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1. Introduction 

Development of polymer electronic devices is one of the most interesting and required in 
the recent year industrial technology.  
Polymeric material has various characteristics which can be controlled and monitored. 
These characteristics are including light-weight, mechanical flexibility, high-dielectric 
strength, fracture tolerance, high chemical resistance, easy processibility, and low 
manufacturing cost. Moreover they can be configured into almost any conceivable shape 
and their properties can be tailored to suit many applications.  
Nowadays and near future exactingly, electronic-polymer represents an important piece of 
the electro-chemistry and many technological advances. Thus come from the combination of 
different materials in electrochemical cells.  
New electro-active polymeric materials are always in the priority market requirements, with 
different properties, such as electroluminescence, semiconductor behaviour, electronic and 
ionic properties, electrochromism, etc (De Paoli & Gazotti, 2002; Noh et al., 2006).  
Wide range of electronic components from micro to nano scales are in research from 
academics, industry, and national laboratories to present and discuss the recent research 
and commercial advances and needs. The researchers focus on the topics related to materials 
development, characterization, processing, manufacturing, analysis, device designing, 
implementation and applications.  
The need for such nanoscale and microscale are demanding requirements for polymers as 
dielectrics, which have been used for insulators and charge-storage applications. Exploring 
polymer-based dielectrics with extremely low-k and high-k has recently become an 
important area of research and development. The influence of environment on electrical 
insulation and space-charge properties is the access topic for research on dielectric polymers 
(Taylor, 2006).  
Recently, a significant highly competition in the markets of the tiny electronic chips 
technology specially and an extremely demands in the mobile industry and computer 
manufacturing. The future of electronic chip technology depends on the development of 
dielectric materials with low dielectric constant (K less than 2.2). The channel length of chip 
device approaches 0.1 µm, the travailed signal delay on an integrated circuit chip is 
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Polymer Thin Films2

dominated by the interconnect wiring. To reduce the size of the interconnect wiring; 
crosstalk between two adjacent lines dictates the minimum allowable spacing. This crosstalk 
is directly dependent upon the dielectric constant of the insulating material (Modafe et al., 
2006). 
Large number of capacitors employed in electronic systems, integration of capacitors is of 
great importance. The development of microelectronics requires decoupling capacitors with 
higher capacitance and shorter distance from their serving devices. In particular, the high-K 
materials are required for making embedded capacitors for integrated electronic devices 
(Müller et al., 2006; Lee et al., 2009; Popielarz & Chiang, 2007) 
Microelectronic embedded capacitors are considered as a promising enabling technology. 
Development of an organic capacitor substrate compatible high dielectric constant material 
is currently unavailable (Hwang et al., 2008). 
Polymer-ceramic nano-composites create potentially high-K materials. This approach could 
combine the low-temperature processibility of the organic polymer matrix and the high 
dielectric constant of the ceramic filler. 
The devices working at high operating frequencies, such as fast computers, cellular phones, 
etc., require new high-dielectric constant (high- K) materials that combine good dielectric 
properties with both mechanical strength and ease of processing. The unique combination of 
dielectric and mechanical properties is hard to achieve in a one component material. Pure 
polymers are easy to process into mechanically robust components but generally suffer from 
a low dielectric constant. Thos polymers can be used for this application but the dielectric 
constant has to be improved to create material with high-K (Fan et al., 2002). 
Typical high-K materials, such as ferroelectric ceramics, are brittle and require high-
temperature processing, which is often not compatible with current circuit integration 
technologies. The model solution would be a high-K material that is mechanically robust 
and processable at ambient temperatures. This has raised a great interest in hybrid materials, 
such as ferroelectric ceramic/polymer composites, that may combine desired properties of 
the components (Popielarz et al., 2001).  
Moreover electronic devices are transducing polymers (TPs), smart polymers (SPs), and 
electro-responsive polymers (ERPs) respond to an electric, magnetic, mechanical thermal, 
optical, chemical, and other stimulation, and respond with a chance that includes 
mechanical, electrical, optical, and thermal stimuli, and many others, or vice versa. The 
transducing nature of these polymers led to their use as sensors and actuators. The 
development of miniature electronics and MEMS/NEMS has attracted a great deal of 
attention to the development of more sophisticated transducing polymers with enhanced 
performance in macroscale to microscale, and even down to nanoscale (Kassiba et al., 2007).  
The research subjects mentioned above are promising research field in which needs to 
understand the variation in the dielectric properties due to the polymer thin film internal 
structure modification. This study is attempting to view the tiny structural changes in 
polymer structure and its affect on the dielectric phase properties as a result of any kind of 
treatments; chemical, thermal or mechanical.  

 
2. Polymer dielectric properties 

Understanding of polymer molecular dipole influences and field interactions on dielectric 
characteristics is a fundamental issue for the development of electronic device applications.   

