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( 57 ) ABSTRACT 
The present invention relates generally to the fields of 
electrical engineering and electronics . More specifically , the 
present invention relates to passive components of electrical 
circuitry and more particularly to energy storage devices and 
method of production thereof . 
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Figure 1 ( Prior Art ) 
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Figure 2 
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ENERGY STORAGE DEVICE AND METHOD 
OF PRODUCTION THEREOF 

CROSS - REFERENCE 

[ 0001 ] This application is a continuation of U . S . patent 
application Ser . No . 14 / 710 , 480 filed May 12 , 2015 , which 
is entirely incorporated herein by reference . U . S . patent 
application Ser . No . 14 / 710 , 480 claims the benefit of U . S . 
Provisional Application No . 61 / 991 , 861 , filed May 12 , 2014 , 
which is entirely incorporated herein by reference . 

FIELD OF THE INVENTION 
[ 0002 ] The present invention relates generally to passive 
components of electrical circuit and more particularly to 
energy storage devices and method of production thereof . 

BACKGROUND OF THE INVENTION 
10003 ] A capacitor is a passive electronic component that 
is used to store energy in the form of an electrostatic field , 
and comprises a pair of electrodes separated by a dielectric 
layer . When a potential difference exists between two elec 
trodes , an electric field is present in the dielectric layer . This 
field stores energy and an ideal capacitor is characterized by 
a single constant value of capacitance which is a ratio of the 
electric charge on each electrode to the potential difference 
between them . In practice , the dielectric layer between 
electrodes passes a small amount of leakage current . Elec 
trodes and leads introduce an equivalent series resistance , 
and dielectric layer has limitation to an electric field strength 
which results in a breakdown voltage . The simplest energy 
storage device consists of two parallel electrodes separated 
by a dielectric layer of permittivity E , each of the electrodes 
has an area S and is placed on a distance d from each other . 
Electrodes are considered to extend uniformly over an area 
S , and a surface charge density can be expressed by the 
equation : : p = + Q / S . As the width of the electrodes is much 
greater than the separation ( distance ) d , an electrical field 
near the centre of the capacitor will be uniform with the 
magnitude E = p / E . Voltage is defined as a line integral of the 
electric field between electrodes . An ideal capacitor is char 
acterized by a constant capacitance C defined by the formula 

dramatically reduce the breakdown voltage . Geometry of the 
conductive electrodes is important for these applications . In 
particular , sharp edges or points hugely increase the electric 
field strength locally and can lead to a local breakdown . 
Once a local breakdown starts at any point , the breakdown 
will quickly “ trace ” through the dielectric layer till it reaches 
the opposite electrode and causes a short circuit . 
[ 0007 ] Breakdown of the dielectric layer usually occurs as 
follows . Intensity of an electric field becomes high enough 
free electrons from atoms of the dielectric material and make 
them conduct an electric current from one electrode to 
another . Presence of impurities in the dielectric or imper 
fections of the crystal structure can result in an avalanche 
breakdown as observed in semiconductor devices . 
0008 ) Other important characteristic of a dielectric mate 
rial is its dielectric permittivity . Different types of dielectric 
materials are used for capacitors and include ceramics , 
polymer film , paper , and electrolytic capacitors of different 
kinds . The most widely used polymer film materials are 
polypropylene and polyester . Increase of dielectric permit 
tivity allows increasing of volumetric energy density which 
makes it an important technical task . 
[ 0009 ] An ultra - high dielectric constant composite of 
polyaniline , PANI - DBSA / PAA , was synthesized using in 
situ polymerization of aniline in an aqueous dispersion of 
poly - acrylic acid ( PAA ) in the presence of dodecylbenzene 
sulfonate ( DBSA ) ( see , Chao - Hsien Hoa et al . , “ High dielec 
tric constant polyaniline / poly ( acrylic acid ) composites pre 
pared by in situ polymerization ” , Synthetic Metals 158 
( 2008 ) , pp . 630 - 637 ) . The water - soluble PAA served as a 
polymeric stabilizer , protecting the PANI particles from 
macroscopic aggregation . A very high dielectric constant of 
ca . 2 . 0 * 10 % ( at 1 kHz ) was obtained for the composite 
containing 30 % PANI by weight . Influence of the PANI 
content on the morphological , dielectric and electrical prop 
erties of the composites was investigated . Frequency depen 
dence of dielectric permittivity , dielectric loss , loss tangent 
and electric modulus were analyzed in the frequency range 
from 0 . 5 kHz to 10 MHz . SEM micrograph revealed that 
composites with high PANI content ( i . e . , 20 wt . % ) consisted 
of numerous nano - scale PANI particles that were evenly 
distributed within the PAA matrix . High dielectric constants 
were attributed to the sum of the small capacitors of the 
PANI particles . The drawback of this material is a possible 
occurrence of percolation and formation of at least one 
continuous conductive path under electric field with prob 
ability of such an event increasing with an increase of the 
electric field . When at least one continuous path ( track ) 
through the neighboring conducting PANI particles is 
formed between electrodes of the capacitor , it decreases a 
breakdown voltage of such a capacitor . 
[ 0010 ] Single crystals of doped aniline oligomers are 
produced via a simple solution - based self - assembly method 
( see , Yue Wang , et . al . , “ Morphological and Dimensional 
Control via Hierarchical Assembly of Doped Oligoaniline 
Single Crystals ” , J . Am . Chem . Soc . 2012 , 134 , pp . 9251 
9262 ) . Detailed mechanistic studies reveal that crystals of 
different morphologies and dimensions can be produced by 
a “ bottom - up ” hierarchical assembly where structures such 
as one - dimensional ( 1 - D ) nanofibers can be aggregated into 
higher order architectures . A large variety of crystalline 
nanostructures , including 1 - D nanofibers and nanowires , 
2 - D nanoribbons and nanosheets , 3 - D nanoplates , stacked 
sheets , nanoflowers , porous networks , hollow spheres , and 

( 1 ) 
C = Q / V , ( 1 ) 

which shows that capacitance increases with area and 
decreases with distance . Therefore the capacitance is largest 
in devices made of materials of high permittivity . 
10004 ] A characteristic electric field known as the break 
down strength Ebd , is an electric field in which the dielectric 
layer in a capacitor becomes conductive . Voltage at which 
this occurs is called the breakdown voltage of the device , 
and is given by the product of dielectric strength and 
separation between the electrodes , 

Vba = Ebad 
[ 0005 ] The maximal volumetric energy density stored in 
the capacitor is limited by the value proportional to ~ E : E ? bde 
where c is dielectric permittivity and Ebd is breakdown 
strength . Thus , in order to increase the stored energy of the 
capacitor it is necessary to increase dielectric permeability E 
and breakdown strength End of the dielectric . 
[ 0006 ] For high voltage applications much larger capaci 
tors have to be used . There are a number of factors that can 

( 2 ) 












































