1 SURFACE FOR FILTERING A PLURALITY OF FREQUENCY BANDS Field of the invention

The present disclosure relates to a frequency-selective surface, that is, a surface capable of shielding
5 electromagnetic waves belonging to certain frequency bands. Discussion of prior art
Frequency-selective surfaces are generally called F$S in the art. They comprise a set of identical
elementary conductive patterns, repeated according to a periodic layout on a W 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 pattern and of the dielectric material of
the support are the rsagFECIOECRe BTRTRRING cAfi FERA RIaNe Nie SFREMIEESINaBaNDS  One of the
targeted applications relates to the selective shielding of a building or of a room of a building against
certain electromagnetic waves. The frequencies which are generally desired to be filtered especially
comprise thefestRr HoddthctBYSRESM-type mobile telephony systems (0.9, 1.8, and 20 2.1 GHz), as
well as the carrier frequefibies gbisERtypediiFelasscemputet aictworkesystems {Zacmsd &4 GHz).

The dielectric,gypportsnay-Re-gssibstrata based onLepexy-esen plastisonwhieh theiconduefive

patterns are faimed by deposition of conductive Jayers, according to manufacturing .25 methods similar
to printea cir@ﬁi‘?ﬁ%ﬁ&%@%ﬂ:ﬂlgcm‘gt %%Zl?ﬁi%l 3 Egeﬁeprrgeile oe%terﬁq}feuthoﬁégr?isy-selective
surfaces direeligegapar-or e ALSYpe supports, for example, by printing with a conductive ink.

This last embodiment SB&%@_{U&B@?@&@@@%Q%M%ECM@ deereasing thesaqsinf much
surfaces. 30 FIi_EJU{% éL is atop f’lew schematggll%srgoe\@n%@n eé%@g ary Cg@&&{@g&a@gﬁi of a

frequency-sejrective Surface. Pattéin io?gﬁie on a surface of a dielectric support 10,’is a tripole

formed of thrédGEéNGc RV eefiBhts EERSBISA 234 7PTIERS IiRyth LESE R Hding AY 2¥taPftof a center
14. SegmentsuiZaate12¢ farm isle-dy-tivo sapgesof approximatelpd@0the dimBigurer®sisod top view

schematically showing,a-partionof & frequeppy-selective surface.formed By theJepeatng,g according

to a periodic layout on dielectfic support 10, of elementary pattern 1 of Figure 1. Pattern 1 is repeated

by translatiof3fbngEacrerRe-Girecidis oPSedRnE IS 15 SRhEHPoI S0 that R¥ame
non-zero distesice Rimdsepfarates daefauiter endaoferseymeht bha pattworfromrthetéentepofa 10

neighboring paltemn.-d he-tanslationstiepeaied infihd cavgsstheantie teraetagrsuidace. The
surface ithus foLmed has aresopance fEe(%ueer%%esseriti%lgltgéggndi%gg Sth% barameters relative to
length LS of the tripole seymen?s and to-distance D between nelgﬁ%ormg
tive shielding of a building or of a room of a building against
certain electromagnetic waves. The frequencies which are gener-
ally desired to be filtered especially comprise the carrier
frequencies of GSM-type mobile telephony systems (0.9, 1.8, and
20 2.1 GHz), as well as the carrier frequencies of Wi-Fi-type wire-
less 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
by deposition of conductive layers, according to manufacturing
25 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 gignificantly decreasing the cost of such surfaces.
30 Figure 1 is a top view schematically showing 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,



15 patterns. Such a surface has the property of filtering the electromagnetic waves belonging to a
frequency band centered on its resonance frequency. The filtering efficiency 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) 20 of dielectric support 10. A disadvantage of the frequency-selective surface
described in relation with Figures 1 and 2 is that its frequency response depends on the angle of
incidence of the electromagnetic waves with respect to the surface, as well as on the 25 polarization of
the incident electromagnetic waves. Further, this surface only enables to filter a single
frequency bamntticentered drettgtésapanes fragiiencyiT s tefiltérafferenehaads]for &xample GSM

fequences (qphe gideref Q9: 143,400 2. Ghiz) godliar s fisduencie {paibe 30 ander of 2.4

