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 

Abstract—Zinc oxide thin films deposited through sol-gel spin 

coating method for glucose biosensor applications. The surface 

morphology of film has been studied through AFM and SEM. 

Surface morphology investigation clearly reveals the 

enhancment of the surface area due to porous nature fo the thin 

films. The increment in surface area leads to a possiblity of 

improvement of sensitivity through sensing elements. The study 

has been mainly focused on optimization of annealing 

temperature and it has been realized that the better crystalline 

nature of zinc oxide films are obtained at 450 0C. Thin film 

annealed at 450 0C was found to be having thickness of around 

800 Å with refractive index almost 1.86. 

 
Index Terms—Zinc Oxide, Glucose Biosensor, Sol-gel 

I. INTRODUCTION 

Biosensors are significant tool in detection and diagnosis of 

various diseases with ease and efficiently [1, 2]. The electrode 

made of Zinc oxide (ZnO) loaded with enzymes which are 

very highly responsive, makes ZnO most remarkably known 

material for biosensor applications. Particularly, the ZnO 

nanorods have unique advantages due to high specific surface 

area, good conductivity, high electron mobility and 

biocompatibility with the biological molecules [3]. ZnO 

gained significant attention as it has direct energy band gap of 

3.37eV, and most importantly the ZnO thin films can be 

fabricated using sol-gel technique [4]. The sol-gel technique 

provides better chemical inertness along with photochemical 

stability. Through sol-gel one can tune the porosity which is 

very significant in tailoring the bandgap energy and refractive 

index of ZnO thin films in accordance to achieve better 

sensitivity of ZnO based glucose biosensor. ZnO is a very 

promising material for various applications such as light 

emitting devices, ultra violet wavelength  detection, solar cell 

with more improved efficiency then polymer based cells, gas 

sensors etc. [5-8]. Recently, in biosensors, the nanostructured 

ZnO layers are used due to its, chemical stability, non-toxicity 

[9]. The Figure 1 shows the schematic representations of the 

ZnO based biosensors which are having better sensitivity 

toward biological molecules detection. 

In the recent years ZnO and MgZnO has been investigated 

intensively because of their immense potential in biosensor,  
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light emitting devices, piezoelectric transducers and gas 

sensors. However, the crystalline structure is the key for 

achieving the better performance and sensitivity through ZnO 

thin films. The crystal structure and orientation along with the 

porosity, highly depends on annealing temperature. 

Therefore, annealing temperature was considered to be 

significant for the optimization of ZnO thin film deposition 

conditions and studied in detailed for its impact over various 

properties such as refractive index, thickness, surface 

morphology and crystal orientation. The paper reports 

thickness and refractive index variation with changes in 

annealing temperature and the optimized best thin film with 

its surface morphology and XRD analysis has been included 

in results and discussion section. The experimental procedure 

is in section II and the overall discussion of results are 

presented in section III and finally the conclusion has been 

presented. 

 

Figure 1 Biosensor structure 

II. EXPERIMENTAL 

Zinc Oxide thin films have been deposited by sol-gel spin 

coating method by using precursor Zinc Acetate dihydrate 

(Zn(CH3COO)2.2H2O), 2- Methoxyethanol as solvent and 

Monoethanolamine as the stabilizer. The 0.5M of Zinc acetate 

(ZnAc) has been dissolved in 2-Methoxyethanol and further 

monoethanolamine has been added drop wise at room 

temperature under constant stirring. The concentration of 

monoethanolamine has been kept 1:1 with the Zinc acetate. 

This resultant solution has been stirred further at 50°C for 45 

min to obtain a homogeneous, clear and transparent solution. 

The glass substrates have been cleaned with the dilute 

hydrochloric acid, ethanol and distilled water. The p-type 

Silicon <100> substrates have been ultrasonically cleaned 

into acetone and isopropanol in order to remove unwanted 
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native oxide layer on the wafer surface. Finally, the silicon 

wafer has been rinsed and cleaned with deionized (DI) water. 

For the deposition of thin film, the prepared ZnAc transparent 

solution dropped on the pre cleaned glass substrate and 

spinning was done with 3000 rpm for 30 sec for uniform 

deposition of thin film. These deposited ZnO films were 

preheated at 110°C for 10 min to evaporate any remaining 

solvent and organic compound. The process of deposition of 

films and preheating were repeated for ten times to obtain the 

desired thickness. The films were also deposited on silicon 

substrate for thickness and refractive index measurement.  

The prepared thin films were further annealed at the different 

temperature from 300 to 500 °C using muffle furnace.  

The thickness and refractive index (RI) were measured by 

Ellipsometer (Philips SD-1000). The structural property of 

thin films was studied using the X-ray diffraction (XRD, 

Rigaku Japan). The surface morphologies and roughness of 

the spin coated ZnO film was studied using a scanning 

electron microscope (SEM; JEOL, JSM-6610) and atomic 

force microscope (AFM; XE-100, Park Systems Corp., 

Suwon, Korea) respectively. 