Three type s of interaction of the polymer molecule with the electrical field (polarization) 
can be determined. These are possibly to be classified as electronic, atomic and orientation 
polarization. In the area of thin film, molecule orientation polarization is the most essential. 
 The electrical field tries to align the dipolar molecules along its own direction. This effect is 
hindered by thermal motion of the molecules. As a consequence orientation polarisation 
decreases when the temperature increases. 
The electronic and atomic polarisation is independent of the temperature. The orientation 
polarisation is not observed when the thermal motion of the molecules is hindered, since 
rigidly bounded molecules or polar groups are move under the effect of the electrical field. 
This situation occurs at low temperatures. The orientation polarisation becomes possible 
when a certain, relatively high temperature is attained during the heating of the material. 
Increasing the temperature, the thermal energy of various polar molecules and groups 
successively increases, permitting orientation processes. However, the polarisation increases 
only in a relatively narrow range of temperature, because at higher temperature the intense 
thermal motion favours the disorientation of the dipoles and the polarisation decreases. 
 
If an electric field is applied on a dielectric material, the variation of the field is followed by 
polarisation with a certain delay. This delay is a phenomenon common to all the three types 
of polarisation, and it is called "relaxation effect", characterized by the relaxation time, the 
time interval during which polarisation decays to the e-th fraction of its initial value. The 
relaxation frequencies (times) are different for the various types of polarisation. The decay 
of electronic polarisation is the most rapid because of the low inertia of electrons, while that 
of atomic polarisation is slower. The relaxation time of atomic polarisation is in the range of 
the period of infrared electromagnetic radiation, while the relaxation time of electronic 
polarisation is in the range of visible light. The relaxation time of the orientation polarisation 
depends on different parameters of the polar molecules (for example: size, molecular 
environment, etc.) and appears in the range from the radio frequencies and microwaves to 
several weeks. 

 
3. Temperature dielectric relaxation 

Mort and Pfister (Mort & Pfister, 1982) have shown that several distinct dielectric relaxation 
processes can exist in solid polymers. This is observed more clearly when the dielectric loss 
is studied as a function of the temperature at a given frequency. 
As the temperature increases, the molecular mobility of the polymer increases leading to 
more dipole orientation. By convention, the dielectric relaxation processes are labelled 糠┸ � 
and so on, beginning at the high temperature end. The same relaxation processes are 
generally responsible for dispersions when mechanical properties are considered, although 
a particular molecular rearrangement may produce a stronger dielectric than the mechanical 
effect, or vice versa. 
Some polymers are wholly amorphous and most of the solid materials have two phases of 
relaxation in solid materials. In such cases there is always a high temperature �- relaxation 
associated with the micro-Brownian motion of the whole chain and, at least one low- 
temperature (�┸ 紘, etc) subsidiary relaxations. The relative strength of � and �- relaxations 
depends on the dipole group orientation which is limited by the mobility of the � - process 
prior to the �-process of the higher mobility. The potential barrier � of the dipole stable 
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dominated by the interconnect wiring. To reduce the size of the interconnect wiring; 
crosstalk between two adjacent lines dictates the minimum allowable spacing. This crosstalk 
is directly dependent upon the dielectric constant of the insulating material (Modafe et al., 
2006). 
Large number of capacitors employed in electronic systems, integration of capacitors is of 
great importance. The development of microelectronics requires decoupling capacitors with 
higher capacitance and shorter distance from their serving devices. In particular, the high-K 
materials are required for making embedded capacitors for integrated electronic devices 
(Müller et al., 2006; Lee et al., 2009; Popielarz & Chiang, 2007) 
Microelectronic embedded capacitors are considered as a promising enabling technology. 
Development of an organic capacitor substrate compatible high dielectric constant material 
is currently unavailable (Hwang et al., 2008). 
Polymer-ceramic nano-composites create potentially high-K materials. This approach could 
combine the low-temperature processibility of the organic polymer matrix and the high 
dielectric constant of the ceramic filler. 
The devices working at high operating frequencies, such as fast computers, cellular phones, 
etc., require new high-dielectric constant (high- K) materials that combine good dielectric 
properties with both mechanical strength and ease of processing. The unique combination of 
dielectric and mechanical properties is hard to achieve in a one component material. Pure 
polymers are easy to process into mechanically robust components but generally suffer from 
a low dielectric constant. Thos polymers can be used for this application but the dielectric 
constant has to be improved to create material with high-K (Fan et al., 2002). 
Typical high-K materials, such as ferroelectric ceramics, are brittle and require high-
temperature processing, which is often not compatible with current circuit integration 
technologies. The model solution would be a high-K material that is mechanically robust 
and processable at ambient temperatures. This has raised a great interest in hybrid materials, 
such as ferroelectric ceramic/polymer composites, that may combine desired properties of 
the components (Popielarz et al., 2001).  
Moreover electronic devices are transducing polymers (TPs), smart polymers (SPs), and 
electro-responsive polymers (ERPs) respond to an electric, magnetic, mechanical thermal, 
optical, chemical, and other stimulation, and respond with a chance that includes 
mechanical, electrical, optical, and thermal stimuli, and many others, or vice versa. The 
transducing nature of these polymers led to their use as sensors and actuators. The 
development of miniature electronics and MEMS/NEMS has attracted a great deal of 
attention to the development of more sophisticated transducing polymers with enhanced 
performance in macroscale to microscale, and even down to nanoscale (Kassiba et al., 2007).  
The research subjects mentioned above are promising research field in which needs to 
understand the variation in the dielectric properties due to the polymer thin film internal 
structure modification. This study is attempting to view the tiny structural changes in 
polymer structure and its affect on the dielectric phase properties as a result of any kind of 
treatments; chemical, thermal or mechanical.  

