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ABSTRACT 

 

Zinc Oxide (ZnO) Nanorods were prepared by using Zn metal thin films 

prepared by Electron Beam evaporation method. For the growth of the nanorods 

prepared Zinc Films were Oxidize at different temperature using muffle furnace at 

constant time. The Zinc Oxide (ZnO) nanorods surface morphology was studied by 

Scanning Electron Microscopy (SEM) and Atomic Force Microscopy (AFM). The 

length of the Nanorods was estimated to be μm and diameter less than 100 nm. The 

atomic elements of Zn and O are measured by Energy Diffraction Spectroscopy 

(EDAX). 
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INTRODUCTION 

  

ZnO semiconductor has band gap of 3.37eV and emits UV light wavelength ~368nm.  

From the 1960s, synthesis of ZnO thin films has been an active field because of their 

applications as sensors, transducers and catalysts1. The single color light emission of ZnO lead 

the application in Opto-electronic fields. An important role as both interconnects and 

functional units in fabricating electronics, electrochemical and electromechanical 

nanodevices2,3 Light emitting diode4. 

      ZnO nanostructures are prepared in various forms such as nanorods5,6, nanowires7,8, 

nanobelts9, nanotubes10, nanotowers11, nanotetrapods12, nanoflake13, nanobridges and 

nanonails14. Various synthesis techniques had been used to produce ZnO Nanorods. These 
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techniques include Aerosol-assisted chemical vapor deposition (AA-CVD) (15), Pulsed laser 

deposition (PLD)16, Thermal evaporation17, Metal organic chemical vapor deposition 

(MOCVD)18, Thermal oxidation19 and Drop wise20.  

To best of our knowledge there has been no report nanorods grown on glass substrate 

using muffle. In this work we will focus ZnO nanorods growth using Zinc thin films at different 

temperature on glass substrate using muffle furnace. Prior that the preparation of Zinc thin film 

on glass using E- beam evaporation also explained. The prepared nanorods and thin film were 

examined by using Atomic force microscopy (AFM) Scanning Electron microscopy (SEM) 

And Energy Dispersive X-ray analysis (EDAX) techniques. 

 

MATERIALS AND METHODS 

 

      The E-beam evaporation technique is used for prepare Zinc metal thin films, in which 

starting material zinc metal powder with a purity of 99.99% is used to deposited on glass 

substrate under vacuum of 1×10-5 mbar at room temperature (RT). Zinc pellet was prepared 

using pellet maker before deposition, then this zinc pellet is placed in molybdenum crucible, 

the glass substrate is placed on substrate holder before placing the glass substrate it was cleaned 

in an ultrasonic bath with acetone for 15 minutes then rinsed with distilled water and dried 

with hot air.  

      During deposition of Zinc thin film oxygen (O2) was introduced into the e- beam 

chamber. Chamber maintaining pressure was 2×10-4 mbar, the source to substrate distance was 

15cm and substrate holder rotating speed was at 50 rpm   rotation to  obtain uniform thickness 

of the films and rate of deposition were controlled  using  quartz crystal thickness monitor .The 

film were prepared at 100 nm thickness. The deposited films were oxidized at a different 

temperature using muffle furnace. The Oxidization was done at atmospheric air at various 

temperatures viz, 400°C, 450°C, 500°C, 550°C and 600°C with a fixed time of 4 hours. 

  

RESULT AND DISCUSSION 

 

Atomic Force Microscopy (AFM)  
 

Table: 1 shows Roughness average Sa, Valley depth Sy, peak height SP, peak valley height Sy For 

thin film and oxidized sample using Atomic force microscopy 

 

Samples 
Roughness average 

(Sa) 

Valley depth 

(Sv) 

Peak height 

(Sp) 

Peak valley height 

(Sy) 

Thin film 

(100nm) 
2274.8 1398.6nm 3.3132µm 1914.6nm 

400°C 1797.9nm -228.75nm 4.4693µm 4.698µm 

450°C 1640.5nm 59.01nm 3.2824µm 3.2234µm 

500°C 1.881µm -247.75nm 4.7869µm 5.0346µm 

550°C 754.76nm -1539.6nm 3.2714µm 4.8109µm 

600°C 1254.5nm -1386.2nm 5.4824µm 6.8685µm 

http://www.physics-journal.org/
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The AFM images fig:1 were taken from dynamic mode using SiN Cantilever, the 

sensitivity of the AFM are generally improved by using the instrument in dynamic force mode. 

The resonant frequency 190 kHz and force constant 48 N/m was used.  

