
 

 

ISSN: 2277-3754 

ISO 9001:2008 Certified 
International Journal of Engineering and Innovative Technology (IJEIT) 

Volume 3, Issue 1, July 2013 

 296 

Optical and Structural Characteristics of Copper 

Doped Tin Oxide Thin Film Prepared by Thermal 

Evaporation Method 
Sumanta Kumar Tripathy 

GVP College of Engineering (A), Visakhapatanam, A.P., India. 

B. Nagarjun 

GVP College of Engineering (A), Visakhapatanam, A.P., India. 

V. Siva Jahnavy 

GVP College of Engineering for Women, Visakhapatanam, A.P., India. 

 
Abstract— The present paper discusses the optical and 

structural properties of copper doped tin oxide thin film prepared 

on a glass substrate by thermal evaporation technique at a 

pressure of Vacuum chamber 2x10-5 torr and at a temperature 

320C to 380C. The film was annealed at 3000C for two hours. 

Optical characteristics were studied by UV/VIS 

Spectrophotometer and observed that the transmission value was 

more than 80% at a wavelength greater than 450nm. X-ray 

diffraction study shows that the film was tetragonal rutile 

structure of SnO2. From XRD and SEM micrograph it was 

confirmed, the grain size in the range of 35-40nm. The study 

reveals polycrystalline structure with prominent peaks. The 

optical band gap was 3.55eV for nearly 5wt % of Cu doping.    

 
Index Terms— Band gap, SEM, Spectrophotometer, Tin 

Oxide, XRD.  

I.  INTRODUCTION 

The study and application of thin film technology is 

entirely entered in to almost all the branches of science and 

technology. Present study  which  describes  the  synthesis  

and  study  of optical and structural  characteristics  of  

copper doped Tin  Oxide  (SnO2)  is  really  more  

interesting  for  researchers  due  to its vast applications.  

Due to the properties like reflectivity, transparency, low 

electrical sheet resistance  etc.,  tin  oxide  thin  films  has  

immense  applications  such  as  gas  sensing  material  for  

photovoltaic cell [1] gas  sensors  devices  [2-4], in 

transistors [5],  transparent  conductive  electrode  for  solar  

cells[6-7],  photochemical and photoconductive devices in  

liquid crystal  display[8]  etc.  Till  today  so  many  

methods  were  adopted  to  synthesize  doped  or  un-doped  

tin  oxide  films  such  as R.F.  Magnetron  Co-  sputtering  

[9] Thermal  Evaporation  [10 -11],  Chemical Vapor  

Deposition  [12-13], Laser  Pulse  Evaporation  [14-15],  

Sol-Gel  [16-18], Spray  Pyrolysis  [19-21]  and ultrasonic  

spray  pyrolysis  [22].  Undoped tin oxide and  Fe and Mn 

doped SnO2 thin films have been prepared by  vapor 

deposition technique[23] and reported that SnO2 is an n-type 

semiconductor with a band gap of  about 4.08 eV. The Sb 

doped SnO2 thin films have  been prepared by spray 

pyrolysis method and it is  reported that the transmittance of 

the films was found to  increase on initial addition of Sb and  

then decreased for higher level of Sb doping [24]. The 

addition of some metal ions  as impurities play a vital role in  

changing the  phase composition, the charge carriers 

concentration of the metal  oxide matrix, catalytic activity, 

the size of crystallites, and the surface potential[24-26] 

Therefore to improve the quality, physical and chemical 

properties of thin film doping is highly essential . It is 

expected that the doping of copper with tin oxide increases 

gas sensing property as well as changes structural and 

optical properties and since there are rare evidences of 

synthesis of copper doped tin oxide by thermal evaporation 

method, we made an effort to fabricate copper doped tin 

oxide films by thermal deposition method. 

 

II. EXPERIMENTAL DETAILS 

Copper doped tin oxide film with doping level about 5 

wt% was fabricated on corn glass substrate by thermal 

evaporation unit model 12A4D  (Fig.1) at a pressure of 

vacuum chamber 2x10
-5

 torr and at a temperature of 32
0
C to 

38
0
C. Tin oxide powder 99% and copper powder 99% pure 

from Aldrich are considered as source materials and were 

taken separately on two tungsten boats which are connected 

to the respective electrodes.  The pressure of the vacuum 

chamber was maintained at 2 x 10
-5

 torr, rate of deposition 

4-6 A˚/sec and target- substrate separation of 8cm was 

maintained during the entire deposition process. Before the 

deposition, the glass substrate was thoroughly cleaned with 

cleaning liquid soap and then with acetone to remove 

organic particles on the surface and then washed with 

distilled water. To prevent local hydrolysis the substrates 

were then soaked with TEA diluted isopropyl alcohol for 10 

minutes and then dried. After fabrication the film was 

annealed at 300
0
C for two hours.  

