1 ELECTROMAGNETIC SHIELDING CONFIGURATION FIELD OF INVENTION 5The present
invention relates to the field of shielding electromagnetic interference through the use of

electrically conductive sheEI %QI_LB}I ‘N—Fllr:GI ELPN 10As the trend

for electronics and electricalﬂ eV|ces con InUe to move War S miniaturization, the effects of
electromagnetic interference due to electromagnetic radiation continue to become more
profound. This interference can be highly disruptive to an integrated circuit as it can distort the
signals capedpviiFimMiiENTION, thereby adversely impacting its performance. This problem is
exacerbated in high frequency 15applications such as those in the field of communications that
are becoming far more prevalent today. In general, steps taken to address this problem are
usually applied directly on the circuitry through means such as the use of bypass capacitors, the
slowifig oflise RIGETAII IP(PAHES @&ipelltastfinfliplizi sbiskifene griateRaRatisuH arRISe
However, in toda 'S techn where many high-speed components are often clustered
together itPEHN B&’T@SI)? gg LiGaly 51 &Qﬁgﬁge & SbRATE remain inferior. A more efficient
solution is the use of electromagnetic shielding. An electromagnetic shield can be employed to
contain electromagnetic radiation emitted from an electromagnetic source, as well as to

25protect gregBREUNHIOYRY R IRIJEL FidQm electromagnetic interference.

10 As the trend for electronics and electrical devices continue to move towards
miniaturization, the effects of electromagnetic interference due to electromagnetic
radiation continue to become more profound. This interference can be highly disruptive
to an integrated circuit as it can distort the signals carried within the circuit, thereby
adversely impacting its performance. This problem is exacerbated in high frequency

15  applications such as those in the field of communications that are becoming far more

prevalent today.

In general, steps taken to address this problem are usually applied directly on the
circuitry through means such as the use of bypass capacitors, the slowing of rise and fall
20  times as well as minimizing noise from ground and supply lines. However, in today’s
technology where many high-speed components are often clustered together in small,
densely packed applications, these solutions remain inferior. A more efficient solution is
the use of electromagnetic shielding. An electromagnetic shield can be employed to
contain electromagnetic radiation emitted from an electromagnetic source, as well as to

25  protect sensitive circuitry by shielding it from electromagnetic interference.



2 In order to reduce the effects of electromagneticanterference, the shields are usually able to
absorb and/or reflect electromagnetic interference energy, and are often presented in the form
of enclosures comprising electrically grounded conductive walls that act as a barrier for

electromaliheffenterferlivee!in ¢ et OhriHRaarlitnesorftSe WIS EERFFEJRMo be
of a conductive, nature, are usually made of metal or con iely pain asti C
sometimeg%ﬁr?votR/eattghséj D%seagﬁ}céén}c{ﬁ%t?see%acstige%%]ﬁ%% Sg%a%&egeﬁ eeéeﬁq ’s%tgécq Sa#l%et err]e is
a need for,cleciitng i, RRARGESIIP I diois ALV BBIRGRINS ELhR ARCIRSURRLE BERiRtive walls
semi-temporal nature, and this is often implemented through the use of access panels, doors or
other acceisst naeans. Hapuever fol Oclbetigaeaghsichrentioshcesaisodieatisriaghietinishedtion.
electromagnetic shielding as such enclosures invariably include seams, which provide an
opening i hesiehvelsctbeinagneticad diatio v imagosdstist o aiues cipeUfraritieadacib soeta! These
gaps can also disrupt the ground conduction path and in the case of a Faraday cage, inhibit the
electromagfistic i AR AtRE sl saD P AR liBetiRNPOR BRtHRGIRE CAtLel BT Rps
between 15 the elﬁctricillricomiuctive alls éthe .enclosucge];. Much.gf tthebprior art i%Lhertme
centered Bhi85eSHANTRIOEHEHh BIRELE opdHiR dSRR R sl ﬁﬁﬁ're% r%o?na%ﬁgﬁgsr%{ ation

jation

and/or e'eaC&c%mg‘%QS%%& eI eNRs AHRORUIAL W0l dAINd SRdIMAHRD R dISkiOfigasksts.

such as that disc in US 20 patent 6121545, which employs the use of a resilient frame

member and amaiesdrisrlygrndusiyes slastapearieiseshisRyprdingalenganortoneidhne

perimeter of the frame member. This elastomeric member has an outboard side that is
compressiiewasiall\s uditdena congregsiveddaddaliphagitid e tedecigoatly sbiettiogas pattiway
between the surfaces of the enclosure. However, the use of gaskets can be costly as they are
25requiregn@iase e dvesisibta e sepasievdriolithstvdging pepaiei voNabretsitaraagnetic
relaxation cycles, and adds to the manufacturin% cost by increasing the inventory

3
manageni@HEARA’ ProGGRiesy B frieorRe lieR JrgSoKita sy BRSE FRESAmAlshdiprupt the
replacement occasio a{l}g duethoa%(grigstir?n and/or, th%losg of compreﬁ,%i‘pimg,e ehég,g furthe{i adds

to the Cosq_round conduction pa e case of a Faraday cage; in magnetic
shielding of the cage through the electrical discontinuities caused by the gaps between
15 the electrically conductive walls of the enclosure. Much of the prior art is hence centered
on the minimization of these openings and the resulting electromagnetic radiation and/or

electromagnetic interference.

