SHI ELDED ELECTRI CAL CABLE TECHNI CAL FI ELD The present disclosure rel ates
generally to shielded electrical cables for the transm ssion of electrical
signal s. wo2part48al ar, the present invention rel ates t@cshisedidosso43

el ectrical cables that can be mass-term nated and provi de high speed

el ectrical properties. BACKGROUND El ectrical cables for transm ssion of

el ectrical signals are well known. One commopn type of electrical cable is a
coaxi al cabl e. Coaxial cables generally include an electrically conductive
wire surrounded by an insulator. The wire and insulator are surrounded by a
shield, and the wire, insuSHIBLDEINHLEGTRIC Ak € ABL.Eounded by a j acket.
Anot her common type of electrical cable is a shielded electrical cable
conprising one or nore insul at e’ EGCHNMAEARAIA or s surrounded by a
shielding layer, fornmed, for ex le, by a netal foil. To faciljtate
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i nsul ation of the signal conhductor or conductors. Both these comopn types
of el ect rdlecaticat eddiles thatraanlbe ynasetprmimetedandysevidé hppepedd adelttigal gepiegreed
connectors for term nation and are often not suitable for the use of
mass-term nation techni ques, i.e. I aneous connection of a
plurality of conductors to indivfﬁﬁgﬁagghﬁgﬁb el enents, such as, e.g.,

el ectrical comtiaatisal@hblagfel@eirhissiah of OBREICAIGIgnals £OREAKhoRhaDBAtS on a
printed circuit board. Although electrical cables have been devel oped to
faclQi t atceommaseperaeleetaeHicableiivn coaed spljadsoaxidh ssldecegcmdlyanelede snave
limtatiao ? il t - in.the.abili to prepare
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per f or maagouhded\tiyevshidld,tane tiedwaadeseatdbs ahd shicldhurs pesdinétEly 4 jachét. and

el ectroni ¢ conponents, a caontinuing need.exists for electrical cables that
are capabhtl copmtyPe PhyjeHiieh calje e %ﬁ%cf @?Ctﬂaﬁicﬁé’lﬁéP@P%&)@?ﬂ{ nati on

techni qu Qﬁore%%b%%@ﬁl E6&dicYEs s ARG }b g sl’ﬁ%l%ﬂlg 1?%611 fhRi e fd}té%‘gle%y

appl i cations. n one aspect, the present vention provi des a
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require the use of specifically designed connectors for termination and are often not
suitable for the use of mass-termination techniques, i.¢., the simultancous connection of a
20 plurality of conductors to individual contact elements, such as, e.g., electrical contacts of
an electrical connector or contact elements on a printed circuit board. Although electrical
cables have been developed to facilitate these mass-termination techniques, these cables
often have limitations in the ability to mass-produce them, in the ability to prepare their
termination ends, in their flexibility, and in their electrical performance. In view of the
25 advancements in high speed electrical and electronic components, a continuing need exists
for electrical cables that are capable of transmitting high speed signals, facilitate mass-

termination techniques, are cost-effective, and can be used in a large number of

applications.

SUMMARY
30 In one aspect, the present invention provides a shielded electrical cable including a

conductor set and a shielding film. The conductor set includes one or more substantially



conductor set. In another aspect, the present invention provides a shiel ded
electrical cable including a plurality of spaced apart conductor sets
arranged worreroal4Bysi n a singl e plane and a shiel di ng fi Pow/USaelo/oss9asiuct or
set includes one or nore substantially parallel |ongitudinal insulated
conductors. The shielding filmincludes a plurality of cover portions
partially covering the conductor sets, and a parallel portion disposed
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shi el ded electrlcal cabl e accordlng to an aspect the present invention.
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elef rlcalhcable according to an aspect of the present invention. Fig. 6 is
3% V|éV/of anot her exenpl ary enbodi nent of a shielded electrical cable

accor ding to arhcaspes turhaity s Y BRIt idvan@dt is @Bt inkdndsd to/@esdibeadagh f r ont

cross-sectional views of four other exenplary enbodi nents of a shiel ded

el ect ri calisctepsd embediarat aievery Mypanenfatim Qfi{hC presas HEvephme dthie dihgures 4. 8a- 8¢

are front diments of a
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i nvent i orenthogémeria- 9b are top and partially cross-sectional front views,

respectively, of an exenplary enbodi nent of an el ectrical assenbly

accprding to an aspect Jof the BERIPHON OF THE DRAWINGS

Fig. 1 is a perspective view of an exemplary embodiment of a shiclded electrical

cable according to an aspect of the present invention.
Figs. 2a-2¢ are front cross-sectional views of five other exemplary embodiments of
a shielded electrical cable according to aspects of the present invention.
20 Fig. 3 is a perspective view of two shielded electrical cables of Fig. 1 terminated to
a printed circuit board.
Figs. 4a-4d are top views of an exemplary termination process of a shielded
electrical cable according to an aspect of the present invention.
Fig. 5 is a top view of another exemplary embodiment of a shielded electrical cable
25 according to an aspect of the present invention.
Fig. 6 is a top view of another exemplary embodiment of a shielded electrical cable
according to an aspect of the present invention.
Figs. 7a-7d are front cross-sectional views of four other exemplary embodiments
of a shielded electrical cable according to aspects of the present invention.
30 Figs. 8a-8c are front cross-sectional views of three other exemplary embodiments

of a shielded electrical cable according to aspects of the present invention.