and 5.4 GHz), frequency-selective surfaces adapied to each of the_targeted hands should. be stacked.
Summary Thus, AnBBjEctordh @niEBdift&it &%%“&%%%ﬁ}%g O o provide &
frequency-setéctive stirfeceeveycemlngalas lesist Saate of thangbadvantages ofersip Solutions. 3
An objeci of apembediment ofthe.prasenptinveniior is da pravidesueh@ sufasehaving filtering
properties indﬁpendent from thg anlglelof (i)r}_ci ncer%nd fror’rl)g%_‘ec Qolariiatiog Ofr ienceig%réE b
electromagné 8&5&?&%%?%8%%@& of an 8mbodiment ojf the prese]ﬁ?invenjflon is to provide duch a
surface whiclh i8eapablenf Altensy savbrafidifdre i ifaiehiyoafdsSeIments Ap5hjéet d4n
embodiment f thespresenpénention istaprevidesuchearsuttace kavingraceelatlyebelowgoasluctive 10

pattern coveiggs alg. .. oFNU5e an erhadipentol e present ipyenion provides.a sypfage capable

of filtering a rﬁur‘aﬁg frequency bands, this surface cormprising a set of separate identical elementary
conductife pRRAEROIEHBIIGPEEESRIING S L PRRBURIESB UL Bn FPSHER RE ShppbrE tEEfementary
pattern comptisingra intpolefogmesiokihréaddentical seyments extending in a star from a center; and

two branches extending symmetrically from,an intetmediate,peintof each,seqrment thig,intetmediate

point being located at a same distance from the center for each of the, 20 segments, the gengral
gnjents, the ger

directions of SRS AREhESFSHRHFaRANGIE JIATPISkTiately 120 HfinfAG AR otRward-pointing
arrowhead, ttradrancheslasseeigtehingth anvd differehi SegmeentPheivg Heresecaptghboringccording

to an embodimenioiihe piesent invantion, 2k the seymeste st he trigalederndwersy-sec angles of
approximately 120. £ Accordin té)l%g eirpzbogién%nt torf the #[esegt inC\{e(r:lgog :trréec,ielglrl’n%@gry pattetu
further comp 1SS ANOTirstidentical fins ex?ent%ng symme?r%é ycgomafﬂe end of éach segment, the

. rescnance frequency. The filtering efficiency 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)
20 of dielectric support 10.

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

25 polarization of the incident electromagnetic waves.

Further, this surface only enables to filter a single
frequency band centered on its resonance freguency. 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

3¢ 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

35 least some of the disadvantages of existing solutions.



30 first fins faulting 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 identical fins extending from the free end of each branch, each
second fin 4 faulting 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- 5 imately 120 and defining an arrowhead directed towards the outside of the pattern.
According to an embodiment of the present invention, the second fins of each branch are aligned
along a same direction, this dindetion infersectingafigndingctivh chthepsegerht 10vRokiwhidethe

branch origingtes,ovide ASGOFAIRY Lo aRsp@begdinest of thepresentiayrntianrdheiapshes comprise
at least one crenel-shape%}%xtensifg alc%ng.a dirgction inteésegtiggt %generifal direction of the branch.

According to B erhbalintéift of tie Bredent THvERTOR: 15 e eTetientary patsr & tepaated by

translation albngickett ot lise Glientgns bitheassiments of the tripole so that a same distance
separates each end of a sggBIeRiaf aopaiarnhiesathreentst ofiengighhering petiaddon is
According to an embodiment of the present invention, .20 %1 r]f_ C%szS %E%Q@‘%f ilgeéj;/régfglree
frequency ba%%s%%%%le%ﬁvesﬁl/%qenafer%%rso%%%,W %%%n%l %Ig-%z) e According to an embodiment
of the preserflifF&atar, Heeseacy ifeapable of filtering two frequency bands respectively centered
on 2.4 and 5.4 GHz. 25Aznotilingda anfembosdinedieftie pfescnrt ipveston, theveéetactncisupport is a

paper- or CWQO%%WP&SL&P&% and thecondugtive patterns are fored by printingpith a,gonductive

ink. Another embodiment of the present invention provides a 30 use of the above-mentioned surface to

filter thr&® frekftferfey b aRUS 16&5tethfthin the range from 0.9 to 5.4 GHz, wherein the overall
dimensions of an elemeritanspattaiu apprdiinsateyofngesframes e 10 tentintétens fhevedgths of

each of these; seypents, igpshes. and g beinggdivsiad taselest Bie treglarggieganipquency
bands. this surface comprising a set of separate identical elementary
conductive patterns, repeated according to a pericdic layout on
15 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 point
being located at a same distance from the center for each of the
20 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. |

