Office de la Propriete Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2797559 C 2017/09/05

(11)(21) 2 797 559

12 BREVET CANADIEN
CANADIAN PATENT

(13) C

(86) Date de depot PCT/PCT Filing Date: 2011/04/13

(87) Date publication PCT/PCT Publication Date: 2011/11/03
(45) Date de delivrance/lssue Date: 201//09/05

(85) Entree phase nationale/National Entry: 2012/10/25

(86) N° demande PCT/PCT Application No.: FR 2011/050843
(87) N° publication PCT/PCT Publication No.: 2011/135224
(30) Priorité/Priority: 2010/04/27 (FR1053217)

(72) Inventeurs/Inventors:
DE BARROS, FABIEN, FR;

VUONG, TAN-PHU, FR

(73) Propriéetaires/Owners:

PAPIERS, CARTONS, ET C

LLP/S.E.N.C.R.L., S.R.L.

(51) ClLInt./Int.Cl. HO1Q 15/00 (2006.01)

EYMIN-PETOT- TOURTOLL_T, GUY, FR;
LEMAITRE-AUGER, PIERRE, FR;

=LLULOS

INSTITUT POLYTECHNIQUE DE GRENOBLE, FR;

CENTRE TECHNIQUE DE L'INDUSTRIE DES

=S, FR

(74) Agent: NORTON ROSE FULBRIGHT CANADA

(54) Titre : SURFACE ADAPTEE A FILTRER UNE PLURALITE DE BANDES DE FREQUENCES
(54) Title: SURFACE FOR FILTERING A PLURALITY OF FREQUENCY BANDS

32c¢l

(57) Abrege/Abstract:

32b2 11,

The Invention relates to a surface suitable for filtering a plurality of frequency bands, said surface including a set of separate
iIdentical basic conductive units (31) that are reproduced In a periodic arrangement on a dielectric substrate (10).
Includes: a tripole consisting of three identical segments (12) that extend radially from a center (14); and two arms (32) that extend
symmetrically from an intermediate point of each segment, said intermediate point being located at a common distance (Db) from
the center (14) for each of the segments (12). The general directions of both arms form an angle of approximately 120° and define
an arrowhead pointed toward the outside, wherein the arms (32) corresponding to two separate segments (12) do not intersect.

C anad a http.//opic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - C]

PO 191

he basic unit

TR ...
RO
e %@ YEENEEN
L e [ [ [
N ' S - 0'
s R
' . ‘




wO 20117135224 A1 |[HI A HUD Y OORER A0 R VO e

CA 02797559 2012-10-25

(12) DEMANDE INTERNATIONALE PUBLIEE EN VERTU DU TRAITE DE COOPERATION EN MATIERE DE
BREVETS (PCT)

(19) Organisation Mondiale de la Propriété

Intellectuelle
Bureau international ] o .
(10) Numéro de publication internationale
(43) Date de la publication internationale WO 2011/135224 A1
3 novembre 2011 (03.11.2011)
(51) Classification internationale des brevets : |[CA/FR]; Chemin des Petites Chirouzes, F-26120
H010 15/00(2006.01) Malissard (FR). VUONG, Tan-Phu [FR/FR]; 8, rue Sidi
Brahim, F-38100 Grenoble (FR).
(21) Numéro de la demande internationale : R renoble (FR)
PCT/FR2011/050843 (74) Mandataire : DE BEAUMONT, Michel; 1, Rue
(22) Date de dépdt international - Champollion, F-38000 Grenoble (FR).
13 avril 2011 (13.04.2011) (81) Ktats désignés (sauf indication contraire, pour tout titre
AL , de protection nationale disponible) . AE, AG, AL, AM,
(25) Langue de depot - frangais AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(26) Langue de publication : francais CA, CH, CL, CN, CO, CR, CU, C4, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(30) Données relatives a la pl’i.()rité I HN, HR, HU, ID, IL. IN. IS, JP, KE, KG, KM, KN, KP,
1053217 27 avril 2010 (27.04.2010) FR KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(71) Déposants (pour tous les Etats désignés sauf US) ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
INSTITUT POLYTECHNIQUE DE GRENOBLE NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, 5C, SD,
[FR/FR]; 46, Avenue Félix Viallet, F-38000 Grenoble SE, 5G, SK, SL, SM, ST, SV, 5Y, TH, TJ, TM, TN, TR,
(FR). CENTRE TECHNIQUE DE L'INDUSTRIE TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
DES PAPIERS, CARTQNS ET CELLULOSES (84) Etats désignés (sauf indication contraire, pour tout titre
[FR/FR]; Domaine Universitaire -, BP 251, F-38044 de protection régionale disponible) : ARIPO (BW, GH,
Grenoble Cedex 9 (FR). GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(72) Inventeurs; et /M, ZW), eurasien (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(75) Inventeurs/Déposants (pour US seulement) DE TM), européen (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