invention termnated to a printed circuit board. Figs. 10a- 1Ce and 1O -
10g are perspective and front cross-sectional views, respectively,

i 11 ustratwogownm4sreénpl ary met hod of nmaki ng a shi el ded elpegtuse@ialo3gsabl e
according to an aspect of the present invention. Figs. 1lla-1 Ic are front
cross-sectional views illustrating a detail of an exenplary nethod of
maki ng a shielded el ectrical cable according to an aspect of the present
i nvention. Fi g8gs-P2Rb aotepand partipHy stosgedionaldearnt yivays, (spsgtizelyapfother
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of the pres nvention and a correspondi view, respectively.
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aspect of the présent i1nvention. Figs. 1b5a-15c are front cross-sectional
vi ews of dchordmgdo hersexeofthapiesernbhodintremt s of a shi el ded el ectrical cable

according to ects of t resent invention. Figs. - are front

cr 055 sect i ondibudl Fe aiaiet FioRrSt Rt g bt SO BT RER 5 of a
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present invention. Figs. 17a- 17b are front cross-sectional detail views of

anot her eremplonry enbodi nent of a parallel portion of a shielded electrical
cab accordi t 9,an,Aspec f the present invention. Fig. 18 i.s a front
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el ectri cal sheadddeclet6 il diblg at@rdifg aspeshe@fof theprpdcas@itntiohvi@dta on in a bent
configuration. Fig. 19 is a front cross-sectional detail view of another

exenpl ar yOBRESHAME et Vigw sprscHedY el ectrical cabl e according to an aspect
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of a shielded electrical cable according to an aspect of the present invention.

Figs. 15a-15c¢ are front cross-sectional views of three other exemplary
embodiments of a shielded electrical cable according to aspects of the present invention.

Figs. 16a-16g are front cross-sectional detail views illustrating seven exemplary

20 embodiments of a parallel portion of a shielded electrical cable according to aspects of the
present invention.

Figs. 17a-17b are front cross-sectional detail views of another exemplary
embodiment of a parallel portion of a shielded electrical cable according to an aspect of
the present invention.

25 Fig. 18 is a front cross-sectional detail view of another exemplary embodiment of a
shielded electrical cable according to an aspect of the present invention in a bent
configuration.

Fig. 19 is a front cross-sectional detail view of another exemplary embodiment of a
shielded electrical cable according to an aspect of the present invention.

30 Figs. 20a-20f are front cross-sectional detail views illustrating six other exemplary

embodiments of a parallel portion of a shielded electrical cable according to aspects of the

present invention.



of a shielded electrical cable according to aspects of the present
invention. Fig. 22 is a graph conparing the electrical isolation

per f or marmwo 20fo/@agi68xenpl ary enbodi nent of a shi el ded el ecraisec@l/ oz’ e
according to an aspect of the present invention to the electrical isolation
performance of a conventional electrical cable. Fig. 23 is a front
cross-sectional view of another exenplary enbodi nent of a shiel ded

el ectrical catiig ZHecdbdirnforirrayn-sasipmet views ohBvgethseeremphis spbegimeptsy. 24
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cross-sectional views of four other exenplary enbodi nents of a shiel ded
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specific enbodinments in which the invention may be practlced It is to be
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conduct orofsshiclded| eledescal vabls advstdamg foedshgctpafrtht prdsertomgintiomdi nal i nsul at ed

Fig. 29a-29d are front cross-sectional views of four other exemplary embodiments

of a shielded electrical cable according to aspects of the present invention.

20 DETAILED DESCRIPTION
In the following detailed description of the preferred embodiments, reference is
made to the accompanying drawings that form a part hereof. The accompanying drawings
show, by way of illustration, specific embodiments in which the invention may be
practiced. It is to be understood that other embodiments may be utilized, and structural or
25 logical changes may be made without departing from the scope of the present invention.
The following detailed description, therefore, is not to be taken in a limiting sense, and the
scope of the invention is defined by the appended claims.
Referring now to the Figures, Fig. 1 illustrates an exemplary embodiment of a
shielded electrical cable according to an aspect of the present invention. Shielded electrical
30 cable 2 includes a plurality of spaced apart conductor sets 4 arranged generally in a single
plane. Each conductor set includes two substantially parallel longitudinal insulated

conductors 6. Insulated conductors 6 may include insulated signal wires, insulated power
4



conductors 6. Insulated conductors 6 may include insulated signal wres,

i nsul ated powerwi res, or insulated ground wires. Two generally parallel

shi el di ngwODi2bre14816ar e di sposed around conduct or sets 4. PATAS261008803 e
adhesive layer 10 is disposed between shielding filns 8 and bonds shi el di ng
filnms 8 to each other on both sides of each conductor set 4. In one

enbodi nent, conductor sets 4 have a substantially curvilinear
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sets 4. This i s an advantage over sone éq?rg}/aglntl onal shielded electrical
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illustrate , each conductor set i ncl udes two i nsul
conduct orenfdrmitn aod hrentaintbod¢rosnicstiomd slimpe onurtatlmmg slet crdssawytiomat Khege one or

nore insul ated ¢ uct.or,s, 6. [Far nst ad of i.el.ded el ectri cal
Tobr e 5 ImarGaEe St el Shaneknri S A Cafsgrnct 82 it erb L hen & g
conduct orpn8udsr SRAMThisNs kh dea%tagé &l et @he&itonsidhi SRl Gecid¥atifc! ude
one conductor set 4 including ei i nsul ated conductors 6, or eight

conduct orwhgse élsnoselmmccvmi@bmh shgelgﬁ@undng@D@d@@rcsotrrdung@rth@crosﬂa$e§t1f>maéx| bility
in ran%%rreentfsth e nducettor sets 4 and insulated conductors 6 allows
shi el ded “eiectrical clfl%’ffé 2 to be configured suitable for the intended

application. E@llthcﬁlgamfpﬂﬁ,enmadmﬁ dtysaeled iftFRNd, a0k ubiadhuetbr saniueludéstwed may
be conflgured to forma nultiple twi naxial cable, i.e.,, multiple conductor

set s 4 edewlated romdiuaigrs Quon pﬂ@ﬁ@lﬁb%ﬂ@@%d@f@b @%duatoréetrmm@y Hiclide@agioal  cabl e
SRS R er e&ﬁdﬁ totsse()t o 19%&1!9%&% sRIGel feld{r?cta?éia g&@%%ﬂﬂ%rt o