According to an embodiment of the present invention,

25 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

30 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 identical

fins extending from the free end of each branch, each second fin



5 Brief description of the drawings The foregoing and other objects, features and advantages of
the present invention will be discussed in detail in the following non-limiting description of specific
embodiments 5 in connection with the accompanying drawings, among which: Figure 1,
previously-described, is a top view schematically shdwing an elementary conductive pattern of a
frequency-selective surface; Figure 2, previously-described, is a top view schemat10 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 showing an embodiment of an elementary
conductive patters f; adfreaugney-selegtivecsuriacesibkigerefds atep vievesaheatsatlycshowing a
portion of a fre]guc%ecygsele tive surface foimed by repeating of the elementary pattern of Figure 3;
Figures 5 to §ars smpﬁ% op views showing different alternative embodiments of the elementary

conductive 20 pattern of EffeEghd-C a0 EHLReIrRta Ghgrldif sRERAT thelftEGHEME responses
of a surface fenmeskfronutiia alermentagypatterncof Figure Sofertklementaaygiay esthapingedifferent

angles of incidence, Petayed depcgohon;zpraclarlh. he-same. dlemente hpve aeen designated wih

the same reference humerals in the different drawings and, further, the various drawings are not to
scale. siggund 3538 B3 Ui schematically showing an embodiment of an elementary
conductive pattern 31 of adreguiemsy-3@selactidosdifacat of ths apmaesnple Ltheenoadietive

material may Qe alumigum, gold, eePRel-5ilvafssarbhdromn Riatinun; graphitesaha eaneuctive alloy
of several of these materials.,GeneralIIg/, th% hi%hert the elgﬁtric dc.ornd citic\)/ri{ty 8% tk&&renaéeerialé rt@:e better
the 35 filtering aHormed by & ShiHfade IRtersecting the direc I

106 from which the branch originates.

According to an embodiment of the present inventiom,
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,

15 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,

20 the surface is capable of filtering three frequency bands
respectively centered on 0.9, 1.8, and 2.1 GHz.

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.

25 Aecording 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
ink.

Another embodiment of the present invention provides a

30 use of the above-mentioned surface to filter three fregquency
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

35  frequency bands.



6 Pattern 31, famed on a surface of a dielectric support 10, comprises a basic tripole formed of
three approximately identical seyments 12a, 12b, and 12c of length Ls, extending in a star from a
center 14. Segments 12a to 12c form, 5 two-by-two, angles of approximately 120, for example, ranging
between 110 and 130. Pattetu 31 further comprises, for each segment 12a, 12b, 12c, two
substantially identical branches, respectively 32al and 32a2, 32b1 and 32b2, and 32c1 and 32c2,
extending from 10 an inteimediate point of the seyment, substantially symmetrically with respect to the
segment direction. In this example, branches 32 have the shape of bars with a length Lb. On each

segment 12, #1q iregaediais-peit 4F lagaiedappipyinately at a same distance Di from center 14. The

general directions of the ;{g %twofglr%r%%q%% (C;)VZV %Qé%rg %ghaéqgleo%‘. rgxin@égLX Q for example, ranging

between 110 and 130, and defining an a irected towards the outside of the pattern. Further,

branches 32 ¥856@i8%6d WittF RRoRIRERH SEYFRBAECT2 Bié horPsEdaueTget® iSatopiviet
schematically-sbovisgl awattio haR-afian. embo dinent bh el sequehcyseiective sutfacs feimed by the
repeating, acgqrding o periodiclpualt an disiectic:supeat A0,0f elemsatpaatior 31 of Figure 3.

Pattern 31 is repeated by translation along each_of the directions of segments 12a to 12c of the basic
tripole, so that a same noM-Z&FS distafE DI SBHEEFERAES R dite? etPofd SEgRTEITE A pattern
31 from centercdd bf asherghhoriag pattarar3hiihetragistatioreopertatiorrisaé peatbdeguitie-entire
targeted surfacq is.covered,/kshould be noted that the dimensions of the elementary pattern and
distance Dm are selected to be such that the eleé-rm_entar%/ 3% § ttelLus arg separate. Chem‘Tpe
frequency response of th& TS thd ormed® gséiﬁﬁa ﬁ/l §én&ss of Ieﬁgthvﬁg%f Sseymer%:ts 12, on

length LI of braathes Swimdistapes Divheaifeen fedmermicdigtestailify peitiestorerierrd 32 of a
segment 12 aRd eceptertl4of dre deepattersand-onglistanee bm begeenmeighboring patterns. 7
The inventors have obsetyed that_such a surface has three main resona frequenci e first
resonance frequency ess%h%%ﬁ? dfeplesnd% c\)u’rﬁD Pen‘é%ﬁ%s%?l gg&m@%ﬁ% fnrlﬁ(? ‘671% |s%§lnc8e%][%%ng between
neighboring patestas. The 38coRdTBSBRARYe FRAGIBKE B sIentiefiy e fdnd S ontERdNF R of
branches 32 aade«an distasce R2Aladetween center 14 of the pattern and the intermediate point of
segmenf, 12 from which the hraaches griginal, Thehidyiengnance feausnayeRena-onall the

