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(57) Abstract: A Frequency Selective Surface (FSS) for the filtering of a frequency band and its design method are provided. The
& inventive FSS comprises a dielectric layer and a plurality of unit cells. The plurality of the unit cells are periodically arrayed on an
upper end of the dielectric layer, each of the unit cells having a tri-pole and a ternary tree type loop connected without overlapping.
In addition, the inventive method comprises the steps of bending a square shape loop at least once to obtain a meandrous square
shape loop and adjusting a length of the meandrous square shape loop when forming unit cells in the FSS, and arranging the unit
cells such that the FSS is comprised of geometrically identical unit structures or cells to tune a resonant frequency.
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Description

FREUQENCY SELECTIVE SURFACE FOR THE FILTERING

[1]

[2]

[3]

[4]

[5]

[6]

[7]

OF FREUQENCY BAND AND DESIGN METHOD THEREOF

Technical Field

The present invention relates to a Frequency Selective Surface (FSS) and a design
method thereof, and more particularly, to a spatial FSS for an FSS that cuts off or
transmits predetermined single or multiple frequency bands and a design method

thereof.

Background Art

It is known that an FSS has a structure that conductors or slots are periodically
arranged on a dielectric slab. The FSS serves as a kind of a spatial filter and has char-
acteristics that transmit or reflect only a specific frequency.

Such an FSS has been widely utilized in various application fields ranging from
classic fields such as a radome of an antenna, a dichroic reflector, a reflection array
lens, etc. to modemn fields such as an Electro-Magnetic Interference (EMI) protection,
an increase of Radar Cross Section (RCS), stealth technologies, an Artificial Magnetic
Conductor (AMC) and so on.

In the FSS, a structure corresponding to a single period is named as a unit cell. This
FSS has frequency response characteristics that are severely varied depending on a ge-
ometrical shape, an array form, and an array period of a unit cell, and material charac-
teristics of dielectrics and conductors adopted therein. Generally, structures of identical
shapes of rectangle, concentric circle or the like but of different sizes are utilized as
unit cells.

One of conventional FSSs is “Bandpass Frequency Selective Surface™ (US Patent
No. 5,384,575, issued on January 24, 1995)(hereinafter, “The first prior art™). The first
prior art employs an FSS to transmit only a frequency band desired by a user wherein a
resonant frequency of FSS can be adjusted by varying a width and a whole length of a
dielectric slot.

Since, however, a shape of conductor constituting a unit cell used in such FSS is of
a rectangular loop, there exists a problem that an area of the unit cell itself is varied
when altering the length of the loop.

Meanwhile, one of methods that design FSS that resonates in a desired frequency
band while reducing an area of a unit cell is “Convoluted array elements and reduced
size unit cells for frequency-selective surfaces™ that form the unit cell using a structure
known as Hilbert curve among fractal structures (IEEE PROCESSINGS-H, vol. 138,
no.1, February 1991, pp 19-22, E. A. Parker and A. N. A.EI Sheikh)(hereinafter, “The
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second prior art”. However, this second prior art has a drawback that a shape of
conductor constituting the unit cell used in FSS is of a convoluted square and thus the
resonant frequency is varied depending on an incident (vertical or horizontal) po-
larization.

Namely, the above-mentioned prior art FSS has drawbacks that the frequency
selective characteristics are varied depending on the polarization of electromagnetic
waves, and it cannot accurately block electromagnetic waves at a frequency of multi-
band. Moreover, since the conventional FSS merely adjusts a length of conductor or
aperture surface to tune a cut-off frequency, it results in an increase of cost due to such
design change.

Disclosure of Invention
Technical Problem

It is, therefore, an object of the present invention to provide an FSS that allows
multiple cut-off frequency bands to be easily adjusted without being affected by the
polarization of electromagnetic waves by using a structure that a tri-pole and a ternary
tree shape loop as a unit cell are connected without overlapping.

Another object of the invention is to provide a design method of an FSS that can
block or transmit a predetermined frequency band by modifying geometrical structure
characteristics such as a whole length of meandrous square loops used as unit cells in
the FSS and intervals between the loops and electrical characteristics of dielectrics and
conductors adopted in the FSS.

Technical Solution

In accordance with one aspect of the present invention, there is provided a
Frequency Selective Surface (FSS) for the filtering of multiple frequency bands, the
FSS comprising: a dielectric layer; and a plurality of unit cells periodically arrayed on
an upper side of the dielectric layer, each of the unit cells being composed of a tri-pole
and a ternary tree shape loop connected without overlapping.