A popular way of doing so is through the use of gaskets, such as that disclosed in US
20  patent 6121545, which employs the use of a resilient frame member and an electrically
conductive, elastomeric member extending along a portion of the perimeter of the frame
member. This elastomeric member has an outboard side that is compressible axially
under a compressive load for providing an electrically conductive pathway between the
surfaces of the enclosure. However, the use of gaskets can be costly as they are
25  required to be wear resistant and capable of withstanding repeated compression and

relaxation cycles, and adds to the manufacturing cost by increasing the inventory



50ther prior art solutions attempt to minimize the gap in the enclosures by utilizing mechanical
means to secure the access panels and the like to achieve a seamless enclosure while
maintaining good electrical conductivity throughout the enclosure. This can be achieved either

by the usd B2 EEnaNt rARE REFHEY YEEnEMT - cORTolRSih SAEE S aIIuBHR . MRS eSS HRLEIdYE in
US patent 4831498, or interfitting jaints.such as that 10 dis¢losed in tent 201..
However,rt?Pear?g{Ureg %f) these %%%ig%%eistosuo(%r Sé(%r{h%r?e/%ﬁ?r'gril%{ciﬁ gga%%% %tsv\slg)ﬁﬁ t’h(\évj?c')(fﬁts
regardless o e mechanical gressure applied in joining these parts due to the unavoidable
tolerances in the manufacturing process, causing imperfections in the fabricated parts and
surfaces. This results in less than ideal joints between mating surfaces. 15 One way of
improving the electromagnetic shielding of an enclosure without the weaknesses of the
aforesmerfiitee dosiotutidnsalsiinnd esigning to stepiaieadtie watisinat#lustcitedresos-sadbangally
in Fig. 1. This step reduces the electromagnetic radiation by introducing a perpendicular turn
(104) at tieephafmsak BERNS tihh AOIPIRE 6RO PRISIS 2enbRdlife RARIRIGCR RRARESS the
energy of the transmitter radiation by having the geometrical interference absorb it. This_, .
solution afSREY R"Ga RARRGEY ﬁﬂgﬁf%‘fg 'ﬁgs?ﬁrq%‘gcwgge%f%ﬁlgﬁigu I@cﬁr%ﬂ?&oﬁ’ﬁéﬁﬁms

radiation polanzed, g, iﬁ@&?%y%@l@éoc;F@es%Pe%O—%gtg% SERS5iRE FPRINDAYEIR with a

tolerances aﬂlowe In the fabrication process, any rounding of the edges of the steps would

allow electipmagnsticy adiatienddod ito passaeihrasioindae sapadibendnadastihesdess.

Thirdly, the design of the state-of-the-art, particularly communications modules often limits the
thickpessdi dloeanadHaUS petersetB im0l thesleialding eratioswicthbsthie sigalisistheayebatdtréical
interference provided by the steps may not be sufficient to attenuate the electromagnetic
radiation &dilhTienmairesteenintegferancihsipitisngeayd erscalioimagrraia it feresfkidpapriend,
been implemented to seal the ga{;lj1 and address some weaknesses inherent in the respective

prior art. iR atrtée_g%\i@%? fs&d H?&g%%%YPfﬁ@"?iF%W?ﬂ’?@%% g\‘eef@é%fﬁl%{tm%‘ﬁcp roc-ess,
mererence gaste reages coch bl n 16 a3l of e pte andhe ppcecang castuphved

r
in dispen&f Slec

in dispen e Interfacingjoints." Secondly, the use of electromagnetic
mterferer]g%{%%émeen mating surfaces.

15

One way of improving the electromagnetic shielding of an enclosure without the
weaknesses of the afore-mentioned solutions is by designhing a step along its walls, as
illustrated cross-sectionally in Fig. 1. This step reduces the electromagnetic radiation by
introducing a perpendicular turn (104) at the interface of the top (102) and bottom (103)
20 enclosure walls, which weakens the energy of the transmitter radiation by having the
geometrical interference absorb it. This solution also has its disadvantages. Firstly, the
design is susceptible to electromagnetic radiation polarized in a direction parallel to the
opening of the steps. Secondly, due to tolerances allowed in the fabrication process, any
rounding of the edges of the steps would allow electromagnetic radiation (101) to pass
25  through the gaps by bending past the edges. Thirdly, the design of the state-of-the-art,

particularly communications modules often limits the thickness of the walls to be used for



10necessitates the need for curing, which requiresjadditional time and effort in the application of
heat and increases the product cycle time further. One prior art solution that dispenses with
such need for electromagnetic interference paste is disclosed in US patent 2778868, which

utilizes a i8S BIFIRsHREGISRERF A B 218, J5iSREFAF SR tBHPHTOtEHR AR ithasters
cooperating membper having mating indentatiops. This.can also. carry sufficient geometrical
indentationé fo %%i%)r ﬁ%gﬁ pgﬂgtlrtgtire\‘rgee €2 ?or{r?ﬂggr?éeflcér(r)énﬁgﬂce)tr'lcerﬁ%é?&oguﬁ?hi%'cri?éng%%n %%)%s
not form a gontiuiaus enclosure surface and cannot be implemented in thin walled enclosures.
20The subject matter claimed herein is not limited to embodiments that solve any
disadvantages or that operate only in environments such as those described above. Rather, this
background is only provided to illustrate one exemplary technology are where some
embaodimaitts mestyilsdet ersignety ibtepeaetice (o SeBRIEFeBE BERIPFIGN ORGH Ehe gaps
ACCOMPANYING DRAWINGS To further clarify various aspects of some embodiments of the
present irfEhBEATEMERE P ArELNGSaBS dNPALH oiNthRSIROEPRISIYSVAINeE PENJLIR'E S SRYeRte to

ific 5 embodiments thereof which are illustrated in th drawings. It
bpreciatE P ol E et o B EHBE B B IRl a7

therefore not t id imiti its.scope. invention will be descriped and.,
explainedc \C/)vslt%h Y%e% jﬁ(?ﬁ#)%%éﬁﬁ%%}%%da ggtﬁ%ﬂ@éﬁ%ﬁh@ accompanying g?aﬁwingsgln vshich:
paste onto the interfacing joints. Secondly, the use of electromagnetic interference paste

10  necessitates the need for curing, which requires additional time and effort in the

application of heat and increases the product cycle time further.

One prior art solution that dispenses with such need for electromagnetic interference
paste is disclosed in US patent 2778868, which utilizes a series of immediately adjacent
15  peripheral saw tooth protuberances with a cooperating member having mating
indentations. This can also carry sufficient geometrical indentations to absorb the
penetrating electromagnetic radiation energy, but this design does not form a continuous

enclosure surface and cannot be implemented in thin walled enclosures.