S

above-mentioned parameters. Such_a surface has the property of filtering the elec- 10 fromagnetic
waves belondifig f tHrEHMfRTERPReguEhts b%gi‘éﬁte%’ﬁﬁqtsWreg?ﬁﬁlﬁ%%néﬁ‘cetf guencies.
In practice, asimndatiGngofiniarens uskditostest different combinations of parameters by performing
progressive adjustments {a ohiain a set pEpatameters adaptedrtatie tasgeted Sgguenarhagds. 15 In
the embodiment of Figure 4, the settjr#oft e first anéj secgng reso anc(?lge uerg:%ie isgg@éively
easy, but it isdiffi Tt tao?&&eﬂéa&ﬁr reSoRa %@?lneqsuecﬁcy Wklll%oﬁ modi ?r% the Tirst two
frequengies. pattern of Figure 3; and

Figure 10 is a diagram showing the freguency responses
of a surface formed from the elementary pattern of Figure 5, for
elementary waves having different angles of incidence.

Detailed description

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

Figure 3 is a top view schematically showing an embod-
iment of an elementary conductive pattern 31 of a frequency-

30 selective 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 material, the better the

35  filtering performed by the surface.



Further, the three resonance frequencies of the 20 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
frequency-selective surface. Pattern 51 shows all the&selements 25 of patte/n 31 of Figure 3. It further
comprises two substantially identical fins of length Las, respectively 52al and 52a2, 52b1 and 52b2,
and 52c1 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 30 an angle of

approximately 120, for exaypplanfanging bebygen 1khand 130 anddefine ag arrpwhead dicected
towards the outside of pattern. In an embodiment, pattern 51 further comprises stantially
identical fins So‘fl?é)r?d:t Iiba(% réfé’b“?&%vse%? 53a §§1§n} Eggfg%gg %%d%ég%r,ﬁb%qgfﬁ 4b12,
54b21 and 5882218 538entEstbacIoTBes4c22and 53822, @xknditfy fréfn the%TREr evml of each
branch 32 (oa:thersidegf the draneh-opposite tedie segmentdeamenhichibariginates), sohsfantially
symmetically yith (pspect t9.{0e ggnetal braneh difection. Fing >4 ekeashauanch Az oraytogether

an angle of approximately 120,-for examplé, ranging between 110 and 130, and define an
outward-pointfigseswhi kel pattern dimensions are selected so that fins associated with different
segments or branches areatissecant. arfthdohrot intengactdhe othgrsegaEntsagdsdirandiiss of 10 the

pattern.  ; figurg Hshowg, indatiad ings,a-poriign.afia patiernalicarespanding to,a ffanslation
of pattern 51 along the direction of segment 12a ofaggttern 51. In this example fin% 52 of the segment

of pattern 51°Bed T cEiter ﬁ%?ﬁgﬂtéﬁ?%i Jocafed A eggp%gde &é?r%ﬂ iﬂ%/ gjefarr%ents 12b
and 12d@nd &y biarichewd2bReanpd2¢] offpatieen SEIAaTBN-zErdodictntde D sepamgesicenter 14

of pattern 51 from-fhe,epd oftheclesest segmentialishatlicbbe wnderstaod that athempadterns (not
shown) of a frequency-selective surface are formed 20 similarly, by translation along.the directions of
the other segfﬁ%per?t%hl%q, g%:%otéjd%fs_ to);%aepeEr‘}lli—(l)f—(":f?é3 Ia?guibc?ﬁ%ewgg dgsc?rﬁ)n |$1 r']g]i:’dtig%nwiﬁwa igure 4.
The surface tpr@TeRhethad e YRIFNeRSHE rEsdhands freefrliRfe SPFRESE TReR ieBndhce

frequencies aigrinder 25 pendent frorthe-anglerofjncidense antkiran thie-pelatimationdithe
clectonanelsnBienchilhsh el Lo AN NARNEINS La5andaagd Lafive 10 the
length of fins 2 and b4 Increases resonance frequency s Ingé)OSSIb.IlltlleS.
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
20 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 is repeated
by translation along each of the directions of segments 1l2a to
12¢ of the basic tripole, so that a same non-zero distance Dy
25 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 is covered. It
should be noted that the dimensions of the elementary pattern
and distance Dy are selected to be such that the elementary
30 patierns are separate.

