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ABSTRACT

ZnTethin filmswere prepared on aglass substrate using thermal evaporation method under the vacuum of 10 Torr.
Prepared films were doped with Indium by ion exchange process and the conductivity of the doped films was found
to beincreased by two orders of magnitude. AFM and X RD resultsindicated that ZnTethin film possesses crystalline
structure after doping. The optical energy gap (Eg) as calculated from the optical absorption spectra, was found to
decrease with doping concentrations. The results of these studies are presented and discussed in this paper.
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INTRODUCTION

Amongst thewideband gap 11-V I semiconductor
materias, Zinc Tdluride (ZnTe) isthemost attractive
material and finds several applicationsinthefield of
deviceéectronics*3. Duetowideapplicationsinthe
field of microd ectronicsand opto dectronics, ZnTethin
filmsareextensively studied for electricd, optical and
structura properties. Literature reportsthat ZnTeex-
hibitsimproved photorefractive responsewhenitis
doped with vanadium. Recently, Aqili et a.®, reports
increasein conductivity of ZnTethinfilmsafter doping
withAg. Several researchers have employed various
doping techniqueslikeco-evaporation, diffusion, ion-
exchange processetc. toimprovethe propertiesof the
filmsfor deviceapplications. However, dueto smplic-
ity, ion exchange processisnow more commonly used
to dopeAgand CutoI1-VI semiconductorg®. Many

researcherd®® have studied the structural, optica and
electrical propertiesof ZnTethinfilms, but properties
of Indium doped ZnTethinfilmshasnot been reported
sofar. Hence, we have carried out systematicinvesti-
gationson structural, optical and electrical properties
of thermally evaporated ZnTethinfilmsdoped with In-
dium usingion exchange method.

EXPERIMENTAL

TheZnTethinfilmswere prepared using avacuum
coating unit (Hind High Vacuum Company, Bangd ore)
Model 12A4D. PureZnTe (SigmaAldrich, 99.99%)
wasused asasource materia for the evaporation. The
materia (~100mg) was placed into molybdenum boat
withasmdl dimpleat the center to act asapoint source.
The boat was heated indirectly by passing current
through the el ectrodes. Cleaned glassdideswere used
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asasubstrate. These glass slideswere cleaned with
chromic acid, ultrasonic cleaner, soap water, distilled
water and then with acetone. The source-substratedis-
tance was maintained at 13.5 cm. Rotary drive was
used to obtain the uniform coating. After reaching high
vacuum (1x10° mbar) inthe vacuum chamber, S owly
current was applied to the el ectrodes to heat the sub-
stance. A source shutter was used to stop the deposi-
tion of thefilm onthe substrate. When al the param-
eters(vacuum, rate of evaporation, substratetempera
ture, etc.) were optimized, then source shutter wasre-
moved and deposition of thefilm startson the substrate.
Therate of evaporation was maintained at ~1.4 A/sec.
All thefilmswere prepared at room temperature. The
rate of evaporation and thickness of the as-deposited
filmsweremeasured usng quartz crysta monitor (“Hind
High Vacuum Company” Digital thickness monitor
Modd-DTM 101) fixed totheunit. Thethicknessof dl
thefilmswas measured to be 170 nm.

As-deposited ZnTefilmswere cleaned with dis-
tilled water and annealed at 400K for 3 hours. These
sampleswereimmersed in the solution contained 1g
(In(NG,).5H,0) in 1liter (H,O) for doping. Theim-
mersiontimewasvaried from5, 10, 15min. Thefilms
after immersonwerecleanedindistilled water bath and
dried. lon exchange takes place at the film surface,
means high concentrating Indium layer formson the
surfaceof thefilm. Further thesefilmswereheatedina
vacuum (1x10°mbar) at 400K for 3 hoursto diffuse
Indium atomsintothefilms.

