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temperatures we observed partial melting and crystallization of the material. The morphology of material was studied 
by optical microscope and scanning electron microscope. 
2.2 Fabrication and measurements of dielectric constant, capacitance and resistance: Details of parameters are 
described in references [3-5] for cutting, polishing, electrode bonding and other fabrication into capacitors.  We were 
able to achieve good quality polished surfaces on polishers with pads and using several solvents. For most of the 
measurements we used silver paste for the electrode. However, we also tested the stability of gold electrodes. The 
material does not react with gold and long-term stability is extremely good. Parallel-plate capacitors were fabricated 
from pressed and sintered pellets with thicknesses from 0.5 to 2 mm (thinned and polished). Dielectric capacitance of 
bulk ceramic samples was inferred from measurement of complex impedance as a function of frequency from 001 to 
1000KHz with an Agilent/HP 4284A LCR meter. Resistivity was inferred from two measurements: (a) using a parallel-
resistance model of complex-impedance measurements and (b) measuring current from a dc voltage bias. 
 

3.RESULT AND DISCUSSION 
 
Most of the samples prepared in this study were in the range of 2.0 to 5 grams. The diameter was in the range of 7 to 10 
mm.  To prepare samples in this diameter range with few mm thickness, typical amount of each component GaN, CuO 
and TiO2 was 0.506, 2.146 and 2.817 g.  after crushing and mechanically mixing powder it was placed in wig-L-bug for 
grinding to make smaller size particles, The pressure applied in each case an identical pressure of 7500 to 8000 lb/inch2 
for pressing the samples.  Typical as prepared samples of GCTON for sintering and annealed at 800C are shown in 
Figure 1.  The sintering temperature of 600C showed significant shrinking and sintering. Grain growth was more visible 
above 800 oC. We did not observe much change in the morphology above 1080C. In the growth runs where we used 
excess copper oxide, we observed flow of copper rich phases around the pellet. In this case long needles or grains with 
large aspect ratio were observed. We observed that cracking was observed after a few hours of annealing at above 850 
oC.  
 
 

   
(a)                                                                                                (b) 

Figure 1 (a) As prepared and (b) annealed at 800oC samples of GCTON  
 
Silver dots were stable at room temperature. However, when sample was heated around 150C, silver dots showed spreading 
on the samples. Figure 2-5 shows a typical morphology of grains with copper rich phases.  These grains were facetted and 
had different sizes. It also shows that liquid drops were available between grains. Since copper oxide has the lowest 
constituent melting temperature, it starts melting well below the CCTO melting point, in contact with other constituents 
and starts flowing. When the sample was cooled down, copper rich material seggregated between the sintered grains.  
On some spots in the sample a thin layer of  copper-rich oxide covered the grains. Unlike the case of CCTO, copper 
addition did not show any enhancement in grain growth. Figure 4 shows a typical microstructure of GCTON after 50 hours 
of grain growth at 800oC. It contained white residue in between grains. After 72 hours to 80 hours of annealing this residue 
disappeared and grains were much more homogeneous.   
 



 
Figure 3. Morphology of GCTON grains showing elongated cells merging with side grains 

 
 
 

 

Figure 4. Morphology of sem ideveloped GCTON grains with 50 hours of growth showing residue on the surfaces of grains 



 
 
 
 

 
Figure 7. Resistivity of GCTON at different frequency and bias voltage 

 
4. SUMMARY 

To improve the resistivity of dielectric material, synthesis and grain growth of a novel material system with 
nonstoichiometric composition Ga2/3Cu3Ti4O12-�GN�G (GCTON) was performed to determine the effect of substitution in well 
studied CaCu3Ti4O12 (CCTO) material system. Our results indicate that morphology and resistivity was very different. The 
resistivity was several order higher than CCTO and dielectric constant was >10,000.  This shows that GCTON system is 
very attractive material system for practical dielectric storage.  Experiments to evaluate effect of hetero valence and 
optimization of parameters for processing the material is continuing.  
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