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ABSTRACT

Purpose: The aim of this article was to examine the adhesion of ZnO thin films and the 
influence of temperature deposition process on their morphology. ZnO thin films have been 
deposited by atomic layer deposition.
Design/methodology/approach: Adhesion of ZnO thin films was investigated using the 
scratch test method. Changes in the surface morphology were observed by scanning electron 
microscope (SEM). In order to confirm the chemical composition and phase investigated of 
thin films was carried out Energy-dispersive X-ray spectroscopy EDS and X-ray analysis.
Findings: Results and their analysis have shown that the ZnO thin films deposited by ALD 
are uniform and homogenous. Significant impact on their morphology has the temperature 
of the deposition process. In the case of the adhesion temperature is negligible.
Practical implications: Knowledge about the ALD ZnO thin films are possibility to 
obtaining a uniform thin films show that material has a big potential in optoelectronics and 
photovoltaic application.
Originality/value: The article presents the original research results of the structure and 
properties of ZnO thin films deposited by ALD method, that can replace a commonly used 
transparent conductive layer.
Keywords: Zinc oxide; Atomic layer deposition; Scanning electron microscopy; X-ray 
diffractometer; Scratch test
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MATERIALS

1. Introduction 

Atomic Layer Deposition method is one of the thin films 
depositing method. It is classified as a variant of CVD 

method, because of the similarity of these methods. 
However, the more interesting are differences between these 
methods. In the case of ALD method character of the process 
is pulsating. It means that the precursor is delivered to the 
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chamber separately, in the case of CVD - at the same time. 
Fig. 1 shows a schema of one ALD cycle, which can be 
divided into four steps [1-7]: 
• delivered of the first precursor to the growth chamber 

and an atomic layer growth; 
• flushing chamber to remove residual precursor and 

reaction by-products; 
• delivered of the second precursor and an atomic layer 

growth; 
• re-flushing of the chamber. 

Fig. 1. Schema of one ALD cycles [5-7] 

The whole process consists of repeating the cycle 'n' 
times, until the deposited layer of the desired thickness. 
During one cycle the thickness of the layer increases by 
approx. 0.1 - 0.3 nm. One atomic layer increases until the 
complete filling of coated surface by atoms currently dosed 
precursor. In order to continue growth of the layer is 
necessary to introduce another precursor which react with 
the first precursor [1-4]. 

The layers deposited by ALD method are characterized 
by high quality, chemical homogeneity and uniformity. 
Therefore, they are used as layers: protection, for example 
medicine and jewellery, or conductive, for example 
photovoltaics and optoelectronics. They can also be used as a 

transition layer to improve the adhesion between the 
substrate and the layer [1-7]. 

An interesting using ALD method are transparent 
conductive layers (TCL). This type layers are mainly used in 
electronic devices as components of all types of displays, 
monitors, etc. Another area of application are photovoltaic 
cells. Here it is important to both the high conductivity of the 
layer and high transmission glass. A new feature is the use of 
TCL in the field of architectural glass as layered glass 
structures with embedded light-emitting diodes. Application 
of RGB diodes allows to obtain any of colour. These panes 
are used to display information and advertisements, as well 
as an element of architectural decoration. The second, less 
appreciated area of application is the use of thin films of 
conductive heating layers. In this case they can be 
successfully applied a layer of higher resistance, which are 
generally easier to obtain. The world of the manufacture of 
vehicles with an electrically heated rear window by means of 
coated layers, a resistive strip form. Commonly used at TCL 
is Indium Tin Oxide (ITO). These layers are characterized by 
a very high transmittance of visible light (>85%) and low 
resistance (10-4 Ω cm). Another commonly used material 
for the transparent conductive thin films is tin oxide doped 
with phosphorus (FTO). This material has properties 
similar to the popular ITO. Transparency of FTO thin film 
is approx. 82%, and the resistance between 4.0 and 
6.0× 104 Ω cm [8-12]. 

Another interesting example of TLC is zinc oxide thin 
film. ZnO is a semiconductor, which is characterized by 
a wide energy gap of 3.37 eV and his transparency is above 
70% [13-16]. 

2. Materials and methods

In this study, ZnO thin film was deposited on a glass 
substrate using ALD method. As a precursor was used
diethylzinc (DEZ), as a reagent - water and nitrogen as an 
inert gas. In Tab. 1 and 2 shown parameters of the 
deposition process. The process of growth of the thin films 
was carried in reactor R-200 from Picosan. 

