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ABSTRACT 

In this study,the morphological and structral properties of ZnO seed layer deposited on Si 

and Teflon substrates were comparatively analyzed.The effect of annealing process on the 

properties of the deposited ZnO thin films was also evaluated. Morphological and structral 

properties of ZnO films deposited on Si and PTFE substrates were studied using FESEM, 

AFM and XRD. Results revealed that the heat treatment is an important process to re-

crystallizeZnO layer on both of the substrates.The best charactrization resultswere achieved 

at annealing temperature of 300
o
C. Moreover, the root mean square was the highest for the 

ZnO layer deposited on PTFE substrate. The curent study confirmed the importance of the 

annealingprocess in improving the crystalline structure of ZnO seed layer. 
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1. INTRODUCTION 

Zinc oxide (ZnO) is a wide band gap (3.37 eV)semiconductor material.It has 

a large exciton binding energy(60 meV) andmany properties such as 

excellent chemicaland thermal stability, piezoelectricity, and 

biocompatibiliOne-dimensional (1D) ZnO nanostructures are considered 

tobe one of the most important semiconductor nanomaterials forfabricating 

nano-based devices[1].It has been reported thatthe seed material is very 
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important for the growth of high-quality ZnO nanorods. The size of the 

nanoparticles on the substrate determines the size of the grown ZnO 

nanorods. The growth of ZnO nanorods is enhanced by the presence of the 

seed materials[2].Numerous substrates such as silicon, sapphire, 

polyethylene terephthalate, polystyrene, and polyethylene have been used to 

grow ZnO nanorods [2, 3]. The seed layer has an immense influence on the 

properties of the grown nanorods. Contrllingthegrowth of ZnO nanorodscan 

be gained by simply varying the layer thickness, layer patterns and the 

deposition techniques[4].In order to obtainwell aligned ZnO nanorods on a 

Si substrate, a thin ZnO film served as a seed layer is deposited onto the Si 

substrate to facilitate the nucleation of ZnO nuclei by decreasing the lattice 

mismatch between the Si substrate and the ZnO nanorods[5].In thsisstudy, 

direct current (DC) magnetron sputtering techniques was employed to 

depsited ZnO thin films on PTFEand Si substrates.Morphological and 

optical properties of the prepared samples were investigated using the field 

emission scanning electron microscopy (FESEM), atomic force microscopy 

(AFM), andXRD. 

2. METHODOLOGY 

ZnO seed layer have been coated on two different substrates PTFE and Si 

fromZnO target using the radio frequency magnetron sputtering(RF)system 

with argon pressure and sputtering power of 5.5 mTorr and 150 W, 

respectively. 

Substrates (2 cm x 2 cm) were cleaned following the procedures reported 

elsewhere.The deposited ZnO layers of a thickness of about 100 nmwere 
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annealed in a furnace at 150 
o
C, 200

o
C, 250

o
C and 300

o
Cfor 30 min. The 

surface morphology of the ZnO layers wasstudiedusing theAFM(Shimadzu 

SPM-9500J3), field emission scanning electron microscopy (FESEM) 

modelFEI/Nova NanoSEM450, respectively.The structure of ZnOseed layer 

was determinedbyX-ray diffraction (XRD) (PANalyticalX’Pert 

PROMRDPW3040). 

3. RESULT AND DISSSCUSION 

3.1 Characterization of ZnO seed layer 

The structural and morphological properties of the as-deposited and heat 

treated ZnO seed layer were examined to determine the best possible seed 

layer for ZnO nanorod growth. The heat treatment was performed by 

placing the as-deposited ZnO seed layer inside a furnace at a temperature of 

150, 200, 250 and 300 ͦ C for 30 min. 

3.2 FESEManalyses:   

Figure 1shows across-sectional image of the ZnO seed layer sputtered on Si 

substrate along withEDX composition analysis. 
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Figure 1 :(a) Cross section image of ZnO seed layer. (b) ZnO seed layer EDX analysis. 

 

The EDX analysis comprises Zinc, oxygen and silicon elements, the most of 

the silicon ratio comes from the underneath substrate. The EDX 

composition analysis shows that Zn:O atomic percentage ratio is nearly 

0.74:1 which is believed of a large deviation from the ideal ratio of 1:1 [6]. 

However, this deduction is ambiguous since the ZnO seed layer is very thin, 

and part of the detected oxygen possibly emanate from the Si 

surface.FESEM images of the as-deposited and the annealed ZnO seed layer 

sputtered on PTFE and Si substrates are depicted in Figures 2 and 3, 

respectively. The surface morphology of the as-deposited ZnO seed was 

found to be more compact with entirely granular nanostructures (NSs), 

where these small grains tend to agglomerate into progressively bigger one 

with increasing annealing temperature. Small ZnO grains enclosed several 

dangling bonds related to the Zn or O defects at the grain boundaries [7]. 

Furthermore, during the annealing process these defects displayed a 
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tendency to merge with increasing temperature which was in good 

agreement with earlier reports [8, 9]. 

