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Abstract: CdjsZny,S compounds doped with different mol % of Cu (1.3, 2.5, 3.8, 5.0 and 6.1) have been
prepared by modified chemical co-precipitation method (CCP method). Bulk CdysZn»S compounds have been
prepared by adopting two different ways of mixing the solutions of constituent elements named as CCP-I &
CCP-1I. XRD studies have shown that the compounds grown by both methods are of polycrystalline nature.
SEM micrographs have shown that the crystallites in CCP-1 grown samples have needle like shape whereas the
samples grown by CCP-II failed to show clear shape of the crystallites . The dc-electrical conductivity of all the
samples grown by CCP-I & II are more than the undoped sample and the conductivity change in CCP-I samples
is more than that of CCP-1I samples. The variation in activation energy at low temperature region is more or
less uniform than at high temperature region in CCP-1I grown samples. TEP measurements have shown that all
the samples have p-type semiconductor nature. Mobility of charge carrier was found to increase with the
increase in temperature. This is governed by the scattering mechanism associated with inter-grain barrier
height. It is observed In all the samples that the sum of the activation energy due to charge carriers and grain
boundary potential is equal to the activation energy due to conductivity.

Keywords: Ternary semiconductor compounds, CCP method, Structural properties, Electrical and
Thermoelectric properties.

I.  Introduction

Solid solutions of binary or ternary alloy semiconductors are of scientific interest as their properties can
be tailored to meet specific requirements in device fabrication. Particularly, II-VI compounds can form ternary
and quaternary alloys with a direct fundamental band gap over the entire composition range and with high
absorption coefficient. Mixed compound semiconductors like Cd(j.xZnsS, Cd.xZnsSe, CdSe;.xyTex, In;.
«Ga,Sd; yAsy have potential applications in the fabrication of Photoconductive, Photovoltaic and Solar cells in
the field of electronic and optoelectronic devices[1,2]. These compounds have been prepared in thin film form
by using sophisticated techniques[3-5] to help the process of miniaturization of electronic devices. In general, it
is also not simple to prepare bulk material over a wide range of composition due to limited solubility.

Recently, attention is directed towards low temperature chemical synthesis of high quality water
soluble alloy nanocrystals. This simple chemical route gives a chance to control the crystalline size, crystalline
distribution and most importantly to improve the crystallinity by altering the concentration of the reagents and
their mixing rate at different temperatures [6 ]. Doping these materials with different activator ions gives not
only the required emission properties but also creates intrinsic defects giving rise to photoconductive properties
[ 7]. Doped semiconductor nanocrystals, as an important family of semiconductor nanocrystals, have attracted
much attention due to their apparent merits, such as larger ensemble Stokes shift to reduce self-quenching and
insensitivity to thermal and photochemical disturbances[8].There are numerous reports on optical properties of
various metal and rare-earth ion doped CdS, ZnS, ZnSe and CdSe nanostructures, but studies on their doped
alloy compounds/ nanostructures are still very limited[9-12]. To the best of our knowledge there are reports by
Karar et.al. on the optical properties of Ag ion doped Cd;Zn,S alloy systems[13 ], Ruchisethi et.al.on visible
emission studies of Ag-doped CdZnS alloy quantum dots[14] and Alaa A.Al. Jubory on the effect of structural
and optical properties of copper doped Cdy7Zny3S nano thin films prepared by chemical bath deposition[ 15
],and studies on Zn x Cd1-xS thin films doped with Cu , Sn ,In, and F [16-19].Though several techniques were
used to prepare undoped/ doped CdZnS thin films/ bulk material, chemical bath deposition(CBD)/ Chemical Co-
precipitation(CCP) methods have been into usage as these methods involve low temperature and avoids
oxidation and corrosion. The properties of CBD/CCP grown compounds are strongly dependent on the
preparation conditions such as temperature, stirring rate and time, relative concentrations, type of reactants and
the mixing process of reactants [ 20-22].

