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Abstract

We propose a quartz-supported frequency selective surface (FSS) for 6G communication,
featuring a gear-shaped metallic array on a single layer. The transmission characteristics
are investigated using full-wave simulation and the equivalent circuit method.
Additionally, the surface current distribution, electric field, and magnetic field
distributions are studied to better understand the transmission mechanism The simulation
results show that a resonant frequency of 16.63 GHz can be achieved with an attenuation
of -80 dB. The transmission response of the FSS prototype was measured using a free
space setup, and the measured results matched well with the simulated ones, confirming
the design and fabrication reliability. The proposed FSS, with its simple structure, low
cost, easy fabrication, and integration advantages, can enhance communication
performance and anti-interference capabilities in future 6G system.

Keywords: 6G; communication; frequency selective surface; circular loop;
Transmission; Square Loop.
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1.Introduction

With the commercialization of 5G communication technology, research on 6G [7]
technology is underway to achieve higher data rates and lower latency. The most
promising frequency range for 6G communication is between 7-20 [1], due to
considerations of power source and system integration. As a result, there is a growing
demand for devices such as absorbers, antennas[2,5,6], filters[3,4], and lenses that meet
the requirements of being low-cost, simple in structure, compact, and highly integrated
Frequency Selective Surface (FSS) [12] is a solution that meets these requirements and
has been widely used in various applications including filters, antenna reflectors,
radomes, absorbers, and electromagnetic (EM) applications. Indeed, these frequency
selective surfaces have several performance advantages for their applicationareas. For
example,designed frequency selective surfaces [8] have better polarization stability due
to the use of hexagonal cavities. Of course,this makes their construction and fabrication
somewhat complex:the frequency-selective surface reported in [9] can provide aflat
passband. The frequency-selective surface proposed in [10] canprovidea four-band
frequency response, is limited by its large thickness for many applications. The
frequency-selective surface in [11] has a structure.On the other hand, its performance is
a bit weaker. Therea balance must be struck between tural complexity, thickness, and
manufacturing. The FSS proposed in this paper operates at a resonant frequency of 16.63
GHz, making it suitable for the frequency range expected to be used in 6G
communication.
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This FSS features a simple structure with a single-layer design of gear-shaped metal
arrays deposited on quartz glass, making it cost-effective and easy to fabricate. It provides
excellent filtering capabilities while striking a balance between structure complexity,
thickness, and fabrication requirements. The simulations are done using CST Microwave
Studio.

2. Structure, Analysis, and Discussion

The FSS structure consists of a two-dimensional periodic array of circular loops. The
geometry of the FSS being studied is shown in Fig.1. Each unit cell contains a printed
circular conducting loop. A thin substrate layer is used to aid in the fabrication of the FSS
for printing the conducting loops. The substrate has a thickness (h) and relative
permittivity (¢) that should be kept to a minimum.The equivalent circuit model (ECM) of
the circular loop FSS is shown in Fig.2, which includes a LC circuit where the inductance
(L) and capacitance (C) are represented by the conducting elements and inter-element
spacing, respectively. Therefore, the resonant frequency can be determined as:

f=1/2m\NLC..........oooe...... 1

Figure 2: LC circuit

The proposed single-layer FSS is simulated and optimized using CST Microwave
Studio software. These parameters were as follows in table 1.

Table 1: Dimensions of the design

X Y met_h w r_out Sub h
14 14 0.035 0.5 6 0.5
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The difference between the upper and lower frequency responses at-10 dB represents the
fractional bandwidth:

Bandwidth = % X 100%.vverrorerrons 2

0
The circuit model for obligue angles of incidence necessitates the inclusion of inductance
and capacitance expressions for both transverse electric (TE) and transverse magnetic
(TM) incidence. By utilizing the geometry depicted in the fig3, the fundamental equations
for determining the inductance and capacitance of strip gratings with periodicity (p),
width, and spacing (g) at oblique angles of incidence can be derived from, and the overall
forms are provided by[13]

pcosf w
Xrg =F(p,w, 4,0) = 7 [ln (csc%> +G(p,w,4,60)] i3
4p cos 6 g
Bry =4F(p, g, A, @) = 7 [ln (cscg) +G6(P, g, A4 P)] i A
pseco w
Xy = [ln(csc—>+G(p,w,)L¢)]...... weee D
A 2p
4psecO
= 2P [ln(csc%>+6(p,g,/1,9)]... -

Where fand ¢ are the angles of incidence, A is the wavelength, and G is the correction
term started i. By varying 6and ¢, it allows incidence of the plane waves at arbitrary
angled. Langley and parker have extracted the lumped-element ECM for the square-loop
array. Accordingly, a lumped-element ECM can be obtained for circular loop array.

