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 Deposition of different gold thickness on PM-355 cleaned by ethanol forming thin films using magnetron sputtering. 
Gold layer with thickness 300, 400, 500, 700, 1000, 1300, and 1500 nm were deposited to prepare Au / PM-355 thin films. 
Then, ac electrical properties response of thin films for a wide frequency range 20Hz - 5MHz were measured at room 
temperature. Meanwhile, the measurements of ac conductivity, dielectric constant, and dielectric loss factor were plotted at 
different frequencies to determine the optimum thickness. Hence, the comparison was done between optimum Au thickness 
thin films cleaned by two organic solvents and ethanol before annealing at different frequencies. Also, study the effect of 
annealing and ion beam that extracted radially from conical anode and disc cathode ion source on optimum Au thickness 
thin film electrical properties. It is found that the annealing increases both dielectric constant, dielectric loss, and ac 
conductivity of optimum Au thin film at different frequencies. Despite, the nitrogen ion beam effected on these thin films by 
decreasing the dielectric constant and ac conductivity for all thin films except the chloroform one. Finally, study the 
comparison between the annealing and followed by ion irradiation thin films. It is noticed the decrease in ac electrical 
conductivity and dielectric constant at different frequencies. 

Keywords: Thin film, PM-355, Gold, Sputtering, AC conductivity, Annealing, Dielectric constant, Ion beam, 
Dielectric loss. 

1 Introduction 
Plasma interactions technology such as etching, 

film deposition and surface modification has many 
applications especially in industry and research1-3. For 
a long time, the formation of coatings and thin films 
have various studies in science and technology4-6. 
Actually, the thin film deposition can be divided into 
the two essential technologies that are the physical 
and chemical vapor depositions7. A widely deposition 
technique based on a plasma vapor deposition 
process utilized for the well formation of thin films 
used in electrical, optical, medical and engineering 
applications is the magnetron sputtering8-12. The 
positively charged plasma is accelerated by applying 
the electrical field between a cathode (target) and an 
anode (substrate). When the plasma hits the target, its 
atoms are ejected to precipitate on the substrate 
material. A lot of studies were carried on the thin 
films and coatings especially produced using the 

magnetron sputtering with magnets used to control the 
transport of ions having a vital role in science and 
technology13-15.  

Polymers – metal combination that produce the 
change in the polymer optical and electrical properties 
is suitable for the electrical and optical devices, 
biomedical science, sensor technology, corrosion 
resistance, and etc16-20. Gold is a noble metal that used 
for various applications as in electronics, bio-sensing, 
optics, photonics and electrochemical devices21-24. 
Due to have high electrical conductivity, optical 
reflectivity, chemical and physical properties25-27. The 
information of polymers dielectric parameters is very 
essential in fabricating any electronic device28-30. 
Moreover, it is a vital requirement to further decrease 
the dielectric constant of polymers for widening 
the integrated circuits applications31. Due to the 
low cost of polymers, high accessibility and simple in 
preparation so they have wide applications in optics, 
nuclear track detectors, fuel cells32-34. Moreover, the 
metal coated with polymer membranes in different 
fuel cells35,36. 
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The main objective of this study focused on the ac 
electrical properties of Au deposited on PM-355 which 
will be on interesting study for being used in fuel cell 
membrane. Hence, the preparation of Au/PM-355 thin 
films were done using magnetron sputtering with 
different Au thickness to determine the good properties 
of Au thickness. Moreover, study the effect of nitrogen 
ion beam extracted radially from the conical anode and 
disc cathode ion source to show how its influence on 
thin films electrical properties. Also, here study the 
effect of annealing, in the range of operating temperature 
proton exchange membrane fuel cell, on the formed thin 
films especially on the ac electrical conductivity. In 
future, study the effect of protons presented in the fuel 
cell on these thin films after impregnated on Nafion 
solution to be a membrane. 
 

