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Abstract - This paper describes physical and dielectric properties of (Ca0.8Sr0.2)ZrO3 on n-type Si substrate were fabricated by 

sol-gel method.  Particular attention will be paid to the effects of preheating temperature and annealing temperature on the 

physical and dielectric properties. The (Ca0.8Sr0.2)ZrO3 films were characterized using X-ray diffraction (XRD) and scanning 

electron microscopy (SEM). The kinetic energies of the deposited atoms increased resulted in a microstructural improvement 

of the deposited (Ca0.8Sr0.2) ZrO3 thin films with increasing thermal treatments. 
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I. INTRODUCTION 

 

Numerous dielectric materials such as Ta2O5, SrZrO3 

and (Ba, Sr) TiO3 have been employed to determine 

the electrical and dielectric properties of thin films 

[1-5]. Additionally, the interest in the application of 

dielectric thin films to microwave communication 

devices, such as resonators, filters, and capacitors, has 

increased recently [6,7]. The optimal dielectric and 

electrical properties of a dielectric thin film for 

microwave component applications are characterized 

by a high dielectric constant at microwave 

frequencies, low dielectric loss, near-zero temperature 

coefficient of resonant frequency, and low leakage 

current [8,9]. The (Ca, Sr)TiO3 ceramic family 

members’ to formation of a solid solution has been 

investigated to achieve a high dielectric constant, 

enabling such compounds to adapt to high frequency 

applications. Because its εr of 181, Q×f of 8300 GHz, 

and τf of +993 ppm/
o
C, (Ca0.8Sr0.2) TiO3 has been 

determined to have potential for used as resonators in 

microwave applications [10]. To further investigate 

the influence of substitutions for B sites on 

(Ca,Sr)TiO3, we used Zr
4+

 to as a substitute for Ti
4+

 to 

form (Ca0.8Sr0.2)ZrO3, because the ionic radii of Zr
4+

 

(0.72 nm) and Ti
4+

 (0.605 nm) are similar. Moreover, 

(Ca0.8Sr0.2) ZrO3 has an εr of 26, Q×f of 12000 GHz, 

and τf of -9 ppm/
o
C [11]. The methods for fabricating 

dielectric thin films include radio frequency 

sputtering, chemical vapor deposition, pulsed laser 

deposition, and sol–gel method [12-15]. The sol–gel 

synthesis is a crucial method for use in deposited oxide 

thin films. The sol-gel process has numerous 

advantages for manufacturing thin films, such as 

ensuring a uniform composition for a large area, being 

easily doped into the film, and fabrication using a 

non-vacuum process. However, it has several 

disadvantages such as having a porous structure due to 

organic matter evolution [16]. Thin-films fabrication 

by using (Ca0.8Sr0.2) ZrO3 and the sol-gel method has 

not been adequately discussed thus far. In this paper, 

we report the electrical and physical properties of 

(Ca0.8Sr0.2) ZrO3 thin films fabricated using sol-gel 

deposition. The effects of preheating and annealing 

temperatures on the microstructure and dielectric 

properties of (Ca0.8Sr0.2)ZrO3 are also investigated. 

 

II. EXPERIMENTAL PROCEDURES 

 

First, calcium acetate, strontium acetate, and 

zirconium (IV) acetate were taken in a molar ratio, and 

dissolved in acetic acid and water solutions with 

stirring at 100
o
C for 15 min. The precursor sol was 

placed on the n-type Si substrate and spun at 2000 rpm 

for 10 s and 3000 rpm for 20 s to form precursor thin 

films. The films were preheated at various temperature 

between 200
o
C and 400

o
C at a heating rate of 5

o
C/min 

for 30 min in an air furnace. The coating and 

preheating processes were repeated four times. 

Finally, the films were annealed at various 

temperatures (500
o
C-700

o
C) for 60 min in an air 

furnace for crystallization. The film structure was 

analyzed through X-ray diffraction (XRD) with Cu Kα 

radiation. The morphology of the film surface of each 

sample was determined through scanning electron 

microscopy (SEM). The electrical properties of the 

(Ca0.8Sr0.2)ZrO3 thin films were also evaluated using 

current-voltage (I–V) measurements. The test samples 

with metal-insulator-silicon (MIS) capacitor structures 

were prepared on an n-type Si substrate. The sample 

devices (Al/(Ca0.8Sr0.2)ZrO3/Si/Al) were fabricated by 

symmetrically depositing Al electrodes (diameter 

1mm) on both sides of the (Ca0.8Sr0.2)ZrO3 structure. 

All electrodes were prepared using a thermal 

evaporator.  The I-V and C-V curves of the MIS 

capacitors were measured using an HP4284 LCR 

meter and an HP4155 semiconductor parameter 

analyzer, respectively. 

 

III. RESULTS AND DISCUSSIONS 

 

Structural analysis of the (Ca0.8Sr0.2) ZrO3 thin films 

deposited on n-typed Si substrates at different 

preheating and annealing temperatures was conducted 
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through XRD. As shown in Fig. 1, the (Ca0.8Sr0.2) ZrO3 

thin films began crystallizing at an approximate 

preheating temperature of 300
o
C or annealing 

temperature of 600
o
C, with high crystallinity being 

achieved at preheating temperature of 400
o
C and 

annealing temperature of 700
o
C. Below a preheating 

temperature of 200
o
C and annealing temperature of 

500
o
C, the (Ca0.8Sr0.2) ZrO3 thin films were amorphous 

without a diffraction pattern. In other words, no 

formation of a polycrystalline intermediate phase was 

evident during (Ca0.8Sr0.2) ZrO3 thin film 

decomposition process. The intensities of the 

(Ca0.8Sr0.2) ZrO3 peaks increased as the preheating and 

annealing temperature increased. Grain growth was 

also enhanced with an increasing treatment 

temperature, because higher treatment temperatures 

can increase the kinetic energy and mobility of the 

deposited atoms at the growing film surface. 