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

35 pattern, and on distance D between neighboring patterns.



The strong interleaving of the elementary patterns is 30 considered to contribute to ensuring a
behavior of the surface independent from the angle of incidence and from the polarization of
electromagnetic waves. Thus, it will be ascertained to maintain parameter Dm relative to the distance
between neighboring patterns relatively low. 9 7Figure 6 is a top view schematically showing an
alternative embodiment of the elementary conductive pattern of Figure 5. Patten' 61 of Figure 6 differs
from the pattern of Figure 5 by the orientation of the fins associated with branches 32. In 5 pattern 61,
two identical fins 64 (respectively 64all and 64al2, 64a21 and 64a22, 64b11 and 64b12, 64b21 and
64b22, 64c11 and 64cl12raad 64c2Amnt 64622) assosiated withka brarth 32 eacitfaren aaangle of
approximately, 500, feLeXATIpIe, aNAnG-RENEED R ando. plfthe, agpeial franel ligstion. and
are substan- 10 tially aligned along a same Irection, this direction intersecting the direction of

segment 12 RERFWHIGH BYartgPeoSHgiRaath Ly n SESHEBE D1 Fig@’s Patteri 6 Frovides
surfaces witlnihiree resenance fiequeheie pdt especial{enabgstolobesvnesorariteflegoencies

different rom. ose-obtaiecdadiam paam3k-and Nas e sameseingasshillissapd ihe same
insensitivity to the orientation and to the polarization of electro%atg\_[;%etlc waves 3131 gaétern 5]t'

Figure 7 is aXp PRWSERe m&tally Sholing 3R Siehh&ive ERthotitRert 6FINE SretientaRy conductive
pattern of Figeffes2@BeRattbin ool Rigure Tdi#fdrsdromeheqritdinadichigine 6ty tite Sh&Pe of the

branches originatingsfrang segrmeatsd2aLaiteraril eampiiseswekranebes d2-4aspegtively 72al and
72a2, 72b1 and 72b2, and 72cl arsmgggaczg ea(teng'n from antinterrpegi ee@%int of eachlseecgment 12

fal .
along the same general ditee? 7% fioh aabranches 8¥ﬁ$§lﬁa¥te?n of Figure ESH%Weeveér, unlike

branché§ 32 bt ehemattels oFEitfie B brasatnds v2 comsiscd eFeieRshdps PRSP Aeight He,
extending aleRgaddiertion approximatelaithegenalindbefgeneratdiasch tirestiant fawards the

outside of theﬁ%&f&%?’c%“ks? patten 61.0f Figure G paliern 74 prevides sutiageswith thee jesonance
frequencies. The provision of a crenel- aped extension on branches 72 enables to vary the length of

the branche HEESRAICH IACrEASLOTEdORaRCOTERRRNEY SARHG IELSiifies FBANEr, I & same
way as for paiterpa3mbtearyd fd=piteigutes Shand Hrdke edsdnmanguertraquenties of the

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

Further, the three vresonance frequencies of the

20 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
frequency—sélective surface. Pattern 51 shows all the elements

25 of pattern 31 of Figure 3. It further comprises two substan-
tially identical fins of length Lgq, respectively 52al and 52az2,
52b1 and 52b2, and 52cl and 52¢2, 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

30 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 ILgp, respectively 54al1l

35 and 54al12, 54321 and 54a22, 54bil and 54bl2, 54b21 and 54b22,



10 surfaces obtained from pattern 71 are insensitive to the orientation 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, 5 the inventors have obtained a surface capable of
shielding frequencies on the order of 0.9 and 1.8 GH, by using the following parameters: Parameter
Lb W Las Lab He Value (mm) 259.10.757.50.5

54cll and B54c¢i2, 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. Fing 54 of each
5 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 dJdifferent segments or branches are not
secant and do not intersect the other segments and branches of
10 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 this example,
fins 52 of the segment of pattern 51' closest to center 14 of

15 pattern 51 are located in the space delimited by segments 12b
and 12¢ and by branches 32b2 and 32cl of pattern 51. A non-zero
distance Dy separates center 14 of pattern 51 from the end of
the closest segment 12. It should be understood that other
patterng (not shown) of a frequency-selective surface are formed

20 similarly, by translation along the directions of the other seg-
ments 12, according to a periocdic layout of the type described
in relation with Figure 4.