2 Magnetron Sputtering  
Sputtering applications in aerospace, automotive 

components, data storage, sensors, surface acoustic 
wave devices and solar panels37-40. There are many 
physical vapor deposition methods for producing 
coatings involving thermal evaporation techniques and 
ionic sputtering methods that include ion-beam 
sputtering and magnetron sputtering41,42. Magnetron 
sputtering systems are concentrated on the well 
deposition from metal to compound through the ejection 
of atoms from a target in vacuum and fly into the 
substrate causing re-sputtering43-46. The advantages are 
to be performed under lower temperature, friendly to the 
environment, control the sputtering conditions for 
fabricating the very high purity films47,48.  

Thin film thickness and sputtering power usually 
play important roles in controlling the film 
properties49. So, we studied the effect of Au thickness, 
nm, on ac thin films electrical properties. Hence, PM-
355 samples were firstly cleaned by ethanol and 
deposited by different Au thickness forming thin 
films. AC electrical properties were measured to 
determine the optimum thickness that achieve the 
good characteristic of thin film. This optimum thin 
film is compared with the exposure by annealing and 
ion beam ones after deposition. Also, we put in a 
comparison with chloroform cleaning PM-355 sample 
before deposition with the optimum thickness. 
Through the study of the modifications in the 
dielectric and ac electrical properties of Au/PM-355 
films. The variation in dielectric properties such as 
dielectric constant (ε'), dielectric loss factor (ε''), and 
ac conductivity (σac) have been investigated in blank 
and the thin films.  

3 Experimental details 
In this study, the PM-355 samples were cleaned by 

ethanol and deposited by different Au thickness to 
form Au/PM-355 thin films. The optimum thickness 
was exposed to annealing and nitrogen, ion beams 
N2

+, also compared with chloroform cleaning sample 
before deposition. These thin films and blank PM-355 
were investigated by ac electrical properties. 
 
A- Materials 

PM-355 samples, allyl diglycol polycarbonate, 
with chemical composition C12H18O7 is partly 
crystalline with dominant amorphous phase from 
Sigma-Aldrich, Germany. The samples size 1.5cm x 
1cm with thickness 1mm, were cleaned by ethanol 
with purity 99.99% before deposition. The used 
chloroform contains 1 to 2% v/v ethanol as a 
preservative, AnalaR©, BDH Limited Poole England. 
The organic solvents were used with 0.3ml and spun 
at 1000rpm for 1min.  
 
B- Thin films preparation and Au deposition 

In this experiment, PM-355 samples were 
deposited by different Au thickness set to 300, 400, 
500, 700, 1000, 1300, and 1500 nm using ion 
sputtering 1500 JFC device, see Fig. 1 High voltage 

 
 

Fig. 1 — 1500 - JFC ion sputtering device. 
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power supply, 1KV DC/AC, was applied between 
50mm diameter gold target and 70mm diameter 
specimen stage separated by 7cm distance.  
 
C- Thin films treatment 
 

i- Annealing 
The optimum Au thickness thin film was annealing 

in air by using a thermostat oven at 140° C for 30 
minutes. The rate of heating was 5° C per 1 min. and 
then the annealed sample was dropped out to cool to 
room temperature in air. 
 
ii- Ion beam irradiation 

Different thickness thin films, chloroform and 
annealed one are irradiated by N+ ion beams that 
extracted from the copper conical anode and disc 
cathode ion source with radial extraction, see Fig. 250. 
This ion source operating condition are the pressure, 
discharge current and discharge voltage equal to 3 x 
10-4 mbar, 2 mA, 800 V respectively using 99.99 % 
nitrogen gas for 30 minutes. Finally, ac electrical 
conductivity measurements for these thin films were 
explained. 
 
D- AC Electrical Properties 

Electrical conductivity is an substantial device used 
to investigate the major factors as the crystal defects 
in structure and inner purity of semi-insulating 
crystalline solids. In this paper, the ac electrical 
properties of thin films were measured using EUCOL 
U2826 (LCR) meter over a frequency range 20 Hz - 5 
MHz at room temperature. The electrical conductivity 
of a material depends on factors as the cross section 
area, conductor length, and temperature.  