Further, the FSS is implemented in such a way that an end portion of the tri-pole is
meshed with an internal end point of the ternary tree shape loop.

Furthermore, the FSS is implemented such that adjacent unit cells among the unit
cells are geometrically meshed with each other.

In addition, the FSS is fully coated with a dielectric to vary a resonant frequency.

In accordance with another aspect of the present invention, there is provided a
Frequency Selective Surface (FSS) for the filtering of a single frequency band, the FSS
comprising: a meandering square shape loop for being formed as a conductor or a
dielectric layer; and a plurality of unit cells for being made of a conductor or a

dielectric layer.
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In accordance with another aspect of the present invention, there is provided a
method for designing an FSS for the filtering of a frequency band, the method
comprising the steps of: bending a square shape loop at least once to obtain a
meandrous square shape loop and adjusting a length of the meandrous square shape
loop when forming unit cells in the FSS; and arranging the unit cells such that the FSS
is comprised of geometrically identical unit structures or cells to tune a resonant
frequency.

Moreover, in accordance with the invention, the frequency band (e.g., mobile phone
band 1.81 GHz, 2.4 GHz, ISM band, or the like) to be filtered can be adjusted by
varying a length and interval of the meandrous square loop inside the unit cells of FSS,
an interval between the unit cells, a thickness of the dielectric, a permittivity, etc. In
other words, the desired frequency band can be blocked or passed by adjusting a
geometric length, size, location, thickness, and material of the meandrous square shape
loop, dielectric, etc. forming the FSS.

The other objectives and advantages of the invention will be understood by the
following description and will also be appreciated by the embodiments of the invention
more clearly. Further, the objectives and advantages of the invention will readily be
seen that they can be realized by the means and its combination specified in the claims.

Advantageous Effects

The present invention is advantageous that it can enable a fine tuning of multiple
cut-off frequencies by adjusting an electric capacitance between a tri-pole and a ternary
tree shape loop.

Furthermore, the present invention is allowed to selectively block or transmit a pre-
determined frequency band desired by a user. Moreover, the invention has an
advantage that it is possible to adjust a frequency to be filtered by varying a length of
meandrous square loops constituting unit cells, a thickness of dielectric, and an interval
between the unit cells, without any variation of each of the unit cells itself.

And also, the invention employs a unit cell with user-desired adjustable area and
also has superior characteristics that are not affected by the variation of polarization of
incident electromagnetic waves. In addition, an advantage is that the present invention
can be used for various purposes such as masking of frequency bands for indoor
silence or usage prohibition of a mobile phone, masking of frequency bands for
protecting industry information by preventing an outflow of wireless LAN frequency
bands, or the like.

Brief Description of the Drawings

The above and other objects and features of the present invention will become

apparent from the following description of the preferred embodiments given in
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conjunction with the accompanying drawings, in which:

Fig. 1 is a cross-sectional view of an FSS in accordance with a first embodiment of
the present invention;

Fig. 2 shows an array structure of unit cells of the FSS in accordance with the first
embodiment of the present invention;

Fig. 3 illustrates a detailed configuration of the unit cell depicted in Fig. 2;

Fig. 4 represents details of adjacent unit cells shown in Fig. 2;

Fig. 5 provides graphs showing resonant frequency characteristics of the FSS with
respect to the unit cell structure;

Fig. 6 presents graphs showing variations of the resonant frequency with respect to
the thickness of the dielectric coating layer of the FSS in accordance with the first
embodiment of the present invention;

Fig. 7 offers graphs showing variations of resonant frequencies with respect to an
interval between the unit cells of the FSS in accordance with the first embodiment of
the present invention;

Fig. 8 provides graphs showing changes of resonant frequencies with respect to a
width of the tri-pole of the FSS in accordance with the first embodiment of the present
invention;

Fig. 9 represents graphs showing analysis results of the FSS in accordance with the
first embodiment of the present invention, which is manufactured depending on
frequency bands of the mobile communication service;

Fig. 10 presents graphs showing predicted values and experimental values for
frequency characteristic of the FSS which does not include the dielectric coating layer
in accordance with the first embodiment of the present invention;

Fig. 11 shows an array of FSS unit cells for the filtering of a frequency in
accordance with a second embodiment of the present invention;