BARROS, Fabien [FR/FR]; 28, rue Docteur Greflier,
F-38000 Grenoble (FR). EYMIN-PETOT-
TOURTOLLET, Guy [FR/FR]; 300, Vieille Rue,
F-38570 Tencin (FR). LEMAITRE-AUGER, Pierre

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Suite sur la page suivante]

(534) Title : SURFACE FOR FILTERING A PLURALITY OF FREQUENCY BANDS
(34) Titre : SURFACE ADAPTEE A FILTRER UNE PLURALITE DE BANDES DE FREQUENCES

32c¢l

32b2

Fig 3

12b

(57) Abstract : The imnvention relates to a surface suitable for filtering a plurality of frequency bands, said surface including a set
of separate identical basic conductive units (31) that are reproduced in a periodic arrangement on a dielectric substrate (10). The
basic unit includes: a tripole consisting of three identical segments (12) that extend radially from a center (14); and two arms (32)
that extend symmetrically from an intermediate point of each segment, said intermediate point being located at a common distance
(Dy) from the center (14) for each of the segments (12). The general directions of both arms form an angle of approximately 120°
and define an arrowhead pointed toward the outside, whereimn the arms (32) corresponding to two separate segments (12) do not
intersect.
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Publiée : — avec revendications modifiées (art. 19.1))

— avec rapport de recherche internationale (Art. 21(3))

L'invention concerne une surface adaptée a filtrer une pluralité de bandes de fréquences, cette surface comprenant un ensemble de
motifs conducteurs ¢lémentaires (31) identiques disjoints, reproduits selon un agencement périodique sur un support diclectrique
(10), le motif ¢lémentaire comprenant : un tripéle constitu¢ de trois segments (12) identiques s '¢tendant en ¢toile a partir d'un
centre (14); et deux branches (32) s '¢tendant symetriquement a partir dun point intermédiaire de chaque segment, ce point
intermediaire ¢tant situ¢ a une méme distance (D) du centre (14) pour chacun des segments (12), les directions générales des deux
branches formant un angle d' approximativement 120° et definissant une pointe de fleche dirigee vers l'exterieur, les branches (32)

associees a deux segments (12) distincts n'étant pas s€cantes.
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SURFACE FOR FILTERING A PLURALITY OF FREQUENCY BANDS

Field of the invention

The present disclosure relates to a frequency-
selective surface, that 1s, a surface capable of shielding
electromagnetic waves belonging to certain frequency bands.

Discussion of prior art

Frequency-selective surfaces are generally called FSS
in the art. They comprise a set of identical elementary con-
ductive patterns, repeated according to a periodic layout on a
surface of a dielectric support. The shape and the dimensions of
the elementary pattern, the arrangement of the periodic layout,

—

and the characteristics of the conductive material of the pat-

tern and of the dielectric material of the support are the maln

factors determining the filtering properties of the surface.

One of the targeted applications relates to the selec-
tive shielding of a building or of a room of a building against
certain electromagnetic waves. The frequencles which are gener-
ally desired to be filtered especially comprise the carrier
frequencies of GSM-type mobile telephony systems (0.9, 1.8, and

2.1 GHz), as well as the carrier frequencies of Wi-Fi-type wire-

ess computer network systems (2.4 and 5.4 GHz) .

The dielectric support may be a substrate based on

epoxy or on plastic on which the conductive patterns are formed
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by deposition of conductive layers, according to manufacturing
methods similar to printed circuit manufacturing methods. It has
also been provided to form frequency-selective surfaces directly
on paper- or cardboard-type supports, for example, by printing
with a conductive ink. This last embodiment especially has the
advantage of significantly decreasing the cost of such surfaces.