a cbﬁb|n§%|on odi me a con
i ncl ude afomoawdnctton/@tﬂwaﬂldnc(lnmhg shown)latidsjpadedoraital showi e Bigel,or nor e

insulated, ¢ uctors and an insul ativ acket . (n sho i S osed
arotmhd t HBIS %ﬁ&iﬁrﬂ%cw 2 Tpgi %%nee%g&t 3 inahising E@nﬁlﬂ
shi el ded ghgglibs ®abr &Qlﬁ'c%n&lcft&f s%ﬂ%ea'cﬁ'?d%g Rt inQN&kd bongictHdi 11‘%' gr ound

conductors 12. G ound conductors 12 may 1 nclude ground wires or drain
W res. Gﬂﬁzutdlltyan duetgmsenisbiaoedigpaces 4aqmlr1nSLﬁertaim<arddctexst eaitbwsshiclded

substant gLl Aoy SO AL SIS AR A DR ol conccLrs 0, Condyot o sets
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adhesi ve layer 10 bonds shielding fil
20 twinaxial cable, i.e., multiple conductor sets 4 each including two insulated conductors 6,
a multiple coaxial cable, i.c., multiple conductor sets each including one insulated
conductor 6, or a combination thereof. In other embodiments, a conductor set 4 may
further include a conductive shield (not shown) disposed around the one or more insulated
conductors 6, and an insulative jacket (not shown) disposed around the conductive shield.
25 In the embodiment illustrated in Fig. 1, shielded electrical cable 2 further includes
optional longitudinal ground conductors 12. Ground conductors 12 may include ground
wires or drain wires. Ground conductors 12 are spaced apart from and extend in
substantially the same direction as insulated conductors 6. Conductor sets 4 and ground
conductors 12 are arranged generally in a single plane. Shielding films 8 are disposed
30 around ground conductors 12 and conformable adhesive layer 10 bonds shielding films 8

to each other on both sides of ground conductors 12. Ground conductors 12 may

electrically contact at least one of shielding films 8.
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to each other on both sides of ground conductors 12. G ound conductors 12
may el ectrically contact at |east one of shielding filns 8. Figs. 2a-2e

i Il ustratworvariasssexenpl ary enbodi ments of a shiel ded eCEaiseéloabsisgsnbl e
according to aspects of the present invention. Figs. 2a-2e are specifically
intended to illustrate various exanpl es of arrangenents of conductors

di sposed between two shielding filns. Referring to Fi shi el ded

el ectri cal camlgs 202 eigegrigus Prgidary SIbed e ts el S%mdedc%an@aﬂ@ablget 104

i ncl udes I [ ale d aIIy
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confornabﬂanadhﬂﬁkMEekay@eS&&ﬁmmgmdmﬁpoﬁaﬂﬁbabm&ﬂnxsaiBﬁdeﬂgwﬁjﬂmﬂmﬁgs and
bonds sh”glding films 108 to each other on both sides of conductor set 104.
Shi el ded Msctrical cable 102 further includes optional | ongitudinal ground
condyct ors 11%{ g@&iF?QQ%ﬁ{e@c{eﬁ ctcfri @l €ab?@?§?&cgﬂa@§ 5515%1%%Mt&)§%@nd In
substantially t rection as I nsulated conductor 106. Conductor set
104 and geréuﬁdnchmttdlsctt Idsndadesarsenge toanggmﬂngenmﬂabd yoniductar $0mdiveo pl ane.
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contact at |east one of ielding filns 108. Insulated conductor 106 is
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cabl e 102coh&@dt¢&@&$2 aresspagdd@p@ﬂrfdmalw ex83&id ihQdbdtaglauditidsaghesdiftgliéh as
| ongi tudi nal insul ated conductor 106, shielded electrical cable 202

i ncl udes iaswWitedyrenduetion iiq. dronduetoness 104 and gronpd equslustopst iZrve arpgedar al | el
| ongi t Ud'%&ﬂ&a 12@% ﬁ}lgl% ;f‘f Aid 1%1%{ 3R 10 g%éfr’{; g*écfsgd ﬁﬁ%ﬂﬂbﬂgo%g b

arranged gener single p ane an rve W naxi al or
differ enthlalanpabmfoﬁahﬂle adtiasaedeyeen 0 bérefsshicldige ﬁbnsFl(g& to2ach stheedrdiesth

electrical cahle 302 i sim|ar_ to shiel ded electrlca
il tratSé%fS.o grqugd conducigis LZQ{P‘é‘P dugtarst 2 gy %%ﬂ%ﬁla@ntaﬁwd%?ég a
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conductor 106, shie el ectrical cable 302 includés a Single conductor

set 304-immﬂ@duhgcmweahamgmkmalnaI i nsul at ed conductors 306. Insul ated
conductor s 305 gL B 0SS INELY LISt RO AR P
cable 102 illustrated in Fig. 2a. Where shielded electrical cable 102 1ncludes a single
20 conductor set 104 including a single longitudinal insulated conductor 106, shiclded
electrical cable 202 includes a single conductor set 204 including two substantially parallel
longitudinal insulated conductors 206. Insulated conductors 206 are arranged generally in
a single plane and effectively in a twinaxial or differential pair cable arrangement.
Referring to Fig. 2c¢, shielded electrical cable 302 is similar to shielded electrical
25 cable 102 illustrated in Fig. 2a. Where shielded electrical cable 102 includes a single
conductor set 104 including a single longitudinal insulated conductor 106, shiclded
electrical cable 302 includes a single conductor set 304 including two longitudinal
insulated conductors 306. Insulated conductors 306 are arranged effectively in a twisted
pair cable arrangement, whereby insulated conductors 306 twist around each other in
30 longitudinal direction.
Referring to Fig. 2d, shielded electrical cable 402 is similar to shiclded electrical
cable 102 illustrated in Fig. 2a. Where shielded electrical cable 102 includes a single
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| ongi tudi nal direction. Referring to Fig. 2d, shielded electrical cable 402
is simlar to shielded electrical cable 102 illustrated in Fig. 2a. Were
shi el ded wbeotwi4s®wb cabl e 102 i ncl udes a si ngl econduct oPCTatS20104389% | udi ng
a single longitudinal insulated conductor 106, shielded electrical cable
402 includes a single conductor set 404 including four |ongitudinal