Fig. 12 is a view showing a detailed configuration of the FSS unit cell for the
filtering of the single frequency in accordance with the second embodiment of the
present invention;

Fig. 13 depicts a detailed configuration of the FSS unit cell for the filtering of the
single frequency in accordance with the second embodiment of the present invention;

Fig. 14 is a cross-sectional view of the FSS unit cell for the filtering of the single
frequency having a bandstop function in accordance with the second embodiment of
the present invention;

Fig. 15 is a view showing resonant frequency characteristics of the spatial filter
composed of the FSS unit cell shown in Fig. 12 for the filtering of the single frequency
in accordance with the second embodiment of the present invention; and

Fig. 16 is a view showing resonant frequency characteristics of the spatial filter
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composed of the FSS unit cell shown in Fig. 13 for the filtering of the single frequency
in accordance with the second embodiment of the present invention.
Best Mode for Carrying Out the Invention

The above-mentioned objectives, features, and advantages will be more apparent by
the following detailed description in association with the accompanying drawings; and
based on this, the invention will be readily conceived by those skilled in the art to
which the invention pertains. Further, in the following description, well-known arts
will not be described in detail if it seems that they could obscure the invention in un-
necessary detail. Hereinafter, a preferred embodiment of the present invention will be
set forth in detail with reference to the accompanying drawings.

Fig.1 is a view showing an FSS in accordance with a first embodiment of the
present invention.

As shown in Fig. 1, the FSS of the present invention are configured in a such
manner that a plurality of unit cells 12 composed of conductors are periodically
arrayed on an upper side of a thin dielectric layer 11.

Each of a lower side of the thin dielectric layer 11 and an upper side of the unit cells
12 is formed by a dielectric coating layer 13. Here, each unit cell 12 has a structure that
a tri-pole and a ternary tree shape loop are coupled without overlapping. This will be
set forth in detail in the following embodiment.

First of all, various parameters used in designing the FSS of the invention and doing
experiments on its frequency characteristics will be defined below. In Fig. 1, h1
indicates a thickness of the dielectric layer 11, 1 denotes a relative permittivity of the
dielectric layer 11, h2 represents a thickness of the dielectric coating layer 13, 5 isa
relative permittivity of the dielectric coating layer 13, and t implies a thickness of a
conductor portion 12 of the unit cell.

Fig. 2 is a view showing a unit cell array structure of the FSS in accordance with
the first embodiment of the present invention, and Fig. 3 is a view illustrating a
detailed configuration of the unit cell depicted in Fig. 2.

As shown in Fig. 2, the FSS of the present invention is implemented such that the
unit cells 12 are periodically arrayed on the upper side of the dielectric layer 11, each
of which includes a tri-pole 21 and a ternary tree type loop 22 connected without
overlapping. Accordingly, the FSS of the prevent invention is not affected by the po-
larization of electromagnetic waves due to the connection of the tri-pole 21 and ternary
tree shape loop 22.

Meanwhile, the FSS of the invention may use, as the unit cells 12, the tri-poles 21
only or the ternary tree type loops 22 only. As shown in Fig. 3, however, if there are
adopted the unit cells 12 having the tri-poles 21 arranged without overlapping within
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the ternary tree type loop 22, resonant frequency characteristics are varied depending
on a change of a length of the tri-pole 21 and the ternary tree shape loop 22, and an
interval between the tri-pole 21 and ternary tree type loop 22, thereby determining a
cut-off frequency band.

Fig. 4 illustrates adjacent unit cells depicted in Fig. 2. In Fig. 4, reference numeral
400 indicates an enlarged junction portion of two unit cells, wherein an end portion
401 of one unit cell is exactly meshed with a bent portion 402 of the other unit cell.
Also, an endmost portion 403 of a tri-pole in said one unit cell is exactly meshed with
an endmost point 404 inside a ternary tree shape loop.

In the meantime, parameters needed to design the FSS of the invention and conduct
experiments on frequency characteristics will be defined below. In Fig. 4, dy and dx
indicate longitudinal and horizontal distances between center points of two unit cells,
respectively. And, g denotes an interval between unit cells; a indicates a width of the
tri-pole; w indicates a width of a conductor strip of the ternary tree shape loop; b
represents a width of the ternary tree shape loop; angle means an angle at which a
center line connecting two unit cells is tilted with respect to a horizontal direction; 11
represents a distance from a center of a unit cell to an endmost portion of the ternary
tree shape loop; 12 implies a distance from a center of a unit cell to an endmost portion
of the tri-pole; and c denotes a distance between the tri-pole and ternary tree shape
loop.