In view of the process dependent characteristics and applications of CdggZng,S compound
semiconductor, an attempt has been made to prepare it in bulk form with different concentrations of Cu as
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dopant by Chemical Co-precipitation method by adopting two different procedures of mixing the solutions of
the constituent elements named as CCP-I & CCP-II. The compounds are characterized and their structural,
electrical and thermal properties have been investigated by using XRD, SEM, EDAX, DC electrical
conductivity and TEP studies. The results are explained based on altered interaction between impurity and grain
boundary in CCP-I & CCP-II grown compounds.

II.  Experimental

CdysZny,S:Cu, compounds have been prepared by two methods of Chemical Co-precipitation. In the
first method, aqueous solutions of Cadmium acetate(0.5M), Zinc acetate(0.5M), Thiourea(1M),
Triethanolamine(0.5M) and CuSO, (0.25M) in proportionate were taken in a beaker to prepare CdgygZng,S:Cu.
The solution mixture was made alkaline by adding 25% of liquid ammonia under constant stirring process. The
solution was gradually heated to 80°C(+2°) in order to complete the reaction and to obtain the compound in the
form of precipitate. This method is referred as CCP-I method.

In the second method, chemicals, taken in stoichiometric weight percentage were added to preheated
water (fixed volume) at 80°C(£2).Here, the fixed volume of water is the accounted volume of water that was
used to make a solution mixture for the preparation of the compound by CCP-I. And then, 25% of liquid
ammonia was added to make the solution alkaline. The chemical bath was continued to be at 80°C for about 90
min. After the chemical reaction, the precipitate was separated, rinsed in double distilled water, dried at room
temperature for 24 hrs. This method of preparation is referred as CCP-II method.

The dried precipitates obtained by CCP-1 & CCP-II methods were heated in nitrogen atmosphere for 1
hr at 300°C and made into pellets of 1.4 cm diameter and 1mm thickness. These pellets were sintered at 800°C
for 2 hr in nitrogen atmosphere. Fine details of the entire process was described in our earlier
publication[23,24].

CdysZny,S compounds doped with different amounts of Cu (1.3, 2.5, 3.8, 5.0 and 6.1 mol %) were
prepared by CCP-1 & CCP-II. Structural, electrical and thermoelectric properties of these samples were made by
using XRD (PHILIPS- PAN ANALYTICAL X’PERT PLUS), SEM (ZEISS EVO-18),a two-probe technique
interfaced with Keithley 6220 Precision current source and Keithley 182 Sensitive digital Voltmeter and
Keithley multimeter Model to measure the output of the temperature sensor(copper-constantan thermocouple) .
The X-ray diffractograms are recorded with a step size 0.02 degrees/sec(2 theta) indicating an accuracy of
+0.02° in the measurement of 20.The dc electrical conductivity(c) of CdjgZn,S:Cu compounds prepared by
CCP-I & 1T have been determined by two-probe technique in the temperature range(77-300K).

III.  Results And Discussion
3.1 XRD Studies
X-ray diffractograms of CdgsZn,,S:Cu compounds prepared by CCP-I and II methods are shown in
Figl(a) and (b) respectively. Both the figures show sharp diffraction peaks indicating that they have
polycrystalline nature. The peaks were indexed by comparing their positions with the standard ICDD-JCPDS
data(card no. 400435) of CdysZng,S (Hexagonal) structure. It was found that the compounds prepared by both
the methods have same Hexagonal structure and did not show any change in the crystal phase.

3.2 SEM Studies

SEM micrographs of samples prepared by CCP-I shows crystallite structures(Fig 2a), whereas such
crystallites are not clearly seen in the samples prepared by CCP-II(Fig 2b). This may be due to the change in the
method of compound preparation in CCP-II. The crystallites observed in CCP-I samples have needle like
structure in undoped compound and the structure is hexagonal in Cu doped samples. The compositional analysis
(EDAX data) has confirmed (nearly) the nominal composition of all the CCP-I & II grown samples.