X-ray diffraction (XRD) patternswererecorded
onaPhilips X-ray diffractometer (Model PW 1710)
with Cu Ko radiation (A= 1.54 A). AFM measure-
mentswere carried out using ascanning probe micro-
scope (SPM-Solver P47, NT-MDT, Russia) in con-
tact mode. Rectangular cantileversof silicon nitride
(length 200 pwm and width 40 um) having aforce con-
stant of 3 N/m were employed for the measurement.
Optical propertiesof theZnTethinfilmsbeforeand
after doping were carried out using UV-V IS spectro-
photometer (Shimadzu M odel 1650-PC). Electrical
properties of the prepared sampleswere measured us-
ingAUTOLAB PGSTAT 20. All characteristicswere
measured at room temperature.
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Figure 1: XRD graph of (a) As-deposited (b) 5 min
immer sed (c) 10 min immer sed ZnTethin film

TABLE 1: XRD parametersof ZnTethin filmsdoped with
indium

3
Samplename d(d) D(A) (”:‘;.lzom.4) 8 10%(lin/m?)
5min immersed 3.54512 130 3.04 5.86
10min immersed 3.53373 148 2.44 4,545

RESULTSAND DISCUSSIONS

Sructural properties

XRD patternsof ZnTefilmsbefore and after dop-
ing are presented in figure 1. It is observed that as-
deposited film prepared at room temperature possesses
broad peak indicating amorphous structure. The pres-
ence of intense peak at 20 = 25.21 degree in (111)
direction for indium doped filmsrevea sthat thesefilms
arecrystdlineinnature. The 20 valuesobserved inthe
XRD andthose of JCPDS (01-0582) datawerefound
infair agreement between them. Doped filmswerefound
to exhibit two diffraction pesks associated with (111)
and (220), of which theintensity of (111) orientationis
predominant. Thelattice parametersof thefilmswere
ca culated usingthe Bragg’s formulal®:
2dsin®=nA (1)

Thegranszeof thecrysdliteswerecd culated from
the XRD using Scherer’s relation,

K
- Bcos6 @
Wherek = 0.94 isaconstant, A- the wavelength of radiation, -

the full width half maximum and 0 - the diffraction angle. The
micro strain () and the didocation density (8) of doped films
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were estimated using the equations and are presented in
TABLEL
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FromtheTABLE 1itisobservedthat thegrainsze
increaseswhich intern decreasesstrain and disocation
dengity. But thereareno noticeable peaksin XRD indi-
cating presence of Ininto the samples.

It appearsthat the process of annealing after im-
mersioninindium nitrate solution facilitatesthegrain
growthinZnTethinfilms, which decreasesthe number
of grain boundaries. Asaresult, animproved micro-
structure and morphol ogy are created. Graingrowthin
similar materidsiswell known and reported for solid
statere-crystallization method®1. Theintensty varia-
tioninisdueto reorientation of the planesafter immer-
sonandanneding.

Surface morphology of the as-deposited ZnTethin
filmisshowninfigure 2a. It showsasmooth surface
indicating amorphousnatureof thefilm. Thisresult sup-
portsthe XRD characteristicsof theas-deposited ZnTe
thinfilm. Figure 2b. showsthemorphology of theZnTe
thinfilm doped for 10 min. A large number of grainscan
be seen, which indicatesthe crystalline nature of the
film. Itisobvious becausethefilmswere anneded be-
foreand after doping with Indium. Duetothehest trest-
ment grain growthwill takesplacewhich givesthecrys-
tallinity and good surfacemorphol ogy. Theseresultsare
ingood agreement with XRD characteristics.

Optical properties

Theabsorbance spectraof theZnTethinfilmsbe-
foreand after doping are showninfigure 3. The spec-
trareveal that all the films show more absorbancein
ultraviolet region. Thereisadight decreaseinthe ab-
sorbancefor the doped films dueto incorporation of
indium atomsinto the ZnTefilms. All thefilms show
good absorbanceinthevisiblerange.