The surface thus formed has three main distinct reso-
nance frequencies. These three resonance frequencies are inde-

25 pendent from the angle of incidence and from the polarization of
electromagnetic waves. Further, the introduction of additicnal
parameters Lae and Lyp relative to the length of fing 52 and 54
increases regonance frequency setting possibilities.

The strong interleaving of the elementary patterns is

30 considered to contribute to ensuring a behavicr 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.



4 5.755.9 10The inventors have further obtained a surface capable of shielding frequencies on the

order of 2.4 and 5.4 GHz by using the following parameters: Parameter L5 IYb Dm Lb W Las Lab Hc
Value (mm) 9.6 3.6 0.5

9

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

5 pattern 61, two identical fins 64 (respectively 64all and 64al2,
64a21 and 64a22, 64bll and 64bl12, 64b2l and 64b22, 64cll and
64cl2, and 64c2l 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 direction, and are substan-

10 tially aligned along a same direction, this direction intersect-

ing the direction of segment 12 from which branch 32 originates.

Like pattern 51 of Figure 5, pattern 61 provides
surfaces with three rescnance frequencies. It especially enables
to obtain resonance fregquencies different from those obtained

15 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

20 6. Pattern 71 of Figure 7 differs from the pattern of Figure 6
by the sghape of the branches originating from segments 12.
Pattern 71 comprises two branches 72 (respectively 72al and
72a2, 72bl and 72b2, and 72cl and 72¢2) extending from an inter-
mediate point of each segment 12 along the same general direc-

25 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 ocutside of the pattern.

30 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, in the same way as for patterns

35 51 and 61 of Figures 5 and 6, the resonance frequencies of the



2902521618 The two above examples do not consider the third resonance frequency,
which however exists. Figure 8 is a top view schematically showing an alternative embodiment
of the elementary conductive pattern of Figure 7. In pattern 81 of Figure 8, each branch originating
from a 20 segment of the basic tripole comprises thiée crenel-shaped extensions of height Hc,
extending along directions approximately orthogonal to the general branch direction, towards the
outside of the pattern. As an example, by repeating pattern 81 according to a 25 periodic layout of the
type described in relation with Figure 4, the inventors have obtained a surface capable of shielding
frequencies g tire erdeeptQ:iheli8 fida, aad hGHZ hyresing she dokawngrpanameterssRarameter
LSIDbI)n]LbaQékgﬁléﬁé 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,
5 the inventors have obtained a surface capable of shielding
frequencies on the order of 0.9 and 1.8 GHz, by using the

following parameters:

Parameter Lig Dy D Ly W Lag Lan Hep
Value (mm) 25 9.1 0.75 7.5 0.5 4 5.75 5.9
10 The inventors have further obtained a surface capable

of shielding frequencies on the crder of 2.4 and 5.4 GHz by

using the following parameters:

Parameter Tig Dy D N W Liyg Lab He
Value (mm) 9.6 | 3.6 0.5 2.9 | 0.25 2 1.6 1.8
15 The two above examples do not consider the third reso-

nance frequency, which however exists.
Figure 8 is a top view schematically showing an alter-
native embodiment of the elementary conductive pattern of Figure
7. In pattern 81 of Figure 8, each branch originating from a
20 segment of the basic tripole comprises three crenel-shaped
extensions of height H., extending along directions approxi-
mately orthogenal to the general branch direction, towards the
outside of the pattern.
As an example, by repeating pattern 81 according to a
25 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:

Parameter Lg Dy Dy ‘ Iy W Lag Lah H
Value (mm) 28.8 | 9.8 0.5 L 8.8 0.5 6.3 0.05 5




Hb Value (mm) 28.8 9.8 0.58.80.56.30.055 11 Figure 9 is a top view schematically showing
an alternative embodiment of the elementary conductive pattern of Figure 8. In patters' 91 of Figure 9,
each branch originating from a 5 segment of the basic tripole comprises crenel-shaped extensions of
different heights, extending along directions approxifdately orthogonal to the general branch direction,
alteLhately towards the outside and towards the inside of the pattern. Further, in pattern 91, the fins
associated with the branches are arranged 10 in an arrow, as in 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 angl| 5 of incide rves ] 0 h
responses of the‘surfacerig%g&fﬂ(’lae : E[ECda %%é{ﬁ éc@ién?a%ﬂﬂ% gm\%é gdrepuency