i nsul at ed conductors 406. |Insul ated conductors 406 are arranged effectively

in a quadosduter sgt Fahigekwding a sipde kangitpdisg ingudaied epndiyetond 60,408 dedy t wi st
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shi e4 ded 1&!@&{9{&@@%&@@ &smg)pye gd@)ggaﬁgaqpﬁ/a%%q_al ity of ground conductors 112

spaced apar rom and extendi ng genera In the sane direction as the
i nsul at ed condteftming bafk todge @adlde fuothesenhbodimkets @f shitlded clontdigalt @bleset s and

ground conducgtors are, arranged generally in si ngl e.pl ane. Fig. 2e

I 1 ust r atGeodiedg ey UEnBsa hEREn G Btk e B aSindr gl e Bl “Cap e,
Ref er ri nGoh@udtbi%bets2®4, 304, 84 8£l4®, @6 torhbidhti SRR @& eSO drrimpet Udggaldy pldiral ity of
spaced apart conductor sets 104, 204 arranged generally in a single plane.

Shi el ded seigeplene &Iptivablle tuoshiglded Hegtrital chbldemap prdlusieal plgrabbnef gsoumduct or s
112, di sposed bet n_conduct eor sets 104. 204 and. bot h.ends of .,shi el ded
oi ol | PapT g e RS ANEE Rem b e oY fthe RGP FDaG, 15T

di sposed iasuvatedlcEiRinioed $ths ediiludiof sets Grheddifl tigy dubckteoRBUMUGISUNEL2. A
conformabl e adhesive | ayer 510 is disposed between shielding filnms 508 and

bonds shi@ndigiersprq arEnsebeesTabich aotneds plape. bt Re diledgtcspn 6empledhduct or - set
104, 204‘éﬁﬁ$d o@&&%ﬂﬁm%ﬁgﬂgﬁ&ﬂﬁaﬂ§QMS'ded el ectrical cable 502 includes

a conbinatlonﬁggncoaX|a a arrangenents (conductor sets 104) and a
twi naxi al cablRefatringng€igedt, shxddudwtdcaticat edbl@H8D) inahwdegrmpluidiey of graecde

referred to as hybr i | e arrapgenent. Fig. 3.illustrates two shiel ded
el eftri P Bt e Al ST d e el i SRiEUeE lechiighus e _
| nsul at eca6RMYIGhANE 1A PG drARARLHERRIS 172 BsfoR bEAGRH GRARIA! |y 1N 2

single plane, shielded electrical” cables 2 are well suited for

mass- st r isppilid, 2044 and, at bbb caidsrof shacldaldcsticdl pphlng02f Twh geledilhygpairallehs 8 and
el o o OO Py N TRSSL SRR O S, o i S0 0B
112. A conformable adhesive layer 510 is disposed between shielding films 508 and bonds
20 shielding films 508 to each other on both sides of each conductor set 104, 204 and each
ground conductor. Shielded electrical cable 502 includes a combination of coaxial cable
arrangements (conductor sets 104) and a twinaxial cable arrangement (conductor set 204)
and may therefore be referred to as a hybrid cable arrangement.
Fig. 3 illustrates two shiclded electrical cables 2 terminated to a printed circuit
25 board 14. Because insulated conductors 6 and ground conductors 12 are arranged
generally in a single plane, shielded electrical cables 2 are well suited for mass-stripping,
1.¢., the simultaneous stripping of shielding films 8 and insulated conductors 6, and mass-
termination, i.c., the simultancous terminating of the stripped ends of insulated conductors
6 and ground conductors 12, which allows a more automated cable assembly process. This
30 is an advantage of the shielded electrical cables according to aspects of the present
invention. In Fig. 3, the stripped ends of insulated conductors 6 and ground conductors 12

are terminated to contact elements 16 on printed circuit board 14. In other embodiments,
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6 and ground conductors 12, which allows a nore automated cabl e assenbly
process. This is an advantage of the shielded electrical cables according
t o aspectwoabiwtagiepr esent invention. In Fig. 3, the stripppas2en0d3sss

i nsul ated conductors 6 and ground conductors 12 are term nated to contact
el ements 16 on printed circuit board 14. In other enbodi nents,the stripped
ends of insulated conductors 6 and ground conductors 12 nmay be term nated

to any suhe sppecd endis of Hynlatedsapduators Papg grangicondieters il 2 apiydetteimingad i on
point, s - - ' - -1.cal. c tor. Figs.
o ad' 1 11 Sapf SyBlnd BUEFLIARLERRRRTARY Sl ERERMG P RInC MG O o
cabl e 2 tadegmidaht@dads oCan dledided] dodnkctofhi s term nati on process can be a
mass-term natign process and includes the steps of stripping (illustrated
in Figs. 4a-4d)es rrigailmgrats 4n asmp fZé&FanlaﬁPEPrQ?Eﬁs,Ofé[i@?‘{%éﬁ%C é&aﬁ F?}tle

(i 1Tastraf @dnfeddiQuitdBird MIERisHALThABNSROEEIEH ] LGLLLERFInGAR Srofesst Ne

arrangenent of conductor sets 4, insulated conductors 6, and groun
conduct oramdizclodessin stmbed seippoty (ilbwtraedlh Eig. 4mdb)baigmighibdtiawdtin&ig.