Figure 1 1is a top view schematically showling an
elementary conductive pattern 1 of a frequency-selective
surface. Pattern 1, formed on a surface of a dielectric support
10, is a tripole formed of three identical segments 12a, 12b,
and 12c of length Lg extending in a star from a center 1l4. Seg-
ments 12a to 12c¢ form, two-by-two, angles of approximately 120°.

Figure 2 is a top view schematically showing a portion
of a frequency-selective surface formed by the repeating,
according to a periodic layout on dielectric support 10, of
elementary pattern 1 of Figure 1. Pattern 1 1s repeated Dby

translation along each of the directions of segments 1l2a to 1l2c¢

of the tripole, so that a same non-zero distance D, separates
each outer end of a segment of a pattern from the center of a
neighboring pattern. The translation is repeated until 1t covers
the entire targeted surtace.

The surface thus formed has a resonance frequency
essentially depending on the parameters relative to length Lg of
the tripole segments and to distance Dy between neighboring
patterns. Such a surface has the property of filtering the elec-
tromagnetic waves belonging to a frequency band centered on 1its
resonance frequency. The filtering efficilency also depends on

width W and on the thickness (not shown in the drawing) of the

pattern, as well as on the thickness (not shown in the drawing)
of dielectric support 10.

A disadvantage of the frequency-selective surface
described in relation with Figures 1 and 2 is that 1its frequency
response depends on the angle of incidence of the electro-
magnetic waves with respect to the surface, as well as on the

polarization of the incident electromagnetic waves.



10

15

20

25

30

CA 02797559 2012-10-25

Further, this surface only enables to filter a single
frequency band centered on its resonance frequency. Thus, to
filter different bands, for example GSM frequencies (on the
order of 0.9, 1.8, and 2.1 GHz) and/or Wi-Fi frequencies (on the
order of 2.4 and 5.4 GHz), frequency-selective surfaces adapted
to each of the targeted bands should be stacked.

summary

Thus, an object of an embodiment of the present inven-

tion is to provide a frequency-selective surface overcoming at

least some of the disadvantages of existing solutions.

An object of an embodiment of the present invention 1s
to provide such a surface having filtering properties independ-
ent from the angle of incidence and from the polarization of
incident electromagnetic waves.

-

An obiject of an embodiment of the present invention 1s

to provide such a surface which is capable of filtering several
different frequency bands.

An object of an embodiment of the present invention 1s
to provide such a surface having a relatively low conductive
pattern coverage rate.

Thus, an embodiment of the present invention provides
a surface capable of filtering a plurality of frequency bands,
this surface comprising a set of separate 1dentical elementary

conductive patterns, repeated according to a periodic layout on

a dielectric support, the elementary pattern comprising: a

tripole formed of three identical segments extending in a star

from a center; and two branches extending symmetrically from an

intermediate point of each segment, this intermediate polnt

being located at a same distance from the center for each of the
segments, the general directions of the two branches forming an
angle of approximately 120° and defining an outward-pointing

arrowhead, the branches associated with two different segments

being non-secant.
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According to an embodiment of the present invention,
the segments of the tripole form, two-by-two, angles of approxi-
mately 120°.

According to an embodiment of the present invention,

the elementary pattern further comprises two first identical

fins extending symmetrically from the end of each segment, the

pu—
p—

first fins forming an angle of approximately 120° and defining

an arrowhead directed towards the outside of the pattern.
According to an embodiment of the present invention,
the elementary pattern further comprises two first 1dentical
fins extending from the free end of each branch, each second fin
forming an angle of approximately 60° with the general direction
of the branch.
According to an embodiment of the present invention,

the second fins of each branch form together an angle of approx-

imately 120° and defining an arrowhead directed towards the out-

side of the pattern.

According to an embodiment of the present 1invention,
the second fins of each branch are aligned along a same direc-
tion, this direction intersecting the direction of the segment
from which the branch originates.

According to an embodiment of the present invention,
the branches comprise at least one crenel-shaped extension along
a direction intersecting the general direction of the branch.

According to an embodiment of the present invention,

the elementary pattern is repeated by translation along each of
the directions of the segments of the tripole so that a same
distance separates each end of a segment of a pattern from the
center of a neighboring pattern.

