
IJCST Vol. 4, ISSue Spl - 1, Jan - MarCh 2013

w w w . i j c s t . c o m InternatIonal Journal of Computer SCIenCe and teChnology  37

 ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

Design Complementary Structures Frequency Selective 
Surface for WLAN & WIMAX Applications

1Surajit Mondal, 2Sourav Nandi, 3Tanumay Mandal, 4Patha Pratim Sarkar
1,2,3,4DETS, University of Kalyani, Kalyani, WB, India

Abstract
This paper presents  the  investigation on multiband Frequency 
Selective Surface(FSS) which is properly operable on WLAN 
& WIMAX applications. The FSS consists of a metal square 
loop in the top metal layer and its complementary etched on the 
bottom metal layer square shaped patch keeping same periodicity 
throughout. The multiple(two) resonating frequencies in the range 
of (2-4GHz) have been obtained with the help of this design and 
both the multi frequency are suitable for the operation of WLAN 
& WIMAX applications. Theoretical investigations have been 
done by Ansoft Designer® software
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I. Introduction
A single substrate layer frequency selective surface (FSS) [1] 
is developed with electrically small elements and multi (1-5) 
tunable pass bands for wireless local area network application. 
The FSS consists of a metal square loop in the top metal layer 
and its complementary etched on the bottom metal layer. The 
designed provides five tunable transmission bands. For predicting 
the frequency selective characteristics of the designed FSS an 
equivalent electric circuit model is also presented. To meet the 
needed requirement for WLAN and WIMAX applications, at 
frequency band of (2.4-2.484 GHz, 5.15-5.35 GHz, and 5.727-
5.825 GHz) for WLAN communication standard and (3.4-3.69 
GHz, and 5.25-5.85 GHz) for WIMAX communication, the 
designed is optimized. Due to the symmetrical nature of the design, 
the FSS is insensitive to variation of RF incidence angle for 900 
(degree) rotation of the FSS. Simulated theoretical investigation 
is done by Ansoft Designer® Software.
IEEE 802.11b [6] WLAN standards use the same unregulated 
radio signaling frequency, 2.4-2.52 GHz and 4.82-6.32 GHz for 
standards IEEE 802.11b/g/j/a and IEEE 802.16d. Vendors often 
prefer using these frequencies to lower their production costs. 
Being unregulated, 802.11b gear can incur interference from 
microwave ovens, cordless phones, and other appliances using 
the same range. However by installing 802.11b gear at a reasonable 
distance from other appliances interference can easily be avoided. 
802.11a WLAN [7] Standards support up to 54 Mbps and signals 
in a regulated frequency spectrum around 5 GHz. This higher 
frequency compared to 802.11b shortens the range of 802.11a 
networks. The higher frequency also means 802.11a signals 
have more difficulty penetrating walls and other obstructions. 
Because 802.11a and 802.11b utilize different frequencies, the 
two technologies are incompatible to each other however some 
vendors offer hybrid 802.11a/b network gear. Our designed FSS 
can meet the above requirements.

II. Design of the FSS
Our proposed FSS structure uses two metallic planes separated 
by thin dielectric substrate. Each square loop patch on the top 
metal surface of the FSS structure has the outermost dimensions 

of 20mm x 20mm and the other dimension of the slotted top metal 
of complemented as shown in Fig 1. The complementary design 
is etched on the bottom metal plane shown in Fig 2 and the 3-D 
view of a single cell of the complete FSS is shown in Fig 3. The 
dimension of the dielectric substrate is 190mm x 280mm x 1.6mm. 
The dielectric constant is 4.4. As the dielectric substrate is very thin 
the structure was not affected by the loading effect. The distance 
between the centers of any two adjacent square loops is 22mm in 
both the horizontal and vertical directions respectively.

Fig. 1: Top View of the Proposed Unit Cell (Black portions Indicate 
Copper)

Fig. 2: Rear View of the Proposed Unit Cell (Black Portions 
Indicate Copper)
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According to the principle of the duality in  electromagnetic [9], a 
complementary structure is supposed to have exactly the opposite 
response to the original one. A metallic loop strip contributes 
to inductance while the gap between two elements provides 
capacitance [10]. Thus for a complementary part, the original 
bandreject characteristics will be replaced by a bandpass nature. 
For a metallic square loop FSS (fig. 1.) which is equivalent to 
a series LC resonant circuit, providing a transmission zero, its 
complementary structure is a slot square loop (fig. 2.) which 
is equivalent to a parallel LC resonant circuit, thus providing 
a transmission pole. For the needs of the WLAN and WIMAX 
communication our proposed complementary FSS is shown in 
fig. 3.

Fig. 3: Unit Cell Overview of the Complete FSS (Shaded Portions 
Indicate Copper) 

III. Results and Discussion
Transmission electric field for the FSS structure shown in fig. 3. is 
calculated by Ansoft Designer® software for the frequency range 
of 1GHz to 10 GHz is shown in fig. 4.

Fig. 4: Normalized Transmitted Electric Vs Frequency (simulated 
data) (Corresponding fig. 3.)

Fig. 5: Normalized Transmitted Electric Vs Frequency (practically 
measured data) (Corresponding fig. 3.)

In the modified FSS multiple resonating frequencies have been 
obtained. The resonant frequencies with bandwidth and percentage 
bandwidth have been shown in tabular form.

Table 1:

FSS Structure
Resonant 
Frequency 
(GHz)

-10dB 
Bandwidth 
(GHz)

Transmission 
co-efficient 
(dB)

FSS 
Structure 
shown in 
Fig 3.

Si
m

ul
at

ed
 R

es
ul

ts 2.49 0.46 -3.14

3.44 0.45 -3.90

Ex
pe

rim
en

ta
l R

es
ul

ts

2.47 0.50 -0.038

3.4 0.55 -2.02

Fig. 6: Fabricated FSS (Top View) (Corresponding to fig. 1)
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Fig. 7: Fabricated FSS (Bottom View) (Corresponding to fig. 2)

Fig. 8: Experimental Set Up

V. Conclusion 
The proposed designed FSS structure (shown in Fig3.) thus acts 
like a bandpass filter transmitting well at WLAN frequency of 2.47 
GHz and at WIMAX frequency of 3.4GHz. Considering -10 dB as 
the transmission limit the percentage bandwidths of 20.25% and 
16.17% respectively are noted at the resonant frequency which is 
very good for FSS. Good agreement is obtained between simulated 
and experimental curves which is encouraging. The small difference 
between the simulated and measured results is mainly due to fact 
that the relative error from the calibration becomes large when 
the transmission power is small and multi-path interference in 
the testing environment. Also due to the symmetrical nature of 
the design; the FSS is polarization independent for 900 (degree) 
rotations about any vertical axis, perpendicular to the FSS plane 
and passing through its center.
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