20 The subject matter claimed herein is not limited to embodiments that solve any
disadvantages or that operate only in environments such as those described above.
Rather, this background is only provided to illustrate one exemplary technology are

where some embodiments described herein may be practiced.



10Fig. 1 is an illustration of a prior art configuratiors using a stepped ledge along an enclosure

wall. Fig. 2 is an illustration of an electromagnetic shielding configuration comprising a

corrugated surface haviﬁgﬁgﬂes that areé)arallel to the surface of the enclosure wall. IS Fig. 3
C

is an ilustPRIGT AERCH a%ﬁe‘ilé%ﬁ. Foﬁ?M%Nh’H&%R&ﬁX}SNﬁﬁsing a corrugated surface

having ridges that are perpendicular to the surface of the enclosure wall. 20Fig. 4 is an
illustration of an electromagnetic shielding configuration comprising a stepped ledge employed

concurrently yitha crIRtRo SWIRCRE 1o D MARBSIRRINE YianeI e AlGHENRAINE Gre

shielding configuration of Figure 4. 6 Fig. 6 is an illustration of an electromagnetic shielding

configuratimrtieorprisipgiptrieppediedga.empioyel cencrirestbuwh aseraigated suptant:
wherein the corrugated surface comprises a series of semicircular arcs. 5Fig. 7 is an illustration

of an’electrohuatinetits shiakhhg/bohfigner dtictraiech prideganre step péd vdtye d o rapmgetipded

surfaces of unequal lateral displacement, wherein the middle surface is a serrated edge

surface. that these drawings depict only typical embodiments of the invention and are therefore
not to be considered limiting of its scope. The invention will be described and explained

with the additional specificity and detail through the accompanying drawings in which:

10  Fig. 1 is an illustration of a prior art configuration using a stepped ledge along an

enclosure wall.

Fig. 2 is an illustration of an electromagnetic shielding configuration comprising a

corrugated surface having ridges that are parallel to the surface of the enclosure wall.

15

Fig. 3 is an illustration of an electromagnetic shielding configuration comprising a
corrugated surface having ridges that are perpendicular to the surface of the enclosure

wall.

20 Fig. 4 is an illustration of an electromagnetic shielding configuration comprising a

stepped ledge employed concurrently with a corrugated surface.

Fig. 5 is a perspective view of the electromagnetic shielding configuration of Figure 4.



Fig. 8 is a cross-sectional view of the electromagngtic shielding configuration of Figure 7. 10
Fig. 9 is an illustration of an electromagnetic shielding configuration comprising two stepped
ledges forming three surfaces of unequal lateral displacement, wherein the middle surface

comprised Wsé&ids 8P sBHREREOMCArEE. eiSelPMeoReR MiElfitenconipHEdiet orRatNERY @
shielding configuration comprising a corrugated, surface having ridges that are, sloped relative to
the surtach D BT STRREN, o S G S AN CE LRI OB B
embodimgnﬁggéh&mmté@eq@o& IS Ahkglestramagnetic shielding configuration comprising a
first electrically conductive wall having a first surface and a second 5 electrically conductive
wall having a second surface. The first surface is oppositely disposed from the second surface,
wherein the interfacing of the first conductive wall and the second conductive wall forms an
enclgsureriall7 Theafirdtustndtios corprisestaniegsetn s kigpped @dgg farinmgenpldsalgy tod
surfaces of unequal lateral displacement, and a corrugated surface on at least one of the

plurality o$tsareddsdtes derrigatdarapsiiasesaimeteaya sired dispices axtenirig radigly

from the first surface The second surface is substantially a conjugate of the first surface.
middle surface is a serrated edge surface.

Fig. 8 is a cross-sectional view of the electromagnetic shielding configuration of Figure 7.

10

Fig. 9 is an illustration of an electromagnetic shielding configuration comprising two
stepped ledges forming three surfaces of unequal lateral displacement, wherein the

middle surface comprises a series of semicircular arcs.

15  Fig. 10 is an illustration of an electromagnetic shielding configuration comprising a

corrugated surface having ridges that are sloped relative to the surface of the enclosure

wall.



The present invention consists of several novel fegtures and a combination of parts hereinafter
fully described and illustrated in the accompanying drawings, it being 15understood that various
changes in the details may be made without departing from the scope of the invention. 8
DETAILEBEGER{ BT SOWME W@é%é@ﬂﬁ?ﬁms Embodiments of the invention
relate to an electromagnetic shielding configuration for an electromagnetic shield enclosure.
Hereinafter, this specification will describe the present 5 invention according to some example

embodimepys of B AR IAKeRrian. HAMEYRN IS (0-Re HaISEIORd Rl Yt fEration

description to the example embodiments of the invention is merely to facilitate discussion of the
present inyeRIFSRNG itriss erRvisienss thehtheseeskilkad ha Hing ait ney slevdse \@fious second
modifications and equivalents without departing from the scope of the appended claims. 10 In
some embledinetis, condilet o walty etidnsh izl d ey oo rdiglaetiomfer fant edediroen g netiosieiyld
enclosure comprises a first conductive wall and a second conductive wall, wherein the first
conductivéispafdthd anirkies spra swifase. subeiainchisd itavadingl Hdb e bt sradintirevathe

first surface is oppositely disposed from the second surface such tht?t an 15 enclosure wall is

formed whgHh e TiFSPE RRNEHE R YRS ﬁ?ff@ﬁzfébar\ﬁﬁﬁ‘{f?ev@l:_oﬂ}? Bﬁhﬁfﬁ%%eﬁgmﬁ%er%@ the
space bepueen et ayriare ARG SS50RASUTASRIR AN BI LR AP iEedHediqn of
electromagnetic Interference;

and a corrugated surface on at least one of the plurality of surfaces, the corrugated

10 surface formed by a series of apices extending radially from the first surface. The

second surface is substantially a conjugate of the first surface.

The present invention consists of several novel features and a combination of parts
hereinafter fully described and illustrated in the accompanying drawings, it being
15 understood that various changes in the details may be made without departing from the

scope of the invention.



