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Abstract: Thin film capacitor using Aluminium 
(Dielectric-Barium Titanate) and pelletized Copper, MnO2 
(Dielectric-BaTiO3) capacitors as substrates were constructed. 
The objective of this research was to develop a capacitor having 
high capacitance and dielectric strength. The attention was 
focused on the high dielectric strength of BaTiO3 and high 
capacitance of MnO2, so that we can develop a good capacitor. 
The dependence of stacked and single forms of above capacitors 
with respect to various electrical parameters were analysed using 
LCR meter. On the basis of graphs plotted for various electrical 
parameters such as impedance, quality factor, dissipation factor, 
conductance, series and parallel capacitance were analysed from 
the above graphs. By analysing the comparison between 
Aluminium (Dielectric-Barium Titanate) single and stacked 
forms the conclusion that I arrived was that stacked form is more 
preferable over single forms. Taking consideration of copper, 
MnO2 (Dielectric-BaTiO3) capacitor stacked forms were found to 
be better than single forms. Thus it was clear that the stacked form 
of Aluminum (Dielectric-Barium Titanate) and stacked forms of 
copper, MnO2 (Dielectric-BaTiO3) capacitor is more preferable 
while using as capacitors. Although a variety of renewable energy 
technologies as well as new storage devices have been developed, 
they have not reached wide spread use. Therefore, there is a strong 
need of development   of improved methods for storing energy 
when it is available and retrieving when it is needed.  The ability to 
store energy when it is produced is an essential waypoint on the 
road to turning alternative energy into regular energy. This 
problem of storage can be solved by supercapacitor. It is an 
emerging technology in the field of electrical energy storage and 
its use along with battery or fuel cell is viewed as a solution in 
many portable systems. 

 
Keywords: Supercapacitor, Fabrication, Dielectric, Dissipation 
factor. 

I. INTRODUCTION 

          Nowadays thin film electrochemical capacitor is an 
emerging technology that promises to play a major role in 
overcoming the demands of electronic systems and devices 
both now and in the future. The emergence of this new 
technology makes it easier to balance their use for both energy 
and power.  
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Capacitors which are mainly the energy storage devices are 
normally used along with batteries to compensate for the 
limited battery power capability, evidently, the proper control 
of the energy storage systems presents both a challenge and 
opportunity for the power and energy management system. 
This paper has aimed to provide a brief overview of capacitor 
technology. Scientific background has also been also taken 
into interest in order to understand better performances of the 
capacitor. In my present study I was interested in the 
fabrication of two types of capacitors mainly Al/BaTiO3 and 
Cu, MnO2/BaTiO3 in their single and stacked forms. 
Al/BaTiO3 capacitor was fabricated using spin coating 
method where thin layer of BaTiO3 along with binder 
Dimethyl formamide was coated on Aluminium plates. Cu, 
MnO2/BaTiO3 was fabricated using a pelletizer where Barium 
Titanate (dielectric) and Manganese dioxide (electrode) were 
pelletized by the application of high pressure and used in 
between copper plates. 
       Because of the advantage of charging, efficiency, long 
life time, fast response and wide operating temperature range, 
it is possible to experiment and apply capacitors to any 
applications that requires energy storage applications. The 
most important point to remember about capacitor technology 
is that it is a new and unique technology in its own right. A 
Capacitor is generally energy storing device that are available 
in many size and shapes. They consist of 2 plates of 
conducting material sandwiched between an insulator made 
of ceramic, film, glass or other materials even air. 
        Electrochemical capacitors consist of two electrodes 
separated by an ion-permeable membrane (separator), and an 
electrolyte ionically connecting both electrodes. When the 
electrodes are polarized by an applied voltage, ions in the 
electrolyte form electric double layers of opposite polarity to 
the electrode's polarity. For example, positively polarized 
electrodes will have a layer of negative ions at the 
electrode/electrolyte interface along with a charge-balancing 
layer of positive ions adsorbing onto the negative layer. The 
opposite is true for the negatively polarized electrode. 
Additionally, depending on electrode material and surface 
shape, some ions may permeate the double layer becoming 
specifically adsorbed ions and contribute with pseudo 
capacitance to the total capacitance of the capacitor. 
Capacitance is the ability of a component or circuit to store 
and collect energy in the form of an electric charge. 
Capacitance is also the ratio of change in the electric charge in 
the system to the corresponding change in electrical potential.  
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The capacitance can be calculated if the geometry of the 
conductors and the dielectric properties of insulator between 
the conductors are known. The capacitance is given as, 

