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Stndies On Consequence Of Temperature On Physical Properties Of
CdSe Thin Films Synthesized Using Chemical Bath Deposition Method
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ABSTRACT: Chemical bath depasitien [C80) methed @5 the most caq. bw-cogt and appropriate mothod for
srnchesis of compownd semicondwctors Present work diacesses gymthen's off aadmium sefenide (Calfe) thim jilms
on stainiess stevd (55] ond fuonme doped O oxlde coofed giow subchrates by o foclle ohem inwdcols roote.
Cipdloolum sulfate was waed o5 souroe of catkons while sediumselenasuifotr wes uoed oo soaree of anions. Farfous
chesiy ized 5o as to obfmin the best photoectier di, The astian
WMWMLTHMW morphoiogiood mepﬂm studied. Thin Pﬂt_ﬂ.lm ﬂ%gwﬂp at
warfous empersinres are choracterized udng Yooy diffection, feld emision soanaimg elechron microsoopy
(FE-SEM) and conbod angle messurement techolques Stractural stdy reveals presomee of miosd onestal
shrwctre. Wettablliy mudy reveals inorease iw pdrephille notvre with Inorasce bn deposinion [Emperamre.

Heypwords: CdSe. chemioal hath depoation, empersmre, Shotnedertrochomiog), FE-SEM, Waita bl ity shwiies

1. Intredwction

Since last few decades compound semiconductors of [I-¥1 group have fascinated a great extent of
attention because af their all-embracing applications [1, 2]. Among various semiconductors, Cadmiom
selenide [Cd%e) is one of renowned 11-WV1 group semiconductors, which has awestruck global researchers on
account of appropriate properties. CdSe nanocrystals exhibit attractive properties like guantum size =fect
[&]. & suitable band gap energy of CdSe [Eg = 1.7V makes it more approvwing for varioons applictons as
lazer dindes, light emitting dicdes, optical sensing agents, photoslectrochemicl solar cells, photodetectors,
photoelectric applications et [4-6]- Researchers employed number of deposition methods such 25 vacuum
evaparation, successive bonic kayer adsorption and reaction, spray pyrolysis, electrode posibon, pulse
plating. chemical bath deposition to grow Cd%e thin films [7-10). Among varioos methods, dhemicl bath
deposition [CBI)) is one of the mast suitahle deposition methods with no requisite of sophisticated
instrumentation. Chemiml deposition is simple, sconomim]l method which is suitable for large area
deposition. In CHD, deposition takes place when ionic prodoct just goes above solubility product [11].
Various deposition parameters like precorsor concentrations, deposition ime, pH of solution, temperatare
etc strangly contral growth rate of the deposition [12]. Temperature is ane of the most important factors
that affect growth of grains. One of the conseguences of higher deposition temperatare is increased crystal
size in the thin film. Tempemture of deposition bath plays sital role in deciding the physical properties of
deposit [13]. Thaos present investigation disoosses the influence of bath temperature on physical properties
of CdSe thin films.

Z. Experimental details
21 Deposition of CdSe thin fil mes

The Cdie thin films were deposited on the clean stinless steel substrates As contaminated
substrate results into nonumiform deposit thus all the substrates were cleaned by procedure reported
elerwhere [9]. All the chemicals used were analytical reagent grade and osed without any purifimtion.
Cadmiom sulfate [Cd50s) was used ax sources of cation and sodiom selenosulphate [(Ma:5eS0a) was used as
anéon. Further cadmium cxtons were complexed asing 30 wol.% liguwor ammania. Preparation of Sodium
selbenosulphate solution was done by procedure reported elsewhere [14]. The preparative parameters were
optimized with several trizls and by well known photoelectrochemical method [15].

Far chemical depositon of CdSe thin films, 10ml solotion of 005 M Cd30, was mken into a beaker of
30ml capacity. Ligoor ammonia was added drop by drop under constant stirring condition. Initially addition
of ammonia to @dmium precursor sclution results ioto formation of milky predpite of cadmicm
bydroxide Cd{0H]: which completely dissalves subzeguent ta further additon of ammoaia salution. Fimally,
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10 mi solution of 0.05 M Na;SeS0; was poured to the same. Four substrates were kept slanted by 15-20° to
wall of beaker. The pH of bath was maintained at 12. Temperature of bath was allowed to raise from room
temperature to 65, 75 and 85°C. At bath temperatures more than B5°C synthesis found impossible because
of steaming of water. Deposition of CdSe material at room temperature was acgquired after long time period
from 3 to 4 days. After 8hs, deposited substrates were taken out, repeatedly diped in doubly distilled water,
2ir dried and stored for further study.

2. 2(haracterizations

The structural prniem'es of CdSe thin films are studied using Philips X-ray diffractometer PW-3710
with Cu Ka scurce (A=1.54A). The 20 is varied range from 10? to100%, Rame-Hart USA equipment equipped
with a CCD camera was usad in measurement of contact angle thus the study of solid ~liguid interface was
undertaken. The JEOLJSM 6360 unit was used for surface morphological study.