Further, intervals c.C and c, between structures inside the unit cells and the
interval g between the unit cells are set to be started from a minimum value of “0°. This
minimum interval value enlarges an available range for fine tuning of the resonant
frequency in the course of the design process of the FSS.

Fig. 5 shows graphs illustrating resonant frequency characteristics of the FSS for
several unit cell structures. These graphs show resonant frequency characteristics in
case where the unit cell of FSS is of a tri-pole 510, a ternary tree shape loop 520, and a
combined shape 530 of the tri-pole and the ternary tree shape loop in accordance with
the present invention, respectively.

Table 1 below presents a design condition of the FSS in accordance with the present

invention.

Table 1
Parameter a b c w g t e e
Length(mm) (1.5 5.0 1.0 1.0 1.0 0.035 3.3 4.5
Parameter h1 h2 angle 11 l2 dx dy -
Length(mm) [0.0762 (1.6 30 258 [21.2 26.96 15.57 |-
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frequency 511; and if the unit cells of the FSS are formed by the ternary tree shape
loop 520, there are two resonant frequencies 521 and 522. Meanwhile, if the unit cells
are composed of both 530 of the tri-pole and the ternary tree shape loop in accordance
with the present invention, there are three resonant frequencies 531, 532 and 533.

As can be seen from Fig. 5, with the unit cells in accordance with the present
invention, the resonant frequencies are all lowered, compared to the conventional
instance that uses either the tri-pole or the ternary tree shape loop. This lowering of the
resonant frequencies is because an electronic capacitance between the tri-pole and the
ternary tree shape loop increases. Accordingly, this leads to a reduction of a size of the
unit cell, thereby decreasing an overall size of the FSS.

As described above, the FSS in accordance with the present invention generates the
three resonant frequencies. In the following first embodiment of the present invention,
among the three resonant frequencies, the first and second order resonant frequencies
generated by the ternary tree shape loop are given by reference numerals 61 and 62,
and the first order resonant frequency created by the tri-pole is given by reference
numeral 63.

Fig. 6 offers graphs illustrating variations of the resonant frequency with respect to
a thickness of a dielectric coating layer of the FSS in accordance with the first
embodiment of the present invention.

As shown in Fig. 6, the FSS in accordance with the first embodiment of the present
invention allows the resonant frequencies to be abruptly and then slowly lowered as
the thickness h2 of the dielectric coating layer increases.

Fig. 7 provides graphs illustrating variations of the resonant frequency with respect
to an interval between the unit cells of the FSS in accordance with the first
embodiment of the present invention.

As shown in Fig. 7, the FSS in accordance with the first embodiment of the present
invention reduces the interval between the resonant frequencies as the interval g
between the unit cells becomes large.

Fig. 8 presents graphs showing variations of the resonant frequency with respect to
a width of the tri-pole of the FSS in accordance with the first embodiment of the
present invention.

As depicted in Fig. 8, the FSS in accordance with the first embodiment of the
present invention reduces amplitudes of the first and second order resonant frequencies
61 and 62 generated by the ternary tree shape loop as the width a of the tri-pole
increases.

Based on the results as shown in Figs. 6 to 8, the cut-off frequency of the FSS in
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accordance with the present invention can be precisely predicted by deducting the
electric capacitance between the tri-pole and the ternary tree shape loop within the unit
cell.

[65] Fig. 9 shows graphs illustrating analysis results of the FSS in accordance with the
present invention, which is manufactured based on frequency bands of the mobile
communication service.

[66] Design parameters for the analysis results shown in Fig. 9 are defined below in
Table 2. Here, the type I indicates that the FSS does not have the dielectric coating
layer 13, while the type II shows that the FSS has the dielectric coating layer 13 whose
thickness h2 is 1.6 mm.