 
Fig: 1 shows the AFM images (a) Zinc thin film on Glass substrate, ZnO Nanorods samples with different 

Oxidation temperature (b) 400°C (c) 450°C (d) 500°C (e) 550°C and (f) 600°C 
 

Fig 1(a) shows the zinc thin film on Glass substrate Fig 1(b), (c), (d), (e) and (f) shows 

an AFM images of nanorods on glass substrate. All the AFM images were taken (50µm×50µm) 

and three dimensional images. The AFM image from (b) to (f) shows the surface morphology 

of ZnO nanorods grown at different substrate temperature with same thickness. The Height, 

width and roughness of the nano-columnar structures were found to be dependent substrate 
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temperature as shown in table 1. The nanorods was grown perpendicular to the long-axis of 

the matrix rod and grew along the (001) direction, which is the nature of ZnO growth. There 

were no gradual changes in roughness and other parameter for ZnO nanorods on Glass 

substrate. 
 

Scanning Electron Microscopy (SEM) 
 

 
Fig: 2 Surface morphology of Zinc thin film and Zinc oxide nanorods (a) Zinc thin film on Glass, Zno 

nanorods on glass substrate images at different temperatures   (b) 400°C (c) 450°C (d) 500°C (e) 550°C and  

(f) 600°C 

 

Fig: 3 EDAX spectrum of Zinc thin film and Zinc oxide nanorods (a) Zinc thin film on Glass,  Zno nanorods 

on  glass substrate images at different temperatures (b) 400°C (c) 450°C (d) 500°C (e) 550°C and (f) 600°C 
 

Fig: 2 shows the surface morphology studies of ZnO Nanorods grown on glass 

substrate using Muffle furnace were investigated through scanning electron microscopy 

images.  The FESEM image of Fig 2(a) shows the substrate is uniformly covered with zinc 

nanosequins21 many layer of nanosequins were bundled each other. Bundled nanosequins show 

the different orientations. The diameter of the nanosequins is around 500 nm, width 

approximately 25 nm.  Small size nanosequins were also formed on the walls of the bigger 

nanosequins which have less than 50 nm diameter, thickness around few 10 nanometers. Fig 

2(b) shows at 450°C temperature growth thin film, few nanowires and branched Nanowires 

are formed, along with zinc oxide nanobelts with some protruding structures also formed. 

http://www.physics-journal.org/
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The nanobelt and nanowire widths were approximately 100 nm and 50 nm 

respectively.   From Fig 2 (c) shows the kind of  dendrite nanowire structure it covers most of 

the substrate, Nanobelts act as stem, the wires were grown on the sides of the nanobelts stem. 

Few nanobelts only contain melted zinc particles no nanowires on that may be because of 

oxygen deficiency in the chamber. Fig 2(d) shows sudden dramatic decrease of dendrite 

nanowire but we can spot  Nanorods with the more thick diameter base, sharp edges because 

may be high temperature started to consume oxygen more on particular nanosequins only 

which might be less diameter, this process only happen on few nanosequins, remaining 

nanostructure stated to melt.  

          Fig 2(e) shows the more melted nanostructured with few Nanorods, in this image 

nanowire were more compared than 500°C this is contradictory. There is no  protruding 

structures in this image because of high temperature fig 2(f) shows the Nanorods with more 

flatted zinc oxide structure  which have pores on it, this indicate more high temperature lead 

to Nanorods growth rather than  nanowire growth.    
 

Energy Dispersive Analysis (EDAX) 
 

     The EDX analysis for ZnO on glass Fig 3(a) clearly shows that the Zinc deposition is 

confirms the Atomic percentage, weight percentage was 86%, 96% respectively. For 

atmospheric attribution oxygen trace was appeared roughly 3% and 13% for weight and atomic 

percentage. Fig 3(b) to 3(f) shows the ZnO nanorods prepared by muffle furnace by different 

oxidation temperature. From images (b) to (f) the pronounced peak of Zn and O appeared. The 

images also confirms that the synthesized products are ZnO due to the ratio of elements of Zn 

and O elements (1:1) ratio  The atomics percentages of Zn was varied from 48-51%, the 

Oxygen atomic percentage varied from 48-51% for all ZnO nanorods EDAX images. The 

elemental composition and weight percentage, Atomics percentage was given in insert table 

for all different temperature EDAX images.  No other peaks were detected, like impurities.  
 

CONCLUSION 
 

     This paper provides successfully synthesized ZnO nanorods on glass substrates using 

muffle furnace method by different Oxidization temperature; in addition the preparation of 

Zinc metal films on glass substrate by electron beam evaporation technique explained. The 

growth of ZnO thin film and ZnO nanorods by different oxidation temperature was explained 

by using scanning electron microscopy analysis and Atomic microscopy analysis. The EDAX 

confirms the Zn and O elements for thin films and ZnO nanorods. The results concludes that 

the oxidation temperature play the important role for growth of ZnO nanorods growth on Glass. 
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