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Abstract
In this paper, a novel compact Frequency Selective Surface (FSS) 
resonating at four frequencies is designed. The proposed FSS is 
92.7% compact compared to what is acheived in conventional 
design method using a simple square patch without slot. 
Transmission properties of the designed FSS is theoretically derived 
by Method of Moment. Simulated results of the transmission 
coefficients are obtained using the ANSOFT® designer software. 
Experimental investigations are done using standard microwave 
test bench. The designed FSS can be used in microwave ovens, 
optical communication, radio astronomy, amateur radio, radar, 
Satellite Communication and mobile communication.
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I. Introduction
FSS is being investigated for the last few decades for its wide 
range of applications [1-8]. Two dimensional periodic array of 
metallic patches on a dielectric sheet or apertures made on a 
metallic sheet supported by dielectric is called FSS [9]. When a 
FSS is illuminated by an electromagnetic wave, some part of it, is 
reflected and some part is transmitted. So it behaves as frequency 
filters. The patch type FSS behaves as Band reject filter and the 
aperture type FSS behaves as Band pass filter. Depending upon 
the shape of the constituting elements its operating characteristics 
like resonant frequency, bandwidth etc. varies. Several works 
have been reported to achieve multiband Frequency selective 
surfaces [10-14].
In this paper, a novel patch type FSS is designed. The FSS is 
constituted by two dimensional array of patches. Each patch 
is having four concentric rectangular ring type slots with one 
rectangular slot at it’s center. The dimensions of the unit cell is 
shown in fig. 1. The resulting FSS resonates at S and C bands. 
So the designed FSS can be used in microwave ovens, weather 
radar, surface ship radar, Communication Satellites especially 
those used by NASA to communicate with the Space Shuttle and 
the international space station. Under Wi-MAX standards most 
vendors are now manufacturing equipment in the range of 3.5GHz. 
It can also be used in optical communication, Amateur radio, Wi-
Fi, cordless telephone and Commercial  telecommunication via 
Satellite communication.

II. Design of FSS
The designed Frequency Selective Surface consists of two 
dimensional array of patches. Each patch is of size 22mm X 22mm. 
On each patch, four concentric rectangular ring type slots with 
one rectangular slot at it’s center have been cut out. Periodicity is 
taken 27mm in both x and y direction. The patches are present on 
one side of a thin dielectric slab of thickness 0.8mm and copper 
coating on the other side of the slab is completely removed. The 
dimensions of each unit cell is shown in fig.1.

Fig. 1: Unit Cell (Patch With Four Concentric Rectangular Ring 
Type Slots With One Rectangular Slot at it’s Center) Under 
Investigation

III. Theoretical Analysis of the FSS using Method of 
Moment
The Transmission property of the proposed FSS (Fig. 1.) is 
theoretically calculated using Method of Moment and is presented 
here briefly. Let J


 be current density induced on FSS due to a 

given incident field and k0 be the free space wave number. The 
scattered electric field in transformed domain  at z=0 
can be derived from [15] as

     (1)

Where

On the conducting patch, the tangential electric field vanishes.
So, 0s inc

Tan TanE E+ =                  
i.e. s inc

Tan TanE E= −
Since structure is periodic  has a discrete spectrum in 
transformed domain i.e. 

 is non zero for discrete values of  viz.  
which corresponds to Floquet’s modes. So while taking inverse 
Fourier transform of Equation (1), integral form can be converted 
into a summation form. 
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Putting s incE E= − and taking inverse Fourier transform of Eq. (1) 
we get,
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Where

θ is the angle of incident wave with the z-axis and ϕ is the angle 
of the projection of the incident wave on the XY plane with the 
X-axis . ‘a’ and ‘b’ are periodicity in x and y direction respectively. 
Skew angle is taken as zero.
For solution, the matrix equation (2) is represented by 
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L(u)=g       (3)
where g is known matrix and u is the matrix to be determined and 
L is the operator function involved in Eq. (3).