III. RESULTS AND DISCUSSION 

 

 
 

Figure 2 (a) Effect of annealing temperature on 
thickness of films 

 

The films deposited on Si substrate were characterized by 

Ellipsometery for measurement of thickness and refractive 

index in order to study the effect of annealing temperature as 

shown in Figure 2(a) & (b).The thickness of films (Fig. 2(a)) 

are observed to be decreasing from 1080 Å to 725 Å. The 

lowering in thickness is because of reduction in the hydroxyl 

groups and other volatile impurities from films due to the 

annealing. Thus, it can be said that, the annealing significantly 

removes the water molecules trapped in films. The refractive 

index has been increased from 1.66 to 1.96. This is due to 

increase in density of films as well as improved crystallinity. 

It is observed that the thickness of films is getting lowered 

with annealing temperature and it is well known that the 

higher annealing temperature improves crystallinity of films 

[10] and reduces the surface area. The higher surface area is 

more beneficial for sensing application, thus, the optimized 

temperature in this case is 450˚C. Hence, further, 

characterization such are XRD, SEM and AFM have been 

carried out for ZnO thin film annealed at 450 ˚C 

 
Figure 2 (b) Effect of annealing temperature on 

refractive index of films 
 

  
Figure 3 XRD pattern of ZnO thin film annealed at 450˚C 

temperature 
 

 The XRD have been used to determine the crystal structure 

of the ZnO thin film in the range of 20°<2θ<80°. Figure 3 

shows the XRD pattern of  ZnO thin film annealed at 450°C. It 

has been seen from the pattern that all major diffraction peaks 

correspond to the ZnO crystal faces. The diffraction peaks 

denoted by diamonds ( ♦ ) indicates absence of any 

preferential orientation that reveals the ZnO film is 

polycrystalline in nature. The peaks are consistent with the 

diffraction planes of the hexagonal wurtzite structure of ZnO, 

as confirmed by JCPDS data card no.36-1451. XRD pattern 

show six primary peaks at 31.8, 34.49, 36.3, 47.4, 56.6 and 

62.8 which can be attributed to the (100), (002), (101), (102), 

(110) and (103) planes respectively. The average crystal size 

of film was measured to be ~33  nm using the Debye- Scherrer 

[11] formula that also demonstrates nanocrystallinity (<100 

nm) in film.  The evaluated a and c-axis lattice constants of 

the film are 0.318 and 0.519 nm respectively, which are 

slightly smaller than standard values presented in JCPDS 

36-1451. 

 
Figure 4 SEM of the ZnO thin film annealed at 450°C. 

Inset image shows ZnO grains at higher resolution 
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The SEM image presented in Figure 4 shows the 

morphology of the ZnO thin film. The ganglia-like hills of 

typical width of about 0.2 µm have been observed in SEM. At 

higher resolution the grains of ZnO are clearly observed as 

shown in inset of figure 4. 

Three dimensional (3D) AFM image of ZnO thin film is 

presented in Figure 5. Average roughness (Ra) values 

determined from the XEI data processing analysis software 

available with the AFM system. The Ra value that is acquired 

from a 5 µm  X 5 µm scanned area of films is 6.4 nm. 

 

 
Figure 5. 3D AFM image   

. 

IV. CONCLUSION 

The nanocrystalline ZnO thin films are deposited successfully 

on glass substrates by sol gel spin coating technique. The 

thickness of ZnO thin films were observed to be decreasing 

with increase in annealing temperature, however, RI is 

observed to be increasing. The XRD pattern of ZnO thin film 

annealed at 450˚C shows polycrystalline wurtzite structure. 

The AFM and SEM support the porous morphology of film 

which also suggests increased surface area of films making 

them useful for biosensing applications. 

REFERENCES 

[1] Saha Shibu, Arya S K, Singh S P, Gupta Vinay, “A novel 

ZnO-methylene blue nanocomposite matrix for biosensing 

application” International Journal of Electrochemistry, Vol. 2011, 

2011, pp.1. 

[2] Mashkoor Ahmad, Caofeng Pan, Zhixiang Luo, and Jing Zhu, “Single 

ZnO Nanofiber-Based Highly Sensitive Amperometric Glucose 

Biosensor”, J. Phys. Chem. C, Vol. 114, 2010, pp. 9308. 
[3] Yang Zao Ye, Zhizhen Zhao, Binghui Zong Xiaolin, Wang Ping 

“Synthesis of ZnO nanobundles via Sol–Gel route and application to 

glucose biosensor”, Journal of Sol-Gel Science and Technology, Vol. 

54, 2010, pp. 282. 
[4] Raoufi Davood, Raoufi Taha, “The effect of heat treatment on the 

physical properties of sol–gel derived ZnO thin films”, Applied 

Surface Science, Vol. 255, 2009, pp. 5812. 