The analysis of ac conductivity and dielectric 
properties for thin films have been proceeded using 
impedance spectroscopy. This was done by applying a 
small ac signal towards the sample placing between 

two electrodes under spring pressure. Hence, a 
computer controlled impedance analyzer was used to 
measure the impedance parameters. While, the 
dielectric constant, έ, was calculated from the 
capacitance values that measured by computer from 
the following relation51,52. 
  

𝜀 ′    ...(1) 
 

Anywhere εo is the permittivity of free space equal 
to 8.85 x 10-12 F.m-1, C is the capacitance, d and A are 
the thickness and cross sectional area of sample 
respectively. 

The dielectric material is having low electrical 
conductivity compared with metal and characterized 
by dielectric constant and dielectric loss. The 
dielectric analysis of conducting polymer gives us the 
information of its conductivity behavior. The 
temperature, frequency and compositions were used 
to measure the two essential electrical characteristics 
for dielectric properties of materials. The dielectric 
constant is the capacitive nature explains its capacity 
to store the electric charges and the dielectric loss is 
the conductive nature explicates its capacity to 
transfer the electronic charge53. 
 
4 Results and discussion 
1- Thin Films without Nitrogen Ion Beam Irradiation 
1.1- Deposition of different Au thickness on PM-355 thin films 

Figures. 3-5 show the change of the dielectric 
constant, έ, dielectric loss, ε'' and ac conductivity, σac, 
as function of different logarithmic frequencies, log 
(f), at room temperature for different thickness 
Au(nm) deposited on PM-355 respectively. It is seen 

 

Fig. 2 — Copper conical anode and disc cathode ion source with
radial extraction. 

 
 

Fig. 3 — Dielectric constant versus log frequency range for
different Au thickness deposited on PM-355. 
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from Fig. 3 that the dielectric constant steeply 
decreases with an increase in log frequency and 
reaches a constant value from frequency, f, equal to  
2 kHz (log f = 3.3 Hz) until 5 MHz (log f = 6.7 Hz). 
When f ˂ 2 kHz, there is a sharp increase in έ value 
with decreasing frequency. Moreover, thin film with 
500 nm Au thickness shows the highest dielectric 
constant compare to the remaining films that have 
lower ε'. It is the normal behavior of dielectrics that at 
low frequency the dipoles go ahead the field. Then, 
they begin to shift behind the field at high frequency 
and there is no excess ion diffusion in the direction of 
the field and that leading to decrease in dielectric 
constant54. 

 
 

Fig. 6 — Dielectric constant versus different Au thickness at 
frequencies 0.9 kHz, 5 kHz, 50 kHz, 1 MHz and 3 MHz. 
 

 
 

Fig. 7 — Dielectric loss versus different Au thickness at 
frequencies 0.9 kHz, 5 kHz, 50 kHz, 1 MHz and 3 MHz. 
 

 

Dielectric loss shows the same behavior as dielectric 
constant. From Fig. 4, it is clear that the dielectric loss 
steeply decreases with an increase in log frequency and 
reaches a constant value from frequency, f, equal to  
2 kHz (log f = 3.3 Hz) until 5 MHz (log f = 6.7 Hz). 
When f ˂ 2 kHz, there is a sharp increase in ε'' value 
with decreasing frequency. Moreover, thin film with 
500 nm Au thickness shows the lowest dielectric loss 
compare to the remaining films that have higher ε''. 
Hence from Fig. 5, it is observed that σac varies linearly 
and increases steeply above the frequency 2 kHz  
(log f = 3.3 Hz) until 5 MHz (log f = 6.7 Hz). When  
f ˃ 2 kHz, there is a sharp increase in σac value with 
increasing frequency.  

Figures. 6-8 show the variation of έ, ε'', and σac as 
function of different thickness nm Au deposited on 

 
 

Fig. 4 — Dielectric loss versus log frequency range for different
Au thickness deposited on PM-355. 
 

 
 

Fig. 5 — AC conductivity versus log frequency range for different
Au thickness deposited on PM-355. 
 