[67] Table 2
Parameter |a b c w g t e e
Type I 1.0 75 |2.25 1.0 1.0 0.035 3.3 4.5
Type II 1.5 5.0 1.0 1.0 1.0 0.035 33 4.5
Parameter h1 h2 angle 11 12 dx dy -
Type I 0.0762 |0 30 47.2 40.2 47.37 2735 |-
Type II 0.0762 |1.6 |30 25.8 21.2 26.96 15.57 |-

[68]
[69] Meanwhile, mobile communication service frequency bands to be blocked are given
in the following Table 3.
[70] Table 3
Frequency(M |Frequency range Overall Center Difference
Hz)Service  |Mobile station |Mobile bandwidth |frequency of |between
transmission  |station overall center
(bandwidth)  |reception available frequencie
(bandwidth) band s
Cellular 824~849(25) |869~894(25) |70 859 1.0
PCS 1,750~1,780(3 (1,840~1,870( {120 1,810 2.107
0) 30)
Wireless 2,400~2,483.5 83.5 2,441.75 2.84
LAN,Bluetoot
h, etc.
[71]

[72] Referring to Table 3 above, the center frequencies of the cellular service, the PCS
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service and the wireless LAN service are 859 MHz, 1,810 MHz and 2,442 MHz, re-
spectively.

As shown in Fig. 9, the FSS in accordance with the first embodiment of the
invention having the parameters shown in Table 2 above has resonant frequencies of f1
(859 MHz), f2 (1,810 MHz), and f3 (2,442 MHz); and these resonant frequencies are
consistent with the above-stated center frequencies of bands to be blocked.

Fig. 10 shows graphs illustrating predicted values and experimental values for the
frequency characteristics of the FSS in accordance with the first embodiment of the
present invention that has no dielectric coating layer. Namely, Fig. 10 shows a
comparison of the predicted values and experimental values for the frequency charac-
teristics of the FSS in accordance with the invention that is designed as type I defined
in Table 2 above.

In Fig. 10, reference numeral 110 indicates a predicted frequency characteristic
value of the FSS in accordance with the present invention without the dielectric
coating layer. Reference numeral 120 (H, H) and 130 (V, V) indicate experimental
values for the frequency characteristics of the FSS in accordance with the present
invention, respectively, when polarizations of transmission and reception antennas are
all horizontal and vertical ones.

As shown in Fig. 10, the frequency characteristic prediction values of the FSS in
accordance with the present invention that is designed as type I in Table 2 are
relatively precisely consistent with the actually measured experimental values. Ac-
cordingly, it is possible to design the FSS that can be precisely resonant at a pre-
determined cut-off frequency based on the analysis results as shown in Figs. 6 to 8.

In addition, the FSS in accordance with the present invention is not affected by the
polarization of the electromagnetic waves, as shown in Fig. 10.

Hereinafter, a method to design an FSS in accordance with a second embodiment of
the present invention will be described.

Fig. 11 shows an array of unit cells of FSS for the filtering of a frequency in
accordance with a second embodiment of the present invention.

To design it in such a way that a length of a loop constituting unit cells is geo-
metrically maximized with respect to its unit area (implying that the resonant
frequency is lowered as the length extends), the loop of the unit cells should be
complexly bent but not overlapped.

Therefore, the FSS of the invention is comprised of an array of unit cells 1100 (an
array of geometrically same unit structures) with a meanderingly bent square shape
loop 1110, as shown in Fig. 11. In other words, to make the loop of the unit cell 1100
lengthy, that is, to lower the resonant frequency, the unit cell 1100 is configured to
have a meandrous square shape loop 1110 that is formed by meanderingly bending the
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square shape loop many times.

Each of the unit cells 1100 consists of the meandrous square shape loop 1110 and a
portion 1120 excepting the loop 1110.

For example, if the meandrous square shape loop 1110 is conductor and the
remaining portion 1120 is dielectric in each unit cell 1100, the FSS of invention is
operated as a bandstop filter; and conversely if the meandrous square shape loop 1110
is dielectric and the remaining portion 1120 is conductor, the FSS is operated as a
bandpass filter.

The frequency band to be blocked causes the overall length of the meandrous
square shape loop 1110 to be varied based on its bent number of times; and also is
adjustable by modifying an interval between loops, an interval between the unit cells
1100, and electrical characteristics such as material and permittivity of dielectric and
conductor, thereby tuning the resonant frequency. The meandrous square loop 1110
within each unit cell 1100 accurately has a bilateral symmetric structure and is not
affected by the polarization of incident electromagnetic waves. That is, the frequency
band to be filtered can be adjusted by varying the length and interval of the meandrous
square loops 1110 forming the unit cells 1100 of FSS, the interval between the unit
cells 1100, the thickness of the dielectric, the permittivity, etc.