3. Results and discussion
Films deposited at 27°C and 65°C were found reddish in color, that found to be altered to brown
and blackish brown, corresponding to bath temperatures, 75°C and 85°C, respectively as shown in fig. 1

Fig. 1 Photograph of CdSe thin films deposited at different temperatures

3.1 Structural analysis

XRD patterns of chemically deposited CdSe thin films at different temperature values are shown in
Fig. 2 The observed XRD patterns match well with Standard JCPDS data card no. 00-019-0191 ensuring the
formation of CdSe with a metastable cubic (Sphalerite) crystal structure. The peaks designated by SS
corresponds to stainless steel which may be because of interference from XRD signals of the substrate.
The diffraction pattern of thin film deposited at temperature 65°C (designated as (a)) shows caly two
diffraction peaks at 28 = 255+ and 50.6, corresponding to (111) and (311) planes of cubic phase
respectively. The diffraction pattern for thin films deposited at temperature 759C (designated as (b))
observed to contain (220) plane, the along with (111) and (311) planes at 20 values 42.4-, 256, 50.6-,

respectively.

Special Issue IJRAR- International Journal of Research and Analytical Reviews | 71
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Figure Z: X-ray diffraction spectra of chemiclly depasited CdS5e thin films at deposition temperature
[a) &5 (b) 75 and [c) B55C.

The XR[ pattern carresponding to deposition temperature 852 C [designated as [c]) reveals that the
diffmction peaks become sharper with drop off in full width at half maximum showing enhancement in
crystallinity and particle size in company with phase transformation. The diffraction pattern contains five
diffraction peaks at 28 valoes 243, 255, 42 7=, 505 and 81.8-. The diffraction peaks observed at 25.5,
427, 50.5 and 81.8= are indexed as [111), [Z220], (311) and (511) planes confirming formation of cubic
phase which are in good agreement with earlier reports [16] While the diffmction peak observed at 24.3- s
indexed as [100] plane of wurtzite hexagonal phase [JCPDS data card no00-002-033)] confirming phase
change. Good enhancement in crystallinity is observed with increase in temperature. The observed values
af interplaner spacing “d" are found to be matches well with standard values of interplaner spacing “d"
signifying the formation of CdSe in thin film form. In all XRD patterns ohtained at different temperature, 2
peak corresponding to the plane (111) is found to be prominent as compared to the other planes. Intensty
af this plane increases with increase in temperature.

This @an be explained as, since the rate of reaction mainly depends upon tempermtore. At lower
deposition temperature, rate of reaction is slow, which increases with increase in temperature. Increase in
bath temperature, increases thermal dissodation of cadmiom cations from complex in conjunction with fast
liberatian of selenium anbons from hydrolysis of Ka;5e504. [t guarantees high concentration of free cadmiom
cations and selenfum anions in the deposition bath, which increases rate of reaction in combination with
deposition rate. Conseguently the oystallite size of Cd%e thin film increase by way of depositon
temperature. It shows that the temperature deposition bath has an effect oo the crystal structure and
crystallinity af the deposited thin film.

3.2 Wettahility studies
Westahility study discosses the interaction between electrode with electralyte whidh is described by value
of contact angle.

72 | IJRAR- Intermational joursal of Research amd Aralbytical Reviews Special lssue
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Figure 3. Contact angle measurement images of CdSe thin films depaosited at different
temperature values ([(a), (b) ., (¢} corresponds deposition temperature 65, 75 and 859C)

Water contact angle measurement images far CdSe thin films deposited at different temperatures
are shown in Fig.2ZThis decrease in water contact angle is attributed to increase in surface roughness.
Smaller the contact angle more is the hydrophilic nature of electrode surface which results into intimate
contact between photoanede and redox electrolyte in solar cell.

The water contact angle values found to be decreased froem 98.1° to 73.5° with increase in
temperature. Smaller be the contact angle more will be the hydrophilic nature of electrode surface [17].

Figure 4: Lower and higher magnification FESEM images of CdSe thin films depaosited at
different bath temperatures [(a).(27)-65°C, (b),(b) -75°C and (c).[c)- 85°C].
Special Issue IJRAR. Intermational journal of Rescarch and Analytical Reviews ] 73
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The surface morphology of CdSe thin films deposited at different tempematere values was inspected
using field emizsion scanning electron microscopy [FESEM). Figure 4 shows lower and higher magnification
FESEM images of Cd5e thin flms. Fig. 4(a], [a") show lower and higher magnification FESEM images of CdSe
thin films deposited at deposition temperature G5%C It shows pebble like morphology cowered by fiber like
strocture on it Pawar etal [2] reported analogues morphology of chemically synthesized CdSe thin films on
glazs substrates Films deposited at lower temperature are detachable. FESEM image (b)), (b)) of thin films
deposited at tempemture 759 shows more compact morphalogy. [t shows fused pebhles like morphalogy.
Compact structare with agglomerated grain like strudare found to be depodted corresponding to
temperature 853C. Well adberent and good guality films with cauliflower like morphology are foand to be
obtmined corresponding to deposition temperature equal @fE5C Sorface morphology fouend to be
significamt!y altered with the deposition temperatore.

4. Condusions

Cd%e thin films are successfully synthesized by the chemical bath deposition method at different
deposition tempemtures. Structural studies reveal enhancement in crystallinity and partide size in
company with phase transformation with increase in tempersture from 65 to 8550 Wetability study shows,
film deposited at temperature B85%C has more hydrophilic nature with contact angle of 73.5-. Sarface

marphology of Cd5e thin films found to ke significantly modulated via the parameter, bath temperature.
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