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Thin films of Zinc Telluride (ZnTeWweredeposited on the corning glass by the two source
evaporation method. The anriegl was carried ouBOC’C ata vacuum ofl0° mba for
about an hour. The effect of varying thickness and doping of copper on the physical
properties of ZnTe thin film has been intrgated. The structural properti@scluding
crystallite size, microstrain and dislocation density were determined-iay Hiffraction
(XRD) and surface morphology and grain size by scanning electron microSduplV-
VIS-NIR spectrophotometery was carried out to investigate optical transmjttanice was
decreased from 98% to 60% with increasing thickness 129 to 1514rhmemelectrical
properties were determined by mean ofall Measurement systerand resistivityand
mobility was calculated The aim of Cu doping was to investigate the effects of
reduced resistivity on electrical properties of ZnTe thin fdndthe potential uses as
back contact for CdTe in CdTe/CdS heterojunction solar cells.
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1. Introduction

ZnTe is one of the interestingaterialsfor potentialphotovoltaicapplicationsin particular
with solar cells, photdiodesandLED. Because of its excellent features including large energy band
gap, low resistivity and high visible range transparency 4eTesed in variety of microelectronic
and optoelectronic devicesi@].ZnTe hadeen extensively studied for the applications in green
light emitting diode and as back contact material for CdTe in CdTe/CdS heterojunction solar cells [5
6].ZnTe is used as a substrate for the growth of CdTe and the heterostructuresnbZsde@ o
and HgTe used for infrared optics [ZnTeis famous for its use in phatetectors, quantum well
structures §-9], tandem solar dle andterahertz THz) signal generation and detectidt0{11]. The
use of ZnTe, usually afype semiconductanaterial, instead of-type laye (CdS) as wide banghp
window produces higher potential barriers for electromgpartyielding higher value of . The
use of ZnTe aswindow layer in solar cellalso reducethe toxic nature by replacing chemicaltbat
deposited CdS layeis currentlydevelopedhin film solar cell412].

A number of techniques have been used to prepare ZnTe thin film including chemical vapor
deposition[13-14], electrochemical depositionJJl. molecular beam epitaxy §1, hot wall eftaxy
[17], and pulsedaser deposition H. It was observed that the deposited films haveiczinc
blende structure [193].Recently, due to significant applications in the micro and optoelectronics,
the study of copper doped zinc telluride thin fimas become very interesting for the research
community [2].

"Corresponding author: adil.syed @iiu.edu.pk



216

In the present investigation, ZnTe thin film was prepared by two source evaporation
method andthe effects of varying thicknes€u doping and annealing on the physical properties
were investigated and reported

2. Experimental

Zinc telluride thin films were deposited by two source thermal evaporation technique on
corning glass (7059) substrate. The glass substrate were cleanésbpitpyl alcohol IPA) in an
ultrasonic bath, and placed in the substrate holder. Zinc and tellurium (99.99% pure) were used as
source element fahedeposition. The chemicetaction followghe equation as under

ZnTees Zn + Te Q)

The material was placed in ewgraphite cruciblest a distance o8 cm apart; with &ole of
adiameter of 2 mm on the top of point sourBeth cruciblesveréndependenthheated by 500 W
guartz lampsand K-type thermocouplewas inserted i the graphite crucibles fixed in E306A
vacuum coating system as a temperature controllaesglass substrate was heatednifrared (R)
heater, while the evaporation rate was contralligtd quartz crystal FTM3 thickness monitor. During
evaporation 12 cm distance was fixed between the substrate and source material. The source
temperature of Zrand Te werefixed at 540Cand 480°C respectively with constantsubstrate
temperature at 400. Thepressure of thehamber wakept at 16 mbarduringtheexperiment.