3.3 Electrical Studies

The variation of electrical conductivity with temperature of all CdygZn,,S:Cu compounds grown by
CCP-I & I are shown in Fig 3 &4 respectively.

From these figures, one can observe that the conductivity of the samples prepared by CCP-I increases
with the increase in Cu concentration whereas in samples prepared by CCP-II, it increases with the Cu
concentration till 3.8% of Cu and decreases slightly with further increase in Cu concentration. The conductivity
of doped samples are more than the undoped in both CCP-I & II grown sample and the deviation in conductivity
in CCP-I samples is more than that of CCP-II grown samples. Recently the photoconductivity results of Cu
doped CdZnS are reported to have 4 orders of increase in conductivity due to incorporation of Copper[25]. The
rise in conductivity in CCP-I samples at low concentrations of Cu may be due to the carrier movement along the
grain boundary (grain boundary conduction). At higher concentrations of Cu, the scattering of carriers due to
boundaries may increase and the Cu impurities enter into defect sites of the crystals. Hence the variation in
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conductivity may be due to the above two contributions resulting in increase in conductivity with rise in Cu
concentration. HankeXie et al [26] have also observed grain boundary trapping of Cu impurities in CdS films
grown by thermal evaporation from the anamolous behaviour of electrical conductivity. However such anomaly
is not observed in Cu doped CdZnS bulk samples by CCP-I & II methods.

In CCP-II grown samples the rise in conductivity till 3.8% of Cu may again be due to the carrier
movement along the boundaries and for higher concentrations the Cu impurities may be due to trapping of Cu
impurities at large number of grain boundaries. Further the possibility of the creation of more grain boundaries
in CCP-II process i.e., sudden crystallization , helps the impurity trapping.

The activation energies of all the samples from the conductivity variation with temperature have been calculated
using the relation
0 = 0,exp[-E//kT] (1)

where E, is the activation energy, o, is a constant, k is the Boltzmann constant and T is the absolute
temperature. Using this equation, the activation energies are calculated at high and low temperature regions, in
which the conductivity varied linearly with temperature, are given in Table.1.

From the Table.1, we observe that the activation energy in samples of different concentrations of Cu
prepared by CCP-I & II is almost the same in the low temperature region. From this result one may infer that the
impurity(Cu) is going to the same defect sites(grain boundary) in both CCP-I1 & II grown samples. At low
temperatures, the carriers are bound to the lattice in CCP-I & II grown samples. The activation energy of CCP-II
samples is slightly higher than those of CCP-I samples which may be due to sudden and random distribution of
impurity ions and making strong bonds with the lattice atoms.

3.4 TEP Studies

The thermo emf (TEP) measurements have been carried out on these samples by establishing
temperature gradient across the thickness of the sample and by measuring the open circuit voltage. The
temperature dependence of TEP of CdjgZn,,S:Cu compounds prepared by CCP-I and CCP-II methods are
shown in Fig 5 and 6 respectively. In all the samples, thermo emf is found to be positive which indicates that
they have p-type semiconductor nature. The related equation for thermo emf is given as (Ravich et al 1968)

p=S[(r+3)+m2 (22 )

where r + 5/2 = A, is the thermoelectric factor, which depends on various scattering mechanisms, my
the density of state effective mass and n the carrier density. Solving the above equation we can write the
equation for the carrier concentration as
logn = 3/2 log T — 0-005(TEP) + 15-718. 3)

The carrier concentration is then calculated from the above relation. The observed carrier concentration
is of the order of 10'- 10" cm™>. Fig 7 and 8 shows the typical variation of log n vs10°/T ofCdy 3Zny,S(doped
with 3.8 mol% of Cu) compound prepared by CCP-I and CCP-II methods. The plots are governed by an
equation n= n,exp(-E,/KT) and exhibit two regions showing two conduction mechanisms. The activation
energies of electron density (E,;) in both low and high temperature regions have been determined and tabulated
in Table.2. Further the data is analysed by obtaining the charge carrier mobility using the relation