For this, it is implemented in such a manner that the resonant frequency is not
affected by the variation of the incident polarization by making the meandrous square
loop 1110 constituting the unit cell 1100 symmetrical with respect to both of the lon-
gitudinal and horizontal directions. At this time, the area of the unit cell 1100 may also
be adjusted by modifying the width and bent number of times of the meandrous square
loop 1110.

Each of the unit cells 1100 in Fig. 11 may be configured, as shown in Figs. 12 and
13. For instance, if the unit cells 1200 and 1300 of FSS shown in Figs. 12 and 13 are
designed as a bandstop filter, a cross-sectional view of the FSS unit cells 1200 and
1300 is shown in Fig. 14 as reference numeral 1400.

The FSS unit cell 1400 shown in Fig. 14 serves as the bandstop filter, wherein the
meandrous square loop 1410 is conductor and the remaining parts 1420 and 1430 are
dielectric.

As shown in Fig. 14, if the FSS unit cell 1400 is operated as the bandstop filter, it is
formed by etching a conductor 1410 on a dielectric board 1 1420. In this case, the
dielectric board 1420 and the conductor 1410 may be coated with dielectric to make a
dielectric layer s 1430.

For example, if the FSS unit cell 1400 is operated as a bandpass filter, the portions
of the dielectric board 1 1420 and the conductor 1410 are changed to each other. In

such a case, however, the dielectric coating layer ) 1430 is not changed.
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Among others, in order to make the resonant frequency of the FSS unit cell 1400
lowered, the meandrous square loop 1410 should be extended, meaning that the bent
number of times thereof is great, and , of the dielectric layer 1430 should be high. In
other words, the more the meandrous square loop 1410 is long and , of the dielectric
layer 1430 is high, the more the resonant frequency is low. Of course, there may be
any limitations associated with the bilateral symmetric structure, etc.

Now, details of the FSS unit cells 1200 and 1300 will be described below with
reference to Figs. 12 and 13.

In Fig. 12, reference numeral “1200" indicates a unit cell, reference numeral 1210
represents a meandrous square loop, and reference numeral *1220" denotes portions
excepting the loop 1210 in the unit cell 1200.

For example, if the meandrous square loop 1210 is conductor and the rest portion
1220 (strictly, the dielectric board 1 1410 shown in Fig. 14) is dielectric, the FSS unit
cell 1200 in Fig. 12 is operated as the bandstop filter. Conversely, if the meandrous
square loop 1210 is dielectric and the rest portion 1220 (strictly, the dielectric board 1
1420 shown in Fig. 14) is conductor, the FSS unit cell 1200 in Fig. 12 is operated as
the bandpass filter. However, in case where the FSS is operated as the frequency-
selective filter for bandstop or bandpass, there is no change of the dielectric coating
layer ) 1430 shown in Fig. 14 among the portions 1220 excepting the meandrous
square loop 1210.

For instance, if the FSS unit cell 1200 in Fig. 12 is designed as the bandstop filter,
the resonant frequency characteristics of the FSS are given in Fig. 15.

Meanwhile, as shown in Fig. 12, if the unit cell 1200 of the FSS having the
meandrous square loop 1210 has the same area as that of the first prior art having the
general square loop merely as introduced early, the resonant frequency can be lowered,
compared to the first prior art, since the length of the loop 1210 is extended. Therefore,
if the FSS unit cell 1200 shown in Fig. 12 has the same resonant frequency as that of
the first prior art, the size of the unit cell can be further reduced.

Fig. 15 shows a comparison of simulation result and actual experimental result
when the FSS unit cell 1200 in Fig. 12 is designed as the bandstop filter. Detailed
parameters used when the FSS unit cell 1200 is designed as the bandstop filter are
defined below in Table 4. In Fig. 15, the cut-off center frequency of the FSS is fixed to
1.81 GHz that is a center frequency of the domestic PCS band.

Table 4
Parameter 11 12 13 14 15 16 17 18 g g,
Length 8.26 |5.816 (3.367 |0.918 |0.918 |2.449 |1.837 (0.6 [0.305 |0.305
(mm) 5




12

WO 2006/098587 PCT/KR2006/000934

[98]
[99]

[100]

[101]

[102]

[103]

[104]

Parameter |w |W p p t h h

Length 0.61 |0.612 (20.2 |20.2 |[0.017 |0.035 (0.0 (3.2 |1.0 |45
(mm) 2 5

On the other hand, the area of the FSS unit cell 1200 in Fig. 12 can be adjusted by
varying the width and the bent number of times of the meandrous square loop 1210 of
the FSS unit cell 1200, as shown in Fig. 13. Namely, the size of the FSS unit cell 1200
can be reduced by more greatly setting the width and the bent number of times of the
meandrous square loop 1210. Accordingly, if the FSS unit cell 1300 shown in Fig. 13
has the same size as that of the unit cell 1200 in Fig. 12, the resonant frequency can be
more lowered.