In some embodiments, the first surface comprisesga corrugated surface and the second 20
surface is substantially a conjugate of the first surface. The corrugated surface of the first
surface is formed ka a series of a&ices extending radiallélfrom the first surface. The second

surface is[%‘ﬁ'ﬁﬁﬂff BESGREIIE I§)5 EMM@AT EMRORIMEN i ce to provide for minimal

spacing between the first surface and the second surface during interfacing of the first
conductive wall and the second conductive wall to form the enclosure wall. 25The corrugated

surface Wr-_?%gémﬁ{e%%}a@s%&%é@F@é&dts%eew&)%@mt@H@fdﬁh’g@é&%&%@ﬁ firtace,

or the like. For an interlocking rectangular surface, a 9 corrugated surface may comprise of a

series of gigppemipRans faraninshplgnae sHereestef alieysptngdaterahiispieaanens pacbmaf
which is perpendicular to the surface of the enclosure wall. 5For an enclosure wall having

suffigient itekiies s dter diogr ty atedesenéangaraybbdivesignddie pesynisevarpionalitgvos vidgés
parallel to the surface of the enclosure wall. For example, Fig. 2 is an illustration of an

electromdgrietiesshietgiistredniglirimdine dhep A8RtgRlieBria dat @A MRiee RIS LthBeare

substantially parallel to the surface of the enclosure wall. 10 In Fi e onductive

-1g 2, lectricall
frst wall (PORTIS T4 R 3 (FOULR 5 ARSHSP ORI WERALIRLE U B L by e
ducti ' d I 2 hich one of is el i A d
conductive soplugats seconcall292) ol yich ane of e oy eesicall reindgdip o

an enclosure wall of an electromagn g enclosure. Alternative e first wall (201)

may be Sﬁgggﬂﬁ? therseeond vl de RARhaYLantasting one another. The first wall (201),

second wall (202) or both walls (201, 201) in this configuration may be electrically grounded.
Theyfirst surface of first wall (201) comprises a corrugated surface shaped as a serrated

In some embodiments, an electromagnetic shielding configuration for an electromagnetic
shield enclosure comprises a first conductive wall and a second conductive wall, wherein
the first conductive wall has a first surface and the second conductive wall has a second
surface. The first surface is oppositely disposed from the second surface such that an
15 enclosure wall is formed when the first conductive wall is interfaced with the second
conductive wall whereby the space between the first surface and the second surface is

minimal to provide for a reduction of electromagnetic interference.

In some embodiments, the first surface comprises a corrugated surface and the second
20 surface is substantially a conjugate of the first surface. The corrugated surface of the
first surface is formed by a series of apices extending radially from the first surface. The
second surface is shaped to be substantially a conjugate of the first surface to provide
for minimal spacing between the first surface and the second surface during interfacing
of the first conductive wall and the second conductive wall to form the enclosure wall.
25 The corrugated surface may either be shaped as a serrated edge surface, an

interlocking rectangular surface, or the like. For an interlocking rectangular surface, a



edge surface wherein apices (203, 204) are formeg by saw tooth protuberances on the 20 first
surface of the first wall (201). The apices (203, 204) are conjugate with indentations (205, 206)
on the second surface of the second wall (202), the second surface also comprising a

corrugateBosHeRied THERSpItRY QUBPHt PhAGHHEE NaRISRRID (RS 86 6P LN L HIRRAT PR AL the

corrugated surfaces of the first w IIéZOl and second wall (202) comprise ridges that extend in
parallel tPfHEUIFALE éﬁtﬁﬁ%‘ gh3<9§§ r%ewglﬁaig élgvrh'r%ﬁrﬁ%éﬁé%cnrdgﬁf%féﬁ fbﬁg ul'ia f?e(():)fie%de
perpendiceulg%é etulg”surface of the enclosure wall formed by the first wall (201) and the
second wall [ g The enclosure wall provides geometrical indentations along the serrated
edges to absorb the energy of horizontally polarized electromagnetic radiation. 5 Alternatively, if
the enclosure wall does not have sufficient thickness, as minimal thickness is, more often than
not, equired iareleatiostegnetic shietdjngy tieeint plenkentatichofaidgesipdralefacethwaurfece of
the enclosure wall may be impractical. As such, the corrugated surface may be designed to
comprise deplanaitycotemipassctiqaplucabive utdgsatra st riocthgicurdnee tdhsufeesrthwall
enclosure wall. Fig. 3 is an illustration of an electromagnetic shielding confi uration,com&rising

a corrugaftéd ﬁh‘ﬁa’t?éehﬁ%g%?&%@é‘tﬁ'ﬁf%@gﬂbgfaﬁﬁa Vﬁé‘?@éﬁaf&ﬁaﬁ@ Egsﬁﬁagguéf R
sl STl SR i I G ey o

dectrical
an €electrically conducti jugate secon one of

the two is glegtrcaliyoLaupder pdprm an enclosure wall of an electromagnetic shielding
enclosure. The first surface of first wall (301) comprises a corrugated surface shaped as a

serrged 20 edge surface wherein apices are formed by saw tooth protuberances on the first
surface of the first wall (301). The apices are conjugate with indentations on the second surface
of the sedoritignall{BeER e e condustifadesisa@itdpipiisindeaicodupact eisRrmiondweder, in
this embodiment, the apices and indentations are formed such that the corrugated surfaces on

the first wagW30ie)TapRgHE B0 RPRIERTBO B IFHIREPRLIgae BRFRRERRINE Lbtattichy Mormal

to the surface of the enclosure wall. .
of the two is electrically grounded to form an enclosure wall of an electromagnetic

shielding enclosure. Alternatively, the first wall (201) may be shorted to the second wall
15  (202) by contacting one another. The first wall (201), second wall (202) or both walls

(201, 201) in this configuration may be electrically grounded.

The first surface of first wall (201) comprises a corrugated surface shaped as a serrated
_edge surface wherein apices (203, 204) are formed by saw tooth protuberances on the
20 first surface of the first wall (201). The apices (203, 204) are conjugate with indentations
(205, 206) on the second surface of the second wall (202), the second surface also
comprising a corrugated surface. The apices (203, 204) and indentations (205, 206) are
formed such that the corrugated surfaces of the first wall (201) and second wall (202)

comprise ridges that extend in parallel to the surface of the enclosure wall.

