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area (0.25 cm2) of CdSe:Zn �lms on conducting coated glass substrates.

Results and Discussions
Zn doped CdSe �lms were deposited using electron beam 

evaporation (EBE) technique with optimized substrate temperature 
100°C. Di�erent concentrations of zinc (10%, 20% and 30%) were 
introduced into the CdSe matrix. Figure 1 shows XRD spectra of 
CdSe:Zn �lms with Zn concentrations 10%, 20% and 30% deposited 
at 100°C, respectively. All peaks are well de�ned and sharp peak 
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CdSe:Zn �lms might be due to the presence of high energy gap material 
(ZnSe) than that of undoped CdSe. �e variation of Eg shows a sub-
linear behaviour, a lowering phenomenon in the alloy �lms of CdSe:Zn 
[15]. �e as-prepared �lms exhibited direct band-gap transition and 
the absorption edge shows a blue-shi� with increasing ‘Zn’ content due 
to the increase in band gap value. �e continuous variation of Eg with 
Zn concentrations con�rms the solid solution formation between CdSe 
and ZnSe so that their optical and electronic properties can be tailored 
according to the need for device developments.

�e electrical resistivity and the interface behaviour of 
semiconductor thin �lms with solid solutions are vital in photo-
electrochemical solar cell applications. At room temperature the 
observed resistivity of CdSe:Zn �lms with 10%, 20% and 30% Zn 
content was 8.2 × 104, 5.3 × 105 and 3.5 × 106 ohm cm respectively. �e 
increase in resistivity is attributed to fact that band gap increases with 
introduction of more zinc into the lattice of CdSe. �e higher resistivity 
CdSe:Zn �lms �nds an application as a bu�er layer for solid state solar 

cells. It is attributed to excess of Cd in the compostion over Se, which 
well separates conduction and valence bands in the crystal lattice [16]. 
�e calculated carrier concentration values are 7.0 × 1018, 5.4 × 1018 and 
3.4 × 1018 cm-3 for CdSe:Zn �lms with zinc content 10%, 20% and 30% 
respectively are shown in Figures 6-8.

Figure 9a shows XPS spectra of CdSe:Zn �lm with zinc content 20% 
deposited at 100°C. It shows the presence of Cd ‘3d, Zn ‘2p and Se ‘3d 
peaks con�rming the formation of Zn doped CdSe �lm. Figure 9b-9d 
shows the narrow spectra of Cd 3d, Zn 2p and Se 3d present in the �lm. 
�e spectral shi� along with the abscissa due to the sample charging is 
eliminated by moving the measured C 1s peak to the binding energy 
value of 284.8 eV [17]. In Figure 9b, binding energies of Cd 3d5/2 and 
3d3/2 are observed at 405.14 and 411.74 eV which con�rms the presence 
of Cd while Se 3d peak is seen at 55.09 eV which may be assigned to 
sTj
onic 3dpeaks cos00.002 Tw 9 0 0 Se 3daed agictu83 Td
the lattice o 55.roughn30.0(R18
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prepared by the EB evaporation technique which is con�rmed by the 
line pro�le curves given under each 2D AFM pictures. Figure 9a-9c 
shows the elemental analysis of CdSe:Zn �lms with zinc content 10%, 
20% and 30%  respectively. It is found that ratios of Cd and Zn elements 
are in fewer amounts than the percentage present in the initial material 
but selenium content is always present in stoichiometric percentage. 

It is well observed that zinc atoms replace cadmium atoms in the 
crystal lattice and size of the grain is decreased with increasing the 
Zn contents. It might be caused by the addition of CdSe to ZnSe that 

reduce the dimension of the lattice leading to the formation of linear 
grains with reduced grain size. It shows the compactness, pinhole free 
and well adherent nature of these �lms on glass substrates which are 
very useful for PEC devices. �is is attributed to the fact that the CdSe 
is consequently sublimation takes place �rst, and then reaches the 
substrate over which ZnSe gets deposited when they are grown by EB 
evaporation technique [19,20].

