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ABSTRACT

Cadmium Chalcogenide material has emerged as aipmegisemiconductor because of its potential agions in
the field of electronics and technology. Ternatnsi of Cd Te Se were coated on glass substratbemntl and
electron beam evaporation. Optical characterizatsmrth as Transmittance (T%) and Reflectance (R%&) slavere
collected. Samples were subjected to thermal aislile DSC, DTA and TGA to find the compositiom dine
stability. Some of the samples deposited by eledizam evaporation were annealed at temperatur@§ 20and
400° C. For the annealed films (& &.Se. & Cdy;Te S 1) % of R and % of T has changed to comparable
R&T and finally to T%. These values reveal therafigction behavior of the coating. Refractive inde’ of the
films deposited by thermal evaporation is very highis can be explained due to thickness variatordue to
density of state. The absorption spectra of theeated sample gave very broad band absorption charmtics
(absence of absorption peak) having potential gddya broad band antireflection. Optical energyndagap has
varied from1.3 eV to 2.65 eV for the various coritfmss of CdTeSe. The electrical resistivitiesenf ternary films
have been carried out using four probe techniglteis. surprising that samples answer for both +T@Rl —TCR,
(Temperature co efficient of Resistance) and chavgmirring at and around 368°K which happens tothe
inversion/Transition temperature. Whereas, the oHznple answering for both +TCR and —TCR, chamgmirs
at 378°K. Materials with appropriate compositionlesged for the present study have exhibited bottmiokand
semiconducting nature as well as both R%, compar&8h & T%, finally T%. Above points justify the amajole
played by Se and Te content in the investigatetsfilThe present study signifies the behavioral gbarin optical
and electrical properties exhibited by Cd Chalcdgderfilms. Further studies to know the exact ini@r&ransition
temperature is under investigation.

Keywords: Thermal evaporation, Electron beam evaporatioan3mittance, Reflectance, Eg,
Resistivity.
PACS: 77.80e, 77.22Ej, 77.84-s

INTRODUCTION

Cd Chalcogenide [for the composition Td,.,Se.x & CdTe,Seg] ternary thin films, alloys of
the binary compound semiconductors CdSe and Cdddang investigated largely in recent
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years due to their unique properties including tpgbto sensitivity to electromagnetic radiation,
almost 100% quantum vyield to radiative recombimatiand their ability to form solid
solutions[1].

Cd Chalcogenide find extensive application in scklts [2], photo conductors [3], solar control
applications [4]etc., The main advantage of thegefilms is, its crystal structure and tailoring
of direct band gap ranging from 1.35 eV to 1.75 [y by changing the concentration of
selenium and tellurium, so that solar energy canelfectively harnessed for maximum
conversion to electrical energy. Chalcogenide filires contrary to oxide films, transparent in the
near- or mid—infrared region of the spectrum (~6.812 um), and they can be used for
applications in these region. The refractive indéxChalcogenides is larger in near- and mid-
infrared region (typically from 2.2 — 2.9) [6]; Abagenides can match with high Refractive
index materials such as Si, GaAs, ZnSe, InSb amerat

Cd Chalcogenide films containing Te, Se have begrosited by several techniques. Among the
various techniques in use [7, 8], thermal evaponal®] and electron beam evaporation [10] has
gained importance because of their simple technigwéich quality thin films can be prepared.
In the present study, to tune the properties offithres to the requirement, various compositions
of Cd, Te, Se having the formula J&,.,Se xand CdTe,Se have been deposited. Films have
been characterized optically, electrically andogmaphically. Many of the films with the
composition < x <1, 0<y<1 have been deposited by vacuum thermal evapo(atE).
Other films have been deposited by electron beaapaation (E.B). In this case, before
depositing the films, to make sure of the desir@mmosition of the compounds, thermal analysis
such as TGA, DTA & DSC have been carried out. Casiimmal dependence of Eg in Cadmium
Chalcogenide Cde.,Se.x film has been investigated through optical charactesizatl].
Some of the samples have been annealed at 200°@0&¥i@. Effects of annealing on optical
property have been analyzed. [12, 13]. Electrical topographical characterization of CeTe
xS& thin films have been investigated using Four probethod and AFM. Samples have
exhibited both semiconducting and ohmic nature RBC+TCR).