_electromagnetic waves oriented along&directlons respectively forming
angles of 0, 3&:%M& Wﬁ‘?ﬁ’é@i%ti&ﬁ%%@@ﬁﬁ?ﬁth@% Frame &R efdc oot the
parameters is sudh thatthesurfate bas threer20 differentiresorande freggensies, gespeastively on the

order of 0.9, 1.8, and 2 J-GHz The-diagram f RigursdP:shaws thatdhediesqnance fcequensies of the
surface, corresponding to negative peaks in curves 101, 102, 103, are independent fromcttle angle of
incidence of Raves it Shot fﬁ?ﬂ%gtbgef NG HA e RSB D HATE 12T REREATE RIS Y

independent frorhdienedvepolapzatiensral branch direction, alternately towards
the outside and towards the ingide of the pattern. Further, in
pattern 91, the fins associated with the branches are arranged

10 in an arrow, as in 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

15 of incidence. Curves 101, 102, and 103 show the Irequency
regponses 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 1s such that the surface has three

20 different resonance frequencies, respectively on the order of
0.9, 1.8, and 2.1 GHz. The diagram of Figure 10 shows that the
regonance frequencies of the surface, corresponding to negative
peaks in curves 101, 102, 103, are independent from the angle of
incidence of waves. It should further be noted that the reso-

25 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

30 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 inks.

According to an advantage of the above-described

35 frequency-selective sgurfaces, the coverage rate of the conduc-



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 30 cardboard
lining plasterboards lined with cardboard, or on any other support capable of lining the walls of a room
of a building. The conductive patterns are for example@ formed by printing with conductive inks.
According to an advantage of the above-described 35 frequency-selective surfaces, the coverage rate
of the conduc- 12 tive patterns is relatively low, for example, smaller than 151. This enables to
maintain a relatively low manufacturing cost for such surfaces. Specific embodiments of the
present inventiqr:have &:-bagn deseebeds Varipusalteratenssmagifications] aed impaveswnts wil

ooy oceRibose aied ue.a. It pe gl dhe SlomeR . AaRdUEtis patiegsdiangined I
[ [ ns

relation with Figlires 710 9 may give fise to severa PYanat owever or eac ese patterns, it
may 10 be cldsgh ©B18fRFRfe- the fins associated with the branches of the pattern either in an arrow,
as described in relation vgfieEiglire Seobalignedadonga sanee ditectian; as desearibed intralation with

Figure 6 Furher, 'yl heithin e ahiitien dUgsesidled i the Atk i plement g, dsgited

operatlon 15 by varying the number, the direction, and the orlentatlon of the ‘crenel-shaped extensions

formed of thé"FRkSr I brandf@s LY CCRBYFiHeR, P PRe i ensty Patdifis®described in relation with
Figures 3 to 9, a second fenerationofisgmmetrical bedroimes-enyinatigdrotnithe Mzt beanshes (32,

72) may be 29 ovided to; tacreeﬁeaeéﬁn%%frqqt%ﬁ%seﬁingcpogsitﬂagj»esgll% CLAMS to 1
A surface capable of filtering a Iurallt)é!of frequen and s%face comprising a set of separate

thi
identical elen?gﬁt%jf?]coﬁﬁﬁ%ﬁ%ep terfS (31 51; r7fa§%f ﬂi‘) HESE St Accordirg fo-a periodic
layout orf a dietecthiosemppbnt S{TOpHe eldinedttiry paters Eapfstisiigh the branches of

the pattern either in an arrow, as described in relation with

Figure 5, or aligned along a same direction, as described in

relation with Figure &. Further, it will be within the abilities

of those gkilled in the art to implement the desired operation

15 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 in rela-

tion with Figures 3 to 9, a second generation of symmetrical

branches originating from the main branches (32, 72) may be

20 provided to increase resonance frequency setting possibilities.