Photoluminescence properties depend on the lateral size of 
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a pseudo-smooth interface applies when the exciton size is larger. 
�is results in a relatively narrow single PL line, because the exciton 
properties are averaged over a number of defects. Ternary alloy 
semiconductor �lms has provided possibility of making their band gap 
(Eg) adjustable in the visible wavelength range and it is therefore useful 
for optoelectronic applications and devices as laser diodes and light 
emitting devices operating in the spectral region from red to green [21]. 
For such applications, a good PL e�ciency is required for the CdSe:Zn 
system to assess them for optoelectronic applications.

Figure 12a-12c shows the PL emission spectra recorded at room 
temperature. PL peak are observed at 622, 519 and 482 nm while Eg 
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zinc concentration which is attributed to the increase in band-gap 
caused by ZnSe composition. Each PL spectrum is characterized by 
its near band edge (NBE) recombination as suggested for the CdSxSe1-x 
�lms prepared by pulsed laser deposition technique [22]. PL peak 
attained at 5K for Cd0.23Zn0.77Se single quantum well (QW) at about 
2.77 eV with 0.4 ML (monolayer) and at 2.73 eV with 1.15 ML [23]. 
Photoluminescence results con�rm solid solution CdSe:Zn �lms 
deposited by EB evaporation technique can e�ciently be used for PEC 
solar cells and light emitting diode studies.

Conclusions
Using EB evaporation technique CdSe:Zn thin �lms were prepared 

on glass substrates at 100°C with Zn concentration of 10%, 20% and 
30%, respectively. Nanocrystalline nature of as-prepared �lms was 
characterized using XRD analysis. Optical studies were conducted to 
record absorbance and transmittance spectra of CdSe:Zn �lms. �e 
absorbance curves, band gap values calculated from (�h�)2 vs (h�) 
curves showed direct band gap nature of all the �lms with band gap 
values varied from 1.90 eV to 2.42 eV. �is con�rmed solid solution 
formation between CdSe and ZnSe compounds and the lattice 
modi�cation is e�ected by zinc incorporation. Elemental analysis was 
carried out by EDAX and XPS. �e surface morphology explored by 
SEM analysis showed highly �ne granular grain formation distributed 
uniformly over the entire surface. �e in�uence of the variation of zinc 
content can be explicitly seen by the changing surface grain patterns 
from AFM studies. Photoluminescence (PL) technique is used to assess 
for material application to certify that CdSe:Zn �lms are good for the 
fabrication of PEC cell.

References

1. *XSWD� 3�� 0DLWL� %�� &KDXGKXUL� 6�� 3DO� $.� ������� 3KRWRFRQGXFWLYLW\� DQG�
Thermoelectric Power of ZnxCd1-xSe Films. Jpn J Appl Phys 34: 4658.