Table. 1.  
The ALD process parameters 

Precursor DEZ H2O 
Pules time 0.1 s 0.1 s 
Purge time 4 s 5 s 
Flow rate of N2 200 sccm 200 sccm 
Process temperature 100 -350°C 
Number of cycles 50 - 750 
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Table. 2.  
Symbols of samples with ALD process parameters 

Sample Temperature [°C] Cycles 
100 100 600 
150 150 600 
200 200 600 
250 250 600 
300 300 600 
350 350 600 

Surface topography was observed in a scanning electron 
microscope Supra-35 with an attachment for the detection 
of characteristic X-ray radiation -EDS. 

Adhesion was tested using the scratch test, in accordance 
with the standard PN-EN 1071-3. The test was based on 
generating a scratch using a penetrator-the Rockwell diamond 
cone-with a gradual increase in the normal force loading the 
penetrator. Critical load, which is a measure of adhesion, is the 
lowest normal force which leads to the loss of the layer 
adhesion to the substrate. To evaluate the critical Lc load, the 
record of acoustic emission signals changes was used, as well as 
friction force, friction factor and microscopic observations under 
an optical microscope, which is an integral part of the platform. 
Tests were carried out using increasing loading force at the 
range of 0.03 – 30 N and the following operation parameters:  
• loading speed-100 N/min; 
• speed of the table displacement-10 mm/min; 
• length of the scratch~3 mm. 

X-ray analysis was performed on X'Pert Pro 
diffractometer from Panalytical having a cobalt lamp. 

3. Results and discussion

The morphology of ZnO layers deposited by ALD is 
homogeneous and uniforms (Fig. 2-4). The surface doesn't 
show any discontinuities, cracks, pores and defects. The 
research confirmed that the ZnO thin films have a fine-
grained structure. 

Depending on change temperature of ALD process are 
changes the morphology of the thin films, but doesn’t 
change significantly the size of individual grains. In the 
case of sample 150 (Fig. 2) the morphology of thin films 
has the shape of teardrops (elongated in one direction and 
narrowed in a second). Their average length is 55 nm. The 
sample 350 (Fig. 4) has a regular morphology with 
circular-shaped. The average grain diameter is 45 nm. The 
morphology of the sample 250 (Fig. 3) is uneven with 
irregular shape. The average grain size of this sample was 
also equal 45 nm. 

Fig. 2. SEM image of the surface topography for sample 150 

Fig. 3. SEM image of the surface topography for sample 250 

Fig. 4. SEM image of the surface topography for sample 350 
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Fig. 5 presents the results of measurements of the 
adhesion of the ZnO thin films to a substrate by the scratch 
test. On this basis, it was found that regardless of the 
temperature of the ALD process, the critical force value 
(Lc1), which is a measure of adhesion, for each of the 
samples is similar. Also, the nature of scratches for each of 
the test thin films was similar. Fig. 6 shows examples of 
the results of adhesion testing for sample 350. In the first 
place the breakage occurred type layer Hertz circular - Lc1 
(Fig. 6). Next, as the increase in loading force Fn occurring 
cracks inside track scratches - Lc2 (Fig. 6b). At the end of 
loads were cohesive chipping along the edges and inside the 
scratch - Lc3, which proves the complete destruction of the 
layer (Fig. 6c). The binding energy between the coating and 
the substrate was too low, as evidenced by the absence of the 
recorded acoustic signal for the test samples (Fig. 6d). 

Fig. 5. The results of measurements of thin films adhesion 
with standard deviation 

Fig. 6. Exemplary results of the adhesion test for sample 350 
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In Fig. 7 are shown the results of X-ray phase analysis 
obtained by Bragg-Brentano. The results obtained confirm 
the presence of ZnO phase in the thin film. 

To solve the diffractogram JCPDS files were used, 
according to which were assigned appropriate Miller index. 
For the first peak, which 2θ is 40,16° index is (002), for the 
second peak 42.35° is (011), for 55.79° is (012), and for 
74.48° is (013) . 

  
Fig. 7. X-ray diffractometer for sample 300 obtained by 
Bragg-Brentano 

In Fig. 8 is shown EDS spectrum which confirms the 
presence of oxygen and zinc in the coating material. On the 
spectrum are also registered peaks for sodium, magnesium, 
silicon and calcium, which are from the glass substrate material.  

Fig. 8 EDS spectrum for sample 150 

4. Conclusions 

The thin films deposited by ALD are homogeneous, 
uniform free of pores, defects and cracks. The temperature 

of the process has a significant impact on the morphology 
of ZnO thin films deposited by ALD method. The structure 
is fine-grained and does not change with temperature 
deposition process. 

The process temperature also doesn’t have a significant 
impact on adhesion between the ZnO layer and the glass 
substrate. 

X-ray diffraction analysis and EDS analysis confirmed 
the chemical and phase composition of ZnO thin films. 

The results presented in this article are part of the 
research. In the future, we will be evaluating the 
conductivity and transparency of ZnO thin films deposited 
by ALD method. 
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