The Proposed FSS (Fig.1) consists of four concentric rectangular 
ring type slots with one rectangular slot at it’s center. Each arm 
of the rectangular ring type slot can be considered to be made up 
of four slotted dipoles. The basis functions for slotted dipole and 
rectangular slot are suggested by R. Mittra et. al. [15] are
The basis functions for slotted dipole is

0=xJ

( )sin 0,
2iy y

i LJ y P L
L
Π  = + × 
 

i=1,2,3……
L= Length of the dipole.

( )0, 1 | |
2y
LP L for y= ≤

            = 0 otherwise.
The basis function for rectangular slot is

and

Where b is the width of the rectangular slot and d is the length 
of the rectangular slot.
p,s=0,1,2................,q,r =1,2,3,..........and Ti is the ith order 
chebyshev function of the first kind.
Considering these basis functions we have calculated  
and  assuming 0 0jk yinc inc

y xE e andE−= =

Next the values of  and  have been put in equation   
(2) to get the scattered electric field

( , )s
xE x y and ( , )s

yE x y . Now from these scattered electric fields, the 
transmission coefficients of the structure of mode m, n due to 
incident mode k, l  is given by [16].

  (4)

where 

From the transmission coefficients the normalized transmitted 
electric field in dB have been calculated separately for each of 
the four slotted dipoles (i.e. arms of rectangular ring slot) for 
four rectangular ring slots. Then averaging these results (for 
four rectangular ring slots and the rectangular slot at its centre), 
composite plot of normalized transmitted electric field in dB versus 
frequency is shown in fig. 2. and from that graph the resonating 
frequency can be determined. 
Following this method, ANSOFT® designer software has been used 
to compute the transmitted Electric field at different frequencies 
for different FSS structures. This has been confirmed by measured 
results also. 

IV. Measurements
The designed Frequency Selective Surface is fabricated and tested 
in microwave laboratory using Agilent made microwave generator, 
power meter, power sensor etc. Transmission tests are done at S and 
C bands. Two horn antennas (one for Transmission and other for 
reception) are placed at both the sides of the FSS structure. The horn 
antennas are connected to Agilent Power source and Agilent Power 
meter to the Transmission and Receiving antennas respectively. 
Horn antennas of different sizes are used for measurement of 
frequency range of 2 to 8 GHz with 0.1 GHz. Interval. After getting 
the readings, graph is plotted between normalized transmitted 
electric field in dB versus frequency in GHz.

V. Result and Discussion
Simulated and measured data have been plotted for comparison. 
This has been shown in Fig.2. The results are also given in Table 
1. It is observed from the plot, that the designed FSS resonating 
at four frequencies with band ratio of 1.53 between the last two 
bands. All the four bands have good percentage bandwidth as 
shown in the table. Most importantly, the designed FSS is 92.7% 
compact. All these properties in a single FSS makes it a good 
design for multipurpose applications and better than the previous 
work done in this field [17]-[19], where the FSS resonating at one 
or two frequencies.
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Fig. 2: Graph Showing Simulated and Measured Results for the 
Designed FSS Comprising of Rectangular Patch Loaded by Four 
Concentric Rectangular Ring Type Slots With One Rectangular 
Slot at it’s Center.

Table 1: Results in tabular form 

S. No. Resonant
Frequency GHz

Gain
dB

Bandwidth 
(GHz)

Percentage 
Bandwidth

1. 2.7 -19.7 0.3 11.11
2. 3.6 -33.7 0.24 6.6
3. 4.9 -24.9 0.64 12.87
4. 7.5 -34 0.7 9.3

VI. Conclusion
It is observed that the designed FSS resonates at four frequencies 
which are in S and C bands. Three transmission bands of widths 
0.5GHz, 0.8GHz and 1.6GHz are also observed. The square patch 
FSS without slot resonating at 10GHz has the length 22mm. 
However the proposed FSS resonating at 2.7GHz, should have the 
length 81.48mm but it’s actual length is 22mm. So a size reduction 
of 92.7% is achieved. Since it covers a wide range, this type of 
multi band FSS is very fruitful for various applications.
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