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Abstract— To date most, ZnO thin films have drawn a 

lot of attention because of their variety of applications. 

ZnO has unique properties such as its wide range of 

band gap, high binding energy, high melting point, and 

boiling point. So in this paper we have taken the ZnO 

target and using PLD we have deposited thin film on a 

substrate of silicon and corning glass at different 

temperatures. After deposition of the thin films the 

optical properties of these films were characterized by 

UV-visible spectroscopy and FTIR spectroscopy. The 

parameters such as the band gap of these thin films with 

the help of TAUC’s plot and also calculated the 

refractive index with the help of reflectance and 

transmittance. We have used FTIR for the calculation of 

the bond position (peak) of zinc and oxygen at different 

wavelengths. This method exhibits the unique properties 

of ZnO thin films and provides a better understanding 

of experimental as well as phenomenological techniques. 
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I.INTRODUCTION  

Over the last few years, ZnO films have drawn the 

attention of many researchers because of the 

possibilities to be used in valuable applications, such as 

optoelectronics devices, and not the least, due to its 

highly preferential orientation along the c-axis. ZnO 

films show high piezoelectric properties and can 

therefore be used for surface acoustic wave devices [1]. 

The extensive investigations on its structure, 

morphology, and optical properties would lead to the 

development of novel and high-quality devices and 

may increase the number of applications. Many 

techniques have been used to fabricate ZnO thin films, 

including laser molecular beam epitaxial, metal-

organic chemical vapor deposition [2], sputtering [3], 

thermal evaporation [4], chemical vapor deposition [5], 

sole gel [6], and pulsed laser deposition (PLD) [7]. 

Amongst these techniques, PLD is a popular research 

technique because of its potential to achieve high-

quality films at low temperatures, even at room 

temperature, as well as the stoichiometry transfer 

between the target material and the film [7]. The 

advancement in the field of thin film technology paved 

the road for the development of various 

semiconductor-based devices [8-10]. Moreover, ZnO-

based nanomaterials can be considered promising 

candidates for solar cells, gas sensors, laser diodes, and 

so on. ZnO films can be grown by several physical and 

chemical methods such as sputtering, chemical vapor 

deposition, sol–gel method, molecular beam epistaxis, 

and pulsed laser deposition on a wide range of 

substrates [11–15]. PLD also offers the deposition in 

reactive and inert background gases which allows a 

sufficient control of the film composition and 

properties. It is also well known that different 

deposition pressures can influence the surface 

roughness of the PLD thin films with a direct effect on 

the light emission of the thin films [16-18]. Well-

known UV emission was observed from undoped ZnO 

films with the films deposited in vacuum and oxygen 

giving respectively the least and highest PL intensity. 

The particle size and emission intensity were 

dependent on the growth atmosphere and stress [19]. 

Many works have been done that include materials in 

which the target material was undoped ZnO [20-22]. 

Pulsed laser deposition (PLD) has been studied and 

employed as a relatively simple and reliable technique 
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for depositing a wide range of materials for novel 

applications [23-27]. 

 

In the present investigation, undoped ZnO thin films 

were deposited on glass at different substrate 

temperatures by the PLD technique. The influences of 

substrate temperature and reactive gas pressure (O2) on 

the optical and electrical properties of the deposited 

films were investigated.  

II.EXPERIMENTAL PROCEDURE 

The oxide layer of ZnO is deposited on silicon and 

corning glass substrate using a pulsed laser deposition 

technique with variation of temperature at 100 mT 

pressure. Before pulse laser deposition we made a 

target of ZnO oxide. After the deposition of the film, 

we study the structural properties of the deposited 

film via XRD pattern. We can calculate crystallize 

size, stress, inter-planer distance, and lattice constant 

from XRD analysis.  For the deposition of the thin 

film of zinc oxide at various temperatures of O2 at 100 

mt pressure, we put two different substrates one was 

corning glass and the other one was silicon at the 

substrate holder and a ceramic target of zinc oxide put 

on the target holder. We take some parameters during 

depositions which are tabulated below in table no.1. 

