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Abstract  

Harmful electromagnetic(EM) waves from 
various sources, such as mobile phone, portable 
music player, hair dryer, wireless devices are 
considered as the serious environmental pollution of 
the day. The superfluous electromagnetic waves are 
widely known as the cause of EMI(electromagnetic 
interference) problems in electrical devices as well 
as the source of disease in human body.  

Recently, many kinds of precautions and 
legislations are developed to verify and prevent the 
harms from EM waves on the human body but just 
avoidance and shielding with conductive materials 
cannot be the basic solution. Only the development 
of extensive EM wave absorbing medium could be 
the essential measures on the problems. The 
“conducting polymers” have the possibility to be the 
solution.  

In this study, EM wave absorbing material and 
structure based on the intrinsic conducting polymer 
was suggested and the absorbing characteristics 
were verified to make the EM protective composites.  
 
 
1 Introduction 

The term, “Plastic age” can be the 
representative of these days. The plastic material is 
basic foundation of the industry and has various 
advantages, such as low price, accessibility, 
applicability, etc. As the plastics are generally 
considered as “electric insulator” with low electrical 
conductivity but if the degree of conductivity could 
be controlled, it could be adapted widely as the most 
effective EM wave absorbing materials & structures. 

Conventional metallic materials, such as 
copper, steel, metallic powders have high 
conductivity and good accessibility but the 
conductivity cannot be controlled. It means highly 
conductive materials can be used as shielding or 
reflective medium to the incident EM waves.  

 

 
 
The intrinsic conducting polymers which have 

wide range of electric conductivity could be adopted 
as EM wave absorbing material. The advantages of 
intrinsic conducting polymers are :  

 
 Electric conductivity control 
 Simple and effective surface coating  
 Coating thickness control 
 Compatibility with other polymers 
 Transparency 

 
 

2 Conducting polymer (CP) 

2.1 preparation of CP paste  

The conducting polymer(CP) paste based on 
PEDOT(poly(ethylenedioxy)thiophene) with 
binding material was synthesized. The wt% of 
PEDOT was limited under 0.4 wt% and the 
viscosity of the mixture with solvent, PEDOT and 
binder was about 5000 cps.  

For the application for the EM wave shielding 
and absorption, measurement of the specific 
conductivity of material is very important. The first 
experiment was conducted to know the electric 
conductivity of this CP paste. The specific 
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conductivity (specific resistance) of material could 
be calculated by surface resistance and coating 
thickness. 2 glass plate specimens coated by CP 
paste with different thickness (#1, #2) was prepared 
and thickness and surface resistance in each 
specimen was measured. Surface coating was done 
by bar-coater. Figure 1 shows the CP coated 
specimens and coating thickness of CP was 
measured by 3D surface profiling system. The 
relative coating thickness is illustrated. 

The specimen # 1 with CP coating (0.3 um) had 
specific conductivity of 1300 S/m with surface 
resistance 2500 ohm/sq. and # 2 (0.75 um, 1000 
ohm/sq.) showed same specific conductivity. It 
means the conductivity of CP paste is defined as 
1300 S/m.  
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Fig. 1.  Thickness of CP coating and surface 
resistance  

 
After having set the specific conductivity of CP 

paste, the possibility of conductivity control was 
verified. As the wt% of CP increased from 0.0 to 
0.4, the specific conductivity of CP paste increased 
up to 1300 S/m(0.4 wt% PEDOT, cured state). So 
the surface resistance of CP coated layer could be 
controlled by CP pasted itself as well as coating 
thickness. 
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Fig. 2.  Controllable conductivity range of CP paste 

 
2.2 Cure process 

For the applications, cure monitoring of the 
synthesized CP paste was conducted. Curing 
condition was set as 130 °C. In fig. 3, mixture of 
solvent, PEDOT and binder were coated on the 
surface of glass / epoxy composite substrate. 
During the cure process, solvent was removed and 
thermosetting binder was set, finally conducting 
network was formed with PEDOT. Considering the 
wt% of PEDOT and binder in the solvent, if the 
coating thickness of CP paste was 18 um, the 
coating thickness of PEDOT and binder would be 
about 0.72 um, relatively.  

 
Fig. 3.  Coating process of CP paste  

 
The bar-coating method was adopted and the 

thickness of CP paste was set by the no. of bar 
which had tiny specific gap between substrate and 
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bar. With the selection of bar with specific gap, the 
final coating thickness could be controlled.  

Coating process was done in the room 
temperature and curing was conducted under 
130°C and cure monitoring of CP paste was 
performed. The CP paste itself had high electric 
resistance but during cure process, the solvent was 
removed and PEDOT with binder made conducting 
network.  

Figure 4 shows the cure monitoring of CP paste 
coated on the specific square size substrate. After 
coating, two electrodes were connected in each end 
of specimen and it was put in the thermal chamber. 
The variation of electric resistance was measured. 
At the beginning, the resistance of CP paste 
changed and fluctuated but it was set up within 30 
min. 