Optical characterization was studied from transmission% 

Vs. wavelength curve which was plotted from the data 

obtained from transmission spectrum analysis of the film by 

ELICO UV/VIS spectrophotometer Model- SL 159 in the 

wavelength range 300nm to 1100nm.  The refractive index 

and the thickness of the film were calculated using the 

formula [27] 

n = 
2

1
21

22NN
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 Where,       N = 
2

12

lTuT

lTuT
2





  

and              d = 
)12n21n(4

21





----------------------(2)

 

Where „n‟ and „d‟ are the refractive index and thickness 

of the thin film „‟ refractive index of the substrate, Tu and 

Tl be the transmission maximum at upper envelop and 

transmission minimum at lower envelop for a particular 

wavelength λ, n1 and n2 be the refractive index of the thin 

film at maxima(for wave length 1) and corresponding 

minima (for wave length 2) where phase difference is π. 

The optical band gap was obtained from the  plot of (h)
1/2 

  

Vs.  h  in thin film deposited on glass substrate. It has been 

observed the band gap was 3.55eV . XRD measurement was 

carried out by using SIEMENS Diffract meter and study of 

morphology was done by Scanning Electron microscope. 

 
Fig.1. Thermal Evaporation Unit 

III.  RESULT AND ANALYSIS 

A. OPTICAL ANALYSIS 

Optical analysis of copper doped SnO2 thin film on glass 

substrate was studied from transmission% Vs. wavelength 

curve in the wavelength range 300nm to 1100nm which is 

shown in the fig.2. 

From fig.2 it was clear that the surface quality and 

homogeneity of the thin film were excellent and this 

confirms that copper doped tin oxide thin film exhibits semi 

conducting properties also as it was established by Nowak 

that the pure semi conducting compounds have a sharp 

absorption edge [28]. In the visible region of the spectra, the 

transmission of film was very high, due to the fact that the 

reflectivity is low and there is less absorption due to 

excitation of electrons from the valence band to conduction 

band [29]. 

 
Fig.2. T%Vs.  in nm in the wavelength range 300nm-1100nm. 

 From fig.2 it may be concluded that the transmittance 

was more which may be due to high porosity and larger 

grain size and less absorption in the film. The lower and 

upper envelop were used to find out refractive index of the 

film material and thickness of the film.  From the 

Transmission Vs. wavelength data average refractive index 

and thickness were measured by the above mentioned 

formula (1) and (2). The calculated refractive index and 

thickness of the film were 1.754 and 937.69nm respectively. 

The higher value of refractive index may probably due to 

high porosity and surface roughness of the films which is 

mainly attributed to larger grain size. Sensitivity of thin 

semi conducting film is highly dependent on film porosity, 

film thickness, operating temperature, presence of additives 

and crystallite size. But porosity is expected to have a large 

impact on sensor sensitivity. The absorption coefficient () 

was calculated from the expression [30].   











T

1
ln

d

1
 α  

Where„d‟ thickness of the film and „T‟ optical 

transmission. The calculated absorption co-efficient was 

about 10
4
 cm

-1
. Which may be suitable for a transparent 

conducting film. Fig.3. shows the plot of (h)
1/2 

  Vs.  h  

in Cu- doped SnO2 thin film. It has been observed that the 

graph was linear over a wide range of photon energies 

which was due to direct type of transition. When the linear 

portion was extrapolated to the h axis the intercept gives 

the band gap which was 3.55eV. The reported band gap 

values for SnO2 thin film for single crystal 3.6eV [31]. The 

less value may be due to the addition of Cu- dopant and also 

may be due to growth of grain and improvement of the 

degree of crystallization. 
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Fig.3. (h)½ Vs. h for SnO2 films 

 

B. STRUCTURAL ANALYSIS 

The XRD spectra of the sample was recorded by Siemens 

Diffractometer Model- D 5000 using CuKα radiation of 

wavelength λ= 0.1540nm. With a diffraction angle 10
0
 to 

70
0
 and is shown in the Fig.4. 