According to an embodiment of the present invention,
the surface 1s capable of filtering three frequency bands

respectively centered on 0.9, 1.8, and 2.1 GHz.

N

According to an embodiment of the present invention,

the surface is capable of filtering two frequency bands respec-

tively centered on 2.4 and 5.4 GHz.
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According to an embodiment of the present invention,
the dielectric support is a paper- or cardboard-type support and
the conductive patterns are formed by printing with a conductive
1nk.

Another embodiment of the present invention provides a
use of the above-mentioned surface to filter three frequency
bands located within the range from 0.9 to 5.4 GHz, whereln the

overall dimensions of an elementary pattern approximately range

from 1 to 10 centimeters, the lengths of each of these segments,
branches, and fins being adjusted to select the three targeted

frequency bands.

Brief description of the drawings

The foregoing and other objects, features and ad-
vantages of the present invention will be discussed in detail 1in
the following non-limiting description of specific embodiments
in connection with the accompanying drawings, among which:

Figure 1, previously-described, 1is a top view schemat-
ically showing an elementary conductive pattern of a Ifrequency-

selective surface;

Figure 2, previously-described, is a top view schemat-
ically showing a portion of a frequency-selective surface formed
by repeating of the elementary pattern of Figure 1;

Figure 3 is a top view schematically showlng an emood-
iment of an elementary conductive pattern of a Ifrequency-

selective gurface;

Figure 4 is a top view schematically showing a portion
of a frequency-selective surface formed by repeating of the

elementary pattern of Figure 3;

Figures 5 to 9 are simplified top views showlng
different alternative embodiments of the elementary conductive

pattern of Figure 3; and

Figure 10 is a diagram showing the frequency responses
of a surface formed from the elementary pattern of Figure 5, for

elementary waves having different angles of incidence.
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Detailed description

For clarity, the same elements have been designated
with the same reference numerals in the different drawings and,
further, the various drawings are not to scale.

Figure 3 1is a top view schematically showling an embod-
iment of an elementary conductive pattern 31 of a frequency-
selectilve surface.

As an example, the conductive material may be alumi-
num, gold, copper, silver, carbon, iron, platinum, graphite, or
a conductive alloy of several of these materials. Generally, the
higher the electric conductivity of the materilal, the better the

filtering performed by the surface.

Pattern 31, formed on a surface of a dielectric

support 10, comprises a basic tripole formed of three approxi-
mately identical segments 12a, 12b, and 12c of length Lg
extending in a star from a center 14. Segments 12a to 12c form,
two-by-two, angles of approximately 120°, for example, ranging

between 110 and 130°.

Pattern 31 further comprises, for each segment 123,
12b, 12c, two substantially identical branches, respectively
32al and 32a2, 32bl and 32b2, and 32cl and 32c2, extending from
an intermediate point of the segment, substantially symmetri-

cally with respect to the segment direction. In this example,

branches 32 have the shape of bars with a length L. On each

segment 12, the intermediate point is located approximately at a

same distance Dp, from center 14. The general directions of the
two branches 32 form an angle of approximately 120°, for exam-
ple, ranging between 110 and 130°, and defining an arrowhead
directed towards the outside of the pattern. Further, branches
32 associated with two different segments 12 are non secant.
Figure 4 is a top view schematically showing a portion
of an embodiment of a frequency-selective surface formed by the
repeating, according to a periodic layout on dielectric support

10, of elementary pattern 31 of Figure 3. Pattern 31 1s repeated

——
p—

by translation along each of the directions of segments l2a tO
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12c¢ of the basic tripole, so that a same non-zero distance Dy
separates each outer end of a segment of a pattern 31 from
center 14 of a neighboring pattern 31. The translation operation
is repeated until the entire targeted surface 1s covered. It
should be noted that the dimensions of the elementary pattermn
and distance D, are selected to be such that the elementary
patterns are separate.

The frequency response of the surface thus formed
essentially depends on length Lg of segments 12, on length Ly, of
branches 32, on distance Dp, between the intermediate starting
point of branches 32 of a segment 12 and center 14 of the

pattern, and on distance Dy between neighboring patterns.