W= o/(ne). ----m-mnmmmmmemee- “

It is observed that the mobility increases in all the samples with rise in temperature and the increase of
mobility shows two different temperature regions (i.e., lower and higher) suggesting that the electrical transport
properties ofCdg sZn,S:Cu samples are governed by the scattering mechanism associated with intergrain barrier
height (Peritz 1956).Further the mobility in such cases is activated by temperature and obeys exponential
behaviour as

n=poT exp(—¢pp/kT ), 5)

where ¢p is the height of the grain barrier potential and can be determined from the slope of the
variation of log (uT"?) vs 1/T (Fig 9 & 10). The heights of the grain barrier potential corresponding to both the
temperature regions (lower and higher) are determined from these graphs and have been tabulated in Table.3.
And p, is the exponential factor, which on the assumption that the current over the barrier flows by thermo-ionic
emission depends on the grain size (d) and the effective mass of electron(m*) as
1o = ed/(2mm*kT )", (6)

From the observed values of the activation energies calculated from electrical conductivity (E,s1, Eas2)
and electron density (E.,;, E.) and potential barrier heights of the grain boundaries (¢g;, ¢my)of all
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theCdy gZn,,S:Cu samples, it may be observed that they are related with each other in two regions. The observed
relation for higher temperature region is

anl = Eanl + CI)BI'

It also satisfies a similar relation for lower temperature region,

Ea(52: Ean2 + ¢an2 + ¢B2-

These two above equations are expected from the interrelationship between electrical conductivity,
carrier density and mobility (Heikes and Ure 1961; Micocci et al 1995). A similar result was also observed
(Mullik et al 1996).

The variations of these activation energies calculated from electrical conductivity (E., Easn) and

electron density (E.,, E.p) and potential barrier heights of the grain boundaries (¢g;, ¢py)of all
theCdy gZn,,S:Cu samples with respect to different mol% of Cu are shown in Fig 11, 12 &13.
From the graphs, we observe that the variation of activation energies from electrical conductivity, electron
density and potential barrier heights of the grain boundaries of CCP-I grown samples both at low temperature
and high temperature are the same, but for CCP-II grown samples the variation of activation energies at low
temperature are more or less uniform than at high temperature region. Due to stress variations, various no of
defects are formed and get activated differently at high temperature region and have low activation energies.

IV.  Conclusions

. X-ray diffraction studies on CdggZn,,S:Cu compounds revealed that they possessed polycrystalline

nature with hexagonal crystal structure.

2. SEM micrographs showed that the crystallites in undoped CdysZn,,S sample grown by CCP-I have needle
like shape whereas no such crystallite shapes are seen in samples grown by CCP-II.

3. The conductivity values of all the samples grown by CCP-1 & II are more than that of undoped sample and
the variation in conductivity with dopant concentration in CCP-I samples is more than the variation
observed in samples grown by CCP-II. This difference may be due to the possibility of more grain
boundary conduction in CCP-1 samples.

4. The increase in mobility ,in all samples, with rise in temperature is governed by the charge carrier scattering
mechanism associated with inter-grain barrier height.

1. In all the samples, the sum of the activation energy due to charge carriers and grain boundary potential is
equal to the activation energy due to conductivity.

2. The variation of activation energies at low temperature are more or less uniform than at high temperature
region in CCP-II grown samples.

[y

Acknowledgement
The authors thank the Head, Department of Physics, Osmania University, Hyderabad for his constant
encouragement and help while conducting the experimental work.

References

[1]. Bo Chen, Dongfang Yang, Paul A. Charpentier, Suwas Nikumb, Optical and structural properties of pulsed laser deposited
Ti:Al,O; thin films, Solar Energy Materials and Solar Cells, 92(9), 2008, 1025-1029.