[5] Kuchibhatla, Satyanarayana VNT Karakoti, A S Bera, Debasis Seal, 

S, “One dimensional nanostructured materials”, Progress in materials 

science, Vol. 52, 2007, pp. 699. 

[6] Kim Kwon-Ho, Shin Kyung-Sik, Kumar Brijesh, Kim Kyung-Kook, 

Kim Sang-Woo, “Mist-CVD growth of high quality ZnO thin films at 

low temperature for inverted organic solar cells”, Journal of 

Nanoelectronics and Optoelectronics, Vol. 5, 2010, pp. 247. 

[7] Zhang, N Yu, Ke Li, Q Zhu, ZQ Wan, Q, “Room-temperature 

high-sensitivity HS gas sensor based on dendritic ZnO nanostructures 

with macroscale in appearance”, J. Applied Physics, Vol. 102, 2008, 

pp. 104305. 
[8] Han-Yu Shih, Yung-Ting Chen, Chih-Ming Wei,Ming-Hui Chan, 

Jyong-Kuen Lian, Yang-Fang Chen, and Tai-Yuan Lin “Optical 

Detection of Glucose Based on a Composite Consisting of Enzymatic 

ZnO Nanorods and InGaN/GaN Multiple Quantum Wells”,J. Phys. 

Chem. C, Vol. 115, 2011, pp. 14664.  
[9] Chi Yang, Chunxiang Xu, and Xuemei Wang, “ZnO/Cu 

Nanocomposite: A Platform for Direct Electrochemistry of Enzymes 

and Biosensing Applications”, Langmuir, Vol. 28, 2012, pp.4580. 

[10] Patil V B, Pawar S G, Patil S L, Krupanidhi S B, “ZnO nanocrystalline 

thin films: a correlation of microstructural, optoelectronic properties”, 

Journal of Materials Science: Materials in Electronics, Vol. 21, 2010, 

pp. 355 

[11] Ghule L A, Patil A A, Sapnar K B, Dhole S D, Garadkar K M, 

“Photocatalytic degradation of methyl orange using ZnO nanorods”, 

Toxicological & Environmental Chemistry, Vol. 93, 2011, pp. 623.  

 

 

Dr. Edmund Samuel has completed his Masters and Doctorate in 

Electronics from North Maharashtra University Jalgaon. He worked as a 

Research Scientist at IACQER, Nanotechnology Laboratory for 

Optoelectronics and Biosensor from August 2009 to July 2011. From August 

2011 to May 2014 he has been awarded postdoctoral fellowship at Optical 

Functional Materials Laboratory, Toyota Technological Institute, Nagoya, 

Japan. Earlier during doctorate he has been awarded the extended senior 

research fellowship from CSIR, New Delhi. He has research interest and 

worked on various advanced topics such as Quantum Well, Multiple 

Quantum Well, Quantum wire and Quantum Dots for different material 

based heterostructure which includes Nitrides & Oxides. He has also worked 

for silicon based photonic crystal, tellurite based optical, and ZnO based 

Biosensor for Glucose detection. Present research work is going on 

Graphene for CO2 and H2 storage.  

 

Hemalata Bhadanae has completed her M.Sc. and M.Phil. in 

Electronics from Department of Electronics, North Maharashtra University, 

Jalgaon. She worked as women scientist on DST funded project at IACQER, 

Nanotechnology Laboratory for Optoelectronics and Biosensor, Raghu 

Engineering College, Vishakhapatnam for her Ph.D.  Her research work is 

based on simulation of nanostructures and deposition of ZnO thin films by 

sol gel and electrochemical method.  She has published international and 

national journal papers based on her research and also presented her work in 

various conferences. 

 

Dr. Umesh Chandra He received his MSc and PhD in Industrial 

Chemistry in 2007 and 2012 respectively from Kuvempu University. He is 

an assistant professor/postdoctoral researcher in Materials Science and 

Engineering department, Jimma Institute of Technology, Jimma University, 

Ethiopia. His research area is electrochemical biosensor. His research 

interest involves modification of carbon based electrode for electrochemical 

investigation of several neurotransmitters. He presented his research in 

various national and international conferences by both oral and poster 

presentation. He published more than 30 research articles in reputed 

international journals. 

 

 Dr D. K. Gautam is Professor at Department of Electronics at North 

Maharashtra University, Jalgaon and working as a Head since last 20 years. 

Dr. Gautam started his laboratory from scratch and established a giant centre 

of high quality research in the field of semiconductor technology which is 

known nationally and internationally at present for high quality research. He 

has also started M.Tech in VLSI course via UGC scheme. He has completed 

sponsored projects of more than Rs. 35 crores from various national and 

international funding agencies and guided 9 Ph.D. students. He has more 

than 150 publications and a number of patents to his credit in national and 

international journals and proceedings of high repute. Dr. Gautam was 

Director, Board of Colleges and University Development, from 2003 to 

March 2006 of N.M. University. He has worked as an expert member of 

several committees of AICTE, UGC, MIT, DST, DBT, and many 

universities. 