 
2. Polymer dielectric properties 

Understanding of polymer molecular dipole influences and field interactions on dielectric 
characteristics is a fundamental issue for the development of electronic device applications.   

Three type s of interaction of the polymer molecule with the electrical field (polarization) 
can be determined. These are possibly to be classified as electronic, atomic and orientation 
polarization. In the area of thin film, molecule orientation polarization is the most essential. 
 The electrical field tries to align the dipolar molecules along its own direction. This effect is 
hindered by thermal motion of the molecules. As a consequence orientation polarisation 
decreases when the temperature increases. 
The electronic and atomic polarisation is independent of the temperature. The orientation 
polarisation is not observed when the thermal motion of the molecules is hindered, since 
rigidly bounded molecules or polar groups are move under the effect of the electrical field. 
This situation occurs at low temperatures. The orientation polarisation becomes possible 
when a certain, relatively high temperature is attained during the heating of the material. 
Increasing the temperature, the thermal energy of various polar molecules and groups 
successively increases, permitting orientation processes. However, the polarisation increases 
only in a relatively narrow range of temperature, because at higher temperature the intense 
thermal motion favours the disorientation of the dipoles and the polarisation decreases. 
 
If an electric field is applied on a dielectric material, the variation of the field is followed by 
polarisation with a certain delay. This delay is a phenomenon common to all the three types 
of polarisation, and it is called "relaxation effect", characterized by the relaxation time, the 
time interval during which polarisation decays to the e-th fraction of its initial value. The 
relaxation frequencies (times) are different for the various types of polarisation. The decay 
of electronic polarisation is the most rapid because of the low inertia of electrons, while that 
of atomic polarisation is slower. The relaxation time of atomic polarisation is in the range of 
the period of infrared electromagnetic radiation, while the relaxation time of electronic 
polarisation is in the range of visible light. The relaxation time of the orientation polarisation 
depends on different parameters of the polar molecules (for example: size, molecular 
environment, etc.) and appears in the range from the radio frequencies and microwaves to 
several weeks. 

 
3. Temperature dielectric relaxation 

Mort and Pfister (Mort & Pfister, 1982) have shown that several distinct dielectric relaxation 
processes can exist in solid polymers. This is observed more clearly when the dielectric loss 
is studied as a function of the temperature at a given frequency. 
As the temperature increases, the molecular mobility of the polymer increases leading to 
more dipole orientation. By convention, the dielectric relaxation processes are labelled 糠┸ � 
and so on, beginning at the high temperature end. The same relaxation processes are 
generally responsible for dispersions when mechanical properties are considered, although 
a particular molecular rearrangement may produce a stronger dielectric than the mechanical 
effect, or vice versa. 
Some polymers are wholly amorphous and most of the solid materials have two phases of 
relaxation in solid materials. In such cases there is always a high temperature �- relaxation 
associated with the micro-Brownian motion of the whole chain and, at least one low- 
temperature (�┸ 紘, etc) subsidiary relaxations. The relative strength of � and �- relaxations 
depends on the dipole group orientation which is limited by the mobility of the � - process 
prior to the �-process of the higher mobility. The potential barrier � of the dipole stable 
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levels was studied since this leads to the values of  ,  and consequently the mode of the 
relaxation (Blythe & Bloor, 1980). 

 
4. Theoretical Model 

The specimen may be regarded in terms of a series circuit. If the equivalent series 
components of capacitance and resistance are  sC  and sR , respectively, the total impedance 
will be given by (Blythe & Bloor, 1980): 
 
 � � �� � �����  (1) 

By comparing the out off phase and in phase currents after application of the alternating 
voltage, the imaginary part of the complex dielectric constant   , can be calculated using 
the measured values of �� and �� (Blythe & Bloor, 1980):  
 

    � �� C�C���������� (2) 

 ��  is the free space capacitance and ��� �  is the dissipation factor. 
The temperature dependence of the dipole relaxation time constant  often follows 
Arrheniu’s law (Smith, 1955):  
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Most of the parameters are temperature independent, except the term ��� � ���� , which show 
greater temperature dependence at high temperature range.  
 

5. The � Energy Bands Model 

Experimental data have prove that the effect of the term ��� � ���� in the -curves (equation 

9) is more pronounced than in the   -curves (equation 8) and the small variation in �  with 
temperature is controlled the relaxation processes. However, the � ��  curves are more 

compatible with '' ��  curves when the polynomial fitting method was used. 
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Where �� is the real temperature, � is the calculated temperature and n is the polynomial 
degree. 

   and  can be plotted against the temperature using equations (2) and (3). �  can been 
deduced from �� ��  measurements using equations (4) and (5) as follow: 
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6. Implementation of the new model 