25



11 Due to practical limitations in the manufacturingpof such electromagnetic shielding, several
openings (303, 304, 305) in the serrated edges may often be present in the interfacing of the
first and second walls (301, 302). As a{general rule, an opening should not be wider than 1/20

of the ratib6fEpEEa BTG HAHRAR0(dATa riftediestefvRERANFIGERY tite &ifcISstRS VAT i<
di der to effectivel lect f] iation f [ h, A

lvstratod REEG.78. ERIGATRG o M0 ol (oo, ER A ey (o8 e

diagonal %ﬂ?&@&%&}%ﬁ%@igmﬁ%f&%91%5Qﬁg%eﬁek%&oegba&,%ag'ysewe%erggh%f

electromagnetic radiation as the diagonal opening (303) is the largest. In such designs,

angles of the disannabedees elthiprryHemieadBiriifaces of the first and second walls can be
varied such that the diagonal opening (303) presents the smallest distance possible. In another

embadiment of the present invention the first surface of the first wall comprises at least one
stepped edge forming a plurality of surfaces that are substantially 15 perpendicular or angled

relative todesngi@Yof fhéhenelsteseraaNahdessontigamnd stifteendntaiciastoris ofiREnal
plurality of surfaces, where the second surface of the second wall is a conjugate. of the first

surface. THEKIRESUfacE Mgy RBRRriEEHNEY e SpoY Edgd arteWO SATAEES GHLREEal Bkral
displ nent. Th d f fi f f b i i
eﬁgr?giigrﬁg(}:ﬁaﬁ%g%wﬁ? : '%?Séué%argﬁ ?];cmﬁ_?lr%%\%g %??h%aﬁ?nl&%s&[ m\ﬁgll ﬁa?}/%%rﬁip fRLges

S
rom t surface. The second surface Is shaped to be a substantial

ConiugateAgfénénﬁﬁﬁ%swﬁﬂrg%f@dpgemf%? ininaabRpREING Bsiwass theifirsiswiacsanthie

second surface during inteffacing of the first conducfive wall and the second conductive wall to

formdhe eprslespeeansdil2pERsaarsUBAtes shsfanemol the fist wiall@ndthesechigd wall can
comprise a plurality of 12 the surface of the enclosure wall, depending on the thickness of the

enclosureliushatibthef encitestrenvegih ¢lis shudfitimnt thitkne s thamguisingatech sudfales maface
comprise a plurality of ridges parallel to the surface of the enclosure wall. However, if the

enclosurdexmodifachdiaiare substaatipthicrmdigacitiigedrsarpAdecrRag'eehpIad a
plurality of

Referring to Fig. 3, an electrically conductive first wall (301) is depicted in a plan view
15 interfacing with an electrically conductive conjugate second wall (302) of which one of
the two is electrically grounded to form an enclosure wall of an electromagnetic shielding

enclosure.

The first surface of first wall (301) comprises a corrugated surface shaped as a serrated
20 edge surface wherein apices are formed by saw tooth protuberances on the first surface
of the first wall (301). The apices are conjugate with indentations on the second surface
of the second wall (302), the second surface also comprising a corrugated surface.
However, in this embodiment, the apices and indentations are formed such that the
corrugated surfaces on the first wall (301) and the second wall (302) comprise ridges

25 that extend substantially normal to the surface of the enclosure wall.



5ridges perpendicular to the surface of the enclosure wall. The corrugated surface may be
shaped as a serrated edge surface, an interlocking rectangular surface, or the like. Fig. 4 is an
illustration of a portion of an electromagnetic shielding.con%guration comprising a stepped ledge

emponedEBéfnc_EBrEﬁﬂMtﬁ'ﬁi%ﬂ“uﬁ_&'ﬁbH@uW&Eéfqﬁiﬁ‘f'g% POFRrSRARBAAEG Bf ThiE'dIng,
R A

with the ¢ rence’ eing made IR

electromagpefic. shisiding anfayration previdesshisidngagaiaskriragnally polafiteehould

electromagnetic radiation, 15 as well as against electromagnetic radiation with other

polarizatiops thatipassemthrovighdingnaliapeatngsighinldingisachiseask Byiemiplayingich
stepped ledge concurrently with a corrugated surface. First wall (402) comprises a first surface

having onaesteppestiesge((4i86pansktivin surfarces €40 tvEDB pof wame qried e ey ditplesbatient.
20Surface (401) is a flat surface whereas surface (403) is a corrugated surface. The flat surface
(401) is fdramedaspagaiiseuath e Hageaiest the torhugaasingate hosomtaemRandiRta¥401)
lies substantially perpendicularly adjacent to a surface (404)_of the enclosure wall, while
corrugate\ﬁegﬂﬁ%c%o(sw 119 @dj@l’&éntpf’o ﬂ‘l%g8BB'o&ﬂ%{‘g?.?rfzgé%s(&ot@jsoidﬁsé%n8?8% Ewhf ®rhe
first wall (402) interfaces.with the ond | S . e | econd
e SOk blgoea M Fenandy albiigh AR Al S b OBV GARRRY
(303) is the largest. In such designs, the angles of the diagonal edges of the conjugate
10  surfaces of the first and second walls can be varied such that the diagonal opening (303)

presents the smallest distance possible.

In another embodiment of the present invention the first surface of the first wall
comprises at least one stepped edge forming a plurality of surfaces that are substantially
15  perpendicular or angled relative to a surface of the enclosure wall and a corrugated
surface on at least one of the plurality of surfaces, where the second surface of the
second wall is a conjugate of the first surface. The first surface may comprise one
stepped edge and two surfaces of unequal lateral displacement. The corrugated surface
of the first surface can be formed by a series of apices extending radially from the first
20 surface. The second surface is shaped to be a substantial conjugate of the first surface
to provide for minimal spacing between the first surface and the second surface during

interfacing of the first conductive wall and the second conductive wall to form the

enclosure wall.

