate, sodium sulphate
(Na,So,), sdenium metd , anmoniasol ution (25%), so-
dium Hydroxide (NaOH) and hydrazinehydrate (NH,,
2H,0).All chemicalsused wereA .R. Grade, supplied
by Oxford Laboratory of Mumbai (India). The0.25mol/
L sodium sel enosul phate (Na,SeS0,) solutionswere
prepared by refluxing sl enium powder (2.5g) with so-
dium sulphate (7.5g) in (100 ml) distilled water for 8
hoursat70°C. The mixture remained under constant stir-
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ring throughout reflux process. Selenosulphateis pro-
duced according to following equation:
Na,SO,+ Se— Na,SeSO, (@)
Threedifferent starting chemica bathswereprepared
S1, S2 and S3 with different concentration of zinc ac-
etate. Where S1 (0.25 mol/L Zinc acetate, 0.25 mol/L
sodium sdenosulphate), S2 (0.3 mol/L Zincacetate, 0.25
mol/L sodium selenosul phate and S3 (0.4 mol/L Zinc
acetate, 0.25 mol/L sodium selenosulphate). To prepare
sample S1, solutiona25ml of 0.25M zinc acetate solu-
tion wastaken in abeaker of 200 ml capacity then add-
ing 1 ml of hydrazine hydrate (80%) under aconstant
dtirring. Tothissolution, under congtant stirring, asuffi-
cient amount of ammoniasol ution (25%) wasadded to
dissolvetheturbidity of the solution. ThepH 11 of their
sultan sol ution was adj usted by adding sodium hydrox-
ide (1 M) solution. Then thereactant vessd waskeptin
aconstant temperature water bath. When appropriate
temperatureof 70°Cwasreached, sodium sdenosulphate
(0.25 M, 25 ml) solution was added to the bath and
glassessubgtrateswere kept verticaly inthe bath. After
the deposition the sampleswereremoved fromthebath
and washed in distilled water until heterogeneitiesare
removed. Thenthey weredriedinair. Optica properties
of chemical bath deposited ZnSethinfilmsweremea
sured at room temperature by using UV-V IS spectro-
photometer Cary 50 Cm-Exlenainthewavelengthrange
of (300-800 nm). Thefilm thicknesswas determined
gravimetricaly by measuring thechangeinweight of the
substratedueto film deposition, theareaof deposition
and usingtheknown density of ZnSe. Thevauesof films
thicknessare0.608, 0.62 and 0.635 pum for S1, S2 and
S3respectively. X-ray diffraction study of ZnSethinfilms
were carried out with CuK o radiation (A= 1.5405A)
using Philips pw 1710 diffract meter in therange of the
diffraction angle’5° - 80°. The electrical resistivity of the
filmswasmeasured by the van der paw techniques. For
thispurposesiver paint dectrodesof (2mm) lengthet (2
mm) separation were painted of the samplesinacopla
nar configuration. All filmswereannededinair for 1h.

RESULTSAND DISCUSSION

Reaction mechanism
The decomposition of sodium selenosul phateis
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made possiblein an aqueousakalinemedium Contain-
ingammoniaasacomplexing agent that alowscontrol -
lingtheZn? and to haveasoluble peciesof Zn** inthe
reaction bath

The chemical equationsof ZnSethinfilmsdepos-
tion described asfollows;

When ammoniasolution isadded in Zn-salt solu-
tion to form the complex zinc tetra-amine ion
[Zn(NH,), ] as,

(CH,COO0),Zn+4NH,— [Zn(NH,) ] *2+2CH ,COO" (2)

Sodium sel enosul phate hydrolysesin the solution
to give Se#ionsaccordingto

Na,SeSO, +NaOH - Na, SO, +HSe™+ Na* ©)
HSe! +NaOH — Se?+ H,0 + Nar 4
2CH,COO +2Na'¢> 2CH,COONa ©)

ThenZn(NH,),"* react with Se'ionsthat resultsforma-
tionof ZnSefilmsasfollows

[(Zn (NH,),)] 2+ Se?— ZnSe{ +4NH, 1 (6)
Theresultant filmswere homogenous, well adher-
ent to glass substrate.

