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Abstract 
The annealing process for obtaining SrCu2O2 out of the as-deposited Sr-Cu-O films by 
MOCVD was studied. Whatever the deposition condition may be, the as-deposited films 
are always composed of SrCO3 and CuO. As-deposited films were annealed in various 
gaseous atmospheres at different temperatures and for different annealing durations to 
obtain pure SrCu2O2 phase. Annealing effects on the as-deposited film include; 
crystallization of the film, transformation of the chemical phases, sintering of the grains, 
formation of cracks, reduction of the film thickness and diffusion of film contents into the 
substrate. Transformations of chemical phases depend on oxygen partial pressure, 
temperature and duration of annealing and rate of cooling. Formations of cracks were 
found to depend on heating and cooling rate and duration of annealing. Diffusion of film 
content into the substrate depends on duration and temperature of annealing and on the 
nature of substrate. Duration of annealing for obtaining pure SrCu2O2 phase also depends 
on annealing temperature as well as on heating and cooling rate.   
Key Words: Annealing, MOCVD, TCO, XRD, FTIR, Raman Spectroscopy 
 
1. Introduction 
Transparent conducting oxides (TCOs) 
are the materials showing simultaneous 
electrical conductivity and optical 
transparency. All the well-known TCOs 
are n-type and are used as transparent 
electrodes in solar cells, gas sensors, 
organic light emitting diodes, liquid crystal 
displays1-2. In order to enhance the 
applications of TCOs to device 
fabrications, efficient p-type TCOs are 
very essentials. A promising candidate 
for p-type TCO is SrCu2O2 (SCO) due to 
its wide direct band gap3-16. Thin films of 
SCO have been reported so far by 
various authors using different thin film 
deposition techniques3, 5-6, 8-11, 13-14, 16. 
Metal Organic Chemical Vapour 
Deposition (MOCVD) technique (being 

low cost having high deposition rate and large 
area deposition facility) was used in the 
present study to deposit Sr-Cu-O thin film on 
Si, glass and YSZ substrates in varying 
oxygen partial pressure and deposition 
temperatures. Whatever the deposition 
temperature and oxygen partial pressure may 
be, the as-deposited films do not contain 
SCO, rather they are composed of  SrCO3 
and CuO, and some annealing steps were 
thought essential to obtain SCO phase out of 
SrCO3 and CuO17. Thermal annealing though 
effective in chemical phase changes, leads to 
some unwanted microstructural changes 
such as formation of cracks in the film18-20, 
diffusion of film contents into substrate21-22 
and thickness reduction23. For enhanced 
opto-electrical properties of TCO thin films, 
crack formation and diffusion of film contents 
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into the substrate must be reduced11, 22; 
however, these unwanted changes can 
be prevented by optimizing annealing 
conditions. In this paper, a study of 
optimizing annealing condition to obtain 
pure crack-free SCO thin film on glass 
substrate using conventional annealing is 
presented.   

2. Materials and Method  
The deposition of process of SCO thin film 
has been described elsewhere17. XRD 
analysis shows that thin films of Sr-Cu-O 
system deposited by MOCVD are always 
composed of SrCO3 and CuO as shown in 
Figures 1 and 2.  
 

 

 
 

Figure 1. As deposited films at varying temperature, showing only SrCO3  
and CuO phases. 

 

 
Figure 2. As deposited firm with varying oxygen partial pressure showing SrCo3 and CuO 
phases for high partial pressure of oxygen, while an additional phase of Cu2O for low 
oxygen partial pressure. 
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In order to see if some amorphous phase is also present in the film, the as-deposited films 
were characterised by Fourier Transform Infra-Red (FTIR) and Raman Spectroscopy and 
the results are given in figure 3, showing the existence of SrCO3 and CuO phases. 
 

 
 

Figure 3. FTIR and Raman spectroscopy of as-deposited film confirm XRD results 
showing only SrCO3 and CuO peaks 

 
However, two steps rapid thermal 
annealing (RTA) at 600°C under O2 
followed by Ar, each for 30 seconds was 

found successful in getting SCO phase out of 
strontium carbonate and copper oxide as 
shown in Figure 4.  
 