C = εA/d 
Where, 
C = Capacitance in Farads 
ε = Permittivity of Dielectric (Absolute) 
A = Overlapping Area of the plate in meter square 
D = Distance between plates in meters  
In [1] metal insulator metal (MIM) capacitors were 

developed using PMNT Thin films, where PMNT is a 
promising ferroelectric material due to its high dielectric 
constant and other material properties. It can improve the 
performance of MIM capacitor. The capacitor here includes 
PMNT as dielectric between metals, which includes a series 
of square capacitor. PMNT were grown using sol-gel 
technique and was spin coated. The study of electrical 
parameters were carried out at constant frequency range. 
Graphical interpretation of electrical parameters indicated 
that PMNT MIM capacitors provide high dielectric constant 
of 1115 and high capacitive density of 26 farad/um2 at DC and 
RF range and also it indicated small leakage current density 
and low dissipation factor. 

In [2] the capacitor fabrication includes the 
technology for making hybrid thin film capacitor on Cu 
substrates, by vapour deposition and RF sputtering process. 
Here hybrid films were constructed such that using vapour 
deposition polymeric acrylate thin films were deposited on Cu 
foil which is accompanied by inorganic yttria stabilized Zr 
thin films by RF sputtering. It was found these hybrid thin film 
capacitor yields high capacitive density, low dielectric loss 
and better insulating property. A better high yielding 
capacitor can be achieved by increasing the C/A values by 
gradually increasing the dielectric filter loading volume 
fraction. Another method to increase the C/A ratio is by 
decreasing the dielectric laminate thickness. A better result 
was obtained by the deposition of both layers ie, YSZ and 
acrylate films on Cu foils. Thus this developments establishes 
a high C/A (10-12 value) high functional capacitor on Cu 
substrate and low dissipation factor.  

In [3] this study lead titanate thin films are fabricated 
by sol-gel spin coating method. It involves the preparation of 
PbTiO3 metal ferroelectric metal device which includes 
Indium tin oxide coated glass as substrate, in turn where Al 
metal is deposited at the top electrode. Ferroelectric material 
with perovskite structure has the potential of improving 
dielectric polarization in thin film fabrication. The dielectric 
properties such as dielectric constant, dielectric loss and 
dielectric strength was evident in a frequency range from 
40Hz to 100KHz.It indicated a greater capacitance value at 
100 KHz frequency range. It also concludes that this capacitor 
is best suited for higher frequency application. Thus this 
fabrication concludes that a better capacitor that is capable of 
operating in the lower frequency range. 

In [4] it includes the fabrication of thin film 
capacitors suitable for integration into multichip module.  Cu 
electrodes with dielectric BaTiO3 along with an adhesion 
layer of Ti was preferred.  Amorphous BaTiO3 (ferroelectric) 
are known to possess highest dielectric constant.  BaTiO3 is 
deposited on Cu/Si films using (RPIB) i.e., reactive partially 

ionized beam technique.  Graphical analysis of various 
electrical parameters indicated a low leakage current and 
excellent breakdown strength on using various electrodes like 
Ti/Cu/Ti, Au/Ti/Al etc. a better dielectric strength was 
assessed . Thus this capacitor fabrication is suited for 
excellent DC and high frequency electric behavior with 
various metal electrodes. 