 

Figure 2: FESEM morphology image of the as-deposited and annealed ZnO seed layer grown 

on PTFE substrate. 
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Figure 3:FESEM morphology image of the as-deposited and annealed ZnO seed layer grown on 

Si substrate. 

 

Figure 4 shows the XRD analysis of the seed layers deposited by RF 

magnetron sputtering on PTFE and Si substrate respectively. The structure 

of the prepared ZnO film shows an amorphous structure on PTFE substrate, 

while a weak ZnO crystal structure peak appearsaround 2θ ≈ 34.4 ͦ for the 

prepared film on Si substrate. This diffraction peak assigned for (002) 

orientation of the wurtzite ZnO structure according to ICDD code 01-080-

0075.The (002) diffraction peak is obviously the dominant spectral peak for 

all annealed ZnO film samples. XRD spectra confirmed the highly oriented 

crystal structure for all the prepared samples. 
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Figure 4: (a) X-ray diffraction of the as-deposited and annealed ZnO seed layer grown on PTFE 

substrate. (b) X-ray diffraction of the as-deposited and annealed ZnO seed layer grown on Si 

substrate. 

Table (1) summarizes the structural analysis of the ZnO seed layer. The 

position of the (002) peak was found to be shifted closer to the peak position 

of ICDD 01-080-0075 which is 34.4°. The lattice strain and the length of the 

c-axis of the prepared ZnO seed layer were calculated using Equation 1. 

Where d is the distance between adjacent planes with Miller–Bravais indices 

(hkl), and a and c are the lattice constants[10]: 

1

d2
=

4

3

h2+hk+k2

a2
+ (

𝑙

c
)

2
                         (1) 
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The average crystallite size (D) of ZnO from the dominant (002) growth 

orientation was ddtermined using the Scherer equation (Equation 2)  

where β is the full width at half maximum (FWHM) intensity, k is a constant 

(0.90), and λ is the incident X-ray wavelength[11]: 

𝐷 =
𝑘𝜆

𝛽 𝑐𝑜𝑠 𝜃
                                           (2) 

The strain (c) of the ZnOnanorods synthesized on the ZnO seed layer/PTFE 

substrates along the c-axis was calculated using the following equation[10]: 

 

𝜀𝑐 =
𝑐 − 𝑐0

𝑐0
 x 100                                             (3) 

 

where,c and co are the lattice constant of the ZnOobtained from the XRD 

data and the standard lattice constant for unstained ZnO (ICDD 01-080-

0075), respectively. This means that ZnO thin film has a compression built-

in strain.Such strain could be relaxed by providing sufficient thermal 

annealing. The built-in compression strain could be a result of Zinc or 

oxygen point defects or the lattice mismatch between ZnO and the substrate. 

As represented in Table (1), seed layer annealed at 300 ̊ C have the 

minimum strain and a larger crystallite size, which help in growing high 

quality ZnO nanorods. 
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TABLE 1: ANALYSIS OF X-RAY DIFFRACTION PATTERNS OF THE AS-

DEPOSITED AND ANNEALED ZNO SEED LAYER. 

 

Figure (3)and (4) demonstrated the AFM images of ZnO seed layer 

deposited on PTFE and Si substrates andannealed at different temperatures, 

respectively. AFM scan area of (5 µm × 5 µm) was selected to calculate the 

Rrms roughness of the prepared samples. The average roughness of ZnO thin 

films deposited on PTFE substrates found to beincreased from 2.93 to 6.55 

nm when the annealeing temperature increased from 100°C to 300°C, 

respectively.However, the average roughness of ZnO layers deposited on Si 

substartes was found to be increased from 0.63 to 1.72 nm when the 

annealed temperature increased to 200°C. AFM analysis reveals that the 

surface roughness of ZnO layers increased with annealing temperature, 

suggesting an increase in crystallite size with temperature [12]. The AFM 

result was consistent with the FESEM and XRD analysis which confirmed 

that the ZnO seed layer annealed at 300 ͦ C is the best choice to grow Zn 
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NRs due to its considerably enhanced structural and morphological 

properties. 

 

Figure 3: Three-dimensional view of ZnO seed layer AFM images prepared on PTFE substrate 

after annealed at different temperatures. 
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Figure 4:Three-dimensional view of ZnO seed layer AFM images prepared on Si substrate 

before and after annealed at different temperatures. 

4. CONCLUSION 

In this study, ZnO seed layer was succefulydeposited on Si and PTFE 

substrates using the DC sputtering. Morphological characterization of the 

seed layer confirms that heat treatment (annealing) is an important process 

for the re-crystallines and enhancementof the deposition of ZnO layer on 

different substrates. The morphology of the as-deposited ZnO seed layer 

was significantly improved with increase in annealing temperature up to 

300
o
C.The root mean square was found to be the highest for the ZnO seed 
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layer deposited on PTFE substrate. High roughness value is considered asan 

important feature for some electronic devices. 
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