RADWAN et al.: AC ELECTRICAL PROPERTIES FOR GOLD SPUTTERED PM-355 
 
 

185

PM-355 respectively at frequencies 0.9 kHz, 5 kHz, 
50 kHz, 1 MHz, and 3 MHz. It is clear that from  
Fig. 6 that the highest έ value is at Au thickness equal 
to 500 nm for all frequencies and giving 28 at  
0.9 kHz. For each frequency curve, at Au thickness  
˂ 500 nm then έ decreases by decreasing the thickness 
until reaching 400 nm thickness and increases again 
for 300 nm. Also, for Au thickness ˃ 500 nm, έ 
decreases by increasing the thickness until reaching 
700 nm and then increases to 1500 nm. Moreover, the 
highest έ is for the lower frequency value, 0.9 kHz, 
and 3 MHz has the lowest έ. Also, Fig. 7 shows that 
the optimum thin film, 500 nm Au has the lowest ε'' 
for all frequencies. Also, the highest ε'' is for the 
lower frequency value, 0.9 kHz, giving 0.2157 at  
0.9 kHz and 3MHz has the lowest ε''. For each 
frequency curve, at Au thickness ˂ 500 nm then ε'' 
increases by decreasing the thickness until reaching 
400 nm thickness and decreases again for 300 nm. 
Hence, for Au thickness ˃ 500 nm, ε'' increases by 
increasing the thickness until reaching 1500 nm. 

Figure. 8 shows that the optimum thin film has the 
highest σac for all frequencies. Also, the highest σac is for 
the higher frequency value, 3 MHz, giving 4.38 x 10-3 
S/m at 0.9 kHz and 0.9 kHz has the lowest σac. For each 
frequency curve, at Au thickness ˂ 500 nm, the σac 
decreases by decreasing the thickness until reaching  
400 nm thickness and then increases again for 300 nm. 
Hence, for Au thickness ˃ 500 nm, σac decreases by 
increasing the thickness until reaching 1500 nm. 
 

1.2- Comparison between Optimum Thickness Au/PM-355 thin 
films with Annealing and Organic Solvents 

In this part, the έ, ε'', and σac comparisons were 
studied for the irradiated optimum thin film, the 

annealing one and the cleaned one by chloroform 
before deposition of 500 nm Au. 

Figures. 9-11 show the variation in the έ, ε'' and σac 
as function of different logarithmic frequencies, log 
(f), for 500 nm, 500 nm annealing, and 500 nm 
chloroform at room temperature, respectively. It is 
observed from Fig. 9 that the dielectric constant 
steeply decreases with an increase in log frequency 
and reaches a constant value from frequency, f, equal 
to 9 kHz (log f = 3.95 Hz) until 5 MHz (log f =  
6.7 Hz). When f ˂ 9 kHz, there is an increase in έ 
value with decreasing frequency. Moreover, thin film 
with 500 nm Au shows the highest έ, 24.16, followed 

 
 

Fig. 8 — AC conductivity versus different Au thickness at
frequencies 0.9 kHz, 5 kHz, 50 kHz, 1 MHz and 3 MHz.  

 
Fig. 9 — Dielectric constant versus log frequency range for
500 nm, 500 nm annealing and 500 nm chloroform. 
 

 
 

Fig. 10 — Dielectric loss versus log frequency range for 500 nm, 
500 nm annealing and 500 nm chloroform. 
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by the annealing one that is in the middle giving 
23.84. In opposite, thin film with 500 nm Au cleaned 
before by chloroform that has lower ε' of 19.29. It is 
shown from Fig. 10 that the dielectric loss steeply 
decreases with an increase in log frequency and 
reaches a constant value from frequency, f, equal to 9 
kHz (log f = 3.95 Hz) until 5 MHz (log f = 6.7 Hz). 
When f ˂ 9 kHz, there is an increase in ε'' value with 
decreasing frequency. Moreover, thin film with  
500 nm Au cleaned before by chloroform that has 
higher ε'' giving 0.194. In opposite, thin film with  
500 nm Au, has 0.12, shows the ε'' and then the 
annealing one, 0.169, is in the middle between the 
other two thin film.  