6.1 Dielectric properties of a chosen example 
The dielectric properties of polar polymers depend on the position, direction and the length 
of the dipolar group with respect to the chain. Two main relaxations were observed, namely; 
the high– temperature � relaxation which is associated with chain backbone movement due 
to the rotation of the Ethers groups (C-O-C) around the main chain (crankshaft motion), and 
the low-temperature �-relaxation due to the hundred rotation of the acrylate groups ����� 
around the � � � bond linking it to the chain (Blythe &Bloor, 1980; McCrum et al, 1967; 
Boyer, 1982). It is not known, however, how many chains are involved in the movement 
Figure 1 shows the T'' -curves for PMA, in which an  -relaxation process can be 
identified clearly at a temperature of ���. The PMA molecules show no degree of freedom 
at Co0  due to the acrylate and hydrogen side groups, but the degree of freedom increases as 
the temperature approaches ���. The molecules absorb enough energy, giving the chain 
backbone enough kinetic energy to vibrate with the field frequency and show the -peak. 
The joint motions of the side groups and the main chains gives rise to the -relaxation. The 
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will be given by (Blythe & Bloor, 1980): 
 
 � � �� � �����  (1) 

By comparing the out off phase and in phase currents after application of the alternating 
voltage, the imaginary part of the complex dielectric constant   , can be calculated using 
the measured values of �� and �� (Blythe & Bloor, 1980):  
 

    � �� C�C���������� (2) 

 ��  is the free space capacitance and ��� �  is the dissipation factor. 
The temperature dependence of the dipole relaxation time constant  often follows 
Arrheniu’s law (Smith, 1955):  

 
expo

U
kT

     
 

 
 (3) 

Where �� is the free relaxation time constant at the high temperature range and �  is the time 
constant defined by the circuit parameters: 
 

 s sR C 
 (4) 

Equations (2) can be modified using ��� � �  ��  �� � :  

 

 

 22 21

U
kT

o
U

kT
o o

e

C e




 
 

   
 

 (5) 

In the most cases the applied frequency makes  22 2 1
U

kT
o e   , and equations (5) can be 

simplified as: 

 

 U
o kT

o

e
C
  

 

 (6) 

Most of the parameters are temperature independent, except the term ��� � ���� , which show 
greater temperature dependence at high temperature range.  
 

5. The � Energy Bands Model 

Experimental data have prove that the effect of the term ��� � ���� in the -curves (equation 

9) is more pronounced than in the   -curves (equation 8) and the small variation in �  with 
temperature is controlled the relaxation processes. However, the � ��  curves are more 

compatible with '' ��  curves when the polynomial fitting method was used. 

Whereas, all �  polynomial fitting curves are shifted on the temperature scale relative to the 
-curves. Such a shift can add to modified equation (9) in terms of the correction shift 

parameter or polynomial error (P):
                                 

 "

0

1exp [ ]
n

io
i

io

a T
C kT





   (10) 

where  � � �� � � 

 
 

"

0

1exp
n

io
i

io o

a T
C k T P




 
  

  


 

(11) 

Where �� is the real temperature, � is the calculated temperature and n is the polynomial 
degree. 

   and  can be plotted against the temperature using equations (2) and (3). �  can been 
deduced from �� ��  measurements using equations (4) and (5) as follow: 
 

 
ln lns s o

UR C
kT

 
 

(12) 

 
6. Implementation of the new model 

6.1 Dielectric properties of a chosen example 
The dielectric properties of polar polymers depend on the position, direction and the length 
of the dipolar group with respect to the chain. Two main relaxations were observed, namely; 
the high– temperature � relaxation which is associated with chain backbone movement due 
to the rotation of the Ethers groups (C-O-C) around the main chain (crankshaft motion), and 
the low-temperature �-relaxation due to the hundred rotation of the acrylate groups ����� 
around the � � � bond linking it to the chain (Blythe &Bloor, 1980; McCrum et al, 1967; 
Boyer, 1982). It is not known, however, how many chains are involved in the movement 
Figure 1 shows the T'' -curves for PMA, in which an  -relaxation process can be 
identified clearly at a temperature of ���. The PMA molecules show no degree of freedom 
at Co0  due to the acrylate and hydrogen side groups, but the degree of freedom increases as 
the temperature approaches ���. The molecules absorb enough energy, giving the chain 
backbone enough kinetic energy to vibrate with the field frequency and show the -peak. 
The joint motions of the side groups and the main chains gives rise to the -relaxation. The 

 

 

 

www.intechopen.com



Polymer Thin Films6

 -relaxation originates from the movements of the acrylate group ��������� at Co19  
(Blythe &Bloor, 1980). This group ���������  has enough space to rotate at room 
temperature. It should be noted that, the acrylate group ��������� controls the dielectric 
properties of the PMA, making the  and   processes close to each other and overlapping 
in a single wide peak. The curves in Figure 1 represent the average results of two repeated 
dielectric spectroscopy measurements with an error of ±0.035 in the    curve which are 
within the range of the data point resolution.  
The structure of PMA is one of the most simplest and regular structure in polar polymers. 
PMMA and PMA have the same acrylate groups with different r  groups. This fact means 
that PMA has more polarity than PMMA due to the effect of the hydrogen atom in its r -
group while in PMMA, 3CHr   is more stable.  
 
 

 

 

 

 

 

 

 

Fig. 1. Temperature dependence of //  for PMA thin film. 
 