After cure was set up during initial 30 minutes, 
the resistance was fixed at specific level and 
maintained more than 18 hours. Based on this 
result, curing time was set up as 30 minutes and 
electric stability of CP paste in the curing 
temperature was confirmed.  
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Fig. 4.  Cure monitoring of CP paste 

 

2.3 Printing process 

The possibility of CP printing and patterning 
with screen printing method based on the developed 
CP paste was conducted. As the basic purpose of 
patterning with specific unit cell, such as rectangle, 
circle, triangle, mesh and fractal patterns was 
microwave absorption, the basic rectangular pattern 
was designed and patterned on the transparent 
PP(polypropylene) film as an example in figure 5.  

Transparency of CP coating and patterning was 
measured with UV-spectrometer. As coating 
thickness decreases from 5.1 um to 0.8 um, surface 
resistance increases from 150 to 1000 ohm/sq. and 
transparency increases up to 94.1 %, relatively.  
 

 
 

Fig. 5.  Mesh type patterning with CP paste 
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Fig. 6.  Transparency and surface resistance of CP 
with coating thickness 
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3 EM characteristics of CP coating 

3.1 S-parameters 

The verification of EM wave reflection and 
transmission characteristics were conducted on the 
CP coated specimens. As the DC conductivity of the 
CP paste and surface resistance of CP coating were 
verified, the EM characteristics to the plane 
wave(far field condition) need to be understood.  

The CP paste was coated uniformly on the 
acryl plate (150 x 150 x 1.85 mm) with the thickness 
of 0.006 um in the fig. 7. With the measurement of 
S-parameters (S11, S21), the reflection and 
transmission characteristics of the specimen were 
verified.  

 

S21

S11

Acryl plateCP coating

Specimen : 
T CP = 0.006 mm
CCP = 1300 S/m

S21

S11

S21

S11

Acryl plateCP coating

Specimen : 
T CP = 0.006 mm
CCP = 1300 S/m  

 
Fig. 7.  S-parameters of CP coated acryl plate 

 
The commercial wireless communication band 

was relatively at the early stage of GHz range, but 
newly developed commercial frequency band 
increased up to tens of GHz in consideration of the 
amount of wireless data and communication speed. 
The target frequency range was set as 8.2 ~ 12.4 Ghz 
(X-band). 

Figure 8 shows the s-parameters of CP coated 
acryl plate. With the aid of EM field simulation tool, 
the verified parameters were applied in this 
simulation. The simulation result based on the 
verified parameters was similar with experimental 
result. 
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(b) experiment result 

 
Fig. 8.  S-parameters : simulation & experiment 

 
 
3.2 EM wave absorption  

Based on the EM characteristics of CP paste, 
rectangular pattern was designed and printed on the 
glass / epoxy composite substrate in fig. 9. The unit 
cell of rectangular CP printing was 6 x 6 mm, and 
the patterned layer was inserted between two glass / 
epoxy composite layer. The thickness of front layer 
was 1.5 mm and rear layer was 2.4 mm. The 
backside of rear layer was covered with thin 
aluminum layer as PEC to prevent the transmission 
of EM wave(S21). Total thickness of EM wave 
absorbing structure was about 3.9 mm. 
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Fig. 9.  EM wave absorbing structure with CP 

printing 
 
With the various parameters, such as thickness 

of glass / epoxy composite layers, conductivity of 
CP paste, coating thickness, pattern size, pattern 
array, etc. the target EM wave absorbing 
characteristics was set up to cover the X-band range. 
Total absorbing bandwidth designed to cover X-
band was about 9 GHz (about 7 ~ 16 GHz).  

Based on the designed parameters, EM wave 
absorbing specimen was fabricated and the 
characteristics were measured. In the fig. 10, more 
than 90% absorbing characteristics were confirmed 
in the whole X-band range and the designed result 
and measured result were very similar in the target 
frequency range.  
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Fig. 10.  EM wave absorbing characteristics  
 
The EM wave absorbing characteristics of the 

specimens with CP patterning on the glass / epoxy 
composite was verified. Considering the absorbing 
bandwidth, thickness, simple fabrication process, 
controllability and structural applications, the CP 
pattern printing could be the one of the most 
effective method to design and fabricate the EM 
wave absorbing structure with composite material as 
well as various kinds of materials. 

 
 

4 Conclusion 

In this study, PEDOT based CP paste was 
synthesized and the EM characteristics was verified 
for the application of harmful EM wave absorbing 
structures. 

 
 PEDOT with binder was mixed and CP 

paste was developed. 
 

 Specific electric conductivity was verified. 
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 Conductivity could be controlled with the 
wt% of PEDOT. 

 
 CP Coating process was verified and also 

the coating thickness could be controlled by 
bar-coating method. 

 
 CP paste cure monitoring was conducted : 

130°C, 30 min.  
 

 Pattern printing was tried and the 
transparency of CP coating was verified.  
 

Based on the EM characteristics of CP paste, 
plane EM wave absorbing structure was designed, 
fabricated and measured. In the X-band frequency 
range, -10 dB (90 % absorption) was measured and 
very effective wide-band absorbing characteristics 
were verified from 7 to 16 GHz under -10 dB 
compared with previous researches.  
 

 Rectangular pattern was designed and EM 
wave absorbing specimen was fabricated 
with CP printing method on the glass / 
epoxy composite structure. 

 
 Effective ultra wide-band EM wave 

absorbing characteristics was confirmed 
with simple CP coating technology.   
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