 
Fig.4. XRD Pattern of Cu-doped SnO2 thin film 

From fig.4. it was observed that well defined sharp 

diffraction peaks are obtained which indicates that the film 

is polycrystalline in nature. The peaks are observed nearly at 

same angle of 2θ which may be considered to be the 

tetragonal rutile structure of SnO2 (JCPDS Card No. 88-

0287).  No characteristics peaks of Cu- dopant was observed 

which may be due to less dopant percentage. The main 

aspect of the spectra is the sharpness of the XRD peaks. 

This variation is related to grain size raise and higher 

crystalline quality due to annealing condition  The peaks 

which match the standard interplanar spacing JCPDS card 

no. 88-0287 is given as 26.6
0
 for (110) plane, 33.9

0
 for (101) 

plane, 38
0
 for (200) plane, 51.8

0
 for (211) plane, and 61.9

0
 

for (310) plane. The (101) peak has the largest intensity, but 

others like (110), (200), (211) and (310) are clearly 

identified. Since the intensity of (101) plane is more it may 

be believed the preferential growth along direction (101).  

Using the back ground noise level as a reference the (hkl) 

orientation parameters γ was calculated from the relative 

heights of the peaks using the expression [32] 

          γ = 
(310)(211)(200)(101)(110)

(hkl)

I I I I I

I


 

and observed that orientation parameter is more for (101) 

plane. XRD spectra were analyzed with Gaussian function 

where FWHM was determined. By using Debye-Scherrer 

formula [33] D = 




cos 

0.9
, Where D= Mean grain size,                     

β = FWHM(Full width and half maxima) of the observed 

peak, λ = wavelength of X-Ray used for diffraction,              

θ = angle of diffraction. Using the above formula the 

average grain size of the deposited film was calculated as 

36nm.  Strain of Cu-SnO2 thin films was calculated by using 

the formula[34],  β cosθ = 
D

Cλ
 + 2ε sinθ ,  where C 

correction factor which is taken as 1, D is the particle size, ε 
is the strain. From calculation it was found that the value of 

strain of Cu-SnO2 film deposited on glass substrate is  

0.0095. The amounts of defects in the film known as 

dislocation density (δ) was calculated using the relation[35]  

δ = 
2D

1
 where D is the particle size. The calculated value 

shows that dislocation density is randomly varied and is less 

along (101) plane. 

C. MORPHOLOGICAL ANALYSIS 

The study of surface morphology of Cu- SnO2 thin film 

has been carried out using Scanning Electron Microscope 

Model- Philips XL 30. Fig.5. shows SEM micrographs of 

Cu-SnO2 films. SEM micrograph shows agglomeration of 

the grain particles and domes like structure. This dome like 

structures may be believed as the top surfaces of the grains 

of the film. It also shows canal like structure with islands 

which may be due to contact angle, thickness and drying 

stresses. This is not only due to annealing process but also 

may be expected depends on other factors like large 

thickness of the deposited film.   

 
Fig.5. SEM image of Cu-SnO2 film 

D. EDS ANALYSIS 

The quantitative analysis of the film was carried out by 

Energy Dispersive Spectroscopy and the spectrum obtained 

shown in the figure.6. From the spectrum it is clear that only 

Sn and O are present along with small quantity of copper. 
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We observed percentage of Sn, O and Cu in the film as 

75.71% and 19.28% and 5.01% respectively. 

 
Fig.6. EDS spectrum of Cu- SnO2 thin film 

 

IV. CONCLUSION 

Summarizing briefly, Copper doped  Tin Oxide film was 

prepared by thermal evaporation method. Optical 

characteristics of the thin film were determined from the 

transmittance spectra in the UV-VIS region. Film thickness 

and the refractive index of the film was determined by using 

the envelop method. It is calculated that thickness of the 

film was 937.69 nm and average refractive index 1.754. It 

was also observed that transmission values were more than 

0.80 at wave length greater than 450nm. The optical band 

gap value of the film is 3.55eV which indicates that the 

synthesized material of the film is semiconducting oxide 

material. XRD study wraps up that grain size of the Cu-

SnO2 thin film varies from 35 to 40nm however the average 

grain size was calculated as 36nm. XRD study reveals 

polycrystalline nature with canals in the film. Five major 

peaks were clearly observed. XRD result also confirms that 

the product was tetragonal rutile structure. EDS analysis 

conforms the presence of Copper. No other impurities were 

found.  