The inventors have observed that such a surface has

three main resonance frequencies. The first resonance frequency
essentially depends on length Lg of segments 12 and on distance
Dy, between neighboring patterns. The second resonance frequency
essentially depends on length Ly of branches 32 and on distance
Dy, between center 14 of the pattern and the intermediate point
of segment 12 from which the branches originate. The third reso-

nance frequency depends on all the above-mentioned parameters.

Such a surface has the property of filtering the elec-
tromagnetic waves belonging to three different frequency lands
centered on its three main resonance frequencies. In practice, a
simulation software is used to test different combinations of
parameters by performing progressive adjustments to obtain a set
of parameters adapted to the targeted frequency bands.

In the embodiment of Figure 4, the setting of the
first and second resonance frequencies is relatively easy, but
it is difficult to adjust the third resonance frequency without

modifying the first two frequencies.

Further, the three resonance frequencies of the
surface of Figure 4 remain slightly dependent on the angle of
incidence and on the polarization of electromagnetic waves.

Figure 5 is a top view schematically showing another

embodiment of an elementary conductive pattern 51 of a
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frequency-selective surface. Pattern 51 shows all the elements
of pattern 31 of Figure 3. It further comprises two substan-
tially identical fins of length Ljg, respectively 52al and 52aZ2,
52b1 and 52b2, and 52cl and 52c2, extending from the outer end
of each segment 12, substantially symmetrically with respect to
the segment direction. Fins 52 of each segment 12 form together
an angle of approximately 120°, for example, ranging between 110
and 130°, and define an arrowhead directed towards the outside
of the pattern.

In an embodiment, pattern 51 further comprises two
substantially identical fins of length L., respectively 54all
and 54al2, 54a2l and 54a22, 54bll and 54bl2, 54b21 and 54Db22,
54cll and 54cl2, and 54c2l and 54c22, extending from the outer
end of each branch 32 (on the side of the branch opposite to the
segment from which it originates), substantially symmetrically
with respect to the general branch direction. Fins 54 of each

branch 32 form together an angle of approximately 120°, for

example, ranging between 110 and 130°, and define an outward-
pointing arrowhead. The pattern dimensions are selected so that
fins associated with different segments or Dbranches are not
secant and do not intersect the other segments and branches of
the pattern.

Figure 5 shows, in dotted lines, a portion of a
pattern 51' corresponding to a translation of pattern 51 along
the direction of segment 12a of pattern 51. In thilis example,
fins 52 of the segment of pattern 51' closest to center 14 of
pattern 51 are located in the space delimited by segments 12b

and 12c¢ and by branches 32b2 and 32¢l of pattern 51. A non-zero
distance D, separates center 14 of pattern 51 from the end or
the closest segment 12. It should be understood that other
patterns (not shown) of a frequency-selective surface are formed
similarly, by translation along the directions of the other seg-

ments 12, according to a periodic layout of the type described

in relation with Figure 4.
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The surface thus formed has three main distinct reso-
nance frequencies. These three resonance frequencies are inde-
pendent from the angle of incidence and from the polarization of
electromagnetic waves. Further, the introduction of additional
parameters Lgg and Lgp relative to the length of fins 52 and 54
increases resonance frequency setting possibilities.

The strong interleaving of the elementary patterns 1s

considered to contribute to ensuring a behavior of the surface
independent from the angle of incidence and from the polariza-
tion of electromagnetic waves. Thus, it will be ascertained to
maintain parameter Dy relative to the distance between neighbor-
ing patterns relatively low.

Figure 6 is a top view schematically showing an alter-

native embodiment of the elementary conductive pattern of Figure

5. Pattern 61 of Figure 6 differs from the pattern of Figure 5

by the orientation of the fins associated with branches 32. In
pattern 61, two identical fins 64 (respectively 64all and 64alZz,
64a21 and 64a22, 64bll and 64bl2, 64b21 and 64b22, 64cll and
64cl2, and 64c21 and 64c22) associated with a branch 32 each
form an angle of approximately 60°, for example, ranging between
55 and 65°, with the general branch directilon, and are substan-
tially aligned along a same direction, this direction intersect-
ing the direction of segment 12 from which branch 32 originates.

