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This new article presents a periodic structure of Frequency Selective Surface (FSS) with eight metallic
strips, this structure is composed of metallic strips on the X axis and others on Y. The FSS proposed for
multiband, Very Wide Band applications (VWB) with double polarization and for military radome applica-
tions, the F'SS was placed on a dielectric substrate, the structure was excited by a plane wave polarized along
X and Y is characterized by the iterative method WCIP (Wave Concept Iterative Procedure). The proposed
periodic structure gives four resonant frequencies in the X polarization and four frequencies when it was
polarized along Y after the characterization of the latter frequencies have been identified. Therefore, one can
determine the resonance frequencies from the variation of the lengths of the metallic strips and the improve-
ment of the bandwidths in the excitation directions X and Y. The results of the simulation by the HFSS
Software (High Frequency Structure Simulator) and the WCIP method were compared and a good agreement

between the two results was observed.
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1. INTRODUCTION

The Frequency Selective Surfaces (FSS) are two-di-
mensional periodic arrays of metallic patches on a die-
lectric layer. The FSS acts as a spatial frequency filter.
This response depends on the polarization and the angle
of incidence of the electromagnetic waves, the geometry
of the patch and the periodicity of the unit cells [1], the
thickness and permittivity of the substrate.

FSS structures (Frequency Selective Surfaces), are
periodic arrays comprising metallic patterns on a dielec-
tric substrate or a dielectric patch in a metallic layer, the
purpose of these structures is filtering in the cases of re-
flection of some frequencies and transmission of others.
These periodic FSSs are basic elements in systems with
multiband applications, they are used as bandpass or
bandstop filters [2]. These periodic surfaces can be as
lowpass or highpass filters.

An FSS surface is a three-dimensional structure that
presents on two or three directions of periodicities, it is
a set of basic pattern elements that repeat regularly on
the same periodicity vectors. The periodic structures are
excited by a plane wave along the Z direction.

In this work the FSS structure with eight metallic
strips is proposed for multiband (VWB) dual polarization
applications and other for military radome applications
with improved bandwidths [3].
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2. THE WCIP METHOD

After Professor Henry discovered the WCIP method,
studies were conducted on metallic patterns mounted on
a ground plane and multilayer circuits[4], this method is
suitable for the study of microwave circuits, frequency
selective surfaces FSS and periodic structures [5-6]. Dif-
ferent techniques have been considered after the im-
provement of this method, technical studies of input im-
pedance, metallic state and spectral connection. The dif-
fracted waves "B" and incident waves "A" are defined on
the interface of the circuit between the electromagnetic
quantities and the circuit type variables, it is the wave
returns to the surface "Q", this last surface is the inter-
face between the domain "Q1" and the domain "Qz2".

So I have in this figure below Fig. 1. which represents
a periodic structure contains a plane "Q", this plane sep-
arates medium 1 and medium 2, the two media are char-
acterized by the magnetic permeability and its electric
permittivity, the excitation of our structure by plane
waves, we find on the interface "Q" two waves generated:
the reflected and incident waves, these waves are given

as a function of the magnetic field ﬁTi and the electric

field ETi , Z; designates the wave impedance of medium

(1) in the equations (2.1) and (2.2), the current density of
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the same medium is ji with n being the normal vector

to the interface in the equations (2.3). These will be re-
flected to give the new next iteration for both TE, TM po-
larizations [7].

The definition of reflected and incident waves as fol-
lows:

- ] - -

4= 7 (En+20 ) 2.1)

- ] - -

B; = W(Eﬂ _Z()i‘]i) 2.2
J, = Hy nii @.3)

3. THE UNIT CELL OF THE STRUCTURE

In this structure FSS I have a unit cell that I have
proposed is presented in Fig. 1. [8], the structure con-
sists of eight metal strips etched on a dielectric substrate
of thickness A =0.1 mm, with a relative dielectric con-
stant & = 4.4, the dimensions of the unit cell of this
structure are a and b. The dimensions of the unit cell of
the FSS are: a=b=28 mm, Li1=25 mm, Lz =21 mm,
L3 =16 mm, Ls=13 mm on the X axis and Ls = 24 mm,
Ls =20 mm, L7=15 mm, Ls = 12 mm, on the Y axis, the
width of the strips is w =1 mm, the distances between
the strips are: e= 2.5 mm, k= 1.8 mm, g =2.1 mm.
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Fig. 1 — Unit cell of the proposed FSS

The cell is excited in both X and Y directions by a
plane wave of polarized incidence, a 100 x 100 pixel
mesh is used and the program process is stopped after
130 iterations.