a tripole formed of three identical segments (12) extending in a star from a center (14); and two
branches (32; 72) extending symmetrically from an intermediate point of each segment, this
intermediate point 10 being located at a same distance (Db) from the center (14) for each of the
segments (12), the general directions of the two brahéhes forming an angle of approximately 120 and
defining an outward-pointing arrowhead, the branches (32; 72) associated with two different seyments
(12) being non-secant. 152. The surface of claim 1, wherein the segments (12) of the tripole form,
two-by-two, angles of approximately 120. 3. The surface of claim 1 or 2, wherein the elementary
pattern (51; 61; 71; 81; 91) further comprises twodiratrigentical fins (52) extending symmetrically from
the end of each seg- 20 ment (12), the first fins (52) foiming an angle of approximately 120 and

defining an arrowhead directed towiaqds-the gutside Of the patigiering 4. Tllslgﬁ@rjg@@ ofagny of
claims 1 to 3,.wherein ?ebelegwsent% %tgr@a(él %‘“ﬁlg r%lzif fher %orgg éggé%vo ?@rprst
2 72

identical fins fgf e tendin fromt ree en eac secon orming an

angle of appr%éte?}%@%ﬁﬁlfﬁe ‘Eg%‘?‘%‘ﬂﬁF&Y@ctRﬁF&eWbréﬁch 5i Theisufaicedf claim 4,
wherein the segermrlfids acq&d)oieaeh bira;ﬂehlfoﬁimcto@émtamangle@@mﬂbﬁﬁﬂaﬁwyﬂ@@% and
define an arrqwbead:direciedriomards therauisitde-ofithe patigrn. 6. The surface of claim 4,

wherein the second fins (64),9f gagh.braach (32; £2) arg.alignedialang.a same gicegtion, (15 fhis
direction mtersect&%}the direction of the seyment (%2% 3§%fr m Wh ch the branch originates. 14

7. The surface Ay 8¢ cldinfs £16%, Wheréin thE branché ’(75’5j omprise at least one crenel-shaped
extension along a dwect@?"ﬁtéﬁ%@éﬂﬁ@ﬁhé%ﬁe@l)dlﬁé’%tﬂ%ﬁﬂéﬁmefﬁﬁﬁfé‘ﬁ?]é%@ﬁ%é 3PS Bf any of
claims 1 to 7,iwber@iadbete point of each segment, this intermediate point

10 being located at a same distance (Dp) 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
with two different segments (12) being non-secant.

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

3. The surface of claim 1 or 2, wherein the elementary
pattern (51; 61; 71; 81; 91) further comprises two first identi-
cal fing (52) extending symmetrically from the end of each seg-

20 ment {12), the first fing (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

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

5. The surface of «¢laim 4, wherein the sgecond fins
(54) of each branch form together an angle of approximately 120°

30 and define an arrowhead directed towards the outside of the
pattern.

6. The surface of claim 4, wherein the second fins
(64) of each branch (32; 72) are aligned along a same direction,
this direction intersecting the direction of the segment (12)

35 from which the branch originates.



elementary pattern is repeated by translation along each of the directions of the sey ents (12) of the
tripole so that a same distance (Dm) separates each end of a segment of a pattern from the center of
a neighboring pattern. 109. The surface of any of claims 1 to 8, capable of filtering three frequency
bands respectively centered on 0.9, 1.8, and 2.1 GHz 10. The surface of any of claims 1 to 8,
capable of filtering two frequency bands respectively centered on 2.4 and 155.4 GHz. 11. The
surface of any of claims 1 to 10, wherein the dielectric support is a paper- or cardboard-type support
and the conductive patterns are formed by printing with a conductive ink. 2012. A use of the surface of

any of claims 1 to 11 to filter thrge kggpgnsy bandsjocatedndthin the redge fromé:Q 1o Seh&SHz,

wherein the queraldmensigns ol an elemeryary paUEIn appIOYBALEY 1304EioM L0l

centimeters, éaﬁlengtﬁs ofeach,o?t ese segments, branches, and fins being 25 ad;us%ed%)selectthe

three targetea%eﬁcﬁgﬁﬁlﬁq intersecting the general direction oL the
branch.

5 8. The surface of any of claims 1 to 7, wherein the
elementary pattern is repeated by translation along each of the
directions of the segments (12) of the tripole so that a same
distance (Dy) separates each end of a segment of a pattexn from
the center of a neighboring pattern.

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

10. The surface of any of claimsgs 1 tc 8, capable of
filtering two frequency bands respectively centered on 2.4 and

15 5.4 GHz.

1l. The surface of any of claimg 1 to 10, wherein the
dielectric support is a paper- or cardboard-type support and the
conductive patterns are formed by printing with a conductive
ink.

20 12. A use of the surface of any of claims 1 to 11 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

25 adjusted to select the three targeted frequency bands.

30

35