25  The corrugated surfaces of the first wall and the second wall can comprise a plurality of

ridges that are substantially parallel, substantially perpendicular or otherwise inclined to



13 surface of the first wall (402) to provide for minimal spacing between the first surface and the
second surface as shown in Fig. 5. Reference is now being made to Fig. 5. In Fig 5,
electromagnetic radiation originating 5 from the inside of the enclosure wall (501) would likely

be diagoriRfySHERA%EH Y e RHBoNal ofRFRYEI P dciRass R dedtthlesHiemadinghe

corrugated surface. This diaggpal rization is in a direction parallel to the sloping ed of
the sorra80 UGS B gL 60 S e A T o e SR

horizontal ppenings atihe ptarfacingLeorBgated suane-Waverispbharrienis riquideskby dhe

10stepped ledge to block this diagonally polarized electromagnetic radiation. Similarly,
electromagnaticsadiaéop ariginatingidress outsiger igaerciastueswval (X prseld kakibeof
horizontally polarized in parallel to the ledge of the stepped edge. This horizontally polarized
electfomaghyetscordetibeuaillibéhblookedehyf the entlugyaitedslufacecdFagatieid sofdigurzaiohe
ensures much smaller horizontal openings as compared to the diagonal openings. The
electromd&aeae Shialafitriashageraibiacs Egiesocking seiastiay Hiaseas it Rtage filter
in which a first stage may allow electromagnetic waves polarized in a certain 20direction to pass
while the second stage minimizes the chances of these directionally

Fig. 4 is an illustration of a portion of an electromagnetic shielding configuration
comprising a stepped ledge employed concurrently with a corrugated surface. Fig. 5 is a
10  perspective view of the electromagnetic shielding configuration comprising the stepped

ledge employed concurrently with the corrugated surface.

Reference is now being made to Fig. 4. In Fig. 4, the electromagnetic shielding
configuration provides shielding against diagonally polarized electromagnetic radiation,
15 as well as against electromagnetic radiation with other polarizations that passes through
diagonal openings. Shielding is achieved by employing a stepped ledge concurrently
with a corrugated surface. First wall (402) comprises a first surface having one stepped

edge (406) and two surfaces (401, 403) of unequal lateral displacement.

20  Surface (401) is a flat surface whereas surface (403) is a corrugated surface. The flat
surface (401) is formed in parallel with the ridges of the corrugated surface (403). The
flat surface (401) lies substantially perpendicularly adjacent to a surface (404) of the
enclosure wall, while corrugated surface (403) lies adjacent to the opposing surface
(405) of the enclosure wall. The first wall (402) interfaces with the second wall (not

25  shown), the second wall having a second surface shaped to be a conjugate of the first



polarized waves to pass, providing for a reduction; @f electromagnetic interference. The
interfacing corrugated surface is not restricted to a serrated edge. With reference to Fig. 6, a
series of semicircular arcs are disclosed that can alternately be implemented in 25place of the

serrated édgase Siifafitst wwellddARY i RfivACSH RGN SRANRPRIYRSY BR B HILE 8 SNRe a
dual stage filter whgreb a first stage b'(_e_ it tgwe vertical step or 14 semicircular arcs, polarizes
the electrmﬁéﬁﬁ@ﬂ ?&Eﬁ/%‘f?oﬁ%ﬁ ngarj icufirdirection that can be filtered by the second stage.
Where the width of the enclosure wall is not an issue, the number of surfaces may be 5
delimited in order to accommodate as many as necessary. With reference to Fig. 7, a

configuratigfiefisclosashcosmyisinadheceigudaseshat algcsuwhsignbadyaespendiaylastiaghe
surface of the enclosure; these surfaces lie in series and the middle surface is shaped as a
serraged edge (7O I)siieTafrtingta B8, veatrgss sectioddkeig\hotayetedi groagred dgHietding
configuration is disclosed that may correspond to the configuration of Fig. 7. The configuration
of Fig. 8 ificluers) mRRIIBSSUFd0e EURenhEtIsotielSuRECBD LBBBRIFHSHIatke diiface

(803) is of an unequal lateral displacement with respect to the other two surfaces (801, 802). In
turn, surfRSOPEH PRSP S aRIRT THRR AR BUIR IRFaHIR B 4 H5S) %ﬁjtl}ﬁee ngéﬁéag qes

respectlvgllxég %’umc‘%aé‘?adg%onéﬁ‘%gé’rﬂﬂgg r%‘%"?éa‘%fv@l%a%? ’(:t&%pcaqgggtldr%ﬂ%gf and horizontal
openings of the interfacing corrugated surface. A vertical barrier is provided by the

10  stepped ledge to block this diagonally polarized electromagnetic radiation.

Similarly, electromagnetic radiation originating from outside the enclosure wall (502)
would likely be horizontally polarized in parallel to the ledge of the stepped edge. This
horizontally polarized electromagnetic radiation will be blocked by the corrugated surface

15 as this configuration ensures much smaller horizontal openings as compared to the

diagonal openings.

The electromagnetic shielding configuration of Figures 4 and 5 effectively acts as a dual
stage filter in which a first stage may allow electromagnetic waves polarized in a certain
20  direction to pass while the second stage minimizes the chances of these directionally

polarized waves to pass, providing for a reduction of electromagnetic interference.