[2]. S. Figge, T. Bottcher, J. Dennemarck, R. Kroger, T. Paskova, B. Monemar, D. Hommel , Optoelectronic devices on bulk GaN ,
Journal of Crystal Growth , 281, 2005, 101-106.

[3]. Arai. T, Yoshida. T, Ogawa. T, Absorption and luminescence of the surface states in ZnS nanoparticles, J.Appl.physics, 26, 1987,
396.

[4]. 0.V. Salata®, P.J. Dobson®, P.J. Hull’, J.L. Hutchinson®, Fabrication of CdS nanoparticles embedded in a polymer film by gas-
aerosol reactive electrostatic deposition technique, Thin solid films, 251, 1994, 1-3.

[5]. Benerjee.R, Jayakrishan.R, Ayyub.P, Effect of the size-induced structural transformation on the band gap in CdS nanoparticles , J.
Phys.: Condens. 12, 2000, 10647.

[6]. Bailey RE', Nie S. , Alloyed semiconductor quantum dots: tuning the optical properties without changing the particle size, J.
American Chemical Soc., 125, 2003, 7100-7106.

[71. Xiao, Q. , Xiao C., Synthesis and photoluminescence of water-soluble Mn2+-doped ZnS quantum dots, Applied Surface Science,
254,2008, 6432-6435.

[8]. N. Pradhan, D. Goorskey, J. Thessing and X. G. Peng, An alternative of CdSe nanocrystal emitters: pure and tunable impurity
emissions in ZnSe nanocrystals, J. American Chemical Soc., 127(50), 2005, 17586-17587.

[9]. Karar. N, Singh. F, Mehta. B.R., Structure and photoluminescence studies on ZnS:Mn nanoparticles, Journal of Applied Physics ,
95, 2004, 656-660.

[10].  Haranath.D, Bhalla.N, Chandra.H, Rashmi, Kar.M, Kishore.R, Controlled growth of ZnS:Mn nanophosphor in porous silica
matrix, Journal of Applied Physics, 96, 2004, 6700-6705.

[11].  Dae-Ryong Jung, Dongyeon Son, Jongmin Kim, Chunjoong Kim and Byungwoo Park , Highly luminescent surface-passivated
ZnS:Mn nanoparticles by a simple one-step synthesis, Appl. Phys. Lett., 93, 2008, 163118.

[12].  Wang.W, Huang.F, Xia.Y, Wang.A, Photophysical and photoluminescence properties of co-activated ZnS:Cu,Mn phosphors,
Journal of Luminescence, 128 (2008), 610-614.

www.iosrjournals.org 42 | Page


http://www.sciencedirect.com/science/article/pii/S0927024808000895
http://www.sciencedirect.com/science/article/pii/S0927024808000895
http://www.sciencedirect.com/science/article/pii/S0022024805003106
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.sciencedirect.com/science/article/pii/004060909490829X
http://www.ncbi.nlm.nih.gov/pubmed?term=Bailey%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=12783563
http://www.ncbi.nlm.nih.gov/pubmed?term=Nie%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12783563
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Karar,%20N..QT.&searchWithin=p_Author_Ids:37318432900&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Singh,%20F..QT.&searchWithin=p_Author_Ids:37318854200&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p_Authors:.QT.Mehta,%20B.R..QT.&searchWithin=p_Author_Ids:38268562400&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5063224&queryText%3DKarar.N
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4915369
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5039534&queryText%3DHaranath.D%2C+journal+of+applied+physics
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?tp=&arnumber=5039534&queryText%3DHaranath.D%2C+journal+of+applied+physics
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4915369
http://scitation.aip.org/content/contributor/AU0391181;jsessionid=14yxd8sg3x9kh.x-aip-live-03
http://scitation.aip.org/content/contributor/AU0368146;jsessionid=14yxd8sg3x9kh.x-aip-live-03
http://scitation.aip.org/content/contributor/AU0355266;jsessionid=14yxd8sg3x9kh.x-aip-live-03
http://scitation.aip.org/content/contributor/AU0082596;jsessionid=14yxd8sg3x9kh.x-aip-live-03
http://scitation.aip.org/content/contributor/AU0067505;jsessionid=14yxd8sg3x9kh.x-aip-live-03

Electrical and Thermoelectric properties of Cu doped Cd0.8Zn0.2S Compound prepared by......

