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I. INTRODUCTION 
Frequency Selective Surfaces (FSS) are defined as periodic structures of identical elements arranged in two or 

three dimensions forming an infinite array. This array can be formed by all-dielectric elements, aperture type 

elements or conductive patch type elements, in a single or multilayer structure. FSS has electromagnetic 

properties, in terms of transmission and reflection characteristics, that vary with frequency. They can act as 

filters that operate on free-space waves, exhibit band-stop or bandpass characteristics, which depends primarily 

on the type and the geometry of the structure on one period called unit cell [1-3]. An example of this type of 

structure is shown in Fig. 1. 

 

 
 

Fig. 1: Front (superior) view of a FSS and its unit cell. 

ABSTRACT: In this paper, a single-layer combined element based Frequency Selective Surface is 

proposed for 60 GHz Millimeter-Wave Wireless Local Area Networks (WLAN) Applications. The element 

geometry used in the unit cell for the proposed structure consists of a simple modification in the element 

obtained by the concept of simple combined element (SCE). The basic elements: square loop, cross- dipole 

and square patch were used to obtain this element. The results demonstrate a wide 11 GHz stopband in the 

60 GHz WLAN (802.11 ad) frequency range.  
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In some FSS applications a wideband frequency response is preferred; however in other applications a multiband 

frequency response is desired. This question of operating bandwidth is an important problem in FSS theory. 

Usually, FSS consisting of elements which has a simple shape will produce a single resonance response. To 

obtain a FSS structure with multiband or wideband frequency response there are many methods such as 

combined elements, complex elements, including spiral and fractal, multilayered FSS, and the combination of 

several of those techniques [4-10].  

FSS has a long history of research and development and has been investigated over the years for a wide variety 

of applications. It has been used as radomes and subreflectors integrated with antennas systems, this last one is 

applied to separate electromagnetic waves into different frequency bands. FSS structures have been successfully 

proven as a mean to increase the communication capabilities of satellite applications (Voyager, Galileo and 

Cassini, for example) [1-3].  

Applications using FSS in 60 GHz millimeter-wave range have been special attention in the last years, an 

electronically switchable single layer FSS for 60 GHz applications is presented in [11], this design is based on 

modified elliptical patch geometry with a single GaAs PIN diode that switches between transparent and opaque 

modes of operation. A novel millimeter-wave cascaded FSS for de-multiplexing four atmospheric remote 

sensing bands is presented in [12]. An active FSS using cantilever switches for 60 GHz pass-band switching 

applications is presented in [13]. A MEMS enable FSS for 60 GHz applications is described in [14], in this case 

the transmission through the structure can be switched by 30 dB at resonance by switching the MEMS  between 

ON and OFF states, each unit cell has two MEMS contact type switches across the aperture at an 180º interval. 

In this paper, a single band-stop FSS with elements geometry based on the concept of simple combined element 

(SCE), is proposed. The SCE concept uses two or more traditional elements into a single element in each unit 

cell in particular condition, and providing an explicit relationship between the resonance frequencies, in terms of 

transmission or reflection coefficient, of combined element FSS [7]. A structure of the element in the unit cell 

provides similar transmission characteristics for both X-polarized electric field (TE Mode) and for Y-polarized 

electric filed (TM Mode) for a normal incidence. The dielectric substrate used was the Rogers RO3003, with 

0.13 mm of height and relative permittivity equal to 3 and unit cell periodicity (Tx = Ty) equal to 3.5 mm.  

 

II. ANALYSIS AND FSS STRUCTURE 
In the theoretical analysis, the electromagnetic fields must satisfy the periodicity requirements imposed by 

Floquet’s theorem [15]. 

The wave equation solution is given by [15]: 
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Where p and q are the grating harmonics related to the periodicity present in the FSS. k


is the propagation 

vector and  is the angle between k


 and the normal to the plane of FSS,  is angle between the x axis and the 

projection of k


on the x-y plane. 
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The mode functions for the transverse electric field components can be expressed in terms of the scalar wave 

function  and the resulting TE and TM mode functions, respectively, transverse with respect to the z axis, are 

given as [15]: 
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The modal impedances are related with transverse electric ad magnetics fields as [15]: 
2/1

0

0


















pq

TE

pq
W

k
 (8) 

2/1

0

0


















pq

TE

pq
W

k
 (9) 

Electromagnetic plane waves can be decomposed into a combination of E- and H-polarized plane waves that 

correspond to the TE and TM Floquet modes with both p, q = 0, a plane wave with unit electric field intensity 

incident in the   plane and at an oblique angle   with the FSS can be given as [15]: 
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rA00 is the magnitude of incident filed component and r = 1 or 2 is used to designate the TE and TM Floquet 

modes, respectively. The scattered fields can be expressed in terms of reflection coefficients pqR  [15]: 
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The reflection coefficient can be expressed as [15]: 

daHzR pqr
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pqr
 is the complex conjugated of 

pqr . The transmission coefficient can be computed using (14), from the 

relation between reflection and transmission coefficients. 

The proposed structure is based on a simple modification on the element obtained by the SCE concept, where 

two or more simple or basic elements are combined to obtain a new unique element from the join of these first. 