arrangene of, .cont act enents 16 i nted.circuit board 14 i.ch woul d
o1 1 nat g TR AR R g, FOn ReR e B ok FERECHrc oL e

el ect ri calrrafp@th&t f dodubtdr 3éth @NMBINkte Coh RIcBratdn@Erodnd dohguctdgR2idrl ustrat ed
in Fig. 4a, an end portion 8a of shielding filns is renoved. Any suitable

met hod nesuichded pdestticas oathe asaydegnatchpddh gl atangementmdicagfaeircl¢ragngs 1G6om i ppi ng.
Thi s, st ep._exposes..an rtion. of .l nsul at ed cenductors an r oynd
contfiot omutiBRaRRi R, SR g bunit G T ARSI Do R RE BN o1 i ng

films 8 imriasvifbhieldoecrysral i@l I @uringadighicgosabinying@inect ed | ayer that is
separate fromthe insulation of insulated conductors 6. Renmoving shiel ding

films 8 from iladkn derdlusEraditrloesies aarnbnertipn §e et shigingddmsstis simeeedi cal
short 119 &y LS5 chaRGt haDS: A, SlA0.Rr ovh s, | APSRARFETE LIBMGRRh of | Le

exposed end por condu oFs 12. In
t he st ep THi$ step eqiosek dnnenldi pgrticibef iasuleodc@uiutioand &l gbutideondustolsatd. dn of

i nsul ated conductors 6.is renoved.. A uj t abl e_met hod e used, such
as, llJ% g. ,Onﬁééﬂ‘f‘&hir%aéﬁ'sg’cp&’i%fﬁﬁgBP“’IOQ%P%{EIFF‘%H W@‘}S ﬁiPQSSé%lége%?B?) g€ an end
portion afhhe _nﬁ@g}gg&&&{ne&fed 'lﬁéwh%{ ﬁqe@%@ YOhPHhS ifsuldtionfsf8Ry 1 11 ustrated
in Fig. 4c, shielded electrical cable Is aligned wth printed circuit

board 14 mudirctorhét Remeviepdhipbiing Hinss Hfromhesudded catdoc®rod alloveuprateetdon
d conductors 12 of shiel ded

ol ect i o BaplEaoE B PE BHbE P o Lo BoSifEn SR B YT PRGHOE  oui ¢

board 14.th¢ Bxpdi&d Sideporiibsusttifisl Rl édhdliédrs Hhd drbghEahdBQbEs 12N BF siche

O Rutratad in Fig. 4b. s ond porion ca OF e insulAtion of inoulatod conduetors 635
removed. Any suitable method may be used, such as, e.g., mechanical stripping or laser
stripping. This step exposes an end portion of the conductor of insulated conductors 6. In
the step illustrated in Fig. 4c, shielded electrical cable 2 is aligned with printed circuit
board 14 such that the end portions of the conductors of insulated conductors 6 and the

25 end portions of ground conductors 12 of shielded electrical cable 2 are aligned with

contact elements 16 on printed circuit board 14. In the step illustrated in Fig. 4d, the end
portions of the conductors of insulated conductors 6 and the end portions of ground
conductors 12 of shielded electrical cable 2 are terminated to contact elements 16 on
printed circuit board 14. Examples of suitable termination methods that may be used

30 include soldering, welding, crimping, mechanical clamping, and adhesively bonding, to

name a few.



conductors 12 of shielded electrical cable 2 are termnated to contact

el enments 16 on printed circuit board 14. Exanples of suitable term nation
met hods tweatormepstse used i ncl ude sol deri ng, wel di ng, criPepiusgoi0/8sohani cal

cl anpi ng, and adhesively bonding, to nane a few Fig. 5 illustrates another
exenpl ary enbodi mrent of a shielded electrical cable according to an aspect
of the present invention. Shielded electrical cable 602 is simlar to

shi el ded el ectfigcaillustapseanpthor pxeppplatyeambadimeny of 2 shiekled glpctricghcabihi el ded

el ectricagl I i l. . it udi its.
disposLd%ggﬁaggnoggﬁﬁ%%f%ﬂﬂggvgmﬁP%%%P?%gﬂﬁﬁd%gggﬁéggb?ﬁ%Pg?%t%?ﬂégﬁductor
sets 4 atshliotdisitelakivad) cablpdillusantedfin Fire 1/ ngtihioaf sis¢deal cedriedleableicéal cabl e

602, thereby increasing. at |east the teral flexibiljty of shjeld

el ect ri cdNclidisIdPlgwaly %HP%glwdrfﬁﬁnéplgm%3@@%6@@@@%@@9 SapdictisRes dosris The

pl aced nt&"egar%qhdi%dhglt &’Snéu&%#r Jtd 4 f18&lst AWhEh gbﬁﬁ)lﬁ%tfrtheele th o sALREE

enbodi nents, splits 18 may be placed such as to separate individual or

mul ti pl e acwmueat tdre 663, shefelanidcgroogat leom thednterad flegibilifp ofidiicitled ele¢thealspaci ng

of conduct ts 4 and gr.oynd conduct or s splits 18 may b

i scont 1 03 T ofites FhRReERREH P02 E bEPlemoraig B0 1o

mai nt ai N dupalisRAeLIREjaRketCOR AT cBBbEinfen®)) Spl&ts P8 AfhyGR HQlich akdoi N at
| east one end portion A of shielded electrical cablé 602 and thereby

mai nt ai nisaperatgsdividpal aranuloplecapdusiarise 4 andigroundi@ndegionsd. Extandainnt o one
or th d portigns A . Splits 18 may be for in shielded.electrica
onbl BodnfuRRleghiadlcioBi ofi iR SRR, e G BEaRrFihb e
punchi ng.aldrpsthe am g ofahicl dbdepsEhidaatin 6o, tiy hangid (e ispainged dohGuctoit Rer