In [5] the thin film fabrication includes (BaSr) TiO3 
films coated using sol-gel technique on Al substrate.  (BaSr) 
TiO3 films were formed by spin coating and subsequent 
annealing at suitable temperature ranges.  Further the 
annealed films were anodized in a neutral borate solution.  
Those films were Al2O3 with BST annealed at various 
temperatures exhibited a greater change with respect to that of 
only Al2O3 films ie, those with BST on Al2O3 films showed a 
greater increase in capacitance density with frequency than 
that of Al2O3 films.  The capacitance variation in case of 
BST-Al2O3 films were linear but is quite lower than only 
Al2O3 films up to 150OC temperature range. Also BST- Al2O3 

film coated capacitors exhibited a greater capacitance density 
hence, the rate of capacitance was found to be stable with 
frequency.   

In [6] the study involves the fabrication of thin film 
capacitors for DC filtering in AC/DC converter applications.  
Here physical vapour deposition technique is implemented to 
fabricate smaller capacitor with high frequency applications.  
The parameters such as thickness of TiO2, area of metal 
contact and dielectric properties of TiO2 are considered for 
the better development of capacitor.  The dielectric used is 
titanium dioxide deposited on metal surface at high frequency 
with smaller dissipation factor.  PVD is an advanced 
technique for deposition since it has several advantages such 
as, large area targets can be utilized for uniform thin film, easy 
control of thickness of dielectric material coating etc. On 
construction it was found that small difference in thickness is 
not significant to increase value of capacitance.  Hence further 
studies has to be implemented to increase the capacitance.   

In [7] it involves the fabrication of radio frequency 
metal insulator metal polyimide capacitor on a flexible 
Krypton substrate by the use of additive manufacturing 
technology. Here two metal insulator metal capacitors are 
fabricated with different areas. The conductance and 
capacitance of the capacitors with respect to standard voltage 
ranges are measured. The conductance measurement 
indicated a low leakage current. The normalized conductance 
measured as a function of temperature showed that the 
conductance increased and decreased with temperature. 
Finally it was concluded that maximum voltage handling 
capability of printed capacitor was 32V, 62V, 20V when 
tested at 25,100,200OC of temperature ranges. 
In [8] paper aims to investigate the structural and surface 
morphology properties.  

Here TiO2 thin films that are deposited on n-type Si 
substrate by LTAVD process. Here the capacitance voltage 
and current voltage characterizations are evaluated at room 
temperature and at 1MHz high frequency for Pd/TiO2/n-Si 
MIS structures.  
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The experimental CV characteristics was found voltage 
shifting with simulation results of CV characteristics.  

By analysis the current voltage characteristics of MIS 
capacitor it was found that the leakage current density of 
5mA/cm2 is acceptable for high performance logic circuits 
and low power circuits.. 
 In turn the low leakage current indicate that this method is 
applicable for high performance and low power circuits. 

In [9] the study involves the Investigation of the 
energy storage performance of A2Bi4Ti5O18 (A=Ba and Sr) 
thin films prepared by chemical solution deposition .The two 
films thus prepared exhibit large maximum polarization, 
small remnant polarization as well as low leakage current 
density and dielectric loss. Here A2Bi4Ti5O18 (A=Ba and Sr) 
thin films were successfully deposited into Pt/Ti/SiO2/Si 
substrate by CSD Processing. In case of  Ba2Bi4Ti5O18  thin 
films large energy storage density and high efficiency are 
achieved. For SrBi4Ti5O18 thin film it exhibit an average level 
of energy storage density and efficiency. Finally it is 
concluded that the thermal stability of energy storage 
performances are more stable for SrBi4Ti5O18 films.  

In [10] this paper involves the study of fabrication 
and characterisation of polymer capacitor using poly pyrrole 
and poly (styrene sulfonate) as a semiconductor and  a gate 
layer. The insulator applied are dielectric polymer and 
polyvinyl phenol. The capacitor fabrication includes 3 layers 
of polymers and 2 polymeric interfaces. Thus an all polymer 
MOS like capacitor is fabricated by UV lithographic 
technique. The results that are obtained from this capacitor 
are in turn compared with analogues silicon based MOS 
devices. Analyzing the electrical behaviour it was found that 
the capacitance decreases as the bias voltage becomes more 
positive which indicates the formation of depletion layer. 
Further capacitance reaches a saturation value for large 
positive voltage due to depletion layer extending completely 
over polymer films. 