Metalic Strips 4

E
)Imiht wave
P X

I

|

x |

'y |

{ e |

™ -

Figure 3: Plane wave incidence upon an inductive Strip grating. For a capacitive strip grating,
replace the incident electric field (E) with a magnetic field (H)

3. SIMULATION RESULTS

The proposed FSS was designed and simulated using CST software in figd. The
simulation included unit cell boundaries, and the corresponding transmission coefficients

for TE mode and TM mode were shown in Fig.5 and Fig.6, respectively From Fig.5, it
can be observed that a return loss of less than -80dB indicates that in the stop band, no
signal passes through. This means that the frequency range from 15.36 GHz to 17.14 GHz
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is blocked by the FSS structure, with a resonance peak occurring at 16.63 GHz The
stop band FSS structure allows frequencies below 15.36 GHz and above 17.14 GHz to
pass through. On the other hand, the band pass FSS structure permits frequencies between
8.55 GHz and 17.47 GHz to pass through, while blocking frequencies below 8.55 GHz

and above
17.45 GHz .1t is worth noting that the resonance for the pass or stop band occurs at the

same frequency, which is 16.76 GHz.
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Figure 4: Unit cell boundary
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Figure 5: Transmission parameters (stop band) for TE and TM mode

S-Parameters [Magnkude in dB] \7
0 : v : ' ! "\[‘ —— SZmin{2),Zmax(2) (1)
/ Q (17474, 060412 )

815 ; : ; ' ' ;

O A

5 !

I : : : :

3 8 10 12 14 16 13 0

Frequency / GHz

Figure 6: Transmission parameters (pass band) for TE and TM
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The proposed FSS is not influenced by polarization because of its symmetrical design,
although this aspect is not thoroughly investigated in this study. Since incident waves can
come from different directions, it is preferable to have devices that are not affected by
angle. As illustrated in Fig.7and Fig.8 The graph shows the transmission response for
both TE mode and TM mode at different incident angles. It is clear that the frequency
response of the FSS remains consistent across various incident angles, with the bandstop
transmission response staying mostly the same at incident angles below 20 degrees with
a reference of -15dB. This indicates that the structure can be used in more complex
applications because it is not sensitive to incident angles. Tables 2 show simulation
results for both TM and TE polarizations . Similarly,the angular variation from 0° to 20°
for the FSS structure in the passband is shown in Fig.9 and Fig. 10.
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Figure.7. Incidence angle variation of stop band unit cell in TE
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Figure 8. Incidence angle variation of stop band unit cell in TM

Table 2: 10 dB transmission bandwidths 7/20GHz for TE and TM polarization

Angle TE ™
TEO0° | TE10° | TE20° | TMOQ° | TM10° | TM20°

Resonant frequency frl GHZ | 16.31 | 15.85 14.82 | 16.27 15.85 14.81

Bandwidth BW GHZ 5.019 | 3.63 2.23 5.00 3.64 2.24
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Figure.9. Incidence angle variation of pass band unit cell in TE mode
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Figure.10 Incidence angle variation of pass band unit cell in TM mode

4. Conclusions

This paper presents a single-layered FSS designed for 6G communication. The FSS
consists of a 600 nm thick layer of gear-shaped metallic array deposited on 1 mm thick
quartz glass. Simulation results show that the FSS has excellent bandstop filtering
capabilities, with a resonant frequency of 16.63GHz and -80dB attenuation. Additionally,
the FSS is not affected by polarization or incident angles. A prototype of the FSS was
fabricated and its transmission response was measured using free space measurement.
The measured results align with the simulated ones, confirming the reliability of the
design and fabrication. Due to its simple structure, low cost, and ease of fabrication and
integration, the proposed FSS is suitable for bandstop filtering applications, and can
enhance communication performance and anti-interference ability in future 6G
communication systems
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