sui t abl e shapes of openin s,nay be forned in shielded electrical cable 602,
such as, “ang growyl eaduetory 12 in gt leastong sed pertioa Asef shiddqdglegtagal eade B 1 ity of

shi el ded i . WP I rat: r ]

embod merif taror e RHnFRnE aRE ertioR ey e AR AT EREIRb B of e
present ibovesdd wortioShA eSpded ] ®hagbe ifealcddabhiel déd 2lecsicsi qubleat02tiBirnghungl ded
el ectrical .cabl e 602 iIIustra@ed in Fig. 5. Effectively, in shielded

el ettri calRABMEBRYRSUGIE of» EOHAUEIGOT PUPLIBE {1BLFAdATOE SyCHYLIRGRPGY Bind
conduct 0r1§n§i§1€|it}%?k}?ltg%e‘? s @i&dvid GRabecHRy niﬁgs’-mw% yolardliRogbiaigbRekicgp! 1 ts

18 and 18'. 8 separates In ividugl onductor sets 4 along a portion
of the | enbklp08f siwhiagledech@dtseigr,ite aicranabitdcasthed meradl lesibrivy obsttiddell i nt o end
portions % g% ?hHglgﬁg electrical cable 702. Split 18 separates individual
conduct or® €& 420F the length of shielded electrical cable 702 and

extends into eng @RibirRBSandRE cfdthShaadniRdaatdtiofalshierll @1ctRRal ¥bich
effectively splits shielded electrical , ' o
2 according to an aspect of the present invention. Shielded electrical cable 702 is similar to
shielded electrical cable 602 illustrated in Fig. 5. Effectively, in shielded electrical cable
702, one of conductor sets 4 is replaced by two ground conductors 12. Shielded electrical
cable 702 includes longitudinal splits 18 and 18’. Split 18 separates individual conductor
sets 4 along a portion of the length of shielded electrical cable 702 and does not extend
25 into end portions A of shielded electrical cable 702. Split 18’ separates individual
conductor sets 4 along the length of shielded electrical cable 702 and extends into end
portions A of shielded electrical cable 702, which effectively splits shielded electrical
cable 702 into two individual shielded electrical cables 702°, 702”. Shielding films 8 and
ground conductors 12 provide an uninterrupted ground plane in each of the individual

30 shielded electrical cables 702°, 702”. This exemplary embodiment illustrates the

advantage of the parallel processing capability of the shiclded electrical cables according



cable 702 into two individual shielded electrical cables 702", 702".
Shielding filnms 8 and ground conductors 12 provide an uninterrupted ground
pl ane i n wachiof4stéhe i ndi vi dual shiel ded el ectrical cablPe3/URR®0/038992". Thi s
exenpl ary enbodi ment illustrates the advantage of the parallel processing
capability of the shielded electrical cables accordingto aspects of the
present invention, whereby multiple shielded electrical cables may be
forned sitfabrosised il gresont Hyentiay péereby autltiple shiellgd cloetiicnl whlaspnarie

enbodi ne . i d electrical cable according to aspects of the

pr esent p%@%%i%%ﬁﬁgkﬁg§§'7a-7e are specifically intended to illustrate

vari ous exanpligs. Gh-7dalisdtraticiounothenéxctipars bindbdintegtsf dflanshicddedtdietisdal el ded
electrical cables, In one aspect, at.l|east one of _the shielding filns may

i ncl ude £BGAGERIEINEC PARFErS 3 e RCHBhINEHIRC t 1% e/ D @rﬁép?%&_faglyéﬁen@hﬁiéO_
conciict i vfulifYErarlHRY ckHbIUAG AAYriioh 801 e SRBRG! fiKR JFRAELHiBlied JIBGHUAT NG
but not limted to copper, silver, alumnum gold, and alloys thereof. The
non- condueblev.dnpot yspeci, ot least ene nhtheishiel diggefibmymsyiinchidc @ cpodyatme layermat eri al

i ncludin ut not lLLimted to | yest.er ol yi mi de, pol yam de-i m de,
bol yt et 1 o darBaeRSis PoRbRy BB T ERonfiicdedingt bng ol aRai e
sul fide, Ralvetbyieat naabinghat fot 1RGN CEARA BIveS bluhfiRRS, goiphad, et hyl ene
propyl ene di ene rubber, pol yurethane, acrylates, silicones, natural rubber,

epoxi es, alaus thgreohekhecontriopductiad mekinvesic 1qvs ngyrind udaianyt suitablp oblymericc | ayer
nor.e. addi tiv

i ncl ud - d/ fill ANe [
cur 1851 e BB FineloaEr e RO ER RIS polaifiepd QeI "l S5t one

suita 0 app spect’, > | east one of

t he shi elgdiyietrdfidordetifaynd, plybdpyRnt, ol yoatiyilag, pelhpisnyRnt syl€te,dosyasgche

bet ween the conductjve |ayer and the non-conductive polyneric layer. In
anot her depbibplatoapolysybenain silispne Rbbempdykenagranyiss diggy Tabher.ude a

st and- al cti il t] . of j- i Ll my be
el oot od IonafgRAe b fucs Mont EhaRBASLENG ePlicR arlMnBHCLBbhALDR 1o
appl i cat ithe, noauwohdasive @otymericl leydr pidyi ihglud edbecdrrmaralad pieir Eanmtéorddlcrstod

configuratiaon of the shielded electrical .cable (such as, e.g., presence and
| oc&t i on REPVigF BIARE B MY 5l ipigndterneh AN IOtoR 8STSH, oV GNPl o

i nclude ap. bﬁlélﬁﬂ{ﬁadlhﬁé rhAFABHdS Rihidhitd Jdhbive a6 REPRL BN t he
shielding filns have a thickness in the range of 0.01 mMmto 0.05 mm The
shi el di ngohillatwe payev antbthe soh-abndurtive holghdiindgyeard apotbei aspe pd ddanigorteatfween