II. PROPOSED METHODOLOGY 

 The major aim was to have a brief study on various 
parameters affecting static capacitor. The basic construction 
of a capacitor include electrodes and dielectric. In this study I 
have chosen Aluminium and Copper as electrodes and 
Barium Titanate with N, N dimethyl formamide as dielectrics. 

 
Fig.1.Aluminium Electrodes with Spin Coated Barium 

Titanate 

   Spin coating is one of the most widely techniques used to 
deposit uniform thin films to flat substrate. It is used mostly in 
vast variety of Industries and Technologies. The advantage of 
this technique is its ability to quickly and easily produce very 
uniform thin films ranging from few nanometers to microns in 
thickness. In this technique, small amount of coating material 
is applied on the center of the substrate, which is either 
spinning at low speed or not spinning at all. The substrate is  

         
 

Fig.2.Aluminium/BATiO3 capacitor (Single Form with 
two Aluminium plates) 

rotated at very high speed in order to spread the coating 
material by centrifugal force. Rotation is continued while the 
fluid spins off the edges of the substrate, until the desired 
thickness of the film is achieved. The applied solvent is 
usually volatile and simultaneously evaporates .So, the higher 
the angular speed of spinning, the thinner the film. The 
thickness of the film also depends on the viscosity and 
concentration of the solution and the solvent. 

 
Fig.3.Aluminium/BATiO3 capacitor (Stacked Form with 

three Aluminium plates) 



Fabrication and Characterization of Spin Coating Deposited Thin Film Aluminium/BaTiO3 and Pelletized 
Copper, MnO2/BaTiO3 Capacitor 

 

2226 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: F4595049620/2020©BEIESP 
DOI: 10.35940/ijitee.F4595.049620 
Journal Website: www.ijitee.org 
 

 
 
Fig.4.Copper,MnO2/BaTiO3 capacitor (Single Form) 

  Copper and Aluminium plates of dimension (3*2) were 
used. Using weighing machine, 2 gram of Barium Titanate 
was weighed and mixed with 2 or 3 drops of N, N dimethyl 
formamide and were made into a paste using mortar and 
pestle. Spin coating unit is switched on for warming up then 
one of the Aluminium plate is kept on it under vacuum. Using 
a dropper suitable amount of mixture is dropped on it and is 
allowed to coat uniformly. Then Copper, MnO2 capacitor 
with Barium Titanate as dielectric was constructed. The next 
step was to study the variation in electrical parameters of 
capacitors .LCR meter was switched on for half an hour later 
on which begins to operate. 

      
Fig.5.Copper,MnO2/BaTiO3 capacitor (Stacked Form) 

Initially place two Aluminium  plates coated with Barium 
titanate  one on the other and it is connected with the two 
terminals of LCR meter. Variation of Different parameters 
such as Quality factor, Impedance, Conductance, Dissipation 
factor etc. were observed and corresponding graphs were 

plotted against frequency. Similarly three Aluminium plates 
are stacked and similar measurements were taken. 
      Pelletizer is a device which is used to convert any 
material in the powder form into pellet form by applying high 
pressure. The thickness of the pellet can be choosen by the 
need of user. The hardness of the pellet can be increased by 
making thick pellets. Press is capable of producing maximum 
pressure upto 15 tons. The hydraulic press is based on 
pascal’s principle. In any fluid, the static pressure is exerted 
on the walls of the container and in the fluid. These forces act 
perpendicular to the walls of the container. When an external 
pressure is applied to the fluid, the pressure is distributed 
uniformly in all parts of the fluid and this is known as pascal’s 

principle.Then Manganese dioxide and Barium Titanate were 
taken as electrode and dielectric material. Pure MnO2 powder 
and Barium Titanate powder is taken 1 gram and it is grinded 
using mortar and pestle. It is then pelletized using hydraulic 
press applying 5 ton of pressure placed between copper plates 
and were connected with LCR meter probes to study their 
dependence on various parameters and their measurements 
were taken. 