4. FSS RESULTS
4.1 Transmitted Power

As shown in Fig. 2. the simulation of the FSS struc-
ture by the HFSS software was compared by the WCIP
method, in this figure we have the transmitted power as
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a function of the operating frequency for the X polariza-
tion by this FSS [9], we observe four resonance frequen-
cies at 5.1 GHz, 6 GHz, 7.8 GHz, 9.8 GHz, the bandwidths
of 750 MHz, 790 MHz, 770 MHz, 990 MHz at -10 dB re-
spectively, in Fig. 3. we found four frequencies at 5.3 GHz,
6.2 GHz, 8.5 GHz, 10.5 GHz, with bandwidths of 700
MHz, 890 MHz, 630 MHz, 850 MHz respectively when the
structure is excited in Y.

Transmission coefficient (dB)
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Fig. 2 — Transmitted power as a function of frequency following
polarization X

Transmission coefficient (dB)

35r q

ol |—HFSs ]
---WCIP

R R S IR N I

Frequency {GHz)

Fig. 3 — Transmitted power as a function of frequency following
polarization Y

4.2 The Radiation Pattern

A volume containing the radiating elements must be
defined to simulate the far field under HFSS, this vol-
ume of the field must be distant from the elements by a
distance between 1/4 and 10 of the wavelength. The ra-
diation describes the spatial distribution of the antenna
power. Fig. 4 below shows the 3D radiation pattern on a
remote area of the antenna [10], also represents the total
field modulus E in the E and H planes (p=0 and
6 = 90°), for the simulated FSS structure, I see in this
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figure Fig.5. that the maximum value of the total field is
2.4875 x 103 mV, the radiation pattern[11] allows the
determination of a radiating aperture of 155° along X,
148° on Y, 180° towards Z of the power which corre-
sponds to — 3 dB and a total gain value of 1.4548 x 102
dB which was represented in Fig. 5.
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Fig. 4 — The 3D radiation pattern, The total field
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Fig. 5 — The 3D radiation pattern, The total gain

4.3 The Variation of Distances e, k, g

We observe in Fig. 6. which represents the transmis-
sion coefficients as a function of the operating frequency
for different values of the distance e, the variation of e is
adjusted by the resonance frequencies, the variation of
this distance results in a change in the frequency.
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Fig. 6 — Transmission coefficients as a function of operating
frequency with different values of e
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When the distance increases the resonance fre-
quency increases from the lowest frequency of 10.5 GHz
to 11.1 GHz as shown in this figure Fig. 6.

We can say that the variation of the distance k be-
tween the two strips 2 and 3 in Fig. 7. which represents
the different values, this distance increases with the in-
crease of the frequency for 1.6 mm to 1.8 mm but for
k = 2 mm the resonance frequency decreases to 16.2 GHz
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Fig. 7—The transmission coefficients as a function of the fre-
quency with different values of &

In Fig. 8. shows the variation of the frequency for the
different values of the distance g, we notice that the fre-
quency increases when the distance has also increased
from 20.6 GHz to 21 GHz but remains fixed for g = 2 mm
at the frequency 21 GHz.
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Fig. 8 — The transmission coefficients as a function of the oper-
ating frequency for different values of g

4.4 The Errors

From Fig. 9 the relative error in the resonance fre-
quency obtained is presented with respect to the results
of the frequency of each metal strip varies from 0 % to
11.43 % and 0.1 mm to 2.5 mm respectively, so the val-
ues of 1.6 mm, 2.1 mm, 2.2 mm, 2.4 mm, 2.5 mm are
taken as distances for a zero relative error.
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Fig. 9 — The relative error as a function of the distance

The error at each variation of the distance between
the strips is presented in Fig. 10. below, in the resonance
frequency obtained with respect to the results of the fre-
quency of each metal strip varies from 0 GHz to 11.7
GHz and 0.1 mm to 2.5 mm respectively, the values
closer than the uncoupled frequencies are 1.6 mm, 2.1
mm, 2.2 mm, 2.4 mm, 2.5 mm, because the errors of
these distances are zero.
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Fig. 10 — The error as a function of the distance