In Fig. 13, reference numeral “1300" indicates a unit cell, reference numeral *1310"
represents a meandrous square loop, and reference numeral ~1320" denotes portions
excepting the loop 1310 in the unit cell 1300.

The FSS unit cell 1300 depicted in Fig. 13 is constructed such that its size is
smaller, while maintaining the same resonant frequency as that of the FSS unit cell in
Fig. 12. That is, the FSS unit cell 1300 in Fig. 13 has a narrower meandrous square
loop 1310 with once more bent shape 330 while maintaining the same shape as that of
the FSS unit cell 1200 in Fig. 12. By doing so, the size of the FSS unit cell 1300 in Fig.
13 can be smaller than that of Fig. 12. If the sizes of the FSS unit cells in Figs. 12 and
13 are the same, the resonant frequency of the FSS unit cell 1300 in Fig. 13 can be
lowered, compared to that of Fig. 12.

Also in the FSS unit cell 1300 of Fig. 13, if the meandrous square loop 1310 is
conductor and the remaining portion 1320 (strictly, the dielectric board 1 1420 shown
in Fig. 14) is dielectric, the FSS unit cell 1300 in Fig. 13 is operated as the bandstop
filter. Conversely, in the FSS unit cell 1300 of Fig. 13, if the meandrous square loop
1310 is dielectric and the remaining portion 1320 (strictly, the dielectric board 1 1420
shown in Fig. 14) is conductor, the FSS unit cell 1300 in Fig. 13 is operated as the
bandpass filter. However, in case where the FSS is operated as the frequency-selective
filter for bandstop or bandpass, there is no change of the dielectric coating layer ) 1430
in Fig. 14 among the portions 1320 excepting the meandrous square loop 1310.

For instance, if the FSS unit cell 1300 in Fig. 13 is designed as the bandstop filter,
the resonant frequency characteristics of the FSS are presented in Fig. 16.

Fig. 16 shows a comparison of simulation result and actual experimental result
when the FSS unit cell 1300 in Fig. 13 is designed as the bandstop filter. Detailed
parameters used when the FSS unit cell 1300 is designed as the bandstop filter are
defined below in Table 5. In Fig. 16, the bandstop center frequency of the FSS is also
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[105]

[106]
[107]

[108]

[109]

fixed to 1.81 GHz that is a center frequency of the domestic PCS band.
Table 5

Paramet |1 1 1 1 1 1 1 1 1 1 g

1 2 3 4 5 6 7 8 9 10 X
er
Length |7.15 |55 3.85 (22 |0.55 [0.55 (1.65 |1.1 (0.6 |[0.27 |0.27
(mm) 5 |5
Paramet g, w W, P, P, t h] H2 ) ,
er
Length [0.275 |0.275 [0.55 |16.5 |16.5 |0.017 |0.035 |0.0 |3.2 (1.0 (45
(mm) 5

As can be seen from Figs. 15 and 16, the FSS frequency characteristics of the
present invention are relatively well consistent with the actually measured data, and
thus are valid in the actual design process.

The present application contains subject matter related to Korean patent application
No. KR2005-0021383 filed in the Korean Intellectual Property Office on March 15,
2005 and May 17, 2005, and Korean patent application No. KR2005-0041180 filed in
the Korean Intellectual Property Office on May 17, 2005, the entire contents of which
are incorporated herein by reference.

While the present invention has been described with respect to certain preferred em-
bodiments, it will be apparent to those skilled in the art that various changes and modi-
fications may be made without departing from the scope of the invention as defined in

the following claims.
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[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

Claims

A Frequency Selective Surface (FSS) for the filtering of multiple frequency
bands, the FSS comprising:

a dielectric layer; and

a plurality of unit cells periodically arrayed on an upper side of the dielectric
layer, each of the unit cells being composed of a tri-pole and a ternary tree shape
loop connected without overlapping.

The FSS as recited in claim 1, wherein an end portion of the tri-pole is meshed
with an internal end point of the temary tree shape loop.