Figure 2 shows a broad    ,  peak in the PMMA T'' curve, which is observed in the 
temperature range of ��� � な���� . Since PMMA is a non-crystalline polymer, this peak is 
assigned to an  -relaxation (glass transition) as reported earlier (Bistac & Schultz, 1997) 
(Bistac & Schultz, 1997)(Kraise et al., 1965)(Utte et al., 1995). When this curve is compared 
with the T/''  (PMA) curve, they are found to be very close with a shift of Co28  towards 
high temperature in the PMMA data. This means that the  group has a sufficient 
kinetic capability at room temperature to show a dielectric relaxation and the degree of 
freedom approaches its maximum value at Co65 . The temperature shift is due to the dipole 
length differences between both types. Stereochemistry indicates that the PMA structure 
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involves many big loop spaces when compared with PMMA. The small peak in Figure 2 at 
Co120  is thought to originate from the space charge   peak (Krause et al., 1965). 
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Figure3 shows the 
" ��  -curve of PMαClA, in which the structural differences are also in the 

r  group, which is chlorine ���� , associated with high polarity. The α - relaxation peak 
shape at Co140  depends on the substitution and vibration of the chlorine loop associated 
with the crankshaft motion. The high polarity of the chlorine atom increases the hardness of 
this polymer and pushes the relaxation processes towards higher temperature range. β - 
relaxation occurs at temperatures around ���  and is due to the weak rotation of the �������  group and the field loops overlapping which produces strong links between the 
neighboured chains. The comparison of β -peaks in Figure 1, 2 and 3 indicates that there is 
an inverse proportional relationship between the polarity value and the strength of the β-
peak. 
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(Blythe &Bloor, 1980). This group ���������  has enough space to rotate at room 
temperature. It should be noted that, the acrylate group ��������� controls the dielectric 
properties of the PMA, making the  and   processes close to each other and overlapping 
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dielectric spectroscopy measurements with an error of ±0.035 in the    curve which are 
within the range of the data point resolution.  
The structure of PMA is one of the most simplest and regular structure in polar polymers. 
PMMA and PMA have the same acrylate groups with different r  groups. This fact means 
that PMA has more polarity than PMMA due to the effect of the hydrogen atom in its r -
group while in PMMA, 3CHr   is more stable.  
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peak. 
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The PVAc polarity is high as shown in Figure 4, and is increased by two fold when the 
temperature is doubled. The oxygen atoms substitute the carbon atoms in the acrylate group, 
leading to a change in the dipole length and polarity value due to the strong intermolecular 
interaction, which gives a sharp α - relaxation peak at Co75 . 
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6.2 Simulation of the � Energy Bands 
The simulation of the dipoles’ stable energy levels �  is illustrated in Figure 5. This 
simulation method can show the energy bands and the stable energy levels available for 
specific dipoles. The specific dipole group depends on the temperature range, the polymer 
structure and the solid state of the main polymer (Blythe & Bloor, 1980). Applying the 
polynomial fitting method to the data produces a smooth curve, which shows the shape of 
the dipole energy bands. 
Figure 5 shows the � ��  (PMA)-curve for the data produced from equation 9. Using the 

polynomial fitting approximation for 4i  gives a compatible shape for � ��  with   �� -

curve of Figure 1. The peak in region II flips from negative to positive signed to the dipole 
vector directed with or opposite to the electrical field. The simulation curve shows the 
density of states of the energy bands available for the main dipoles.  

 
Fig. 5. The potential barrier �versus temperature, the dot line indicates the experimental 
data and the solid line indicates the simulation model for the PMA thin film. 
 
The γ -relaxation does not appear in all figures because, the r groups have, in most cases, 
one carbon atom. γ-relaxation is observed clearly when the side chain r  is increased in 
length beyond 3 or 4 carbon atoms (Blythe & Bloor, 1980) and it depends also on the 
resolution of the measurement method. Taking this into account, the band marked I in 
Figure 5 (PMA), is the continuation of the second relaxation (β- relaxation). The density of 
states observed in region (I) is due to the temperature relaxation arising from the relaxation 
of the hundreds of �������  groups around themselves. Region II is present in the 
temperature range �の � �の�� and related to β- relaxation indicating that there is a high 
density of states available for the main dipole produced from the rotation of group of �������  around the � � � backbones. 
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resolution of the measurement method. Taking this into account, the band marked I in 
Figure 5 (PMA), is the continuation of the second relaxation (β- relaxation). The density of 
states observed in region (I) is due to the temperature relaxation arising from the relaxation 
of the hundreds of �������  groups around themselves. Region II is present in the 
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The positive and negative values of � are related to the orientation of the dipole groups to 
the direction of the applied field. Region III appears at ���  indicating α- relaxation 
associated with the chain backbone movement (crankshaft motion). 
Figure 6 shows four different density of states for �警警畦. Comparing the first three regions I, 
II, III with those in Figure 1b, shows clearly the separation between the relaxation processes. 
Region V shows the high density of states available to the space charges.  

 
Fig. 6. The potential barrier � versus temperature, the dot line indicates the experimental 
data and the solid line indicates the simulation model for the PMMA thin film. 

 
Fig. 7. The potential barrier � versus temperature, the dot line indicates the experimental 
data and the solid line indicates the simulation model for the PMα ClA thin film. 
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The band structure of PMClA also shows three regions as for PMA. The variation in the 
width and the depth of the bands is shown in Figure 7 and is due to the chlorine in the r 
group which replaces the ��� � � or � � � dipoles by a �� � �dipole. 
 