It is deduced from Fig. 11 that the ac conductivity 
is nearly constant with an increase in log frequency 
and increases from frequency, f, equal to 9 kHz  
(log f = 3.95 Hz) reaching maximum at 5 MHz  
(log f = 6.7 Hz). Moreover, 500 nm Au thin film 
treated with annealing has the highest σac, 6.72 x 10-3 
S/m and followed by 500 nm Au thin film with 6.33 x 
10-3 S/m. Hence, thin film with 500 nm Au cleaned 
before by chloroform that has lowest σac equal to 5.37 
x 10-3 S/m. 

Figures. 12,13 show the variation in the έ and ε'' as 
function of different frequencies equal to (0.9, 5,  
10, 50) kHz, (1, 3) MHz for 500 nm, 500 nm 
annealing, and 500 nm chloroform at room 
temperature, respectively. It is clear from Fig. 12 that 
the έ is lowest for 500 nm chloroform, but thin film of 
500 nm and annealing one have nearly close to each 
other with higher έ. At 0.9 KHz, a 500 nm annealing 

thin film is slowly high έ of 24.13 than without 
annealing that equal to 23.77 and compared with the έ 
chloroform thin film equal to 19.37. For each thin 
film type, έ value decreases from frequency equal to 
0.9 kHz until 3 MHz. From Fig. 13, ε'' is lowest for 
500 nm annealing thin film compared with 500 nm 
chloroform has the highest ε''. At 0.9 kHz, a 500 nm 
annealing thin film has ε'' equal to 0.0156 than 
without annealing that equal to 0.0576 and compared 
with the ε'' chloroform thin film equal to 0.19.  

Figure. 14(a,b) shows the change in σac with 
different frequencies equal to (0.9, 5, 10, 30, 50) kHz, 
(1, 2, 3, 4, 5) MHz for 500 nm, 500 nm annealing, and 
500 nm chloroform at room temperature, respectively. 

 
 

Fig. 11 — AC conductivity versus log frequency range for 500
nm, 500 nm annealing and 500 nm chloroform. 
 

 
 

Fig. 12 — Dielectric constant versus frequencies (0.9, 5, 10, 50)
kHz, (1, 3) MHz for 500 nm, 500 nm annealing and 500 nm
chloroform. 
 

 
 

Fig. 13 — Dielectric loss versus frequencies (0.9, 5, 10, 50) KHz,
(1, 3) MHz for 500 nm, 500 nm annealing and 500 nm
chloroform. 
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It is clear from Fig. 14(a) that σac is lowest for 500 nm 
chloroform, but thin film of 500 nm and annealing 
one have nearly close to each other with higher σac . 
At 0.9 kHz, a 500 nm annealing thin film is high σac 
of 1.2 x 10-6 S/m than without annealing that equal to 
1.7 x 10-6 S/m and compared with σac of chloroform 
thin film that equal to 9.71 x 10-7 S/m. For each thin 
film type, σac value increases from frequency equal to 
0.9 kHz until 3 MHz. Fig. 14(b) shows that σac is also 
lowest for 500 nm chloroform, but thin film of  
500 nm and annealing one have nearly close to each 
other with higher σac . At 5 MHz, a 500 nm annealing 
thin film is high σac of 6.72 x 10-3 S/m than without 
annealing that equal to 6.33 x 10-3 S/m and compared 
with σac of chloroform thin film that equal to  
5.37 x 10-3 S/m. For each thin film type, σac value 
increases from frequency equal to 1 MHz until 5 MHz. 
 

2- Comparison of Thin Films without and with Nitrogen Ion 
Beam Irradiation 

In this part, for έ, ε'', and σac comparisons were 
studied for the 500 nm, annealing and chloroform thin 

films and with N2
+ ion beams thin films. Fig. 15,16 

show the comparison of έ and σac as function of 
different logarithmic frequencies, log (f), for 500 nm 
and 500 nm irradiated by ion beam thin films at room 
temperature, respectively. From Fig. 15, it is clear that 
the 500 nm thin film without ion beam gives 
maximum έ than irradiated one. The έ starts from 
578.72 and 356.23 for 500 nm and irradiated ion 
beam 500 nm thin films respectively. Also, έ curves 
are steeply decreases with an increase in log 
frequency and reaches a constant value from 
frequency, f, equal to 0.6 kHz (log f = 2.78 Hz) until 5 
MHz (log f = 6.7 Hz). From Fig. 16, the 500 nm thin 
film without ion beam gives maximum σac than 

 
 

Fig. 14 — AC conductivity versus frequencies: a- (0.9, 5, 10, 30,
50) kHz, b- (1, 2, 3, 4, 5) MHz for 500 nm, 500 nm annealing and
500 nm chloroform. 
 