MATERIALS AND METHODS

Commercially available glass and quartz slides wesed as substrates. Substrates were first
washed with chromic acid, next cleaned with detef,gensed with acetone and finally cleaned
with double distilled water before use. Elements Te, Se were procured in pure form from
Aldrich and are used for depositing film. Thin fénof CdTeSe deposited on glass and quartz
substrates by thermal vapor deposition techniqua@ium ofs 10° torr, using ‘HIND HIVAC
12A4’ equipment. Tantalum boat sources were useth®evaporation of stochiometric powder
of the CdTeSe ternary compound. Also, thin film<Cof Te,, Se_.x were deposited on glass and
quartz substrates by electron beam evaporatiomiged at vacuum of 10° torr, using
‘HINDIVAC 12A4D’ & ‘EBG-PS-3K’ gun powder supply agpment. UV-VIS-IR studies were
carried out using Micro pack DH-2000 equipment. Ttasmission spectra in the region 180
nm to 1100 nm has been collected and optical paeaste K, n and Eg have been evaluated.
Structural analysis has been carried out by XRD BAK and topography by AFM. Stylus
method has been used to determine the thicknesdbeofilms. The electrical resistivity of
CdTe.xSe thin films is obtained by four probe technique.
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RESULTS AND DISCUSSION

3.1 XRD & AFM

X-ray diffraction (XRD) is a versatile, non-desttive technique that reveals detailed
information about the chemical composition and tlsgraphic structure of natural and
manufactured materials. For all the combination€@fTe Se samples (given in Table-3.1) XRD
has been taken. XRD confirms (ascertains) the adnomip nature of the sample except
CdTesSe; and CdTegsSes Amorphousity has increased with increasing Clgdoide
content. Typical X-ray diffraction pattern of thelGy ;S ; & CdTe sSe sfilms are given in
fig-3.1(a) and fig-3.1(b) and GdTey.Se1& CdosleySe,are given in fig3.1(c) and 3.1(d).
Slight shift in B values have been noticed.
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fig-3.1(c) XRD pattern of Cd)-Tey.Se 1 fig-3.1(d) XRD pattern of CglsTeg ,S&) »

The sample, its composition and method of preparatire shown in Table 3.1

Table 3.1
Sample Composition & Method of | Sample No | Composition & Method
No preparation of preparation
1 Cdy.eTep.1S&.(T.E) 7 Cd.eTey.Se4(E.B)
2 Cdy7Ten1SeAT.E) 8 Cd. Ten.Se.(E.B)
3 Cdh7Tep,Se(T.E) 9 CdsTen1Se4(E.B)
4 Cdh.cTey2Se(T.E) 10 CdTg:Se.«(T.E)
5 Cdy.cTen:Se(T.E) 11 CdTgsSe(T.E)
6 CdhsTep.sSe(T.E)
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The surface topography of the films is investigdtgd\tomic Force Microscop The CdSgTe;.

x films appear to be more or less homogeneous. E (e, f and g) showshe atomic force
micrographs of CdS&e;«. From the figures one can observe that by increasiagseleniun
content in the films, the grains of the deposiiédd are getting larger and begin tcglomerate
and coalesce formintpereby cluste [14].

AFM pattern3.1(e) CdSe;Tey 3 AFM pattern3.1(f) CdSeygTepy,  AFM pattern3.1(g) CdSe oTeg

3.2 Stylus —-Thickness measuremen

Thickness of the thin film is the most significgrdarameter, which plays important role in

properties of the thin film. Stylus method is ampising method to determine the thickness.

effect of applying a rounded stylus to thin metalfilms on glass substrates has b
investigated using diamond and steel styli withrégii of approximeely 25um and loadings c
up to 230 g. In many applications, particularly timee case of the interference filters,

antireflection coating etc., the success of theidabon depends only on the deposition
specific thickness of the filr The thicknes of the films was estimated to be approximatel§y
nm to 790 nm using the stylus surface pr-meter. Measurements have been done at tv
three places. The values obtained confirm the umity of the film.

3.3 TGA, DTA and DSC Analysis
While depaiting the films, to ensure the desired compositioof the compound, TGA, DT#
and DSC studies have been carried

TGA analysis provides a quantitative measuremenarf weight changes associated v
thermally induced transitions.

In DTA, the difference in temperature between the sample and edhgrinert referenc
material is measured as a function of temperaThe DTA peaks for the samples are betw
494C & 514°C.

In DSC, the sample and reference materials aresidj to a preciseprogrammed temperatu
change. When a thermal transition occurs in theptgnthermal energy is added to either
sample or the reference in order to maintain bdt sample and reference at the s
temperature.
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OPTICAL MEASUREMENTS:

Transmission spectra in the region 180 — 1100 nsrblean collected using Micro pack DH-2000
equipment. The T% were used to evaluate the optimameters such as k, n, and Eg. From
Transmittance spectra, the absorption coefficiehhas been evaluated using the formula

a_ |0 ____________ 3_4_ I

Where ‘" is the thickness of the film and ‘T’ ise transmittance percentage.

The value of absorption coefficientr)( provides valuable information about the inter dban
transition and hence the energy band structurieofraterials.