The FSS as recited in claim 1, wherein adjacent unit cells among the unit cells
are geometrically meshed with each other.

The FSS as recited in claim 1, wherein an outer surface of the tri-pole is parallel
to an internal surface of the ternary tree type loop.

The FSS as recited in claim 1, wherein a resonant frequency is tuned by adjusting
lengths of the tri-pole and the ternary tree shape loop.

The FSS as recited in claim 1, wherein resonant frequencies are tuned by
adjusting a width of the tri-pole.

The FSS as recited in claim 1, wherein resonant frequencies are tuned by
adjusting an interval between the tri-pole and the ternary tree shape loop.

The FSS as recited in claim 1, wherein a dielectric is coated on the overall FSS to
vary resonant frequencies.

A Frequency Selective Surface (FSS) for the filtering of a single frequency band,
the FSS comprising:

a meandering square shape loop for being formed as a conductor or a dielectric
layer; and

a plurality of unit cells for being made of a conductor or a dielectric layer.

The FSS as recited in claim 9, wherein if the meandrous square shape loop is
conductor and the remaining portion excepting the loop is dielectric in each of
the unit cells, the FSS is operated as a bandstop filter.

The FSS as recited in claim 9, wherein if the meandrous square shape loop is
dielectric and the remaining portion excepting the loop is conductor in each of
the unit cells, the FSS is operated as a bandpass filter including a resonant
frequency.

The FSS as recited in claim 9, wherein the resonant frequency is lowered, while
identically maintaining sizes of the unit cells without a change of size of each
unit cell, by making the square shape loop of each unit cell lengthy by means of
bending the loop several times.
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[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

The FSS as recited in claim 12, wherein the size of each of the unit cells is
reduced, while maintaining the same resonant frequency, by decreasing a width
of the square shape loop of each unit cell and bending the loop many times to
lengthen the loop of each unit cell.

The FSS as recited in claim 12, wherein the meandrous square shape loop of
each unit cell is of upper, lower, left and right symmetric structure so that the
resonant frequency is not affected by the polarization of incident electromagnetic
wave.

The FSS as recited in claim 14, wherein the FSS is implemented such that the
more the permittivity of the dielectric coating layer is high, the more the resonant
frequency is low.

The FSS as recited in claim 10, wherein the remaining portion excepting the
meandrous square shape loop in each of the unit cells includes a dielectric
coating layer.

The FSS as recited in claim 16, wherein the FSS is implemented such that the
more the permittivity of the dielectric coating layer is high, the more the resonant
frequency is low.

A method for designing a Frequency Selective Surface (FSS) for the filtering of a
single frequency band, the method comprising the steps of:

bending a square shape loop at least once to obtain a meandrous square shape
loop and adjusting a length of the meandrous square shape loop when forming
unit cells in the FSS; and

arranging the unit cells such that the FSS is composed of geometrically identical
unit structures or cells to tune a resonant frequency.

The method as recited in claim 18, wherein if the meandrous square shape loop is
conductor and the remaining portion excepting the loop is dielectric in each of
the unit cells, the FSS is operated as a bandstop filter.

The method as recited in claim 18, wherein if the meandrous square shape loop is
dielectric and the remaining portion excepting the loop is conductor in each of
the unit cells, the FSS is operated as a bandpass filter.

The method as recited in claim 18 wherein the resonant frequency is lowered,
while identically maintaining sizes of the unit cells without a change of size of
each unit cell, by making the square shape loop of each unit cell lengthy by
means of bending the loop several times.

The method as recited in claim 21, wherein the size of each of the unit cells is
reduced, while maintaining the same resonant frequency, by decreasing a width
of the square shape loop of each unit cell and bending the loop many times to

lengthen the loop of each unit cell.
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[23]

[24]

[25]

[26]

The method as recited in claim 18, wherein the meandrous square shape loop of
each unit cell is of upper, lower, left and right symmetric structure so that the
resonant frequency is not affected by the polarization of incident electromagnetic
wave.

The method as recited in claim 23, wherein the FSS is implemented such that the
more the length of the meandrous square shape loop is long, the more the
resonant frequency is low.

The method as recited in claim 19, wherein the remaining portion excepting the
meandrous square shape loop in each of the unit cells includes a dielectric
coating layer.

The method as recited in claim 25, wherein the FSS is implemented such that the
more the permittivity of the dielectric coating layer is high, the more the resonant

frequency is low.
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[Fig. 4]
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