 
 

Fig. 15 — Dielectric constant versus log frequency range for 500 
nm and with ion beam thin films. 
 

 
 

Fig. 16 — AC conductivity versus log frequency range for
500 nm and with ion beam thin films. 
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irradiated one. The σac reaching to 6.63 x 10-3 S/m for 
500 nm thin film and decreased to 6.25 x 10-3 S/m for 
irradiated ion beam 500 nm thin film at frequency  
5 MHz. Also, σac curves varies linearly at low 
frequencies and increases steeply above the frequency 
0.6 kHz (log f = 2.78 Hz) until 5 MHz (log f =  
6.7 Hz).  

Figures. 17,18 show the comparison of έ and σac as 
function of different logarithmic frequencies, log (f), 
for 500 nm annealing thin film and irradiated one by 
ion beam at room temperature, respectively. From 
Fig. 17, it is clear that the 500 nm annealing thin film 
gives maximum έ than irradiated one with ion beam. 
The έ starts from 623.77 and 464.23 for 500 nm 

annealing and irradiated ion beam thin films 
respectively. Also, έ curves are steeply decreases with 
an increase in log frequency and reaches a constant 
value from frequency, f, equal to 0.6 kHz (log f = 2.78 
Hz) until 5 MHz (log f = 6.7 Hz). From Fig. 18, the 
500 nm annealing thin film gives maximum σac than 
ion beam irradiated one. The σac reaching to  
6.72 x 10-3 S/m and 4.91 x 10-3 S/m for 500 nm 
annealing thin film and irradiated ion beam one at 
frequency 5 MHz, respectively. Also, σac curves 
varies linearly at low frequencies and increases 
steeply above the frequency 0.6 KHz (log f = 2.78 
Hz) until 5 MHz (log f = 6.7 Hz).  

Figures. 19,20 show the comparison of έ and σac as 
function of different logarithmic frequencies, log (f), 

 
 

Fig. 17 — Dielectric constant versus log frequency range for
500 nm annealing and with ion beam thin films. 
 

 
 

Fig. 18 — AC conductivity versus log frequency range for
500 nm annealing with ion beam thin films. 

 
 

Fig. 19 — Dielectric constant versus log frequency range for
500 nm chloroform and with ion beam thin films. 
 

 
 

Fig. 20 — AC conductivity versus log frequency range for
500 nm chloroform with ion beam thin films. 
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for 500 nm chloroform thin film and irradiated one by 
ion beam thin films respectively at room temperature. 
From Fig. 19, it is clear that the 500 nm chloroform 
thin film irradiated with ion beam gives maximum έ 
than that without ion beam. The έ starts from 129.04 
and 223.04 for 500 nm chloroform and irradiated ion 
beam thin films respectively. Also, έ curves are 
steeply decreases with an increase in log frequency 
and reaches a constant value from frequency, f, equal 
to 0.6 kHz (log f = 2.78 Hz) until 5 MHz (log f = 6.7 
Hz). From Fig. 20, the 500 nm chloroform irradiated 
with ion beam thin film gives maximum σac than that 
without ion beam. The σac reaching to 5.37 x 10-3 S/m 
and 6.59 x 10-3 S/m for 500 nm chloroform thin film 
and irradiated ion beam one at frequency 5 MHz 
respectively. Also, σac curves varies linearly at low 
frequencies and increases steeply above the frequency 
0.6 kHz (log f = 2.78 Hz) until 5 MHz (log f =  
6.7 Hz).  