The interfacing corrugated surface is not restricted to a serrated edge. With reference to
Fig. 6, a series of semicircular arcs are disclosed that can alternately be implemented in
25  place of the serrated edges. Similar to the configuration of Fig. 5, the configuration of

Fig. 6 also acts like a dual stage filter whereby a first stage, be it the vertical step or



Fig. 8 provides an additional vertical barrier to blogk polarized electromagnetic radiation.
Alternately, a series of semicircular arcs as used in Fig. 6 can also be used in place of the
serrated edges of Fig. 7 and 8. One such embodiment is shown in Fig. 9, which 20 illustrates
an electroPRUIEHAEREIRIRPESRAG AR GIP AR TR AR TeRBRC ARG HHPaetat
surfaces of une(il.ftal €Iﬁeil%t%raghdi%placcraé'n?ntéwherein the middle surface comprises a series of
semicircufaP 1R EiRNIRY tBRE XISy ERtions of Figs. 7 and 8, the configuration of Fig. 9
minimizes the amount of electromagnetic radiation that can pass through the enclosure wall. 15
Although embodiments of the invention have been described in the context of interfacing

surfaces thabasarrubsiantalinoerredicuipsitosthstenclesuse walhamber sesiatacbedgeyshface
ridges that are substantially perpendicular or substantially parallel to the enclosure wall,

embadimesiimédhie iondentionsattemmatelgteraaduiion alyriectsdarys Viitbriatingnsarfadelg and#or
serrated edge surface ridges that are angled/inclined relative to the enclosure wall. For
instance, Pigfidgatien|issdis dpsert cavwripne ficrepiswifpcce JhabaramsR Tanishsing eemdicwail

(1003) including a stepped edge and serrated edge surface ridges (1001) that are inclined
relative tdefGoRiiaSrA J0rE0SPRYED) DRRAGHIYIARRE Qﬁd@vﬁ,eﬁﬁ? é&qﬂ @r&stﬁ agp'e

further cosrngrisgs a secon% gvacljgtg (551 a 10substantial conjugate of the first wall (1003). The
led In

present inveﬁﬁona?n%3s/%traaem§o e rther specific forms without departing from its spirit or

essential characteristics. The described embodiments are to be considered in all respects only
as illustrative and not restrictive. The scope of the invention is, 15 therefore, indicated by the

appended glpinasisatheraharby ke dosagoingvdssan pliect:oMagihatig esiabiioh comigunatiun he

meaning and range of equivalency of the claims are to be embraced within their scope.
disclosed that may correspond to the configuration of Fig. 7. The configuration of Fig. 8
includes middles surface (803) and two other surfaces (801, 802). The middle surface
(803) is of an unequal lateral displacement with respect to the other two surfaces (801,
802). In turn, surfaces (801, 802) directly adjoin inner and outer walls (804, 805) of the

15 enclosure respectively. Compared to the configurations of Figs. 4-6, the configuration of

Fig. 8 provides an additional vertical barrier to block polarized electromagnetic radiation.

Alternately, a series of semicircular arcs as used in Fig. 6 can also be used in place of
the serrated edges of Fig. 7 and 8. One such embodiment is shown in Fig. 9, which

20 illustrates an electromagnetic shielding configuration comprising two stepped ledges
forming three surfaces of unequal lateral displacement, wherein the middle surface
comprises a series of semicircular arcs. Similar to the configurations of Figs. 7 and 8, the
configuration of Fig. 9 minimizes the amount of electromagnetic radiation that can pass
through the enclosure wall.

25



20 16 CLAIMS What is claimed is : 1. An electromsgnetic shielding configuration comprising: a
first conductive wall having a first contact surface; and a second conductive wall having a
second contact surface; characterized in that the first contact surface is qp%;)sitely

disposed fEuAR LBESHINEHALIRE AR iRMERYR RREN MBI FARRY BrihseCRALEEOHDGHAS R

and the second cogdgctive wa!l f rrFs an enc osmrlretw?rl]lé tge First contﬂcé %J(rface camprising: at

least one L{ERHEY AL fori NG HHE e QjiSsyiatsd dge

%\ng geo'na surraces o uor?éja%g\\falatera splacement, each

perpendifhi igydechal e eaomrAlLMhsian e frstaudlans.f gk the gerond

surface comprises a corrugated surface formed by a series of apexes extending radially from

the first captast surfacs, Whiskemdhiskaessef thesfitrircondietivywall isdaiioes pyiaciude
combined width of the first and second surfaces; and the second contact surface is a conjugate

of the firsirteritaticssuféam $oanifyg seriatan adgecntifaseusigontihet withahgdiisndmetdcelstiviace
during interfacing of the first conductive wall and the second conductive wall. o
to the enclosure wall. For instance, Fig. 10 discloses an electromagnetic shielding
configuration comprising a first wall (1003) including a stepped edge and serrated edge
surface ridges (1001) that are inclined relative to enclosure wall surface (1002). Although

not shown, the configuration of Fig. 10 further comprises a second wall that is a

10  substantial conjugate of the first wall (1003).

The present invention may be embodied in other specific forms without departing from
its spirit or essential characteristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope of the invention is,
15 therefore, indicated by the appended claims rather than by the foregoing description. All
changes which come within the meaning and range of equivalency of the claims are to

be embraced within their scope.

20



2. An electromagnetic shielding configuration aggording to claim 1, wherein the first surface
forms an intimate continuous contact with the second surface during the interfacing of the first
conductive wall and the second conductive wall. 3. An electromagnetic shielding configuration
accordinty!¥Xlaim 1, wherein the corrugated surface comprises a plurality of ridges that are
substantially perpendicular to the surface of the enclosure wall. 17 4. An electromagnetic
shield\ﬁﬁ@a&éﬁﬁﬁlﬁ%ﬁﬁdﬁ according to claim 1, wherein the corrugated surface comprises a

plural'g. of riﬂqeeﬁetaﬁéﬁ}r%ﬁém%ﬂmﬁ%BG%E’%J%HQJFO%QﬁHﬁ%ﬁ _fthe enclosure wall. 5. An

electromagnetic shie configuratioh accor herein the corrugated surface is

a serrated edge sudage: cend\t@leciEmagingtic ribieleina-comfigsdatiagm according to claim 1,
wherein the corrugated surface is an interlocking rectangular surface. 7. An electromagnetic

shielding configuraticieeeud cdindusictaiall havingraisetmnd onvigatsdréaceace comprises of a
series of semicircular arcs. 8. An electromagnetic shielding configuration comprising: a first

conductive wall haifgf &cHrdzedmdtasiigdret canies' s RS EIEPASRAIEP second
o S M R
condugipep NhIRIEISANATBIASER Watlosure wall:
the first contact surface comprising:
at least one stepped edge forming first and second surfaces of unequal
lateral displacement, each perpendicular to a surface of the enclosure
wall, wherein the first surface is flat; and
the second surface comprises a corrugated surface formed by a series of apexes
extending radially from the first contact surface, wherein a thickness of the first
conductive wall is defined by a combined width of the first and second surfaces;
and
the second contact surface is a conjugate of the first contact surface forming an

intimate continuous contact with the first contact surface during interfacing of the first

conductive wall and the second conductive wall.