ACKNOWLEDGEMENT 

The authors are grateful to Prof. T.S.N. Somayaji, 

Director, Centre for Nano Science and Technology, GVP 

College of Engineering (Autonomous) for his support and 

encouragement to carry out the research and also indebted to 

the management of GVP College of Engineering (A) for 

providing the  Laboratory facilities.  

 

REFERENCES 
[1] Cachet, J.Bruneaux, G.Folcher, C. Levy- Clement, C.Vard 

and M. Neumann-Spallart, “n-Si/SnO2 junctions based on 

macro porous silicon for photo conversion," Solar Energy 

mater and Solar Cells, 46, 10-1141, (1997). 

[2] A. Sutti, C. Baratto, G. Calestani, C. Dionigi, M. Ferroni, G. 

Faglia, G. Sberveglieri, “Inverse opal gas Sensors: Zn(II)-

doped tin dioxide system for low temperature detection of 

pollutant gases,” Sens. Actuators B , 130,  567-573, (2008).    

[3]  L. A. Patil, D.R. Patil, " Heterocontact type CuO-modified 

SnO2 sensor for the detection of a ppm level H2S gas at room 

temperature," Sens. Actuators В, 120, 316-323, (2006).    

[4] H.J.Lim, D.Y. Lee, Y.J. Oh, " Gas sensing properties of ZnO 

thin films prepared by micro contact printing,"Sens. Actuators 

A, 125,  405-410, (2006). 

[5] M.S.Arnold, P.Avouris, Z.W.Pan, Z.L.Wang, “Field-Effect 

Transistors Based on Single Semiconducting Oxide 

Nanobelts," J. Phys. Chem. B, 107, 659, (2003). 

[6] A. Aoki and H.Sasakura,"Tin Oxide Thin Film Transistor 

Jap.J. Appl. Phys., 9, 582-582 (1970). 

[7] A. Mohammadi-Gheidari, E. Soleimani Asl, M. 

Mansorhoseini, S. Mohajerzadeh , N. Madani, W. Shams-

Kolahi, “Structural properties of indium tin oxide thin films 

prepared for application in solar cells” ,  Mater Res. Bulletin, 

40, 1303-1307, (2005). 

[8] U.Betz, Kharrazi, M. Olsson, J. Marthy , M. F. Escola and  F. 

Atamny, “Thin films engineering of indium tin oxide: Large 

area flat panel displays application,”  Surf. Coat. Technol., 

200, 5751, (2006). 

[9] K.S. Yoo, S.H. Park and J.H. Karg," Nano-grained thin-film 

indium tin oxide gas sensors for H2 detection," Sensors and 

Actuators B, 108, 159-164, (2005).  

[10] E. Comini, G.Faglia, G. Sberveglieri, Z. Pon and Z. L. Wang, 

"Stable and highly sensitive gas sensors based on 

semiconducting oxide nanobelts", Appl. Physics lett., 81,  

1869-1871, (2002). 

[11] V.S. Vaishnav, P.D. Patel and N.G. Patel, “Indium Tin Oxide 

thin film gas sensors for detection of ethanol vapours,” Thin 

solid films, 490, 94-100, (2005). 

[12] P.M. Gorley, V.V. Khomyak , S.V. Bilichuk, I.G. Orletsky,  

P.P. Hovly and V.O. Grechko, SnO2 films: formation, 

electrical and optical properties," Mater. Sci. and Engg. B, 

118, 160, (2005) .  

[13] R.  Mamazza Jr., D.L. Morel and C.S. Ferekider, “Transparent 

conducting oxide thin films of Cd2SnO4 prepared by RF 

magnetron co-sputtering of the constituent binary oxides”,  

Thin Solid Films, 484,  26-33, (2005).     

[14] H.T.Yang and J.T.Cheung, "Pulsed laser evaporated 

SnO2 films," J.Crystal Growth, 56, 429-432, (1982). 

[15] Hui Fang, T.M. Miller, Robert H, M. Magruder and R.A. 

Weller, “The effect of strain on the resistivity of indium tin 

oxide films prepared by pulsed laser deposition,J.Appl.Phys” 

91,  6194-6196, (2002). 

[16] O. Culha, M.F. Ebeoglugil, I. Birlik, E. Celik, and  M. 

Toparli,  " Synthesis and characterization of semiconductor tin 

oxide thin films on glass substrate by sol-gel technique," 

J.Sol-Gel Sci. Technol, 51, 32-41 (2009).  