Extinction coefficient ‘K’ has been evaluated usthg formula

k=249 (3.4.2)
Am

where A’ is the wavelength anax’ is the absorption coefficient.
Refractive index ‘n” has been evaluated using timiila

Aa
n:
4TkR

reemeeee (3.4.3)

where ‘R’ is the reflectance percentage.
Plots of(a) T% vsA (b) (ahy)? vs Eg are shown in fig 3.4 (a) & (b).

Optical band gap energy has been evaluated fromahe's plot of ¢hy)® vs h .

sample-2 wavelength vs T%
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Fig 3.4(a)

94
Scholar Research Library



T. M. Rajakumar et al Arch. Phy. Res., 2011, 2 (1): 90-98

Sample-2 Eg vs (ahy)?
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Fig 3.4 (b)

Optical band gap Vs the composition of Cd in CdTeSfilm
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Fig3.4(c)

Variation of Eg with composition is shown in figd8c). Eg has increased with increase in Cd up
to 70% and has answered for decrease in Eg for @d%. Similar change or turning point is
observed even in electrical properties.

Annealing Studies:

A sample answering for complete reflection changesomparable(R & T) for annealing at
200°C. Finally it changes to complete T% for 40@tealing shown in fig 3.5(a).

When ‘T" and * R’ are comparable, absorption caaéint has been evaluated using the formula
_ 2
[14] a= 2f03|og{(1 R) }

T
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S-7 Wavelength vs R& T %
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Effects of annealing on the optical property of fin@s are really surprising. Annealing of the
films has resulted in drastic change in R & T%. Aod reflecting film has changed to
comparable R & T and finally to a film with good T%

Another effect of annealing is drastic change inhiag also been noticed. Annealing the sample
S-7, Eg has decreased from 1.95 (S-8:1.8) to 1L.3p{dr 200°C, where as for 400°C annealing,
Eg has increased to 2.65(2.6). Band gap variatitim annealing is shown in Table 3.5(1). The
plots of band gap vs temperature is shown i35gb) and (c) for S-7 and S-8 respectively.

S-8 Variation of band gap energy with annealing S-7 Variation of band gap with annealing
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Table 3.5(1)

Optical Band gap in eV

sample Composition As _ Annealed at| Annealed at
Deposited | 200°C 400°C

S-7 Cele.Se . 1.95 1.75 2.65

S-8 Cqd TepSey; | 1.8 1.3 2.6

Resistivity:
The electrical resistivity of CdT&Se& thin films is determined by four probe method. Bi§ (a)
and fig 3.6 (b) shows the variation of the resistiof Cd T sSesand Cd TgsSe e films.

Cdse Te,, CdSe  Te0.4
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Resistivity
Resistivity
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1000/ 1000/T

fig 3.6(a) fig 3.6(b)

In case of Cd TgSes film, the resistivity has decreased from 1.4140% ©m to 1.02 x 18
Qm in the temperature range 38%o 368K, indicating a negative temperature coefficient. |
the same film, the resistivity has increased fro®21x 10° Qm to 1.2 x 16 Qm in the
temperature range 3#8to 416K, This behavior reveals ohmic nature or positemperature
coefficient. The temperature (388 at which resistivity is changing its nature relee the
inversion temperature. Whereas in case of Cg 9@ film, the resistivity has decreased from
2.666 x 16 Om to 1.8 x 10 Qm in the temperature range 3&%o 378K indicating a negative
temperature coefficient / semiconducting nature.the same film the resistivity has increased
from 1.88 x 10 Om to 5.06 x 16 Qm in the temperature range 3880 428K. This behavior
reveals ohmic nature / positive temperature cdefiic(+TCR). In this case, the inversion
temperature is 378.

The resistivity and the inversion temperature @& films are increasing with increase in the
semiconducting selenium content. These materialhib#x both ohmic nature and
semiconducting nature. This justifies the majoerplayed by selenium content in the above
investigated films.

CONCLUSION

1.Cd Chalcogenide films prepared by thermal evamoraas well as by electron beam
evaporation

2.All the films were amorphous except Cch$ea s and Cd TgsSe .

3.Annealing has changed the reflectance to R+Te% fhindicating anti reflective nature.

4.Eg has increased with increase in Cd composifpoto 70% and later it has decreased.
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5.Electrical measurement has revealed both semimbind and conducting nature.

6.Inversion temperature or temperature at whiclabenal change has taken place is found to be
368K for the Cd TesSe s film and 378K for the Cd Te.Se ¢ film.

7.The present investigation confirms the behaviotelnge of CdTeSe films both in electrical
and optical property.

8.Further work is in progress to know the exacemsion temperature.
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