 

Table 1: Parameter at deposition of PLD 

      

Substra

te 

Temperat

ure 

Pressu

re 

Pulse 

ener

gy 

Repetiti

on rate 

No. 

of 

shot

s 

Cornin

g glass 
R.T. 100mT 

175m

J 
10 

1500

0 

Cornin

g glass 
100oc 100mT 

175m

J 
10 

1500

0 

Cornin

g glass 
200oc 100mT 

175m

J 
10 

1500

0 

Silicon R.T. 100mT 
175m

J 
10 

1500

0 

Silicon 100oc 100mT 
175m

J 
10 

1500

0 

Silicon 200oc 100mT 
175m

J 
10 

1500

0 

 

                 III. RESULT AND DISCUSSION 

(A) UV-SPECTROSCOPY: The transmittance 

spectra of zinc oxide film are taken at corning glass 

substrate and reflectance spectra of same film is taken 

on silicon substrate.  

 

 

 

With the help of the data of both spectra, we calculate 

the band gap using Tauc’s equation: 

𝛼ℎ𝜈 = 𝐴(ℎ𝜈 −Eg)
2 

The optical band gap is obtained by plotting (𝛼ℎ𝜈)2 vs. 

ℎ𝜈 and extrapolating the linear portion of it. From the 

below graph, it is clear that as increasing temperature 

the value of the optical band gap of a thin film of zinc 

oxide decreases. The decrease in the band gap may be 

due to the improved crystalline structure of the ZnO 

thin films.  The maximum value of the optical band 

gap at room temperature is 3.3eV.  
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Figure 1(b): Band gap of ZnO thin films grown with 

various temperatures 

 

Figure 1 (a): Transmission plot of ZnO thin films 

grown with various temperatures (a) RT (b) 𝟏𝟎𝟎℃ 

(c)𝟐𝟎𝟎℃ 
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Table 2: Calculated band gap of thin film of zinc 

oxide at temp.Variation 

S.No. Temperature(OC) Band gap (eV) 

1. R.T. 3.35Ev 

2. 100OC 3.30Ev 

3. 200OC 3.27Ev 

 

For the samples prepared on Silicon, reflectance 

studies were carried out. Fringes were obtained in the 

case of reflectance of Silicon samples. With the 

increase in temperature, a decrease in the value of 

reflectance was found which leads to opacity of 

samples. 

 

 

 

The value of refractive index n(k) [28] of the ZnO thin 

film was determined at different wavelengths from 

both the reflectance and transmittance spectra using 

equation: 

 

𝑛(𝜆) =
(1 + 𝑅)

(1 − 𝑅)
+ √

4𝑅

1 − 𝑅2
− 𝑘2 

Where R is the reflectance and k (k = αλ/4π) is the 

extinction coefficient, α (α =[ln(
𝟏

𝑻
)]/t ) is the absorption 

coefficient, λ is the wavelength, t is the thickness, T is 

the transmittance. 

 

 

 

 

 

 

It may be observed that the refractive index of ZnO 

film grown at 1000C temperature was found to be 

relatively higher as compared to those deposited at 
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Figure 3: Refractive index of ZnO thin films grown 

with various temperatures (a) RT (b) 𝟏𝟎𝟎℃ 

(c) 𝟐𝟎𝟎℃ 

 

Figure 2: Reflectance spectra of ZnO thin films 

grown with various temperatures (a) RT (b) 𝟏𝟎𝟎℃ 

(c) 𝟐𝟎𝟎℃ 
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Room Temperature and 2000C. This can be correlated 

with the stress generated across the film i.e. the film 

with minimum stress was found to exhibit maximum 

refractive index.  

 

(B) FTIR ANALYSIS: 

FTIR[29]spectroscopy is an important technique to 

checking the vibrational spectrum and properties of 

thin films. Fourier transform infrared(FTIR) 

spectroscopy is the spectroscopy that deals with the 

infrared region of the electromagnetic spectrum 

which is light with a longer wavelength and lower 

frequency than visible light. The surface-to-volume 

ratio (i.e. aspect ratio) for nanoparticles is higher than 

their bulk counterpart. As more atoms/molecules are 

arranged on the surface of nanoparticles, the surface 

chemistry of these nanomaterials is of immense 

interest. To quickly establish the presence or absence 

of the various vibrational modes present in ZnO 

nanoparticles, we performed FTIR spectroscopy of 

ZnO nanoparticles. To analyze spectrum peaks are 

correlated with FTIR spectroscopy correlation wave 

number. we have FTIR spectra of as-prepared 

nanoparticles. The absorption and transmittance 

bands peak obtained of Zn–O bond and also 

authenticates the presence of ZnO. 