[17]  J.P. Chatelon, C. Tenier, E. Bemstein, R. Berjoan  and J.A. 

Roger,“technique,” Thin Solid Films, 247, 162-168, (1994). 

[18] B. Oreal, U. Lavrencic-Stangar, Cmjak-Olel, P. Bukovea and 

M. Kosec, “Structural and FTIR spectroscopic studies of gel-

xerogel-oxide transitions of SnO2 and SnO2: Sb powders and 

dip-coated films prepared via inorganic sol-gel route”, J. Non-

Cryst. Solids, 167, 272-288, (1994). 

[19] A.A.Yadav, E.U. Masumdar,  A.V. Moholkar, K. Y. Rajpure, 

C.H. Bhosale, " Gas Sensing of Fluorine Doped Tin Oxide 

http://www.sciencedirect.com/science/article/pii/S092442470500470X
http://www.sciencedirect.com/science/article/pii/S092442470500470X
http://www.sciencedirect.com/science/article/pii/S092442470500470X
http://www.sciencedirect.com/science/article/pii/S0025540805001194
http://www.sciencedirect.com/science/article/pii/S0025540805001194
http://www.sciencedirect.com/science/article/pii/S0025540805001194
http://www.sciencedirect.com/science/article/pii/S025789720501042X
http://www.sciencedirect.com/science/article/pii/S025789720501042X
http://www.sciencedirect.com/science/article/pii/S025789720501042X
http://www.sciencedirect.com/science/article/pii/S0925400505000742
http://www.sciencedirect.com/science/article/pii/S0925400505000742
http://apl.aip.org/resource/1/applab/v81/i10/p1869_s1
http://apl.aip.org/resource/1/applab/v81/i10/p1869_s1
http://apl.aip.org/resource/1/applab/v81/i10/p1869_s1
http://www.sciencedirect.com/science/article/pii/S0040609005003457
http://www.sciencedirect.com/science/article/pii/S0040609005003457
http://www.sciencedirect.com/science/article/pii/S0040609005003457
http://www.sciencedirect.com/science/article/pii/S0921510704006646
http://www.sciencedirect.com/science/article/pii/S0921510704006646
http://www.sciencedirect.com/science/article/pii/S0040609005001719
http://www.sciencedirect.com/science/article/pii/S0040609005001719
http://www.sciencedirect.com/science/article/pii/S0040609005001719
http://www.sciencedirect.com/science/article/pii/S0040609005001719
http://www.sciencedirect.com/science/article/pii/0022024882904626
http://www.sciencedirect.com/science/article/pii/0022024882904626
http://www.sciencedirect.com/science/article/pii/0022024882904626


 

 

ISSN: 2277-3754 

ISO 9001:2008 Certified 
International Journal of Engineering and Innovative Technology (IJEIT) 

Volume 3, Issue 1, July 2013 

 300 

Thin Films Prepared by Spray Pyrolysis," Sensors & 

Transducers Journal, 92(5)  55-60, (2008). 

[20] D.W. Lane, J.A. Coath, K.D. Rogers, B.J. Hunnikin and H.S. 

Beldon," Optical properties and structure of thermally 

evaporated tin oxide films", Thin Solid Films, 221, 262-266, 

(1992). 

[21] F. Paraguay, D.W. Estrada, L.D.R. Acosta,  N.E. Andradeb 

and M. Miki-Yoshida, “Growth, structure and optical 

characterization of high quality ZnO thin films obtained by 

spray pyrolysis”, Thin Solid Films, 350 192-202, (1999).  

[22] G. Blandenet, M. Court and Y. Lagarde, “Thin layers 

deposited by the pyrosol process”, Thin Solid Films, 77, 81-

90, (1981). 

[23] J. Joseph, V. Mathew, and K. E. Abraham, "Studies on Cu, 

Fe, and Mn Doped SnO2 Semi-Conducting Transparent Films 

Prepared by a Vapour Deposition Technique" Chinese Journal 

of Physics, 45, No.1, 84-97 (2007).  

[24] E. Elangovan, K. Ramamurthi,  " Studies on optical properties 

of polycrystalline SnO2: Sb thin films prepared using SnCl2 

precursor,"  Cryst. Res. Technol., 38(9), 779-784 (2003).  

[25] R. W. Siegel, E. H. Hu, M. C. Roco, WTEC Panel  Report on 

R & D Status and Trends in Nanoparticles,  Nanostructured 

Materials, Nanodevices, Workshop,  (1997).  

