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Abstract – In this study, we design a reconfigurable frequency selective surface (FSS) using fluidic 
channels to use the FSS in multi-frequencies. Effective permittivity can be changed using water as the 
fluid of fluidic channels in a dielectric slab, and the frequency characteristics of FSS can be controlled. 
We optimize the dimensions of the fluidic channel to design a reconfigurable FSS and measure its 
transmission characteristics.  
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1. Introduction 
 
Frequency selective surface (FSS) is any thin, repetitive 

surface (e.g., screen on a microwave oven) designed to 
reflect, transmit, or absorb electromagnetic fields based 
on frequency. Recently, reconfigurable RF devices have 
been studied extensively [1-5]. To use the FSS in multi-
frequencies, the reconfigurable FSS has been investigated 
using active elements, such as PIN diodes, varactor diodes, 
and micro-electro-mechanical systems (MEMS) [6-13].  

The reconfigurable FSS using PIN diodes changes the 
transmission frequency by using a short or an open mode 
of diode depending on bias voltage. It has the advantage of 
having a wide variable range of transmission frequency 
and the disadvantage of having only two types of variable 
transmission frequencies [6-8]. The FSS using varactor 
diodes changes the transmission frequency by changing 
the capacitance of the diode depending on the bias 
voltage. Although this method can make several types of 
transmission frequencies, conducting the transmission 
frequency in a high frequency band is difficult and the 
manufacturing cost is expensive [2,9,10].  

The FSS using MEMS has the advantages of decreased 
manufacturing cost, low loss, high isolation, and fast 
switching. However, it also has the disadvantages of a 
narrow transmission frequency bandwidth and a small 
range of variable storage of capacitor because of the 
small size of the MEMS element [11-13]. Recently, the 
reconfigurable absorber using fluidic channels has been 
studied [14]. Fluidic channels have the ability to change 

electrical characteristics drastically and to design creative 
structures depending on the conditions. Therefore, fluidic 
channels can be used for a reconfigurable FSS. 

In this study, we propose a reconfigurable FSS at X-band 
using fluidic channels. We can change the effective dielectric 
constants of a dielectric slab with fluidic channels filling or 
unfilling the fluids to control the transmission characteristics. 
Reconfigurable antennas [15-17] use mercury as fluid, 
but mercury is not suitable for a reconfigurable FSS 
because of its viscosity and toxicity. In this study, we use 
water (εr = )33~26()57~66( j− , when frequency is from 
8GHz and 12.5GHz at 25 degrees Celsius) [18, 19], which 
has large permittivity to fill the fluidic channels. The 
relative permittivity (εr) of a material is its permittivity 
expressed as a ratio relative to the permittivity of vacuum. 
We design, fabricate, and measure a reconfigurable FSS by 
using fluidic channels in a flat dielectric slab and a curved 
dielectric slab. 

 
 

2. Design of a Reconfigurable FSS 
 
Understanding the transmission characteristics of a 

dielectric slab at X-band is necessary before designing a 
reconfigurable FSS using fluidic channels. The transmission 
coefficient of a dielectric slab is expressed in the form of 
an infinite series [20]. To understand the effects of 
permittivity and thickness on the transmission characteristic, 
the transmission coefficients are calculated by changing the 
permittivity and thickness of the dielectric slab (see Figs. 1 
and 2). The slab thickness is 10 mm in Fig. 1. 

Fig. 1 shows that the difference between the minimum 
and the maximum transmission coefficients increases as 
permittivity increases ( )78()9.11()3.4( 321 εεε << ). Fig. 2 
illustrates that the thickness of the dielectric slab can 
change only the frequency interval between the maximum 
and minimum values of the transmission coefficient. Also, 
increasing the difference of the permittivity between fluid 

†  Corresponding Author: Department of Electrical and Computer 
Engineering, Ajou University, Korea. (yong@ajou.ac.kr) 

*  Department of Electrical and Computer Engineering, Ajou 
University, Korea. ({sdc0911, hokeun0305}@ajou.ac.kr) 

**  Agency for Defense Development, Korea. (78strephon@add.re.kr) 
*** Department of Information & Communication Engineering, Kongju 

National University, Korea. (iphong@kongju.ac.kr) 
§ Department of Mechanical Engineering, Yonsei University, Korea. 

(hjchun@yonsei.ac.kr) 
Received: April 3, 2017; Accepted: June 28, 2017 

ISSN(Print)  1975-0102
ISSN(Online) 2093-7423



Dong Chan Son, Hokeun Shin, Yoon Jae Kim, Ic Pyo Hong, Heoung Jae Chun and Yong Bae Park 

 http://www.jeet.or.kr │ 2343

filled and unfilled is necessary to make a reconfigurable 
FSS by using the dielectric slab with the fluidic channels. 
Water is neither viscous nor toxic and has a high 
permittivity (εr = )33~26()57~66( j− ). Therefore, it is a 
suitable fluid to make a fluidic channel-based reconfigure-
able FSS. 

We use a full-wave solver (CST[21]) to derive the 
optimal values of the diameter and spacing of the fluidic 
channels to obtain the transmission characteristics at 10 

GHz. Through changing parameters, we have found that 
the optimal values of the diameter and spacing are 2.25 
mm and 4 mm, respectively. 