 

 
 

The absorption bands at around 409cm-1 and 614cm-1 

are attributed to the E1 (TO) and A1 (LO) bending 

vibration of ZnO respectively. The observed 

absorption bands confirm the deposition of ZnO thin 

films with good structural properties. 

IV CONCLUSION 

Highly crystalline ZnO thin films were deposited on 

corning and Si (100) substrate using the Pulsed laser 

deposition(PLD) technique at varying substrate 

temperatures (RT, 1000C, 2000C). The films were 

found to be c-axis oriented with good crystal quality. 

The structural analysis of films was performed using 

the FTIR technique. The ZnO films deposited at 

varying substrate temperatures exhibit high optical 

transmittance, which was confirmed using the UV-

visible Technique. The band gap of films was found 

to decrease with an increase in substrate temperature. 

Furthermore, it was observed that the films with 

minimum stress exhibited maximum refractive index 

in the absorbing wavelength range. 

 

V REFERENCES  

[1]   Ohyama, Masashi, Hiromitsu Kouzuka, and Toshinobu 

Yoko. "Sol-gel preparation of ZnO films with extremely 

preferred orientation along (002) plane from zinc acetate 

solution." Thin solid films 306.1 (1997): 78-85. 

 
 [2] X.Q. Weia, J.Z. Huang, M.Y. Zhang, Y. Du, B.Y. Man, 

Mater. Sci. Eng. B,(2010), 166,141. 

 

 [3] Bachari, E. M., et al. "Thin Solid Films https://doi. 

org/10.1016/S0040-6090 (99) 00060-7 348, 165 (1999). 

 

 [4] Ma, Jiangping, et al. "High efficiency bi-harvesting 

light/vibration energy using piezoelectric zinc oxide 

nanorods for dye decomposition." Nano Energy 62 (2019): 

376-383. 

 

 [5] Natsume, Y., and H. Sakata. "Electrical conductivity and 
optical properties of ZnO films annealed in hydrogen 

atmosphere after chemical vapor deposition." Journal of 

Materials Science: Materials in Electronics 12 (2001): 87-

92. 

 

 [6] Tang, W., and D. C. Cameron. "Aluminum-doped zinc 

oxide transparent conductors deposited by the sol-gel 

process." Thin solid films 238.1 (1994): 83-87. 

 

 [7] Tsoutsouva, M. G., et al. "ZnO thin films prepared by 

pulsed laser deposition." Materials Science and 
Engineering: B 176.6 (2011). 

 

 [8] D. G. "The exciton spectrum of zinc oxide." Journal of 

Physics and Chemistry of Solids 15.1-2 (1960): 86-96. 

 

 [9]Burgess, R. E. "Semiconductor 

Physics." Nature 180.4597 (1957): 1265-1266.. 

400 600 800 1000 1200 1400 1600

Tr
an

ce
m

itt
an

ce
(T

%
)(a

.u
.)

wave number(cm
-1
)

 200DEG

 100DEG

 RT

409cm
-1 614cm

-1

Figure 4: FTIR spectra of ZnO thin films 

grown with various temp. 



70 
 

 

 

 [10] Di Mauro, Alessandro, et al. "ZnO for application in 
photocatalysis: From thin films to nanostructures." Materials 

Science in Semiconductor Processing 69 (2017): 44-51. 

 

 [11] Winantyo, Rangga, and Kenji Murakami. "ZnO 

nanorods formation for dye-sensitized solar cells 

applications." International Journal of Technology 8.8 

(2017): 1462-1469. 

 [12] Morales, Carlos, et al. "Growth and characterization of 

ZnO thin films at low temperatures: From room temperature 

to− 120 C." Journal of Alloys and Compounds 884 (2021): 

161056. 