X-ray diffraction

Figure 1 Shows XRD patterns obtained for as-
grownfilmsdeposited at different concentration of zinc
acetate. The presence of well-defined peaksreveal s
the polycrystalline nature of thefilms. ThisXRD pat-
terns exhibits prominent peaks at 20 values of 27.4,
45.3 and 53.64 which could beindexed to scattering
from the (111), (220) and (311) cubic phase ZnSe
planes, respectively according to JCPDSfileno.5555.
Andindicateapreferentid orientation along the (111)
direction. The (111) isthe close packing direction of
Zinc blende structure. Several studies have reported
that ZnSethinfilmsare characterized asaZinc-blende
typestructurewith apreferred orientation dong (111)1**
B, The XRD patterns of ZnSe films showed broad
peaksindicating the Nano-dimens ons of the samples.
Thelattice spacing (d) can becd culatefrom the Bragg’s
formula

A

2s5in@
Where is the wavelength of X-ray used
Thelattice parameter (a) has been calculated by
thefollowing expression:

™

—= Ful] Paper
a=dh?®+Kk?:+1%) ®)

Whereh, k, | aretheMiller indicesof thelattice planes.
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Figurel: XRD patternsof ZnSethin filmsat different con-
centration of zinc acetate

Theestimated | attice parameter of ZnSethinfilms
isingood agreement with the JEPDS dataasshownin
TABLE 1.

The particle size (D) is calculated using the
Scherrer’s formula from the full width at half maximum
(B) (FWHM).

0.94A

= BcosO
WhereD isthemean dimension of thecrystdlites, A the
wave length of X- ray and 0 is the Bragg sangle. We
usethe standard (111) reflection at 20 =27.3"to cal cu-
lateD.

Thedid ocation density (8) hasbeen calculated by
usingtheformuld?®

15¢

~aD
Thestrain (g ) inthefilmswas cal culated use the
relation*®

©)

(10)
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TABLE 1: Thecalculated valuesof lattice constant (a), inter planar distance(d), crystallitesize (D), didocation density (8)

and strain (g ) for ZnSethin films

s &X10" o °
eX10° | gmz D Om) (dgg.) 2@ O(E)s(ézle %é& M oprve  Jops  SAMP
6.2 1.64 10 1487 5643 3.258 3265 111 27.35 27.3 S1
5.6475  1.9967 1985 220 4538 45.4
56588 17062 1708 311 53.67 53.7
5.1 1.1 12.32 121 56229 32464 3265 111 27.45 27.3 2
5.65 19976 1985 220 4536 45.4
56628 17074 1708 311 53.63 53.7
0.5 0.04 32.62 045 55929 32291 3265 111 27.6 27.3 3
56393  1.9938 1985 220 4545 45.4
56393 17039 1708 311 53.75 53.7
ECDSH ZnSeisadi.r.ectbandgapmaterial,n=1/2f0rtheaﬂ-
g (11) lowed trangition. A plot of (ahv)? versushv isshownin
4 the Figure 5 thelinear nature of the plot showsthat the

Thestructura parametersvauesfor thefilmsare
giveninTABLE 1.
Optical properties

The optical absorption spectraof ZnSethinfilms
werestudiesat room temperaturein thewavelength of
350-1000 nm. Figure 3 showsthe UV-visibleabsorp-
tion spectraof ZnSethin filmssynthesized with differ-
ent concentration of zinc acetate. Fromthisfigureitis
clear that absorption edge shifted to thelower wave-
length sidewith increase of concentration of zinc ac-
etate. The absorption coefficient (o) of thefilmswas
cd culated from thefollowing equation:

2.303A

t
WhereA isthe absorbance and tisthethicknessof the
films. Theoptical band gap E, has been calculated us-
ing Taucsformuld?
(cchv) = B(hv — Eg)n (13
Where hv isincident photon energy, A isaconstant,

a = (12)

existence of direct transitions. Extrapolation of thelin-
ear portion of the curveto o?= 0 givesthe band gap,
whichisabout 2.86, 2.815 and 2.76 eV for samples
S1, S2 and S3 respectively. The optical parameters
valuesfor thefilmsaregivenin TABLE 2. The ob-
served vauesof energy gapsaregreater than standards
band gap (2.7 eV) of theZnSebulk materids, showing
ablueshift 0.15,0.12and 0.06 eV for samplesS1, S2
and S3 respectively. Thisisattributed dueto szequan-
tization occursduetolocdization of eectronsand holes
in confined volumeof the semiconductor materids. Itis
well know that the band gap energy depends on the
particlesize, crystalsstructureand straininthefilm.
Thisblueshift in the absorption edgeis consequence of
the enhancement of the band gap of the

Semiconducting Nano crystalswith thereduction
of their sizes. The average particle size of the
nanoparti cles can be determined by using Brusequa-
tion8!:

(3 ) (36)

e (14)
and the exponent n depends on type of transition, As
TABLE 2: Resultsof optical characteristicsof theCBD ZnSefilms
Particlesize Particle size from Shift in band Band gap o

From XRD (nm) Bruseq. (nm) gap (eV) From UV-vis (deg)p 20 Samples

10 7 0.16 2.86 1.487 27.35 Sl

12.32 8 0.13 2.83 121 27.45 2

326 0.06 2.76 0.468 276 S3
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Where AE istheincrease of theband gap energy, €1 is
thedidectriccongtant, 577 "\*"Asr wherehisplank con-
gtantand m=0.7mandm, =1.7 maretheeffect mass
of electron and holesrespectively.