Copper was doped to enhance the eladtpcoperties of the fabricated ZnTe tHilms by
ion-exchange method. The thin filnagere dipped ito the solution of Cu(ls), and distilled water
with a ratio of 0.2 g: 200 ml (0.533 moles/L). Diffateconcentration of copper was achieved in
ZnTe films with different ranges of dipping time fror28 minutes into the Cu(@%), solution. The
samples were dried in a closed clean glass desiceatdaminealed at 36Q at vacuum of10°® mbar
for anhour. The structuraimorphological optical and electrical analysis was carried out with the
help of JEOL Xray diffractometer, scanning electron microscopy, Perkin Efpectrophotometer
LAMBDA 950 andHall measurement systeatopia HMS 3000 respectiye

3. Results and discussion

3.1Structural Analysis
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Fig. 1. XRD patterns of aglepositedhin films of various thicknesses
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Table 1 XRD measurements; Variation of crystalline size and microstrain with varying
thickness of ZnTe film.

Film Crystallite | Dislocation | Microstrain do( § )| ad  (
thickness Size density ()
(nm) D (] lines/ min? “(Ho | d@at )| (@@0d
(10™)
1514 216.357 2.136 1.507 3.522 5.30
757 240.399 1.730 1.675 3.515 5.88
555 197.077 2.574 1.674 3.521 5.89
425 214.339 2.136 1.838 3.530 6.49
135 240.352 1.731 1.842 3.526 6.49
129 196.641 2.586 1.70 3.517 5.89

The X-ray diffraction systenusesCuKgradiationsource, which hawavelengthl . 5418 | .
Figure 1 shows thénickness dependent XRD patterns of as deposited thin films. The main peak of
all the samples ifound at similar position and can bksted as cubic ZnTe latticeThe prominent
(111) peakhas been used to calculdle lattice constant. With the help 8fc h e foenul® the
average grain diametBr ( )jhasbeendetermined25].

D(i=k &(i)/ (Lcos d) (2

Wherek is the Scherdy sonstantand equal to 0.94, L i=WHM in radiancorresponihg to the
maximum peak intensitg nd d i s t hie deGreesTie bigo swaindslcalculated as
proposed in referenceqp

Microstrain=( Lcos d) / 4 3)

List of the prepared samples with crystalfiize, dslocation density, micretrain andntra-
layer spacing are summarized in Table The XRD plots showthat the thin films were
polycrystalline in nature [g, andhepeaks werenatched withithereference cas{28].Thevariation
in lattice constant aremeasured a5.30, 5.885.89, 6.49, 6.4@nd5.89x 10°j for the thin films
of thicknessed 514, 757, 555, 425, 135 and 129 nespectively. Th&WHM of the main peak
decreases with increasing thickneBis shows a drop in theefectsdue to shrinking of thgrain
boundaries. Thescalatingcrystallite size andshrinkingdislocation densityaredue to thereduction
in grain boundariesThis processesuls removal of the defects in the films. Tlyeowing micro
strain and changs ds p a c i nage prokelaly}te reasons for thpeaksshifting in the X-ray
diffraction spectralhe dislocation density was calculated by the equation

J =2 1/ D (4)

In Figure 2,XRD patternof the copper dopegdample with 555 nm thickness is presented
The peaks are matcheslith reference cardand t is found that all thg@rominentpeaks of CuzZnTe
compound have increasing trends afterddping/content. Table 2 shows the structural parameters
of samplewith 555 nm measured by XRD withfferentdoping time.
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Fig. 2. XRD results of Cu doped ZnTe (555 nm) thin film.

Table 2Variation ind-spacing crystallite size,dislocation density anthicrostrainin 555

nm film with Cu dopingime.

. Dislocation Micro
Sample FYC\I/S,\)A d-Spacing C;y?taih;e Density () strain
9 lines/min“(10™) 10°

asdeposited|  0.432 3.523 197.077 2574 1.838

10minCu | g 445 3.521 192.619 2.695 1.881
doping

20minCu | /es 3.513 188.357 2.818 1.923
doping

3.2 Surface morphology

Scanning electron microscopy (SEM) was ugedbtainmicrographs of adeposited ZnTe

thin films at magnification of 50,000 and shown in Figureeach sample has a consistent grain size
however the grain sizes varies for different sam\fideds can beseen randomjjhowevermmost of the
observedvoids were disappead during the annealing proceaad this phenomenda expected to

be continued m case ofurtherannealing 29]. Generally, the increasing thickness causes inciease
average grain size, ahown irSEM images It has ber found that the thin film growwith higher
thicknesssare in better and relaxed mode with less defects and stresses, resulting larger grains.