Finally, the variation in έ and σac versus 500 nm, 
500 nm annealing, 500 nm chloroform, and their ion 
beam irradiation at different frequencies have been 
compared. Fig. 21 shows the variation in dielectric 
constant versus 500 nm, 500 nm annealing, 500 nm 
chloroform, and their ion beam irradiation at 
frequencies equal to (0.9, 5, 10) kHz, and (1, 3) MHz. 
It is clear that the highest έ is for 500 nm thin film 
after annealing followed by 500 nm thin film and the 
lowest έ is for 500 nm annealing thin film after 
irradiation with ion beam.  

Figures. 22,23 show the variation in ac 
conductivity versus 500 nm, 500 nm annealing,  
500 nm chloroform, and their ion beam irradiation at 
frequencies equal to (0.9, 5, 10, 30, 50) kHz, and  
(1, 2, 3, 4, 5) MHz respectively. It is clear from  
Fig. 22 that the highest σac is for 500 nm thin film 
after annealing and very close to 500 nm thin film and 

then followed by 500 nm thin film irradiated by ion 
beam. However, the lowest σac is for 500 nm 
annealing thin film after irradiation with ion beam. 
Moreover, the Fig. 23 indicates that the highest σac is 
for 500 nm thin film after annealing followed by 500 
nm thin film. Then, the lowest σac is for 500 nm 
annealing thin film after irradiation with ion beam. 
 
5 Conclusion 

Determination of the optimum thickness of Au 
deposited on PM-355 to form thin film with good ac 
electrical conductivity and dielectric properties were 
studied. Then, the organic solvents cleaning before 
Au deposition plays an important role in the 
enhancement of thin film properties. Before ion beam 
irradiation, the highest έ is for ethanol cleaning PM-
355 samples before Au deposition with optimum 
thickness and also that after annealing. Dielectric 

 
Fig. 21 — Dielectric constant versus 500 nm, 500 nm annealing,
500 nm chloroform and their irradiated with ion beam thin films
at 0.9kHz, 5kHZ, 10kHz, 1MHz and 5MHz. 
 

 
 

Fig. 22 — AC conductivity versus 500 nm, 500 nm annealing, 
500 nm chloroform and their irradiated with ion beam thin films
at 0.9, 5, 10, 30 and 50 kHz. 
 

 

Fig. 23 — AC conductivity versus 500 nm, 500 nm annealing, 
500 nm chloroform and their irradiated with ion beam thin films
at 1, 2, 3, 4 and 5 MHz. 
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constant and ac conductivity values for ethanol 
optimum Au thickness and that after annealing thin 
films at the frequency range 20 Hz – 5 MHz. The 
chloroform cleaning thin film gives the lowest έ and 
σac values compared with the highest dielectric loss 
value. The decreased in dielectric constant with 
increasing logarithmic frequency reaching constant at 
higher frequencies refers to the attributed of dipoles to 
orient themselves in the direction of applied field. 
Hence, thin film conductivity depends on its dielectric 
nature.  

The effect of annealing on optimum thickness 
increases both έ and σac by nearly 6.7 %. Also, the 
irradiation of nitrogen ion beam that extracted from 
the conical anode and disc cathode ion source effects 
on thin films ac electrical and dielectric properties. 
The ion irradiation thin film gives the change in έ and 
σac values that decreased by (7.153, 5.73 %) for 
ethanol optimum thickness and (26.95, 6.3 %) after 
annealing thin film than of its value before ion 
irradiation respectively. In the opposite case, έ and σac 
values for chloroform deposition thin film that 
increased by 72.84 % and 22.72 % of its value before 
irradiation respectively.  

Moreover, among the comparison for all thin films 
without and with ion irradiation. It is concluded that 
the highest έ for optimum Au thickness after 
annealing thin film and gives the lowest value after 
the ion beam irradiation. In other meaning, the ion 
irradiation decreases ac electrical and dielectric 
properties for thin films and annealing processes 
except for the chloroform cleaning before Au 
deposition that increases. Finally, it is necessary to 
form membrane/catalyst in fuel cells used thin film 
with ethanol cleaned then treated by annealing and 
nitrogen ion beam that gives the minimum value of 
conductivity.  
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