Applying Eq. (14), vdues 3.5 nm (thediameter is7
nm) and 4. nm (the diameter 8 nm) has been estimated
for theradius of the two nanoparticlesZnSe samples
(S1) and (S2) respectively.

Thesevduesaredightly different withthesizesde-
termined from XRD.

Effect of annealingin air on structureproperties

Figure 6 showsthe XRD patternsof thesample S2
annealed inair a 200, 300, 400 °C for 1h. XRD pat-
ternsof annedledfilmsarevery smilar totheas-grown
ones, indicating that agood morphol ogy was obtained
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Figure2: Thevariation of optical absor bancevs. wavelength

for Znsefilms
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direct band gap of ZnSethin films

—= Fyl] Paper

intheas-grown ZnSe. TheZnSefilm anneaed at 300
°C showed the reflection peaks that correspond to hex-
agonal type™® and cubic plane phase of ZnSefilms.
The XRD peaksof film annealed a 400 °C shows in-
creaseinintengity of direction peaksthat corresponds
to hexagona phasealong with gopearance of new pesks
that correspondsto ZnO formed by substitution of oxy-
genfor selenium according to thereaction
2ZnSe+30,-27Zn0 +2Se0, T (15)
Thecrystalitesize(D) of theasdeposited and the
anned ed filmswere determined for the (111) peak us-
ing the Scherrer’s formulas and it was found to be in-
creasein sizewith annealing temperatureasshownin
Figure 7. Thisshowsthat there an enhancement of a
crydallitesizewith annedling temperature.

Electrical properties

Theé ectrica transport propertiesof thematerials
areof great importancein determining whether thema:
terial iscongruent with our necessitiesor not. Thedec-
trical propertiesare dependent on growth parameters
such asfilm composition, thickness, substratetempera-
tureand deposition method.
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Figure6: InRversus1/T graph for ZnSethin filmsfor dif-
ferent concentration of zinc acetate

Theéectrica resistivity of the sampleswasmea-
sured in thetemperature range of (300- 575) K. The
temperature dependence of theelectrica resigtivity has
been plotted in Figure 5. Thisfigure showsthat the
resistivity of the samplesdecreaseswith theincreases
temperature which istheindication of semiconductor
behavior. Theroom temperature electrical resistivity
of dl thesampleswasof theorder of 10°Q. cm, thicker
film being moreresistivethishighvaue of resistivity
may beattributed dueto nanocrystdlinity of film, grain
boundary discontinuities, and presence of surface sates
and small thicknessof thefilm. Theactivation energy
of thefilmswas obtained using the following equa-
tion;?!

flano Soienoe and flano Teohnology

i ( Ea )
= — 16
BEX P RET (16)
WhereRisresistivity at temperature T, Ra isthere-
sgtivity a roomtemperature, E, istheactivation energy
and K isBoltzmann constant. The activation energy
represents the location of trap levelsbelow the con-
duction band. Fig. 6 showsthe plots of In R versus
1000/T. Thedopeof astraight linegivestheactivation
energy (E) andinterceptsInR It can beobserved from
figure6 that there aretwo distinct regions. Thefirst, in
thelower temperaturerange (AT = 300-434 K) ischar-
acterized by asmaller slope and higher temperature
range (AT=434-575K) the curveischaracterized by
larger dope. Thisindicated two typesof conductivity
mechanismfor thecarrier transportin ZnSefilmsinthe
low and hightemperatureregions. Theactivation ener-
giesare0.085and 0.6 eV for low and high tempera-
tureregion, respectively. Theseactivation energiescor-
respond to ashallow donor level and deep acceptor
one, asproposed by Bube?Y. Thisresultsarevery good
agreement withthedatareported by (kdeand lokhande,
2004)8,

CONCLUSIONS

ZnSethinfilmshave been successfully synthesized
by chemical bath deposition and the effect of concen-
tration of Zinc acetate of thebath on structurd, optica
and electrical propertiesare studied. XRD study re-
vealed polycrystaline nature of thefilmswith cubic
phase. Withincreasing anneding temperaturefrom 200
t0 400 °C thefilmsdevel oped tendency to adopt pre-
dominantly hexagonal structure. Various structured
parameters are cal culated. Optical absorption study
revealed direct band nature. Their optical band gap
showed ablueshift because of quantum sizeeffect. The
room temperaturedectrica restivity of dl thesamples
liesintherangeof 4.4-0.7 Q-cm.
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