Fig. 5 shows the transmission characteristic of the 
optimal structure operating at 10 GHz. If the fluid of 
permittivity in the fluidic channels increases from 

)2~3()5.4~5( j−  to )33~26()57~66( j−  [22], the 
difference in the transmission coefficient at 10 GHz is 
about 0.4 in other words, the difference in power is 64 %. 
A reconfigurable FSS operating at the target frequency can 
be made by increasing the effective permittivity of the 
structure using the fluidic channels. 

We verify the skin depth of water by using the equation, 
because water is a lossy medium [20]. The skin depth of 
water at 10 GHz is 0.531 m and the slab thickness is 10 
mm. Therefore, the electromagnetic (EM) wave is reduced 
by 1.87 % of the initial intensity when the EM wave passes 
through the slab filled with only water. The EM wave 
hardly attenuates in our FSS structure. 

We can conclude that the reconfigurable FSS capable of 
transmitting EM waves at a specific frequency can be made 
by using the difference in permittivity if water, which has a 
large permittivity, is inserted into the fluidic channels. 

 
 

3. Fabrication and Measurement 
 
Fig. 6 shows the fabricated structure of the FSS. An E-

glass/epoxy laminate (composite) is attached to structurally 
obtain hardness and strength. Moreover, an E-glass/epoxy 
laminate (composite) is commonly used in the skin of 
radomes.  

Fig. 7 explains the mechanical procedure for developing 
the structure. First, the foam is cut (Rohacell HF-71) 
according to the standard to be fabricated. Second, holes 
are made to insert the fluidic channels into the foam (the 
width and length of holes are the same size as the outer 
diameter of the silicon tube). Third, if a curved structure is 
fabricated, the thermal forming process is performed 
according to the curvature. Fourth, after applying the 
adhesive to the foam, the foam - silicon tube -foam is 
bonded and the foam is bonded to the [0/90/90/0] E-
glass/epoxy laminate (composite) on the top and bottom of 

Fig. 1. Transmission coefficient depending on the permitti-
vity of the dielectric slab 

 

Fig. 2. Transmission-coefficient depending on the thickness
of the dielectric slab (medium1) 

 

Fig. 3.  Front view of the dielectric slab inserted in the 
fluidic channels 

 

 
Fig. 4. Simulation model structure of the dielectric slab 

inserted the fluidic channels 

Fig. 5. Transmission characteristic of the optimal structure
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the structure. Finally, we let it harden. The diameters and 
spacing of the fluidic channels in the dielectric slab are 
optimized to operate at 9.7 GHz (Table 1). Even though the 
original target frequency is 10GHz, the target frequency 
has changed slightly since we have adjusted the 
dimensions of fabricated structure due to the fabrication 

constraints. 
A flat dielectric slab structure (see Fig. 8) and a curved 

dielectric slab structure (see Fig. 9) are fabricated, 
respectively, and their transmission characteristics are 
measured (see Fig. 10). The transmission characteristics 
are obtained by the free-space measurement method (see 
Fig. 11), which is commonly used for FSS measurement. 
The pyramidal absorber is used for minimizing the 
interferences of the edge diffraction of the FSS between 
two horn antennas. We can measure the transmission 
coefficient of FSS using the network analyzer. As shown in 
Fig. 12, the measured data show a good agreement with the 
simulation data. The transmission coefficient becomes 
larger at our target frequency around 10 GHz when the 
water is filled than when the water is unfilled in the fluidic 
channels. Moreover, the difference in the transmission 
coefficient at 11.5 GHz between water filled and unfilled is 
large because transmission characteristic of the FSS is 
periodic. Therefore, the FSS can have reconfigurable 

Table 2. Design parameters of a curved structure 

Radius of arc 543.51389 mm 
Length of arc 100 mm 
Width of arc 99.85901 mm 
Height of arc 2.29823 mm 

Apothem 541.21566 mm 
Angle subtended by arc 10.54173° 

Area of segment 153.06398 mm2 

 

 
Fig. 9. Curved structure of a FSS 

 

 
Fig. 10. Photo of measurement setup 

Table 1. Design parameters of a flat structure 

dielectric slab 100 mmⅹ100 mm 
foam height / ε2 6.4 mm / 1.093 

composite height / ε3 0.6 mm / 4.35 
width ( = length) 4 mm 
tube thickness / ε5 0.5 mm / 11.9 (silicon) 
interval of tubes 10 mm 

ε1 (inside of tubes) /  
ε4 (outside) 

[ (66 ~ 57) (26 ~ 33)j− ](water) / 1(air)

 

Fig. 6. FSS structure 
 

  

1. Cut the foam 
2. Pierce holes to 

insert the micro-fluidic 
channels into the foam 

3. Thermal forming 
(curved structure) 

 
4. Apply adhesive 5. Bond and harden 

Fig. 7. Fabrication procedure 
 

 
Fig. 8. Flat structure of a FSS 
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characteristics at this frequency. The result of the curved 
structure is almost identical to that of the flat structure 
when the curvature (Table 2) is small. We have shown that 
a reconfigurable FSS can be fabricated using fluidic 
channels and water. 

 
 

4. Conclusion 
 
We have designed and fabricated a reconfigurable FSS 

using fluidic channels. Moreover, we have shown that 

water can be used in fluidic channels and that the 
transmission characteristics can be controlled by increasing 
the difference in permittivity according to the diameter, 
interval, and filling of the fluid inside of the fluidic 
channels. Our results can be practically applied in a 
reconfigurable FSS for stealth technologies. We also think 
that more research is needed to apply our ideas to the real 
systems with pumps and reservoir systems that change the 
liquid in the channels. 
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