Fig. 2 shows the process to form the combined element using SCE. The basic elements: square loop, cross- 

dipole and square patch were used to obtain this element. 
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Fig. 2: Unit Cells and its elements: (a) square loop, (b) cross-dipole, (c) square patch and (d) combined element. 

A simple change in the combined element was done to obtain the proposed element for the FSS structure, Fig. 3 

shows the proposed element and its parameters.  

 

 
 

Fig. 3: Proposed element. 

 

The modification consists of small slots (s) inserted in the equivalent part of the square loop presented in the 

combined element, as shown in the previous figure. 

 

III. RESULTS 
To investigate the performance of the proposed FSS with modified combined element, in terms of transmission 

characteristics, the structures were simulated, and the results will be presented in the next figures. Fig. 4 shows 

the transmission characteristics for the simple elements used to obtain the combined element. 

 

 
 

Fig. 4: Transmission coefficients for the simple elements FSS. 

 

In Fig. 4 can be observed the individual results for the three simple elements used as the base to obtain the 

combined element. For the square loop FSS, can be observed the resonance frequency at 71.25 GHz (-19.12 

dB), it has a bandwidth equals to 490 MHz, from 71.01 GHz to 71.50 GHz for a 10 dB insertion loss reference 

level. In the case of cross-dipole FSS, it is possible to observe a bandwidth equals to 3.34 GHz, approximately, 
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from 42.93 GHz to 46.27 GHz for a 10 insertion loss reference level, with resonance frequency at 44.63 GHz (-

42.53 dB). The square patch FSS presents a resonance frequency at 78.25 GHz (-25.08 dB) and bandwidth 

equals to 630 MHz, from 77.89 GHz to 78.52 GHz.  

Fig. 5 shows the transmission characteristics for the combined element FSS (Fig. 2 (d)). For this case, the results 

present a resonance frequency at 40 GHz (-46.02 dB) and a bandwidth equals to 20.74 GHz, from 30 GHz to 

50.74 GHz. It is possible to observe, in this case, a significant increase in terms of bandwidth when compared to 

the results obtained for each one individual FSS structure with the simple elements. Another important 

observation regarding the results, for the transmission coefficient, is that the combined element FSS structure is 

operating with polarization independence, that is, the same transmission coefficient for both TE and TM modes 

(X and Y polarized, respectively) for a normal incidence. 

 
 

Fig. 5: Transmission coefficient for the combined element FSS. 

 

The transmission characteristics for the proposed FSS with a modification in the combined element are presented 

in Fig. 6. The proposed FSS parameters used to obtain the results was a = 0.4 mm, w = 0.2 mm, l = 3mm and s = 

0.2 mm.  

 

 
 

Fig. 6: Transmission coefficient for the proposed FSS. 

 

The results for the proposed FSS presents a resonance frequency at 60 GHz (-40.78 dB), exactly. It has 11.06 

GHz of bandwidth, from 54.5 GHz to 65.56 GHz for a 10 dB insertion loss reference level. The slots inserted in 

to obtain the proposed structure were able to increase the resonance frequency by 20 GHz when compared to the 

same parameter obtained for the combined element FSS. It is also possible to observe structure operation with 

polarization independence, the same results for TE and TM modes. 
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The proposed structure can be used in important applications. The use of the proposed structure in wireless 

communication technology operating under the 60 GHz frequency band, based on the IEEE 802.11 ad standard, 

may be mentioned as an example. The millimeter-wave band, especially the unlicensed spectrum at the 60 GHz 

frequency, is at the spectral frontier of high-bandwidth commercial wireless communication systems. The 60 

GHz technology holds great potential to upgrade wireless link throughput to Gbps level. The IEEE 802.11 ad 

standard has important characteristics, some of them are: operating frequency range at 60 GHz ISM Band, 

maximum date rate of 7 Gbps, typical distances up to 10 meters and 2.16 GHz of bandwidth. Depending on 

geographic location the WLAN system uses frequencies located between 57 GHz and 66 GHz. The ITU-R 

recommends the use of four channels with centre frequencies at 58.32, 60.48, 62.64 and 64.80 GHz [16-18]. Fig 

7 shows the transmission characteristics for the proposed structure and the bandwidth used in the 802.11 ad 

standard for a centre frequency at 60 GHz. It is possible to observe that the prosed FSS can be used for WLAN 

applications in this frequency range, the bandwidth from 54.5 GHz to 65.56 GHz obtained with the proposed 

structure fully covers the required band of 2.16 GHz. 

 

 
 

Fig. 7: Transmission coefficient (50-70 GHz) of the proposed FSS, with the bandwidth detail for the application. 

 

IV. CONCLUSION 
A compact band-stop FSS is proposed in this paper. A simple modification on a traditional simple combined 

element FSS was made to obtain the proposed structure, small slots (s) was inserted into the SCE element. This 

process makes it possible to obtain a structure for 60 GHz WLAN (802.11 ad) applications. This FSS structure 

has the advantage of polarization independent for a normal incidence and wideband, for a 10 dB insertion loss 

reference level, in the millimeter-wave WLAN frequency applications. 
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