[13].
[14].

[15].

N. Karar', Mathuresh Jayaswal, S.K. Halder, Harish Chander, Photoluminescence shifts in silver-doped nanocrystalline Cd;—«Zn,S,
Journal of Alloys and Compounds, 436,2007, 61-64.

Ruchi Sethi, Lokendra Kumar, Prashant K Sharma, AC Pandey, Tunable Visible Emission of Ag-Doped CdZnS Alloy Quantum
Dots, Nanoscale Research Letters , 5, 2009, 96-102 .

Alaa A., AL. Jubory, Study on the Effect of Copper Doping on the Structural and Optical Properties of Cd0.7Zn0.3S
Nanocrystalline Thin Films Prepared by Chemical Bath Deposition, International Journal of Science and Technology, 2, 2012, 707-
712.

Padam G.K., MathotraG.L. and Rao S.U.M., Studies on solution-grown thin films of Zn,Cd,.S, J.Appl.Phys., 63(3), 1988, 770-774.
Nadhim.A, Abdul-Hussein and SalwaM.Oda,The optical and electrical properties of Cd0.75Zn0.25S thin films produced by spray
pyrolysis technique doped with tin, Basrah J.Sci.,A, 12(2), 1994, 29-40.

Ayush.K andShashi.B, Electroluminescence studies of chemically deposited (Zn- Cd)S:Cu,F films, Cryst.Res.Tech., 41(7), 2006,
689- 697.

Hamid S.AL-Jumaili, Optical properties of sprayed pyrolysis ZnxCdl-xS thin films doped with Cu, J. college of Education
University of Mustansiriya, 3, 2007, 570-582.

R.S. Mane, C.D. Lokhande, Chemical deposition method for metal chalcogenide thin films, Materials Chemistry and Physics, 65,
2000, 1-31.

Henry C. H., Limiting efficiencies of ideal single and multiple energy gap terrestrial solar cells, Journal of Applied Physics, 51,
1980, 4494-4500.

S. N. Sahu , Chemical deposition of CdS films: structure, RBS, PIXE, optical and photoelectrochemical solar cell studies , Journal
of materials science: materials in electronics, 6, 1995, 43-51.

G. Yellaiah, K. Hadasa, M. Nagabhushanam, Structural, optical and vibrational studies of Na* doped CdysZng,S semiconductor
compounds, Journal of Alloys and Compounds, 581,2013, 805-811.

G. Yellaiah, K. Hadasa, M. Nagabhushanam , Growth, characterization, optical and vibrational properties of Sm®* doped
CdysZny S semiconductor compounds, Journal of Crystal Growth, 386, 2014, 62-68.

T.Y. Lui, J.A. Zapien, H. Tang, D.D.D. Ma, Y.K. Liu, C.S. Lee, S.T. Lee, S.L. Shi, and S.J. Xu, Photoluminescence and
photoconductivity properties of copper-doped Cd1-XZnXS nanoribbons , Nanotechnology, 17, 2006, 5935-5940.

Hanke Xie,Caijuan Tian, Wei Li,Lianghuan Feng,Jingquan Zhang, Lili Wu, Yaping Cai, Zhi Lei,Yujin Yang, Preparation of p-type
CdS thin films and in situ dark conductivity in vacuum deposited CdS:Cu films, Applied Surface Science, 257, 2010, 1623-1627.

