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Abstract

Today a lot of advancement is taking place in electronics industry. This advancement is concomitant with the creation of new materials with high permittivity (called high-k dielectric materials). A higher k dielectric material can store more electric energy than the one with a lower value. As a result, its use in electronic devices reduces the size of the components and improves their efficiency also. As Capacitor is one of the most important components of electronic devices, so lot of research is going on to reduce its size. Traditional BaTiO3 based ferroelectric materials exhibit high dielectric constant. There is a problem with these materials as these have strong temperature dependence of their dielectric constants near ferro to para electric transition. Therefore, CaCu3Ti4O12 (CCTO) has attracted increasing scientific and technological interest because of its giant dielectric constant (εr~104) with weak temperature/frequency dependence in a wide range of temperature (100-600K) and frequency. This suggests its potential application in capacitor based devices. In the present work, Solid state conventional technique was adopted for the synthesis of CaCu3Ti4O12 (CCTO), using CuO, TiO2, and CaCO3 as starting materials. X-ray diffraction patterns were recorded in an X-ray diffractometer employing Cu-Kα radiation with a Ni-filter. SEM was recorded to analyze the microstructure. Dielectric measurement has been performed using four probe novocontrol set up (ZG4) in a wide range of temperature. It was observed that dielectric constant increases with the increase in temperature and decreases with the increase in frequency. Dielectric loss was found to be quite low. 
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Introduction


As electronics industry is advancing day by day, need of newer materials is also increasing. With this advancement, a lot of reduction in size of electronics devices is taking place. To reduce the size of electronic devices it is necessary to reduce the size of components that are used in those devices. As Capacitor is one of the most important components of electronic devices, so lot of research is going on to reduce its size. A capacitor (originally known as condenser) is a passive two-terminal electrical component used to store energy in an electric field. The forms of practical capacitors vary widely, but all contain at least two electrical conductors separated by a dielectric (insulator), for example, one common construction consists of metal foils separated by a thin layer of insulating film. Capacitors are widely used in electrical circuits in many other electrical devices [1-3]. So this advancement is concomitant with the creation of new materials with high permittivity (called high-k dielectric materials). A higher k dielectric material can store more electric energy than the one with a lower value. As a result, its use in electronic devices reduces the size of the components and improves their efficiency also.


Traditional BaTiO3 based ferroelectric materials exhibit high dielectric constant. There is a problem with these materials as these have strong temperature dependence of their dielectric constants near ferro to para electric transition. ACu3Ti4O12 (where A=Ca, Sr, Ba) compounds were discovered in 1967 [1]. In recent years it has been reported that perovskite related compound CaCu3Ti4O12 (CCTO) has high dielectric constant (104) and low loss tangent (10-1) [2-6], which is independent of temperature in the range 100-600K and in the frequency range 102-106Hz. Therefore it is suitable as thermally stable high dielectric constant material unlike compositions based on ferroelectric BaTiO3, which exhibit strong temperature dependence near their Curie temperature. Below 100K its dielectric constant value drops off dramatically to around 100. Neutron powder diffraction does not show any change in crystal structure in the temperature range of 35-1273K [5-7].Therefore, CaCu3Ti4O12 (CCTO) has attracted increasing scientific and technological interest because of its giant dielectric constant (sr~104) with weak temperature/frequency dependence in a wide range of temperature (100-600K) and frequency. This suggests its potential application in capacitor based devices [2, 8-11].


Experimental

CCTO was prepared using conventional solid state reaction.
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In the present work, CCTO has been synthasised by solid state conventional technique. The starting powders CaCO3 (99.98%), CuO (99.5%) and TiO2 (99.55) in stoichiometric amounts were mixed and grinded for 7-8 hours. Then it was calcined for 12 hours with intermittent grinding. After conforming the formation of monophasic compound to X-ray powder diffraction (XRD) using CuKα radiation. Polycrystalline powder mixed with 2% PVA was cold pressed into pellets of diameter 15 mm and thickness 2 mm at a pressure of 7 ton in hydraulic press. Then pressed pellets were sintered at 10000C for 6 hours.


Results and Discussion


 XRD analysis


X-ray diffraction patterns for CCTO were recorded in an X-ray diffractometer employing Cu-Kα radiation with a Ni filter (Figure 1). A scanning rate of 20/min was used for recording. The formation of single phase solid solutions was confirmed by the absence characteristic lines of constituent's oxides in the XRD patterns. The XRD patterns were indexed using standard procedure. The XRD pattern obtained was compared with the available XRD pattern of CCTO using JCPDS file .The XRD pattern obtained was in accordance with the available CCTO XRD pattern (Figures 2 & 3).  
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Figure 1:  Capacitors and conductive plates with dielectric.
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Figure 2: Crystal Structure of CaCu3Ti4O12.
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Figure 3: X-ray Diffraction Pattern of the CCTO.




Dielectric Properties

Dielectric measurement of CCTO has been performed using four probe novocontrol set up (ZG4) in a wide range of temperature starting from the room temperature. Sintered pellets were first polished by the help of different grades of emery paper and then silver coated which is known as electroding. Then, the sample was fixed in the sample holder. Sample has diameter of 15 mm and thickness 2.383 mm and measurement was done in the frequency range of 102 to 2x107. Graph of frequency versus loss factor (tan δ) and frequency versus s' were recorded. 



Frequency dependence of dielectric constant of CCTO (Figure 4) at different temperature in the frequency range 102 to 2x107. The dielectric constant decreases as the frequency increases. The effective dielectric constant increases with the increase in temperature in CCTO at all the frequencies under study. At RT (room temperature) and 100 Hz dielectric constant value for CCTO is 5000, which increased to 9500 at 2 000C. Frequency dependence of the dielectric loss for CCTO (Figures 5a & 5b) at different temperature in the frequency range 102 to 2x107. Dielectric loss increases with the decrease in frequency and increase in temperature. The value of dielectric loss at RT (room temperature) and at 100Hz is 0.05, which increases to 6 at 2000C at same frequency (Figure 6). 
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Figure 4: Novo control ZG4 Setup.
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Figure 5: Novo control ZG4 Setup.
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Figure 6: Novo control ZG4 Setup.






 Conclusion

The CCTO powder was successfully prepared through the conventional solid state reaction method. Single phase of CCTO was identified in calcined powders. All of the detected peaks were identified and found to be corresponding to CCTO phase. There is no additional peak detected that would indicate the formation of secondary phase. Dielectric constant increases with the increase in temperature and decreases with the increase in frequency. Dielectric loss at RT (room temperature) and at 100Hz is 0.05 which is quite low. Due to high dielectric constant and low loss value it can be used for capacitor application.
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