LLike pattern 51 of Figure 5, pattern 61 provides
surfaces with three resonance frequencies. It especlally enables
to obtain resonance frequencies different from those obtained

from pattern 51, and has the same setting possibilities and the

same insensitivity to the orientation and to the polarization of
electromagnetic waves as pattern 51.

Figure 7 is a top view schematically showing an alter-
native embodiment of the elementary conductive pattern of Figure
6. Pattern 71 of Figure 7 differs from the pattern of Figure 6
by the shape of the branches originating from segments 12.
Pattern 71 comprises two branches 72 (respectively 72al and

72a2, 72bl and 72b2, and 72c¢l and 72c2) extending from an inter-
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mediate point of each segment 12 along the same general direc-
tion as branches 32 of the pattern of Figure 6. However, unlike
branches 32 of the pattern of Figure 6, branches 72 comprise a
crenel-shaped extension of height H., extending along a direc-
tion approximately orthogonal to the general branch direction,
towards the outside of the pattern.

Like pattern 61 of Figure 6, pattern 71 provides

surfaces with three resonance frequencies. The provision of a
crenel-shaped extension on branches 72 enables to vary the
length of the branches more, which increases resonance frequency
setting possibilities. Further,

51 and 61 of Figures 5 and 6,

in the same way as for patterns
the resonance frequencies of the
surfaces obtained from pattern 71 are insensitive to the orien-
tation and to the polarization of electromagnetic waves.
As an example, by repeating pattern 71 according to a
periodic layout of the type described in relation with Figure 4,
the inventors have obtained a surface capable of shielding
frequencies on the order of 0.9 and 1.8 GHz, by using the

followlng parameters:

Parameterxr LS Db Dm Lb W Las Lab HC

Value (mm) 25 9.1 0.75 7.5 0.5 4 5.75 5.9

The inventors have further obtained a surface capable
of shielding frequencies on the order of 2.4 and 5.4 GHz by

using the followlng parameters:

Parameter LS Zﬁg I}n :Lb W Log Lanh H

Value (mm) 9.6 3.6 0.5 2.9 0.25 2 1.6 1.8

The two above examples do not consider the third reso-
nance frequency, which however exists.
Figure 8 is a top view schematically showlng an alter-

native embodiment of the elementary conductive pattern of Figure

7. In pattern 81 of Figure 8, each branch originating from a
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segment of the basic tripole comprises three crenel-shaped
extensions of height H., extending along directions approxi-
mately orthogonal to the general branch direction, towards the
outside of the pattern.

5 As an example, by repeating pattern 81 according to a
periodic layout of the type described in relation with Figure 4,
the inventors have obtained a surface capable of shielding
frequencies on the order of 0.9, 1.8 GHz, and 2.1 GHz by using
the following parameters:

10

Parameter Lg Dy D Ly W Lyg Lab He

Value (mm) 28 .8 9.8 0.5 8.8 0.5 6.3 0.05 5

Figure 9 is a top view schematically showing an alter-
native embodiment of the elementary conductive pattern of Figure
8. In pattern 91 of Figure 9, each branch originating from a
15 segment of the basic tripole comprises crenel-shaped extensions
of different heights, extending along directions approxXimately
orthogonal to the general branch direction, alternately towards
the outside and towards the inside of the pattern. Further, 1n
pattern 91, the fins associated with the branches are arranged

20 in an arrow, as 1in pattern 51 of Figure 5.
Figure 10 is a diagram illustrating the variation,
according to frequency, of the transmission factor (in decibels)
of a surface formed by the repeating of an elementary pattern 51
of Figure 5, for electromagnetic waves having different angles
25  of incidence. Curves 101, 102, and 103 show the frequency

responses of the surface for electromagnetic waves oriented

along directions respectively forming angles of 0, 30, and 60°

with the direction orthogonal to the surface plane. The selec-
tion of the parameters is such that the surface has three
30 different resonance frequencies, respectively on the order of
0.9, 1.8, and 2.1 GHz. The diagram of Figure 10 shows that the
resonance frequencies of the surface, corresponding to negative

peaks in curves 101, 102, 103, are independent from the angle of



10

15

20

23

30

CA 02797559 2012-10-25

12

incidence of waves. It should further be noted that the reso-

nance frequencies are also independent from the wave polari-

zation.