L T N S T e A
phenomenaRikdARIAS ma$ b8 REkctsdBisc® bh 'a AP SOMAIYEDarath@ErS RYitdbl Ofdr siegnal
att 2e(|)1 uat Iilcl)tgn(?ecdcali)i)?ice?[}on?su%%rats,I e(?glgj.l, Séxi{)irli%g léiaerc]:fnycalr Serllr?o?‘r.nagcbel, znd configuration of
the shielded electrical cable (such as, ¢.g., presence and location of ground conductors). In
one embodiment, the shielding films include an integrally formed shielding film. In one
embodiment, the shielding films have a thickness in the range of 0.01 mm to 0.05 mm.
The shielding films provide isolation, shielding, and precise spacing between the
25 conductor sets, and enable a more automated and lower cost cable manufacturing process.
In addition, the shielding films prevent a phenomenon known as “signal suck-out” or
resonance, whereby high signal attenuation occurs at a particular frequency range. This
phenomenon typically occurs in conventional shielded electrical cables where a
conductive shield is wrapped around a conductor set.
30 Referring to Fig. 7a, shielded electrical cable 802 includes a single conductor set

804. Conductor set 804 includes two substantially parallel longitudinal insulated

conductors 806. Two generally parallel shielding films 808 are disposed around conductor
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phenomenon typically occurs in conventional shielded electrical cables
where a conductive shield is wapped around a conductor set. Referring to
Fig. 7a, wbizelodasicel ectrical cable 802 includes a singl eCrarsduossv4szet 804.
Conduct or set 804 includes two substantially parallel |ongitudinal

i nsul ated conductors 806. Two generally parallel shielding filns 808 are

di sposed around conductorset 804. Shielding filns 808 include a confornable

adhesi ve &k SBitling Bimp¥daclyfe ép@wfﬁgmmw Aghesog laysr 8HE Habbensls on bot h
si des of %”cﬂﬁgkﬂﬁs §(§‘ o lee {h@fsw%tﬁgla% 89&%85@ é%?%gi.f ﬁsﬁét%@ cggperal ly

in a single plane an ctive ina mnnaX|a erentral pair cable
ar r angemeitio.arSiragdd gendrall ynis a&i)@le peheded effeoincydh bveinagipbor di&B&naaid a

nonconduct i ve pol yrmeric |ay 808b. n- ductive pol ynmeric | ayer 808b
faces | nauinebls aanermes: Sddine fﬁﬁﬁ&ﬁ@ﬂqc&é{a aa%?@éu@miamngo%e et ed ont o
non- §°“d%§iﬁi11)écl%gg§b§f’}geﬁcqa§e@%6£b %bcdﬁﬁh&ﬂfew éﬁctl ?ér%og’ﬁtfei&%&ns{ﬁ%feﬁr ring to

Fig. 7b, rical cable 902 1 ncl ngl e conduct or set 904.
Conduct orcosétct@0406.rMconddesve hagerKiBs nalmtheailebgsnpd |oatol r@in-dondyggtiviaghohaeric

i nsul ate ctars 906. nerally parallel shielding filnms 908 are
di sposed %?%Sﬂ Bﬁﬂ%ﬁ%%%?aggfngg%f Shielding films 908 include a

conformabl e adh@siing tb 836270, Shk1ddiadc et satsibed Hchdef b binblcWRdiRorRaeh ot her

on both sides of conductor set 904. |nsul ated conductors 906 are arranged
gener al | YOHnCandictuglset Wan@u@ﬁsdwefsﬂbﬁmtméygvalraﬂelalongﬁuﬁimal aisugteddi f f erent i al

pai cable rran d|n ude,a conductive yer 908a
bnat% norafiEPSE e sisiily dfist MuoBi Bohae S et SRl Ghe e kT

i nsul at edecandSaictite 80Hs 9(18&@61@@& b ¢enfoaistlc R3ivERyYcbe1@gpobdided onto

non- conducti ve gplynerlc | ayer 908b using any suitable nmethod. Referring to

Fig. 7c, sbrldingdimepetiorgachpthene bothguies pheandaessr st SPhdnaleteh serdusiors et
1004. Co [y udi nal

i nsul at e(rj% ?gd%é(;{% rsﬁ%gg%ﬁmm g%ngtfggf ?H(P%%éracg}]‘ﬂgllhéﬁge g{al & ?1#@%%1’[1%1008 are
di sposed miraiabld atangtmndmr Sieetink@dhs 98Riiredlweragcondliets e 108 90$mdtnmlaemm-

conf or mabl e adhesi ve | ayer t bonds filns 08 t ac
othe? on BHYFHEF debmsric it ﬁ@%@%@yotw werﬁﬂ&*aa? S%Gﬁ@lﬁ%‘idg‘ﬁ?fsl% are
arranged @&fagE@d lh’,yér@O@a fa) Bk AcpdsH0E oﬁ‘t’%qlo%fcfoﬁﬁﬁdn\(z% h?él}}nfbrﬁ 154 BB%b Bin®T
differential pair table arfangenent. Shielding fil 008 include a

st and- alcmgsumddunmﬂué4flln1 Referring to Fig. 7d, shielded electrical
cable 1102 | ncl{et%dmng%o 1% c, sh{:e?&ec(jiue(l"ec?nca? ce%ble 1002 includes a single conductor set