J (10gy (2020, (101)
1 aw 0 e e ndoped
] 1 @9 @0 @)
71 J A d . W - o
| ] ! 13% of Cu
% - ) A 1 J-I
= i
E | 258 of Cu
g | | 389 of Cu
g L
e A
1 J 509 of Cu
1 6.1% of Cu
0 T T T T T - T
20 2 40 1] &0 70
[*2Theta] (Degrees)
Figure 1(a) XRD patterns of Cdy g2n,5:Cu compounds prepared by
CCP-Imethod.
(100) (002) 101y (10
. oy (200 Anfayod
] (102) (12) 203 (200 2
. e -~
_ |1 l\ i [ 139% of Cu
§ il IUJL- . ™ J\.—MII'LA e P e i
£ | 2506 of Cu
2
B 3 T i
g It 38% of Cu
£ |
2
T _man S— A i, - N S
i | 50% of Cu
o 6.1% of Cu
U L] . 1 1 L] 1 . 1
2 30 40 50 &0 70

[*2Theta] (Degrees)

Figure 1(b) XRD patterns of Cd  Zn, ,5:Clu compounds prepared by
CCP-1I method.

www.iosrjournals.org 43 | Page


http://www.sciencedirect.com/science/article/pii/S0925838806008978
http://www.sciencedirect.com/science/article/pii/S0925838806008978
http://www.sciencedirect.com/science/article/pii/S0925838806008978
http://www.sciencedirect.com/science/article/pii/S0925838806008978
http://www.sciencedirect.com/science/journal/09258388
http://www.sciencedirect.com/science/journal/09258388/436/1
http://www.nanoscalereslett.com/content/5/1/96
http://www.nanoscalereslett.com/content/5/1/96
http://www.ingentaconnect.com/content/els/02540584
http://www.sciencedirect.com/science/article/pii/S0925838813018161
http://www.sciencedirect.com/science/article/pii/S0925838813018161
http://www.sciencedirect.com/science/article/pii/S0022024813006258
http://www.sciencedirect.com/science/article/pii/S0022024813006258
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/article/pii/S0169433210012018
http://www.sciencedirect.com/science/journal/01694332
http://www.sciencedirect.com/science/journal/01694332/257/5

Figure 2(a) SEM of CCP-I grown samples (i) Cdy¢Zn 55 fundoped)
(i) Cdy 2y S doped with 2.5 mole % of Cu
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Figure 2(h) SEM of CCP-IT grown samples (i) Cd, Zn, 8 dindoped)
(i) Cd 52,5 doped with 2.5 mole % of Cu
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Figure 3. Variation of Electrical conduictivity with Temperatire of
Cil y 521 ,5°Cu compounds prepared by CCP-I method.
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Fig .6(a) TEP graph of Cd,sZng,S(undoped) compound prepared by CCP-II method.

www.iosrjournals.org 45 | Page



Electrical and Thermoelectric properties of Cu doped Cd0.8Zn0.2S Compound prepared by

0.0040
0.0025
0.0020

_—p.0025 -

WK

=0.0020

S

0.0015
0.0010
0.0005

0.0000 -

o——o—""”

4
:
‘
4
p

—u—1.3% of Cu
—e— 2.5% ofCu
3.8% of Cu
—¥— 5.0% of Cu
6.1% of Cu

50

T T T
150 200 250

Temperature T(K)

T
100 300

Fig.6(b) TEP graphs of CdjgZn,,S doped with different mole% of Cu prepared by CCP-II

method.

18.4
137 |
@ 19.0 Hh\._
(=} “m
) 1 -.\_\_\_\_
-
-"-
.
15.8 .
- ‘-\-\-\-\-\-\M-
12.6 \\-\-.
T T T T 1
2 B 8 10 12 14

1000/T (K-1}

Fig.7 Variation of log n vs 10*/T of Cdy sZny»S doped with 3.8 mole% of Cu
prepared by CCP-I method.
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Table 1: Activation energies of conductivity, concentration and grain boundary potentials of CdgsZng,S
compounds doped with different mole% of Cu prepared by CCP-1 & Il methods at low and high temperature

region.

Iiele?z 0f Cu CCP-I CCP-II
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