According to a preferred embodiment, the frequency-
selective surfaces described hereabove are formed on paper- Or
cardboard-type supports, for example, on wall paper, on paper Or
cardboard lining plasterboards lined with cardboard, or on any
other support capable of lining the walls of a room of a build-
ing. The conductive patterns are for example formed by printing
with conductive 1nks.

According to an advantage of the above-described
frequency-selective surfaces, the coverage rate of the conduc-
tive patterns is relatively low, for example, smaller than 15%.
This enables to maintain a relatively low manufacturing cost for
such surfaces.

Specific embodiments of the present invention have

been described. Various alterations, modifications, and 1mprove-

ments will readily occur to those skilled in the art.
In particular, the elementary conductive patterns
described in relation with Figures 7 to 9 may gilive rise tO

several variations. However, for each of these patterns, 1t may

be chosen to arrange the fins associated with the branches of
the pattern either in an arrow, as described in relation with
Figure 5, or aligned along a same direction, as described 1n
relation with Figure 6. Further, it will be within the abilities
of those skilled in the art to implement the desired operation

p—

by varying the number, the direction, and the orientation of the

crenel-shaped extensions formed of the pattern branches.

Further, in the elementary patterns described 1in rela-
tion with Figures 3 to 9, a second generation of symmetrical
branches originating from the main branches (32, 72) may be

provided to increase resonance frequency setting possibilities.



10

15

20

25

35

CA 02797559 2012-10-25

13

CLAIMS

1. A surface capable of filtering a plurality of
frequency bands, this surface comprising a set of separate iden-
tical elementary conductive patterns (31; 51; 61; 71; 81; 91),
repeated according to a periodic layout on a dielectric support
(10) , the elementary pattern comprising:

a tripole formed of three identical segments (12)
extending 1n a star from a center (14); and

two branches (32; 72) extending symmetrically from an
intermediate point of each segment, this intermediate point
being located at a same distance (Dy) from the center (14) for
each of the segments (12), the general directions of the two
branches forming an angle of approximately 120° and defining an
outward-pointing arrowhead, the branches (32; 72) associated

wilith two different segments (12) being non-secant,
the elementary pattern being repeated by translation

along each of the directions of the segments (12) so that a same
distance (D) separates each end of a segment of a pattern from
the center of a neighboring pattern.

2. The surface of claim 1, wherein the segments (12)
of the tripole form, two-by-two, angles of approximately 120°.

3. The surface of c¢laim 1 or 2, wherein the
elementary pattern (51; 61; 71; 81; 91) further comprises two
first identical fins (52) extending symmetrically from the end
of each segment (12), the first fins (52) forming an angle of
approximately 120° and defining an arrowhead directed towards

the outside of the pattern.
4, The surface of any of claims 1 to 3, wherein the
elementary pattern (51; 61; 71; 81; 91) further comprises two

"

first identical fins (54; 64) extending from the free end of
each branch (32; 72), each second fin forming an angle of
approximately 60° with the general direction of the branch.

5. The surface of claim 4, wherein the second fins

(54) of each branch form together an angle of approximately 120°
and define an arrowhead directed towards the outside of the

pattern.



10

13

20

CA 02797559 2012-10-25

14

6. The surface of claim 4, wherein the second fins

p——

f each branch (32; 72) are aligned along a same direction,

-

(64) ©
this direction intersecting the direction of the segment (12)

from which the branch originates.

7. The surface of any of claims 1 to 6, wherein the
branches (72) comprise at least one crenel-shaped extension
along a direction intersecting the general direction of the
branch.

8. The surface of any of claims 1 to 7, capable of
filtering three frequency bands respectively centered on 0.9,
1.8, and 2.1 GHz.

9. The gsurface of any of claims 1 to 7, capable of
filtering two frequency bands respectively centered on 2.4 and
5.4 GHzZ.

10. The surface of any of claims 1 to 9, wherein the
dielectric support 1s a paper- or cardboard-type support and the
conductive patterns are formed by printing with a conductive
1nk.

11. A use of the surface of any of claims 1 to 10 to

filter three frequency bands located within the range from 0.9

to 5.4 GHz, wherein the overall dimensions of an elementary

pattern approximately range from 1 to 10 centimeters, the

lengths of each of these segments, branches, and fins being

adjusted to select the three targeted frequency bands.
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