4.5 The Table of Resonant Frequency and Band-
width
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In this Tab. 1 below I present the resonance frequen-
cies and bandwidths of each metal strip for both polari-
zation X and Y, I observe a very wide band (VWB) in the
second strip for frequencies 6 GHz, 6.2 GHz arrives at
790 MHz, 890 MHz respectively. The resonance frequen-
cies of 9.8 GHz and 10.5 GHz concerning the fourth strip,
the bandwidths that we found are 990 MHz, 850 MHz
for both polarization X and Y respectively.

Table 1 — The resonance frequency and bandwidth for each
strip following X and Y

Resonances f. / BWx Pol X Pol Y
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BW: (MHz) 750 700

Second resonance f> (GHz) 6 6.2
BW: (MHz) 790 890

; f, (GHz | 78 55
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fy (GHz) 9.8 10.5

F h

ourth resonance BW, (MHz) 990 S0

Pol X, Pol Y: Polarization X, Polarization Y.

fao: The resonant frequency corresponding to strip n,
(n=1,2,3,4).

BW.: The Bandwidth for strip n, (n =1, 2, 3, 4).

5. CONCLUSION
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very wide band (VWB) applications with double polari-
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10.5 GHz, with bandwidths of 700 MHz, 890 MHz, 630
MHz, 850 MHz, respectively for the excitation of the Y
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Hocnimxeuna ta mogenoBauHa FSS qina Gararomiana3oHHuX i ayske IMMPOKOCMYTOBHX JOIAT-
KiB 3 mOABIMHOIO mosTpU3aIriero 3a popMyIIOBAHHAM IOIIEPEIHOI XBUJIi
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V 1iit HOBIH CTATTI MU IIPOIIOHYEMO IIEPIOJUYHY CTPYKTYPY YacTOTHO-ceseKTuBHOI moBepxHi (FSS) 13 Bice-
MOMa MeTaJIEBUMU CMYKKAMH, TSI CTPYKTYPA CKJIATAETHCS 3 MeTAJIeBUX CMY KOK Ha ocl X Ta inmux Ha Y. FSS,
3aIpOIIOHOBAHA IS 6AraToIianazoHHuX, ayxe mupokocmyrosux mnporpam (VWB) 3 mogsiiiHo0 mosspuaa-
ITIEI0 Ta JIJIs 3aCTOCYBAHHSA y BIACHKOBUX oOTeraressx F'SS momimanmy Ha JieJleKTpUYHY MIKIAIKY, CTPYK-
Typy 30y:KyBaji IJIOCKOK XBUJIEIO, IIOJISIPU30BAHOI0 B3JOBK X Ta Y XapaKTepHU3yeThCs ITepaliitHuM MeTo-
nom WCIP (IrepariitHa mporieypa XBUJIF0OBOI KOHIIEIIIIT). 3alIpOIIOHOBAHA IIeplofnyHa CTPYKTypa Jae HaMm
YOTHUPH PE30HAHCHI Y4acToTU B X-TOJISIPU3AIl T4 YOTUPHU YACTOTH, KOJIM BOHA 0yJia MOJIAPU30BaHA B3IOBK Y
IiCJIsT BUBHAYEHHS XapaKTePUCTUK OCTAHHIX 4acToT. ToMy MM MOKeMO BU3HAYMTH PE30HAHCHI YaCTOTH 34
3MIHOIO JOBKUHU METaJIeBUX CMY’KOK 1 IIOKPAIIEHHSIM CMYTH [IPOILYyCKAHHS B HAIPAMKAX 30yeHHA X 1 Y.
Peaynbraru monesoBanHas 3a gonomorowo mnporpamuoro 3abesneuenss HFSS (Cumysisstop BucokogacroTHOI
crpykrrypu) 1 Mmetoxy WCIP criocrepirasocst Xxopoiie y3rofzKeHHsI MK JIBOMa pe3yJIbTaTaAMH.

Knrouosi ciosa : [Tepioguuna crpykrypa, Meranesi cmysgkxu, VWB, Pamom, [Tonsitina monsapusariis, Mero
WCIP.
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