Small amount of defects shows good crystallinity in grown ZnTe thin [BBjs
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Fig. 3 SEM images of adeposited ZnTe thin films of various thicknesses.

The SEM micrographsvere again obtained for thmopper dopd samplswith respective
mass perceageof the dopanaind presented in Figure Fhe percentage mass composition of the
doped materiaivas determined by using Energy DispegsiX-ray (EDX), showing significantly
increase grain size$he surfaceof doped samplés not muchsmooth as compared that of as
depositedsample It seemshatmost of copper was concentratedtioa surfacef the sample
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Fig. 4. SEM images of Cu dop&35 nmznTethin films. (a) as-deposited(b) 5 min doping,
(c) 10 min doping, (d) 20 min doping.

3.3Optical properties

The optical parametensere investigated, which includesfractive index, transmission,
absorption coefficient and energy band gphin films. The percentageansmittances within the
wavelength range of 568000 nm of the samples were obtainsithg U/i VIS-NIR spectrometer.

The UMVIS-NIR spectraare shown in Figure 5. It was found that the increasing thickness causes
decrease in the transmission. fiehés a sharp falfrom 98 to 60% in thetransmittanceas the
thicknessrises from 129 to 1514 nndueto increase in the density of the fillDue to highly
transparent in visible and IR region, these thin film samples are therefore sastabfelow layer in

solar cell application1[3,3]. The given thickness of the ZnTe thin films was found with the bklp
Swanepoemodel [32]. The opticalparameters for one of the sample green in Table3. For the
energy band gap, in Figure 6, the plots of energy as functioml oérfergy} are drawn, whera
represents the absorption coefficient. The band gaipeathin films were found in betwe&@®0 to

2.2 eV andsummarized iMable4. The annealing produced very good effects on the transmittance.
The graph of transmission of-deposited and annealed 555nm thin film is shown in Figure 7. It is
evident that the transmission has been significantly increased with the annealing. ive sakeple

555 nm and immerset into copper nitratesolutionfor different times for doping. Figure 8 shows

the transmission behavior of @oped samplesf different immersion times. Adecrease in
transmission iglearly seemwith increase in immersion time for the doped sanifie. energy band

gap of Cudoped samplekBas been shown in Figure 9. Cu introduces additional energy levels in the
ZnTe band gajpclose to the valence band edgjeh a consequent reduction of the energy associated
with direct transition. Shifting of the optical energy band gap towards therergy region is
therefore associated with the introduction of the Cu impurity level between the valance and
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conduction bands [33]. The change in the energy band gap at different immersion times is
summarized in Table.5
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Fig. 5.Plot of transmission curve of ZnTe thin film of various thicknesses.

Table3 Optical parameters of ZnTe (757nm) thin film.

am (nm) am (Nm) Tw Tm n
601 577 57.88 37.23 2.99
646 610 45.41 44.76 1.63
711 671 59.65 49.23 2.24
795 747 64.64 51.21 2.32
917 846 71.67 53.09 2.43
1089 992 77.62 54.94 2.49
1344 1198 82.74 56.45 2.53
1773 1528 85.76 57.08 2.56

Table4 Variation of bandgap with thickness ZnTe thin film.

Thickness | Energy Band gap
(nm) (eV)
757 2.236
555 2223
425 2208
135 2228
129 2.7
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Fig. 6. Band gap Energy of ZnTe thin film of various thicknesses
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Fig. 7.Plot oftransmission curve of edeposited and annealed ZnTe (555 nm) thin film

Fig. 8.Comparison between 10min and 20min Cu dafrete (555 nm) thin film
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