III. RESULTS AND DISCUSSION 

A. Comparison on Single and Stacked Forms of 
Aluminium-Barium Titanate Capacitor. 

 Parallel Capacitance, Quality Factor Versus 
Frequency 

       Fig.6 shows the variation of Parallel Capacitance and 
quality factor as a function of frequency. Capacitance is the 
ability of a component or circuit to  
store and collect energy in the form of an electric charge. On 
comparison with single(Fig.1&2) and stacked form of 
Aluminium Barium Titanate capacitor(Fig.3), parallel 
capacitance almost increases over the range 30000-40000Hz 
of frequency range for both single and stacked forms of 
capacitors. Quality factor is defined as the ratio of peak 
energy stored to that of energy dissipated in a capacitor, hence 
Q is maximum over the lower frequency range for stacked 
form in comparison with single form of capacitor. 

Table.1.Variation of Parallel Capacitance and Quality 
factor of Single and Stacked forms of Capacitors. 

Frequency Cp[F] Q Cp[F] Q 

[Hz] C1 C1 C2 C2 

100000 13.34 -112.907 7.21972 -126.908 

200000 3.3468 -73.5946 1.81112 -96.9479 

300000 1.49274 -58.7707 809.155 -82.8469 

400000 842.298 -51.362 454.296 -70.9509 

500000 540.556 -47.0881 292.074 -72.318 

600000 376.263 -44.3939 203.005 -70.5068 

700000 282.617 -42.8694 146.616 -66.6974 

800000 212.385 -41.4464 114.5 -69.9924 

900000 170.02 -41.1559 89.5598 -68.2707 

1000000 136.129 -40.8696 73.427 -70.8316 
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Fig.6. Graphical Representation of Table. 1 

      Fig.6.shows the parallel capacitance (Cp) gradually 
increases over a particular frequency range. Quality factor (Q) 
increases then remains a constant over the frequency range up 
to 1MHz. C1 represents the single and C2 represents stacked 
form of capacitance in Farads (F). 

 Phase Angle, Impedance Versus Frequency 
Fig.7 shows the variation of phase angle as a function of 
frequency, which remains almost a constant.  

Table.2.Variation of Impedance and Phase angle of Single 
and Stacked forms of Capacitors. 

Frequency Z[Ω] Phase 
Angle[rad] 

Z[Ω] Phase 
Angle[rad] 

C2 
[Hz] C1 C1 C2 

10000 214.816 -1.58866 220.407 -1.57865 

20000 432.327 -1.59556 439.3 -1.58114 

30000 651.258 -1.59291 655.536 -1.58288 

40000 870.655 -1.59821 875.626 -1.5849 

50000 1.08743 -1.59394 1.08961 -1.58463 

60000 1.30575 -1.59393 1.30639 -1.58499 

70000 1.55375 -1.60968 1.55005 -1.58583 

80000 1.73921 -1.59141 1.73714 -1.58509 

90000 1.982 -1.59861 1.97388 1.58547 

100000 2.17068 -1.589 2.16715 -1.58492 

 
Since tan α = (Xc/R) here we observe that phase angle 
remains constant for stacked and single capacitor which is 
best suited for a better capacitor. The impedance of a 
capacitor is equal in magnitude to its reactance. The 
impedance of a capacitor is given as Z=-jX (X= 
reactance).Here impedance is low for single and stacked 
forms at lower frequency and minimum over the range greater 
than 40000 Hz. 

 
Fig.7. Graphical Representation of Table. 2 

 Parallel Capacitance, Conductance Versus Frequency 
     Fig.8 depicts the variation of parallel capacitance and 
conductance with frequency. The conductance is defined as 
the inverse of resistance, its unit is Siemens (S). According to 
the relation G=1/R in stacked form conductance gradually 
increases whereas in single Aluminium/BaTiO3 capacitor G is 
not continuous. Hence stacked form is better. Parallel 
capacitance varies as above in the frequency range of 1MHz. 