2. An electromagnetic shielding configuration according to claim 1, wherein the first
surface forms an intimate continuous contact with the second surface during the

interfacing of the first conductive wall and the second conductive wall.

3. An electromagnetic shielding configuration according to claim 1, wherein the
corrugated surface comprises a plurality of ridges that are substantially perpendicular to

the surface of the enclosure wall.



the first contact surface comprising a corrugateghsurface formed by a series of apexes
extending radially from at least a portion of the first contact surface; and the second contact
surface is a conjugate of the first contact surface forming an intimate continuous contact with
the firdt contatl Slpgtiesdankils ishittiathepofigheatien eerridit/@ waimhdthereedbad conductive
wall, wherein one ar more openings defined between the first and second contact surfaces have

a widfiPEHBAERD VI RS TRANT2D DPIE Y BFgre L BPoTRTRTHA B2 FAi8 e of a 18
devic(jgdﬁal(\fgigﬁmeeﬁ@%mmgmetic shielding configuration is used. 9. An electromagnetic

shielding configuration according to claim 8, wherein the first surface forms an intimate
continuous contact with the second surface during the interfacing of the first conductive wall and
the second conductive wall. 10. An electromagnetic shielding configuration according to claim
8, whérein the cdealigated stiid stéctsbingprisig ¢ gl aradicg wfliidgesihiat hre/kersindhdally
perpendicular to the surface of the enclosure wall. 11. An electromagnetic shielding

confidirareM et Buranfy s AEaIREd RHeFeiH tRecorrugated surface comprises a plurality of

ridges that are substantially parallel to the surface of the enclosure wall. 12. An
electromagnetic shielding configuration according to claim 8, wherein the corrugated surface is

a serigted edge-pfarmgAiAShRiarmBARNRts Shigidng RPRfigHIRtCWABRSIFRG to claim 12,

wherein the serrated edge surfaces comprises a plurality of ridges that are inclined relative to
the sudacgaibtheugactosuae wallloddnAreakeguanagriatie shielding configuration according to
claim 8, wherein the corrugated surface is an interlocking rectangular surface.

7. An electromagnetic shielding configuration according to claim 1, wherein the

corrugated surface comprises of a series of semicircular arcs.

8. An electromagnetic shielding configuration comprising:
a first conductive wall having a first contact surface; and
a second conductive wall having a second contact surface;
characterized in that:
the first contact surface is oppositely disposed from the second contact
surface, wherein interfacing of the first conductive wall and the second
conductive wall forms an enclosure wall:
the first contact surface comprising a corrugated surface formed by a
series of apexes extending radially from at least a portion of the first contact
surface; and
the second contact surface is a conjugate of the first contact surface
forming an intimate continuous contact with the first contact surface during interfacing of
the first conductive wall and the second conductive wall, wherein
one or more openings defined between the first and second contact surfaces have a

width equal to or less than 1/20 of the ratio of the speed of light in air to a data rate of a



15. An electromagnetic shielding configuration ggcording to claim 8, wherein the corrugated
surface comprises a series of semicircular arcs. 19 16. The electromagnetic shielding
configuration of claim 8, wherein the first contact surface further comprises one or more flat
surfacleyifeanavbiciéra Blagispraaeneiio Ahigiding Aerfle@tnniacesed.7. The electromagnetic
shielding configuration of claim 16, wherein the first contact surface includes first and second
flat surfaces, the corrugated surface being interposed between the first and second flat

surfages. 18, The &l5HLg k ﬁﬁ@ﬁ}ﬂg@% %T&%@F&H@e@%iﬁv &W@F&ﬁgﬁe‘( iplcontact

surface comprises a stepp ge includes a flat surt the corrugated surface, and

whergjirthe:gorvgataphatace eanpises e wakcthedesonitB rrHacufiggasethat are inclined
relative to a surface of the enclosure wall. 19. An electromagnetic shield enclosure including

the elatertrniagradtibestiist diongl cohguediton dhengoohtheopremtidihgalaims. 20. A device
including the electromagnetic shield enclosure of claim 19. 21. The device of claim 20, wherein
the device is a communication module.

10. An electromagnetic shielding configuration according to claim 8, wherein the
corrugated surface comprises a plurality of ridges that are substantially perpendicular to

the surface of the enclosure wall.

11. An electromagnetic shielding configuration according to claim 8, wherein the
corrugated surface comprises a plurality of ridges that are substantially parallel to the

surface of the enclosure wall.

12. An electromagnetic shielding configuration according to claim 8, wherein the

corrugated surface is a serrated edge surface.

13. An electromagnetic shielding configuration according to claim 12, wherein the
serrated edge surfaces comprises a plurality of ridges that are inclined relative to the

surface of the enclosure wall.

14, An electromagnetic shielding configuration according to claim 8, wherein the

corrugated surface is an interlocking rectangular surface.

15. An electromagnetic shielding configuration according to claim 8, wherein the

corrugated surface comprises a series of semicircular arcs.
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16. The electromagnetic shielding configuration of claim 8, wherein the first contact
surface further comprises one or more flat surfaces that are laterally displaced from the

corrugated surface.

17. The electromagnetic shielding configuration of claim 16, wherein the first
contact surface includes first and second flat surfaces, the corrugated surface being

interposed between the first and second flat surfaces.

18. The electromagnetic shielding configuration of claim 8, wherein the first

contact surface comprises a stepped edge that includes a flat surface and the
corrugated surface, and wherein the corrugated surface comprises a serrated edge with

surface ridges that are inclined relative to a surface of the enclosure wall.

19. An electromagnetic shield enclosure including the electromagnetic shielding

configuration of any of the preceding claims.

20. A device including the electromagnetic shield enclosure of claim 19.

21. The device of claim 20, wherein the device is a communication module.
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