 

 
Fig. 1 XRD patterns of the (Ca0.8Sr0.2) ZrO3 films at various preheating and annealing temperatures. 

 

Fig. 2 shows the SEM image of the (Ca0.8Sr0.2) ZrO3 

film deposited at various treatment temperatures. The 

surfaces of (Ca0.8Sr0.2) ZrO3 films deposited at a 

preheating temperature of 200
o
C or annealing 

temperature of 500
o
C were loose and smooth, which 

indicated that the films were still amorphous. In 

addition, SEM results revealed that the (Ca0.8Sr0.2) 

ZrO3 films were crystallized at a preheating 

temperature of 300
o
C or annealing temperature of 

600
o
C. Grain growth was enhanced with an increase in 

heat treatment temperature. This may be because a 

high heat treatment temperature increases the 

mobilities of the deposited atoms at the growing film 

surface. Thus, heat treatment temperature was crucial 

parameter for (Ca0.8Sr0.2) ZrO3 thin film deposition. 

The dielectric constant of the (Ca0.8Sr0.2) ZrO3 films as 

a function of preheating and annealing temperature as 

is presented in Fig. 3. The dielectric constant of the 

(Ca0.8Sr0.2) ZrO3 films increased with increase in 

preheating and annealing temperatures. The dielectric 

constant of films is influenced by the grain size and 

crystallinity. From the XRD patterns, (Ca0.8Sr0.2) ZrO3 

peak intensities increased with increases in preheating 

and annealing temperature. This represents an 

improvement in the crystallinity of the (Ca0.8Sr0.2) 

ZrO3 films. The dielectric constant of the (Ca0.8Sr0.2) 

ZrO3 dielectric thin film increased from 6.2 to 24 after 

heat treatment. With a preheating temperature of 

400
o
C and annealing temperature of 700

o
C, a 

dielectric constant of 24 was obtained 
 

 
Fig. 2 SEM images of (Ca0.8Sr0.2)ZrO3 films deposited at various 

preheating and annealing temperatures (a) 200-700oC, (b) 

300-700oC, (c) 400-500oC, (d) 400-600oC, (e) 400-700oC. 
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Fig. 3 Dielectric constant of (Ca0.8Sr0.2) ZrO3 films deposited at 

various preheating and annealing temperatures. 

 

Figure 4 shows the dependence of (Ca0.8Sr0.2) ZrO3 

films on the dissipation factor under different thermal 

treatment conditions. As the preheating and annealing 

temperature increased, the dissipation factors 

decreased due to grain growth and the uniform surface 

morphology of the films. With preheating temperature 

of 400
o
C and annealing temperature of 700

o
C, a 

dissipation factor of 0.21 was observed at 1 MHz. The 

characteristics of J-E curves for MIS capacitors of 

Al/(Ca0.8Sr0.2)ZrO3/Si/Al with different preheating and 

annealing temperatures are shown in Fig. 5. The 

results revealed that the leakage-current density with a 

higher thermal treatment temperature for a 

(Ca0.8Sr0.2)ZrO3 dielectric thin film was lower than 

that for other films, and the leakage current density 

decreased with an increase in preheating and 

annealing temperature, probably because of grain 

growth and improvements in the surface morphology 

with increased preheating and annealing temperatures. 

As presented in Fig. 4, a higher thermal treatment 

temperature for the (Ca0.8Sr0.2)ZrO3 dielectric film 

resulted in a relatively small dielectric loss compared 

with lower thermal treatment temperature of this 

dielectric film, consistent with the lower leakage 

current density and higher thermal treatment 

temperature for the (Ca0.8Sr0.2)ZrO3 dielectric film 

shown in Fig. 6. A leakage current density of 3.8×10
-9

 

A/cm
2
 was obtained at an electrical field of 10 kV/cm 

with a preheating temperature of 400
o
C and an 

annealing temperature of 700
o
C, similar to the leakage 

current density of SiO2. 

 

 
Fig. 4 Dissipation factor of (Ca0.8Sr0.2)ZrO3 films deposited at 

various preheating and annealing temperatures. 

 

 
Fig. 5 I –V curve of the Al/(Ca0.8Sr0.2)ZrO3/Si(100) MIS 

structures with various preheating and annealing temperatures. 

 

IV. CONCLUSION 

 

(Ca0.8Sr0.2)ZrO3 dielectric thin films have been 

prepared by the sol–gel technology with various 

preheating and annealing temperatures. The phase 

transformation and crystallinity results show the film 

has polycrystalline structure when it preheated over 

300
o
C and annealed over 600

o
C. Deposited films 

exhibited (Ca0.8Sr0.2)ZrO3 peaks that were 

perpendicular to the substrate surface, and the grain 

size increased with increase in preheating temperature 

and annealing temperature. At a preheating 

temperature of 400
o
C and an annealing temperature of 

700
o
C, the (Ca0.8Sr0.2)ZrO3 film observes a dielectric 

constant of 24 (f = 1 MHz), a dissipation factor of 0.21 

(f = 1 MHz), and a leakage current density of 3.8×10
-9

 

A/cm
2
 at an electrical field of 10 kV/cm. The high 

dielectric constant, low dissipation loss and low 

leakage current density propose that the 

(Ca0.8Sr0.2)ZrO3 thin film is a promising candidate for 

communication device applications. 
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