The high chain flexibility in the PVAc dominates the relaxation response very early i.e. at 
low temperatures. There is a wide range of density of states for  dipole groups and this is 
the reason for disappearance of the other relaxation mechanisms which are seen quite 
clearly in PVAc (Figure 8). 
Figure 2, shows that the α-peak is around �の � ば� � and ρ is around な�� �. However, in 
Figure 6, the α- peak is shifted forward to ��� � �の� � and ρ peak is moved from な�� � to 
around なな� �, using the simulation model. 

 
Fig. 8. The potential barrier � versus temperature, the dot line indicates the experimental 
data and the solid line indicates the simulation model for PVAc thin film. 
 
This shows that PMMA is most likely to be isotactic, and this is considered to be one of the 
advantages of our simulation model to determine the correct position of the dielectric 
relaxation peaks. 
 
The low values of the potential energy � (activation energy), which were determined by this 
method, are due to the thick layer, the high molecular weight of the polymer, and the lower 
degree of freedom as well as the limited resolution of the measurement method(Kalogeras, 
2003; Kalogares, 2005). For PMMA, the maximum potential energy value at な�� � is found 
to be �┻なば 結撃  and for �� � 糠�activation energy peak is found around �┻ね 結撃. Kalogeras et al., 
found that the activation energy for PMMA at な�� � using DRS method was about �蛤�┻な 結撃�and for β- relaxation it was ��┻ね � �┻ひ�結撃 while for α - relaxation it was �半 �┻ひ 結撃� 
(Kalogares et al., 2005). For ultrathin films of PMMA, Wübbenhorst et al., have found that α 
activation energy peak varied from 2 - 4 eV when the film thickness changed from 6.9 - 58.5 
nm (Wübbenhorst et al., 2003). This means that there is a direct proportion between the film 
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The positive and negative values of � are related to the orientation of the dipole groups to 
the direction of the applied field. Region III appears at ���  indicating α- relaxation 
associated with the chain backbone movement (crankshaft motion). 
Figure 6 shows four different density of states for �警警畦. Comparing the first three regions I, 
II, III with those in Figure 1b, shows clearly the separation between the relaxation processes. 
Region V shows the high density of states available to the space charges.  

 
Fig. 6. The potential barrier � versus temperature, the dot line indicates the experimental 
data and the solid line indicates the simulation model for the PMMA thin film. 

 
Fig. 7. The potential barrier � versus temperature, the dot line indicates the experimental 
data and the solid line indicates the simulation model for the PMα ClA thin film. 

                                        

                                        

                                        

                                        

                                        

                                        

0 20 40 60 80 100 120 140
-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4

V
III

II

I





Po
te

nt
ia

l E
ne

rg
y 
U

 (e
V)

Temperature (oC)

PMMA

                                        

                                        

                                        

                                        

                                        

                                        

60 80 100 120 140 160

-0.10

-0.05

0.00

0.05

0.10

0.15

0.20

0.25

III

II

I





Po
te

nt
ia

l E
ne

rg
y 
U

 (e
V)

Temperature (oC)

PM ClA

The band structure of PMClA also shows three regions as for PMA. The variation in the 
width and the depth of the bands is shown in Figure 7 and is due to the chlorine in the r 
group which replaces the ��� � � or � � � dipoles by a �� � �dipole. 
 
The high chain flexibility in the PVAc dominates the relaxation response very early i.e. at 
low temperatures. There is a wide range of density of states for  dipole groups and this is 
the reason for disappearance of the other relaxation mechanisms which are seen quite 
clearly in PVAc (Figure 8). 
Figure 2, shows that the α-peak is around �の � ば� � and ρ is around な�� �. However, in 
Figure 6, the α- peak is shifted forward to ��� � �の� � and ρ peak is moved from な�� � to 
around なな� �, using the simulation model. 

 
Fig. 8. The potential barrier � versus temperature, the dot line indicates the experimental 
data and the solid line indicates the simulation model for PVAc thin film. 
 
This shows that PMMA is most likely to be isotactic, and this is considered to be one of the 
advantages of our simulation model to determine the correct position of the dielectric 
relaxation peaks. 
 
The low values of the potential energy � (activation energy), which were determined by this 
method, are due to the thick layer, the high molecular weight of the polymer, and the lower 
degree of freedom as well as the limited resolution of the measurement method(Kalogeras, 
2003; Kalogares, 2005). For PMMA, the maximum potential energy value at な�� � is found 
to be �┻なば 結撃  and for �� � 糠�activation energy peak is found around �┻ね 結撃. Kalogeras et al., 
found that the activation energy for PMMA at な�� � using DRS method was about �蛤�┻な 結撃�and for β- relaxation it was ��┻ね � �┻ひ�結撃 while for α - relaxation it was �半 �┻ひ 結撃� 
(Kalogares et al., 2005). For ultrathin films of PMMA, Wübbenhorst et al., have found that α 
activation energy peak varied from 2 - 4 eV when the film thickness changed from 6.9 - 58.5 
nm (Wübbenhorst et al., 2003). This means that there is a direct proportion between the film 
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thickness and the activation energy. However, this proportion will be changed to inverse 
proportion when the film thickness is over the maximum limit of thickness-activation 
energy spectroscopy. In this case,  - relaxation is affected more than   and   relaxations, 

and therefore explains the low value of  )(  activation energy peak in Fig.(2), which 

is most likely influenced by   relaxation more than   relaxation. Fig.(6), shows that   
peak has a double size than the   peak. This confirms that   relaxation is less 
pronounced in PMMA dielectric spectroscopy due to the film thickness  m61 .  
 