2. 兗ㅨ祳″㌺‴㘵㠮

㈮兗ㅨ祳″㘠㜠〠〠㜠㐲⸵ㄹ㜠㠰⸰㈴㠠呭ਨㄮ⥔樊⽓灡渼㰯䅣瑵慬呥硴㱆䕆䘰〰㤾㸾⁂䑃 ⠠⥔樊䔹㘼〸⽃㈱㌶⁁‱〰㔵㰷兗ㅨ祳″㜠㜠〠〠㜠㐲⸵ㄹ㜠㠰⸰㈴㠠呭ਨㄮ⥔樊⽓灡渼㰯䅣瑵慬呥硴㱆䕆䘰〰㤾㸾⁂䑃 ⠠⥔樊䕅ㄼ㤮㔼〰㑃ぁ‱〰㔱㜼〰㉁〰㔵〰㐷〰㌱㜼㤰㉁㸭㐳㠮ㄼ㤮㔼〰㑃ぁ‱〰㔱㜼〰㉁〰㑂〰㌱〰う〰㸱㜼㠰〳䔹㘼〸⽃㈱㌶⁁‱〰㔱㜼㌀兗ㅨ祳″㠠㜠〠〠㜠㐲⸵ㄹ㜠㠰⸰㈴㠠呭ਨㄮ⥔樊⽓灡渼㰯䅣瑵慬呥硴㱆䕆䘰〰㤾㸾⁂䑃 ⠠⥔樊䔹㘼〸⽃㈱㌶⁁‱〰㔭ㄶ㘼㌀琷〰㌾䌴㜰〳㰱㘵㰹〲䄾ぬ猰〰㌰〲ㄵ〴㐠㠵〵ㄲ㔰㜴㜰〳㰱㘶㰰〴㜰〰㌰〳㌱㈴㜰〰㌾㤴䌾㤴䌰〵㜱㘵㰹〲䄰〴㐠ਯ䌲〵㈰〴㘰⸸㰰〵ⴱ㘶㰳兗ㅨ祳″㤠㜠〠〠㜠㐲⸵ㄹ㜠㠰⸰㈴㠠呭ਨㄮ⥔樊⽓灡渼㰯䅣瑵慬呥硴㱆䕆䘰〰㤾㸾⁂䑃 ⠠⥔樊䕁ㄸ〰〳〳㔼⁔昊ㄮ㘲〰㔷㥯㰲兗ㅨ祳″‷‰‰‷‴㈮㔱㤷‸〮〲㐸⁔洊⠱⸩呪ਯ印慮㰼⽁捴畡汔數〮〶㙵攠椾㸠䉄䌠ਨ ⡃根㈠牡浯根㈠⤭ㄼ㔨刬⁍慨愠汩湧慭 琷⡔Ⱐ䍨甠䩐ⰰ卥扡獴椹㈠⤭⡴㜨偊 ㈵㰰⤠偲数愠楳ᵬ浳琼䙅䙆〰〹㸠略猠畛〴㜰〵㤰〴䌰〵㜰〵㔳〴㜴ⴴ㌸⸶㰰〲㔰〴㐠ਯ䌰〵㜰〵㈰⸱㰰〲㘰〴䈰䐴㌠ਯ䌲〵㈰〴㘰⸸㰰〳㌰〳㔲㰸〰㌰〰㌾㤴䌰〵㔳㰰〴㜰㘳㘠〵㈲弰‱〲䔴㘴㌊㈵㤰〴䌰〵㜵〵㈰〵㜰〵㈰〵ㄴ䌰䄠〵㔲㰱〰㌳䐵ㄴ䌸⸶㱅䐴䌰〵㔳㰳⥔樰䈲䄾ⴴ㌸㜰䘰䈰″䕍䌠㠵㜰〵㔳⥔樰〵㉔搊㰰〵ㄴ䌰渳㔳㰱〴㝂䘵ㄠ䘵㈰う〲㘵㈱ㄴ䌰〵㔳㰰〴㜰㘠ㄠ㈵㰰〳㘰渳㔳㰱〴㜲〰㌰〴䌰⸱㰰〲㘰渳㔳㰱〴㜴〴㐠ਯ䌲㜴䌰⸱㰰〲㘰渳䌰〰㌾ⴴ㌹⸲㰰〴㐰卯氠䌠ⴱ猠㠱㨠㌷ㄠ慮杩渾㸠䉄兗ㅨ祳⁛⠱⤷㐮ㄨㄠ慃〰〳‷‴㈮㔱㤷‸〮〲㐸⁔洊⠱⸩呪ਯ印慮㰼⽁捴畡汔數琼䙅䙆〰〹㸾㸠䉄䌠ਨ 呪ⴴ㌸⸱㰵㘴㌹⸵㰰〵ㄴ䌰渳㜲㘳㰱〴㜴〴㐰〴㜰〳㰲㘲㰳⥔樰〴䈰〵ㄴ䌰䄠〵㰲㘲㰷⥔樲㔴㌊㌴㌰〴㜰〳㰲㘲㰲ⴴ㌸䔱㰸〵㈲弰‱㐱㰰〲㘰渳㰲㘲㰶⥔樰〴䈰〴㜰〳㰲㘲㰲ⴴ㌳ⴴ㌸⸶㰰〲㔰〴㐲弰‱㐱㰰〳㰲㘲㰳兗ㅨ祳″ㄲ‷‰‰‷‴㈮㔱㤷‸〮〲㐸⁔洊⠱⸩呪ਯ印慮㰼⽁捴畡汔數琼䙅䙆〰〹㸾㸠䉄䌠ਨ 呪⸵㰰〳㘰〵ㄶ㰳 