Table.3.Variation of Parallel Capacitance and 
Conductance of Single and Stacked forms of Capacitors 
Frequency Cp[F] G[S] Cp[F] G[S] 

[Hz] C1 C1 C2 C2 

100000 13.34 -74.2358 7.21979 -35.4371 

200000 3.3468 -57.147 1.81115 -23.4734 

300000 1.49274 -47.8769 809.162 -18.4106 

400000 842.298 -41.2158 454.305 -16.0926 

500000 540.556 -36.0644 292.078 -12.6891 

600000 376.263 -31.9521 203.007 -10.8552 

700000 282.617 -28.9954 146.622 -9.6706 

800000 212.385 -25.7577 114.502 -8.22357 

900000 170.02 -23.361 89.5623 -7.41992 

1000000 136.129 -20.9281 73.4276 -6.5139 

 
Fig.8. Graphical Representation of Table. 3 
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 Series Capacitance, Dissipation Factor Versus 
Frequency 

Table.4.Variation of Series Capacitance and Dissipation 
factor of Single and Stacked forms of Capacitors. 

Frequency C[F] C[F] 

[Hz] single stacked 

70018.6 2.32E-11 6.37E-11 

120018 1.99E-11 5.25E-11 

170017 1.81E-11 4.63E-11 

220016 1.69E-11 4.23E-11 

270015 1.60E-11 3.95E-11 

320014 1.54E-11 3.73E-11 

370013 1.48E-11 3.56E-11 

420012 1.44E-11 3.42E-11 

470011 1.41E-11 3.30E-11 

520010 1.38E-11 3.21E-11 

Fig.9 represents the clear variation of series capacitance (Cs) 
and dissipation factor (D) with frequency.  
Dissipation factor is defined as the ratio of amount of energy 
stored to that of the energy lost in a capacitor. As we know for 
a good capacitor D should be minimum. Here dissipation 
factor is minimum for stacked capacitor compared with that of 
single form of capacitor. Series capacitance varies same as 
above. So capacitance is better for stacked form of capacitor. 

 
Fig.9. Graphical Representation of Table. 4 

B. Comparison of Stacked and Single Forms of 
Cu,MnO2/BaTiO3 Capacitor. 

Capacitance Versus Frequency  
     The capacitance of a capacitor is almost a constant value. 
Due to the presence of dielectric material the capacitance 

changes with frequency. Dielectric constant of an insulating 
material may be affected by internal electric field. The 
polarization of charge distribution of insulating material to 
some extent may be affected by the input frequency. 
From Fig.10 the capacitance of both 
Cu,MnO2-BaTiO3(Single) and Cu,MnO2-BaTiO3 (double) 
shows a high value at low frequency and then decreases and 
becomes almost constant value as the frequency increases. 
The capacitance of Cu,MnO2-BaTiO3(double) is higher than 
Cu,MnO2-BaTiO3(double). Therefore, the capacitance 
increased after stacking. 
Table.5.Variation of Capacitance of Single and Stacked 

forms of Capacitors 

 
Fig.10. Graphical Representation of Table. 5 

       Fig.10. shows the variations in the capacitance of 
Cu,MnO2-BaTiO3 single and stacked capacitor over the 
frequency range 70000Hz to 600000Hz. Here both 
capacitance shows gradual increase with frequency. C(F) 
single and C(F) stacked represents the capacitance of single 
and stacked Cu,MnO2-BaTiO3 capacitor  respectively in 
Farads. 

 Conductance vs  Frequency 
Conductance is an expression of the ease with which 

electric current flows through a substance. It is evident from 
the graph that conductivity is frequency dependent and is 
enhanced with increase in frequency. For both 
Cu,MnO2-BaTiO3(single) and Cu,MnO2-BaTiO3(double), 
conductivity increases with frequency. For 
Cu,MnO2-BaTiO3(single) conductivity increases from 
7.56*10-6 to 1.09*10 -6 and for Cu,MnO2-BaTiO3(double) it 
increases from 2.6*10-5 to 6.19*10-5.Conductance is high for 
Cu,MnO2-BaTiO3(double). That is the conductance enhanced 
after stacking. 