Table 1, demonstrates the polynomial fitting coefficients and the polynomial error (P) for 
each polymers. The combination between these coefficients can be used to determine the 
dielectric relaxation before and after any kind of treatment to locate the variation in the 
relaxation model of the polymer under investigation. The coefficients values give a good 
indication and recognition for any possible structural changes. 
Toluene is the basic solvent used, and interacts only weakly with the selected polymers. Its 
plasticizing effect is lower, due to the fact that part of the solvent molecules does not interact 
with the polymer chains, and is probably retained in the form of clusters (Spěváček & 
Schneider, 1987; Bosscher et al., 1982). 
 
Finally using the simulation polynomial fitting technique, the  band values can be 
observed specifically and separately. Moreover the dielectric relaxations can be clearly 
detected and the temperature ranges for the relaxation processes can be obtained. 
 

CONSTANT  PMA PMMA PMClA PVAc 

a0 -0.55749 -0.83145 21.1653 0.01961 

a1 0.05066 0.12363 -1.10272 -0.02187 

a2 -0.01037 -0.00632 0.0222 0.00152 

a3 4.99027E-4 1.32219E-4 -2.17063E-4 -1.0469E-5 

a4 -5.88414E-6 -1.17606E-6 1.0316E-6 -7.6449E-7 

a5 _____ 3.71396E-9 -1.90824E-9 9.08388E-9 

P -9 -15 -10 -8 

Table 1. 
 
The energy bands encountered using the technique indicated all the density of states 
available for   ,  dipoles. Comparing the different types of polymers, the effect of 
changing or replacing the side group on the energy band shapes is clearly demonstrated 
(Hashim et al., 2006]. 
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The energy bands encountered using the technique indicated all the density of states 
available for   ,  dipoles. Comparing the different types of polymers, the effect of 
changing or replacing the side group on the energy band shapes is clearly demonstrated 
(Hashim et al., 2006]. 

U

7. References 

Bistac, S. & Schultz, J. (1997). Solvent retention in solution-cast films of PMMA: study by 
dielectric spectroscopy, Progress in Organic Coatings, 31, 347-350, 0300-9440/97/$. 

Bistac, S. & Schultz, J. (1997). Study of solution-cast films of PMMA by dielectric 
spectroscopy: Influence of the nature of the solvent on α and β relaxations, Int. J. 
Adhesion and Adhesives, 17, 197-201, 0143-7496/97/$17.00. 

Blythe, A.R. & Bloor, D. (1980). Electrical properties of polymers, Cambridge University 
press, Cambridge, UK. ISBN-13978-0-5219-6.  

Bosscher, F., Brinke, G., Challer, G. (1982). Association of stereoregular poly(methyl 
methacrylates). 6. Double-stranded helical structure of the stereocomplex of 
isotactic and syndiotactic poly(methyl methacrylate). Macromolecules, 15, 1442–1444. 
0024-9297/82/2215-1442$01.25/0. 

Boyer, R. F. (1982). Rubb. Chem. Technol., 36 (1982) 1303. 00359475. 
C.P. Smith, C. P. (19955). Dielectric behaviour and structure, McGram-Hill Book Company, 

INC, New York, USA. 
De Paoli, M. and Gazotti, W. (2002). Electrochemistry, Polymers and Opto-Electronics 

Devices: Acombination with a Future. J. Braz. Chem. Soc., Vol. 13, No. 4, 410-424, 
0103-5053. 

Fan, L., Rao, Y., C. Tison, Moon, K., Pothukuchi, S., Wong, C. (2002). Processability and 
Performance Enhancement of High K Polymer-Ceramic Nano-Composites, 8th 
International Symposium on Advanced Packaging Materials, IEEE, 0-7803-7434-7. 

Hashim, A., Freeman, J., Hassan, A., Mohammad, M. (2006). Dipole Potential Barrier 
Simulation Model for studying Polar Polymers, Materials Science and Engineering: B, 
138, 2, 161-165. 

Hwang , J., Raj, P., Abothu, I., Yoon, C., Iyer, M., Jung, H., Hong, J., Tummala, R. (2008). 
Temperature Dependence of the Dielectric Properties of Polymer Composite Based 
RF Capacitors. Microelectronic Engineering, 85 (November 2008) 553–558, 0167-9317. 

Kalogeras, I. M. (2003). Thermally Stimulated Currents of Poly(methylmethacrylate): 
Comments on the Molecular Origin of a Debye-Type Signal between the α and β 
Relaxation Modes, Journal of Polymer Science Part B: Polymer Physics. 42, 4 (702-713).  

Kalogeras, IM. (2005). Contradicting perturbations of the segmental and secondary 
relaxation dynamics of polymer strands constrained in nanopores, Acta Mater., 53, 
1621-1630, 1359-6454. 