[26] D. Szezuko, J, Werner, S, Oswald, G, Behr,  K, Wetzing, 

"XPS investigations of surface segregation of doping elements 

in SnO2,"  Appl Surf Sci 179, 301-306 (2001) . 

[27] J.C. Manifacier, J. Gasiot, J.P. Fillard, " A simple method for 

the determination of the optical constants n,k and the 

thickness of a weakly absorbing thin film,"  Journal of Physics 

E: Sci. Instrum., 9, 1002-1004, (1976). 

[28] M. Nowak, “Linear distribution of intensity of radiation 

reflected from and transmitted through a thin film on a thick 

substrate,” Thin Solid Films, 266, 258-262, (1995). 

[29] K.Y. Rajpure, M.N. Kusumade, M.N. Neumann-Spallart, 

C.H. Bhosale," Effect of Sb doping on properties of 

conductive spray deposited SnO2 thin film Journal of Material 

Chemistry and Physics, 64, 184-188, (2000).  

[30] R.D. Tarey and T.A. Raju, “A method for the deposition of 

transparent conducting thin films of Tin Oxide," Thin Solid 

Films, 128, 181-189, (1985). 

[31] J.E. Dominquez,  X.Q. Pan, L. Fu, P.A. Vanrompay,  Z. 

Zhang,  J.A. Nees and P.P. Pronko,"Epitaxial SnO2 thin films 

grown on Sapphire by femtosecond Pulsed Laser deposition," 

J. Appl. Phys., 91,  1060-1065, (2002). 

[32] A. Srivastav, R.K. Shukla and K.P. Mishra, 

“Photoluminescence from screen printed ZnO based 

nanocrystalline films,” Cryst. Res. Technol., 46, 949-955, 

(2011). 

[33] J. Jeorg, S P Choi, K J Hong, H J Song and J S Park, "Strural 

and Optical Properties of SnO2 Thin Film Deposited by CVD 

Techniques,” J.Korean Phys.Sco. 48 960-963(2006).   

[34] K P Mishra, R K Shukla, A Srivastava and A Srivastava ,    

"Blue shift in optic Appl. al band gap in nanocrystalline  Zn1-

xCaxO films deposited by sol-gel method," Phys. Lett. 95, 

031901(2009). 

[35] Z. R. Khan, M. S. Khan, M. Zulfequar, M. S. Khan, “Optical 

and Structural Properties of ZnO Thin Films Fabricated by 

Sol-Gel method," Materials Science and Applications, 2(5), 

340-345, (2011). 

AUTHORS' PROFILE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Dr. S. K. Tripathy, M.Sc.(Phy.), Ph.D.(Phy.), 

M.Tech.(IT) is presently working as Associate 

Professor (Phy.), at GVP College of Engineering 
(Autonomous), Visakhapatanam.  His area of 

research is Solid State Physics and Thin Film 

Technology. He has published 13 papers in 
Journals of International repute. 

  

 

Dr. B. Nagarjun has completed M.Sc., M.Phil., 
Ph.D. in Physics from Andhra University. To 

his credit he has published one paper in 

International Journal and eight conference 
publications. He is a life member of Acoustical 

Society of India. Presently he is working as 

Assistant Professor (Physics), GVP College of 
Engineering(Autonomous), Visakhapatanam.  

  

Mrs. V. Siva Jahnavy completed M.Sc., M.Phill., 

in Physics from Andhra University. She is 
pursuing Ph.D. under supervision of                 

Dr. S. K. Tripathy on Fabrication and 

Characterization of thin film. Presently she is 

working as Assistant Professor (Phy.), GVP 

College of Engineering for Women, 

Visakhapatanam. 

 
 

http://www.sciencedirect.com/science/article/pii/S0040609099000504
http://www.sciencedirect.com/science/article/pii/S0040609099000504
http://www.sciencedirect.com/science/article/pii/S0040609099000504
http://www.sciencedirect.com/science/article/pii/S0040609099000504
http://www.sciencedirect.com/science/article/pii/004060908190362X
http://www.sciencedirect.com/science/article/pii/004060908190362X
http://www.sciencedirect.com/science/article/pii/004060908190362X
http://www.sciencedirect.com/science/article/pii/0040609096800307
http://www.sciencedirect.com/science/article/pii/0040609096800307
http://www.sciencedirect.com/science/article/pii/0040609096800307
http://www.sciencedirect.com/science/article/pii/0040609096800307