 
 
 

Frequency 
[Hz] 

Cs[F] 
C1 

D 
C1 

Cs[F] 
C2 

D 
C2 

100000 13.341 -8.85685 7.22072 -7.88853 
200000 3.34742 -13.588 1.81145 -10.3494 
300000 1.49318 -17.0153 809.31 -12.0863 
400000 842.618 -19.4697 454.418 -14.11 
500000 54.799 -21.2368 292.146 -13.8386 
600000 376.454 -22.5256 203.056 -14.1941 
700000 282.771 -23.3266 146.674 -15.0282 
800000 212.509 -24.1276 114.53 -14.2951 
900000 170.121 -24.2979 89.5891 -14.6677 

1000000 136.211 -24.468 73.4445 -14.129 
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Table.6.Variation of Conductance of Single and Stacked 
forms of Capacitors. 

Frequency 
[Hz] 

G[S] 
single 

G[S] 
stacked 

70018.6 7.56E-06 2.60E-05 

120018 9.63E-06 3.26E-05 

170017 1.14E-05 3.80E-05 

220016 1.28E-05 4.26E-05 

270015 1.41E-05 4.66E-05 

320014 1.53E-05 5.02E-05 

370013 1.63E-05 5.35E-05 

420012 1.73E-05 5.65E-05 

470011 1.82E-05 5.93E-05 

520010 1.90E-05 6.19E-05 

      Fig.11.shows the Variations in the conductance of 
Cu,MnO2-BaTiO3 single and stacked capacitor over the 
frequency range 70000Hz to 1MHz. G(S) single and G(S) 
stacked represents the conductance of single and stacked 
Cu,MnO2-BaTiO3 capacitor respectively in Siemens. 

 
Fig.11. Graphical Representation of Table. 6 

 Impedance Versus Frequency 
The amount of impedance varies inversely with 

frequency. In ideal capacitor there is no loss and the 
equivalent series reactance is zero. For ideal capacitor the 
frequency versus impedance graph is a straight line. In actual 
capacitor there is some resistance from loss due to the 
dielectric substance, electrode and other component. Hence 
the frequency versus impedance graph is curved. Impedance 
of a capacitor is given by, 

 Z = -jwC 
 
       Where, 
 

                        C = capacitance 
 
                  w = 2πf 
 
The ‘j’ is equivalent to the square root of negative 

one, which is imaginary. Which gives it a separation from real 
resistance. Hence impedance can have negative value. 
From Fig.12, the impedance of both 
Cu,MnO2-BaTiO3(single) and Cu,MnO2-BaTiO3(double) 
decreases with frequency. For single capacitor impedance 
decreases from 79108.7Ω to20577.6 Ω in the frequency range 
70000Hz to 620000Hz. For doubly stacked capacitor the 

Impedance decreases from 27109.4Ω to 8448.49Ω. 

Impedance is low for Cu,MnO2-BaTiO3(double). Hence 
impedance decreased after stacking 

Table.7.Variation of Impedance of Single and Stacked 
forms of Capacitors. 

 
Fig.12. Graphical Representation of Table.7 

Fig.12.shows the variations in the impedance of 
Cu,MnO2-BaTiO3 single and stacked capacitor over the 
frequency range 70000Hz to 600000Hz is given in the table. 
Z(Ω) single and Z(Ω) stacked represents the impedance of 
single and stacked Cu,MnO2-BaTiO3 capacitor respectively 
in ohms. 

 Quality Factor vs Frequency 
The Q factor of a capacitor, also known as the quality factor 
represents the efficiency of a given capacitor in terms of 
energy losses. It is defined as, 
  Q = X/R  
      = 1/wCR 
Where,     
              Q = quality factor of the capacitor 
              X = reactance of capacitor 
              C = capacitance of capacitor 
              R = equivalent series resistance of the capacitor 
              w = frequency of the capacitor 
Since Q factor is a measure of efficiency, an ideal capacitor 
would have an infinite value of Q meaning that no energy is 
lost at all the process of storing energy. Q factor is not a 
constant value.  
 