 
 

Figure 4. Two step rapid thermal annealing under O2 followed by Ar each for 30 seconds 
at 600°C of the as-deposited film results in pure SCO phase. 
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3. Results and Discussion 
For films on Si substrate both rapid 
thermal and conventional annealing (CA) 
were equally successful in obtaining SCO 
phase with the only difference in their 
duration of annealing and heating and 
cooling rates. For example, SCO phase 
in case of RTA could be obtained in 60 
seconds while in case of CA it took 3 
hours. The average heating rate of 
50°C/sec and cooling rate of 30°C/sec in 
RTA were much higher than in CA, where 
average rate of heating was noted as 
30°C/minute and cooling rate as 
3°C/minute. Such a long annealing 
duration and slow heating and cooling 
rate in case of CA results in crack 
formation as clear from the comparison of 
scanning electron microscope (SEM) 
images in Figure 5.  
Since, the presence of cracks in the SCO 
thin film reduces its optical transparency 
and electrical conductivity so the 
formation of cracks during annealing 
must be prevented. Comparison of the 
SEM images of the rapid thermal and 
conventionally annealed films in Figure 5 
shows that in order to reduce formation of 
cracks in the film, duration of annealing 
must be kept shorter and rate of heating 

and cooling must be higher. The goal of this 
research study was to obtain SCO film on 
glass substrate so that its optical 
transparency and its electrical conductivity 
could be explicitly measured. Since RTA 
treatment for film on glass substrate was not 
possible due to the use of infra-red radiation 
in RTA to heat the sample, so the 
conventional annealing system was modified 
in such a way to obtain high heating and 
cooling rate by using movable furnace. With 
movable furnace arrangement the heating 
rate was increased from 30°C/minute to 
160°C/minute and the cooling rate from 
3°C/minute to 75°C/minute and the annealing 
duration was reduce from 3 hours to 5 
minutes by increasing the annealing 
temperature to 650°C. With these new 
annealing parameters the crack formation in 
conventionally annealed films was greatly 
reduced as shown in the Figure 6. 
 
The measured transparency by UV-Visible 
spectrometer of the cracked SCO thin film 
obtained after conventional annealing with 
slow heating and cooling rate and long 
annealing duration was less than even the as-
deposited thin film; however, a crack-free 
SCO thin film shows higher transparency as 
shown in the Figure 7. 

 
 

 

 
       As-deposited   RTA treated   CA treated 

 

Figure 5. Comparison of crack formation in as-deposited, RTA and CA treated films. 
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Figure 6. Comparison of as-deposited and conventionally annealed films on glass 
substrate show that short annealing duration and fast heating and cooling rate reduce 
cracks formation. 
 

 

 
 
Figure 7. Transparency measurements by UV-Visible spectrometer of the as-deposited 
and annealed films and glass substrate alone, a) glass substrate alone, b) cracks-free 
SCO film c) as-deposited film and d) SCO thin film with wider cracks.  
 
The conductivity of SCO film with wider 
cracks was too low to be measured while 
that of crack-free film was about 7.4x10-3 
Scm-1. Some suitable dopant must be 
used to enhance electrical conductivity to 
a limit comparable to n-type TCOs.  

It was also found that thickness of the film 
decreased during annealing due to the 
diffusion of film content into the substrate and 
evaporation into the outside atmosphere. 
Diffusion of the film content depends on the 
substrate used, for example, in the case of Si 
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substrate more and more copper diffuses 
into substrate while in the case of glass 
substrate diffusion of strontium into the 
substrate occurs. This diffusion of film 
contents into the substrate not only 
degrade the opto-electrical properties of 
the film but disturb the composition of the 
film as well which in turn affect purity of 
the chemical phase. It was noted that the 
extent of diffusion of the film contents into 
the substrate depends on the annealing 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
temperature, duration of annealing, and 
nature of the substrate used. For high 
annealing temperature and long annealing 
duration the diffusion is higher and vice versa. 
Diffusion of copper occurs in the case of Si 
substrate while strontium diffuses into glass 
substrate as is clear from energy dispersive 
X-ray electron spectroscopy (EDX) of the 
cross-sectional images of the annealed film 
on silicon and glass substrate by transmission 
electron microscope (TEM) in Figure 8.  

 
 

Figure 8. TEM cross-sectional images of the conventionally annealed film on silicon 
and glass substrates showing diffusion of copper into silicon substrate while that of 
strontium into glass substrate. The atomic percent diffusion of copper and strontium 
is given by EDX analysis of various points on the film and substrates. 
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Conclusion  
In order to obtain pure SCO thin from Sr-
Cu-O system deposited by MOCVD, 
post-deposition annealing is an essential 
step. For improved opto-electrical 
properties of the SCO thin film, cracks 
formation during annealing must be 
prevented by achieving high heating and 
cooling rate and short annealing 
duration. Long annealing duration should 
be avoided as it reduces thickness of the 
film due to diffusion which in turn 
degrades the opto-electrical properties of 
TCOs.  
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