http://iopscience.iop.org/article/10.1143/JJAP.34.4658
http://iopscience.iop.org/article/10.1143/JJAP.34.4658
http://link.springer.com/article/10.1007/BF00275354
http://link.springer.com/article/10.1007/BF00275354
http://link.springer.com/article/10.1007/BF00704525
http://link.springer.com/article/10.1007/BF00704525
http://iopscience.iop.org/article/10.1088/0268-1242/3/8/002
http://iopscience.iop.org/article/10.1088/0268-1242/3/8/002
http://iopscience.iop.org/article/10.1088/0268-1242/3/8/002
http://en.cnki.com.cn/Article_en/CJFDTotal-XTCL201101011.htm
http://en.cnki.com.cn/Article_en/CJFDTotal-XTCL201101011.htm
http://cat.inist.fr/?aModele=afficheN&cpsidt=20699217
http://cat.inist.fr/?aModele=afficheN&cpsidt=20699217
http://scitation.aip.org/content/aip/journal/jap/106/10/10.1063/1.3253737
http://scitation.aip.org/content/aip/journal/jap/106/10/10.1063/1.3253737
http://scitation.aip.org/content/aip/journal/jap/106/10/10.1063/1.3253737
https://www.mysciencework.com/publication/show/b67a0d57e59fd6dd893a3bb5f19f3bec
https://www.mysciencework.com/publication/show/b67a0d57e59fd6dd893a3bb5f19f3bec
https://www.mysciencework.com/publication/show/b67a0d57e59fd6dd893a3bb5f19f3bec
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=ZCT8H3sAAAAJ&cstart=20&pagesize=80&citation_for_view=ZCT8H3sAAAAJ:hC7cP41nSMkC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=ZCT8H3sAAAAJ&cstart=20&pagesize=80&citation_for_view=ZCT8H3sAAAAJ:hC7cP41nSMkC
https://scholar.google.co.in/citations?view_op=view_citation&hl=en&user=ZCT8H3sAAAAJ&cstart=20&pagesize=80&citation_for_view=ZCT8H3sAAAAJ:hC7cP41nSMkC
http://iopscience.iop.org/article/10.1088/0022-3719/6/5/009/meta
http://iopscience.iop.org/article/10.1088/0022-3719/6/5/009/meta
http://as.wiley.com/WileyCDA/WileyTitle/productCd-0471143235.html
http://scitation.aip.org/content/avs/journal/jvsta/15/3/10.1116/1.580719
http://scitation.aip.org/content/avs/journal/jvsta/15/3/10.1116/1.580719


http://serials.unibo.it/cgi-ser/start/en/spogli/df-s.tcl?prog_art=1319243&language=ENGLISH&view=articoli
http://serials.unibo.it/cgi-ser/start/en/spogli/df-s.tcl?prog_art=1319243&language=ENGLISH&view=articoli
http://serials.unibo.it/cgi-ser/start/en/spogli/df-s.tcl?prog_art=1319243&language=ENGLISH&view=articoli
http://jes.ecsdl.org/content/114/4/394.abstract
http://jes.ecsdl.org/content/114/4/394.abstract

	Title
	Corresponding author
	Abstract 
	Keywords
	Introduction
	Experimental Section
	Results and Discussions 
	Conclusions 
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9
	Figure 10
	Figure 11
	Figure 12
	References