From the absorbance data, the absorption coeffi-
cient wascalculated using Lambert law:

]

In ['I—O) = 2.303Abs = ad

Absisoptical absorbance, | jand | areintensities
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Figure2: AFM photograph of (a) As deposited (b) doped
ZnTethin film
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Figure 3: Optical absor bance spectraof ZnTethin films

of theincident and transmitted radiation respectively o
isabsorption coefficient and disthicknessof thefilms
(cm). Optical band gap (Eg) was determined by andyz-
ing theoptical datawith the expression for the optical
absorption coefficient o and the photon energy hv us-
ingtherelation

a= k(hu— Eg)nlzlhu
Wherek isaconstant, thevalueof nisequal to onefor

adirect-gap materia, and four for an indirect-gap ma
terial. Plotsof (ahv)? versushv weredrawn usingthe
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Figure4: Plotsof (a hv)?vs. hv for ZnTethin films
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after Doping

above equation. Extrapol ation of thelinear portion of
the plot tothe energy axisyielded thedirect band gap
valueasshowninfigure4. Shift of optical band gap
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Figure7: Variation of conductivity with doping
concentration of doped ZnTethin films

with Indium concentrationswas observed and band gap
decreaseswith increasein theindium concentrations.
Dueto anion-exchange, intheindium nitratesolution,
incorporation of Indium into ZnTefilmsmight be pos-
sible. Incorporation of indium introducesinter-band
energy levelsintheband gap of ZnTethin films, which
wasresponsiblefor dight shift inthe energy gap.

Figure5 showsthe decreasein energy gap withim-
mersion time. Conduction band edge decreaseswith
increasein the doping concentration. Optica band gap
of asdeposited film wasfound to be2.37 eV (Theo-
retica 2.24 eV) whereasfor 15 minimmersed filmit
wasfoundtobe2.139 eV. It can also beattributed to
the more number of accepters after incorporation of
Indium atomsintotheZnTethinfilms Thisisduetothe
changein the conduction band edge*?.

Electrical properties

As-deposited and doped ZnTethin filmswere cut
into 1cmx 1cmsquare, el ectrical contactsweremade
with silver. The |-V characteristics of as deposited
samples and indium doped (for differentimmersion
times) samples are presented in figure 6. It was ob-
served that the highest forward current at constant volt-
agecan beobtained at 15 minimmersion, whichmeans
thehighest conductivity. As-deposited ZnTefilm shows
maximum current of about 0.1uA at 5V whereasthe
filmsimmersed for 5 min will shows the current of
0.001uA Thislargeincreaseinthe currentisduein-
creasein carrier concentrations after incorporation of
In-atomsintotheZnTefilmswhichisexplaned further
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instructura properties.

Thevariation of bulk conductivity of thesefilmswith
increaseinimmersontimeisasshowninfigure7. The
conductivity of theIndoped ZnTethinfilmsincreased
about two orders of magnitudethat of undoped films.
Theconductivity v/simmersontimegraph showsrapid
increasein conductivity for doped samples compared
to un-doped samplesand becomeslinear above5min
immersion. Thisbehavior can be attributed to thein-
corporation of Indium atomsthat act asdonor sites,
whichinturnincrease mobility and carrier concentra-
tion, hence decreasing thebarrier height at thegrain
boundaries, resultinginlessimpedancefor thecarrier
transport. Similar types of report have been givenfor
CdTethinfilmg*3,

CONCLUSIONS

ZnTethinfilmswere prepared usngtherma evapo-
ration method and successfully doped with Indium us-
ingion exchange process. XRD characteristicsreveal
that ZnTethinfilmsbecomecrystdlineafter dopingand
annealing at 150°C. The morphology of thefilmsas
studied by AFM supportsthe XRD results. Optical band
gap of thedoped filmsdecreaseswith increasein dop-
ing concentrations, which confirmstheincorporation of
indiumatomsintotheZnTethinfilms. Therewasatwo
order of magnitude enhancement in theinthe conduc-
tivity of thedoped films.
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