  [13] Habibi, Ali, et al. "Formation of high performance 
nanostructured ZnO thin films as a function of annealing 

temperature: structural and optical properties." Surfaces and 

Interfaces 21 (2020): 100723. 

 

  [14] Ogugua, Simon N., Odireleng Martin Ntwaeaborwa, 

and Hendrik C. Swart. "Latest development on pulsed laser 

deposited thin films for advanced luminescence 

applications." Coatings 10.11 (2020): 1078. 

 

  [15] Simdar, Mehrnaz, et al. "Distinctive ZnO film’s 

structures and morphologies for different modes of the 
heating substrate." Materials Letters 297 (2021): 129914. 

 [16] Cho, K. G., et al. "Improved luminescence properties 

of pulsed laser deposited Eu: Y 2 O 3 thin films on diamond 

coated silicon substrates." Applied physics letters 71.23 

(1997): 3335-3337. 

 

[17] Jones, S. L., et al. "Luminescence of pulsed laser 

deposited Eu doped yttrium oxide films." Applied physics 

letters 71.3 (1997): 404-406. 

 

[18] Coetsee, E., et al. "Characterization of Y2SiO5: Ce thin 

films." Optical Materials 29.11 (2007): 1338-1343. 
 

 [19] Kumar, V., Swart, H. C., Som, S., Kumar, V., Yousif, 

A., Pandey, A., ... &Ntwaeaborwa, O. M. The role of growth 

atmosphere on the structural and optical quality of defect 

free ZnO films for strong ultraviolet emission. Laser 

Physics, 24(10), (2014), 105704. 

 

 [20] Jin, B. J., S. Im, and S. Yl Lee. "Violet and UV 

luminescence emitted from ZnO thin films grown on 

sapphire by pulsed laser deposition." Thin solid films 366.1-

2 (2000): 107-110. 
 

 [21] Kaidashev, E. M., et al. "High electron mobility of 

epitaxial ZnO thin films on c-plane sapphire grown by 

multistep pulsed-laser deposition." Applied Physics 

Letters 82.22 (2003): 3901-3903. 

 

 [22] Shan, F. K., et al. "Aging effect and origin of deep-

level emission in ZnO thin film deposited by pulsed laser 

deposition." Applied Physics Letters 86.22 (2005). 
 

 [23] Christen, H. M., & Eres, G.Recent advances in pulsed-

laser deposition of complex oxides. Journal of Physics: 

Condensed Matter, 20(26); (2008), 264005. 

 

 [24] Caricato, Anna Paola, and Armando Luches. 

"Applications of the matrix-assisted pulsed laser evaporation 

method for the deposition of organic, biological and 

nanoparticle thin films: a review." Applied Physics A 105 

(2011): 565-582. 

 

 [25] Yao, J. D., Z. Q. Zheng, and G. W. Yang. "Production 
of large-area 2D materials for high-performance 

photodetectors by pulsed-laser deposition." Progress in 

Materials Science 106 (2019): 100573. 

 

[26] JFranklin, J. B., Zou, B., Petrov, P., McComb, D. W., 

Ryan, M. P., & McLachlan, M. A.Optimised pulsed laser 

deposition of ZnO thin films on transparent conducting 

substrates. Journal of Materials Chemistry, 21(22),(2011), 

8178-8182. 

 

[27] Socol, G., et al. "Pulsed laser deposition of transparent 
conductive oxide thin films on flexible substrates." Applied 

surface science 260 (2012): 42-46. 

 

[28] Paliwal, A., Sharma, A., Tomar, M., & Gupta, V. Optical 

properties of WO3 thin films using surface plasmon 

resonance technique. Journal of Applied Physics, 

(2014), 115(4). 

[29] Zerdali, M., Hamzaoui, S., Teherani, F. H., & Rogers, 

D.Growth of ZnO thin film on SiO2/Si substrate by pulsed 

laser deposition and study of their physical 

properties. Materials Letters, 60(4), (2014), 504-508. 

 


	2shakshi89yadav@gmail.com
	I.INTRODUCTION
	II.EXPERIMENTAL PROCEDURE
	IV CONCLUSION
	V REFERENCES