Frequency 
[Hz] 

Z[Ω] 
single 

Z[Ω] 
stacked 

70018.6 79108.7 27109.4 

120018 56365.5 20193.8 

170017 44870.2 16579.7 

220016 37750.9 14278.7 

270015 32829.1 12652.3 

320014 29176.4 11426.5 

375013 26088.7 10458.4 

420012 24054 9668.64 

470011 22168.7 9009.71 

520010 20577.6 8448.49 
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It changes significantly with frequency. R varies with 
frequency due to the skin effect,as well as other affects related 
to dielectric characteristics 
 
Table.8.Variation of Quality factor of Single and Stacked 

forms of Capacitors. 

 
     Fig.13.Variations in the quality factor of 
Cu,MnO2-BaTiO3 single and stacked capacitor over the 
frequency range 70000Hz to 600000MHz is given in the 
table.8. Q single and Q stacked represents the quality factor of 
single and stacked Cu,MnO2-BaTiO3 capacitor respectively. 

 
Fig.13. Graphical Representation of Table.8 

IV. FUTURE SCOPE 

Nowadays capacitors are being more economical and 
viable for the industries which require high charge storage and 
discharging rate in very limited response of time, thus the 
future scope of capacitors are mostly concentrated on the 
growth and application in the energy storage field. 
1). Body integrated capacitors; these type of capacitors can be 
fully formed on an integrated circuit(IC).One of the major 
challenges among vehicles is the energy storage. Nowadays 
capacitors that can replace even batteries are available by 
which the energy storage problem can be met easily thereby 
improving the performance of vehicles.  
2). Mobile robots –A major advancement in artificial human 
capabilities, which make use of high thermal capacitor. 
3). Phone that can be charged within seconds; A flexible thin 
film super capacitor was developed that can store energy 
more than 300000 times without any dissipation by UCF 
scientists at university of Central Florida. Such capacitors 
were found to have greater energy and power densities.  

4). Sensor technology development; Capacitive sensors; they 
make use of the electrical property of capacitor and based on 
the changes in the electrical field around the active face of the 
sensor they change their capacitance. They are mostly used in 
the field of health and fitness. 
5). Smart phones; Nowadays smart phones has become a part 
of human day to day life they include 3-sided flip phones, 
transparent phones etc. 
6). Micro capacitors -;They store energy directly inside a chip 
without the consumption of much area. Capacitor polymers; 
they are generally polymer electrolytic capacitor .These are 
mostly used in power supplies of integrated electronic 
circuits, bypass and decoupling capacitor in compact 
designing of devices. They provide the potential for electronic 
devices of any size. 

V. CONCLUSION 

      Here two thin film capacitors in single and stacked form 
using Aluminium (Dielectric-Barium Titanate) and 
Copper,MnO2(Dielectric-Barium  Titanate) as electrodes 
were constructed. Electric characterisation of thin film 
capacitors were carried out (Quality factor, Dissipation 
factor, Conductance, Phase angle, Impedance and 
Capacitance). By analyzing the comparison between 
Aluminium (Dielectric-Barium Titanate) stacked and single, 
the conclusion that I arrived was, stacked form is more 
preferable over single form. Thus stacked form of 
Aluminium(Dielectric-Barium Titanate) capacitor has better 
capacitance, constant phase angle, high quality factor, low 
dissipation factor, greater conductance and  lower  
impedance. Taking consideration of Copper 
,MnO2(Dielectric-Barium  Titanate) capacitor the impedance, 
conductance and capacitance of  stacked form is found to be 
better than single form . The quality factor for both forms is 
found to increase with frequency and the dissipation factor for 
both is found to decrease with frequency. Thus stacked form 
of Copper,MnO2(Dielectric-Barium  Titanate) capacitor has 
better capacitance, high quality factor, greater conductance, 
lower impedance and low dissipation factor .Thus we 
conclude that stacked form of Aluminium (Dielectric-Barium 
Titanate) and stacked form of Copper, 
MnO2(Dielectric-Barium  Titanate) capacitor is more suitable 
while using as capacitors. 
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