Kassiba, A., Bouclé, J., Makowska-Janusik, M., Errien, N. (2007). Some Fundamental and 
Applicative Properties of [Polymer/nano-SiC] Hybrid Nanocomposites. XIII 
International Seminar on Physics and Chemistry. 10.1088/1742-6596/79/1/012002. 
Journal of Physics: Conference Series 79, IOP Publishing.  

Krause, S., Gormley, J. J.,Roman, N., Shetter, J.A., Watanabe, W.H. (1965). Glass 
temperatures of some acrylic polymers, J. Polymer Sci. A, 3, 3573-3586, DOI: 
10.1002/ pol.1965.100031020. 

Lee, K. H., Lee, K., Suk Oh, M., Choi, J., Im, S., Jang, S., Kim, E. (2009). Flexible high mobility 
pentacene transistor with high-k/low-k double polymer dielectric layer operating 
at _5 V. Organic Electronics, 10, 194–198. 1566-1199/$. 

McCrum, N. G., Read, B. E. & Williams, G. (1967). An-elastic and Dielectric effect in 
polymeric Solids, John Wiley (London, New York [etc.]), LCCN: 67029334. 

www.intechopen.com



Polymer Thin Films14

Modafe, A., Ghalichechian, N., Frey, A., Lang, J., Ghodssi, R. (2006). Microball-bearing-
supported Electrostatic Micromachines with Polymer Dielectric Films for 
Electromechanical Power Conversion. J. Micromech. Microeng. 16 (2006) S182–S190, 
0960-1317. 

Mort, J. & Pfister, G. (1982). Electronic properties of polymer, John Wiley and Sons, INC., 
ISBN-10: 0471076961, ISBN-13: 978-0471076964, UK. 

Müller, K., Paloumpa, I., Henkel, K., Schmeißer, D. (2006). Organic thin film transistors with 
polymer high-k dielectric insulator. Materials Science and Engineering C, 26 (July 
2006), 1028 – 1031, 0928-4931/$. 

Noh, Y., Young Park, S., Seo, S., Lee, H. (2006). Root Cause of Hysteresis in Organic Thin 
Film Transistor with polymer dielectric. Organic Electronics, 7, (March 2006) 271–
275, 1566-1199/$. 

Popielarz, R. & Chiang, C.K. (2007). Polymer composites with the dielectric constant 
comparable to that of barium titanate ceramics. Materials Science and Engineering B, 
139, 48–54. 0921-5107/$. 

Popielarz, R., Chiang, C., Nozaki, R., Obrzut, J. (2001). Dielectric Properties of 
Polymer/Ferroelectronic Ceramic Composites from 100Hz to 10 GHz. 
Macromolecules, 34 (November 2001), 5910-5915, 10.1021/ma001576b. 

Smith, C. P. (19955). Dielectric behaviour and structure, McGram-Hill Book Company, INC, 
New York, USA. 

Spěváček, J. & Schneider, B. (1987). Aggregation of stereoregular poly(methyl 
methacrylates). Adv. Colloid Interface Sci., 27, 81-150, 10.1016/0001-8686(87)85010-8. 

Taylor, D. (2006). Space Charges and Traps in Polymer Electronics. IEEE Transactions on 
Dielectrics and Electrical Insulation, Vol. 13, No. 5 ( October 2006), 1063-1073, 1070-
9878/06/$20.00. 

Utte, K., Miyatake, N., Hatada, K. (1995). Glass transition temperature and melting 
temperature of uniform isotactic and syndiotactic poly(methyl methacrylate)s from 
13mer to 50mer, Polymer, 36(7), 1415-1419 , 0032-3861. 

Wübbenhorst, M., Murray, CA., Dutcher, JR. (2003). Dielectric relaxations in ultrathin 
isotactic PMMA films and PS-PMMA-PS trilayer films, Eur Phys J E Soft Matter. 
(Nov. 2003), 12 Suppl 1,109-12. 15011027. 

www.intechopen.com



Polymer Thin Films

Edited by Abbass A Hashim

ISBN 978-953-307-059-9

Hard cover, 324 pages

Publisher InTech

Published online 01, April, 2010

Published in print edition April, 2010

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

This book provides a timely overview of a current state of knowledge of the use of polymer thin film for

important technological applications. Polymer thin film book covers the scientific principles and technologies

that are necessary to implement the use of polymer electronic device. A wide-ranging and definitive coverage

of this emerging field is provided for both academic and practicing scientists. The book is intended to enable

readers with a specific background, e.g. polymer nanotechnology, to become acquainted with other specialist

aspects of this multidisciplinary field. Part A of the book covers the fundamental of the key aspect related to the

development and improvement of polymer thin film technology and part B covers more advanced aspects of

the technology are dealt with nano-polymer layer which provide an up-to-date survey of current research

directions in the area of polymer thin film and its application skills.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Abbass A. Hashim (2010). Polymer Dipoles Relaxation and Potential Energy (New Simulation Model), Polymer

Thin Films, Abbass A Hashim (Ed.), ISBN: 978-953-307-059-9, InTech, Available from:

http://www.intechopen.com/books/polymer-thin-films/polymer-dipoles-relaxation-and-potential-energy-new-

simulation-model-



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