1004. Conductor set 1004 includes two substantially parallel longitudinal insulated
20 conductors 1006. Two generally parallel shielding films 1008 are disposed around
conductor set 1004. Shielding films 1008 include a conformable adhesive layer 1010 that
bonds shielding films 1008 to each other on both sides of conductor set 1004. Insulated
conductors 1006 are arranged generally in a single plane and effectively in a twinaxial or
differential pair cable arrangement. Shielding films 1008 include a stand-alone conductive
25 film.
Referring to Fig. 7d, shielded electrical cable 1102 includes a single conductor set
1104. Conductor set 1104 includes two substantially parallel longitudinal insulated
conductors 1106. Two generally parallel shielding films 1108 are disposed around
conductor set 1104. Shielding films 1108 include a conformable adhesive layer 1110 that
30 bonds shielding films 1108 to each other on both sides of conductor set 1104. Insulated
conductors 1106 are arranged generally in a single plane and effectively in a twinaxial or

differential pair cable arrangement. Shielding films 1108 include a conductive layer
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1104. Conductor set 1104 includes two substantially parallel |ongitudinal

i nsul at ed conductors 1106. Two generally parallel shielding filns 1108 are
di sposed woaondi4swaduct or set 1104. Shielding fil s 1108Cirnshbud®3se43
conformabl e adhesive | ayer 1110 that bonds shielding filnms 1108 to each

ot her on both sides of conductor set 1104. Insul ated conductors 1106 are
arranged %enerally in single plane and effectively in a tw naxial or

di f f er ent] QBa fiion- méwwarppgﬁ@@%mer 1688t lagd Adarpinpting adhggve HyruHE8S

conduct i Vg : a
Ianlnatlng a <§%%§g§ﬁ%mgya@%6§&9§?géiggg é%&ggﬁﬁgga§%%¥%é%%$ayggg1108a and
non- cond uhémbﬁlanﬁhaﬁmrdondmcmye Haybi (DHI&a tb hen-ebyducant palyimegc tapduit@bye | ayer
1108a to pon-conductive polyneric |ay 110 Cbnductlve | ayer 1108a faces
insulatedﬂﬁgﬁﬂﬁﬁi6Y§qi§§BgCWEP§ﬂWFﬁQmﬂgﬁkﬂﬁgﬁki 1, conformabl e adhesive

| ayes 10 of SrRegi{;ﬁﬁ bg% &tﬁlgcﬁlcoﬁﬁ%%lg ii]e sweﬁé’;%%?é o?ﬁlmg@?l%g'@ri%aldd-aﬂﬁ films

8 and bonds shi to each other on ‘both sides of each conductor
set 4. 12 mrd@p%ﬁtdd@twmntshledmng timadhed bahbshictlih@fibns 4 ® culy obher di bpthsed on
one of shiel di.ng, fil 8. n anot her enbodi onf or mahl e hesi.ve | ayer
10 my b4 ShEREEOBISG ! SR APaFTEORTTG N OEBATSAHADIE [BehdOrUA foayer 10
may incl ltﬁ%ao@éh et (ﬁtshié‘?dlﬁ? 684 ¥ anansther QMbSiEman, barTbinaiblyfinkandiet ween

shielding fil Opt i onal conf or mabl e adhesi ve | ayer 10 may provide an

i nsul at i vid hanbe @lemﬁeé an pth) @@dlna hiémef. @cmf@lrr@nhhfgadhesm lagern himiap snledee d

conductors .6 shi eldln d ground
contilot ol SRS RS ThanBER My S vaB Rt et A8 Ra .0t ve
adhesi ve @bnpllp\Wotfordable radhl@ﬁue\deyd@qodnégqﬁmeﬁe af is@ladlive Eoﬁd ﬂ)é’ﬁi’e& at
Optional ly, conformbl e adhesive Ia¥ may provide a conductive bond

bet ween deast ezl shirdding fibns 8 jead Hyuk qdrﬁ@néucawa Ogrsh rawedal lieasbene of2.
Sui t abl th
uita eesif‘ @Hgigg?{?% gﬁ@g%hxg%ﬂdﬁ%lo?sd?z ‘Ef%%@'d{ﬁ{ab dp&fn';é ﬁk&% otrﬁeﬁgfng;{fdtgﬁe e

fl ow of e conductive par es can be a
types of goadidtiotashaiveraadtpryyvidise dondsitigve laﬁldstmheasea$h1eld1ag<ﬁhns 8. cmgsnonaurjaes
anDr hous, her artlcle shapes.. They id or ubsta a
sol f parctop&r’é‘é leehtRs RV DO Bigkide & PRSI T E%‘P‘ﬂ’et}‘{%‘k@ ca ﬂ%ﬁ‘r%‘é  ckel
coat ed CQBR#&néﬁhﬁi§§ndgﬁﬁﬁ8€&ﬁﬁﬁﬂw§¥2@%ﬁm&@%&%hwﬁ9§&ﬁQm9&iMﬂﬁﬁef'bers or
other simlar conductive particles. These conductive particles can be nade
fron1e|eamnmumepanmkmHapungmnhtﬁpwaﬁskmhaalanempHatednwanoamadbmnmh a

s, silver |nd| m ti n- oxi de.

duct k
The. et alteBREE HRS PG bty Rer gk B ulefein e PGPS par i1 ol es
such as hehdrpNées! asﬁharﬁaa{&esshapés NERGy G4 soBid Do kit tahBhRy tldSpastités as gl ass

beads or netal oxides.

20 such as carbon black, carbon fibers, nickel spheres, nickel coated copper spheres, metal-
coated oxides, metal-coated polymer fibers, or other similar conductive particles. These
conductive particles can be made from electrically insulating materials that are plated or
coated with a conductive material such as silver, aluminum, nickel, or indium tin-oxide.
The metal-coated insulating material can be substantially hollow particles such as hollow

25 glass spheres, or may comprise solid materials such as glass beads or metal oxides. The
conductive particles may be on the order of several tens of microns to nanometer sized
materials such as carbon nanotubes. Suitable conductive adhesives may also include a
conductive polymeric matrix. In one aspect, conformable adhesive layer 10 may include a
continuous adhesive layer extending along the entire length and width of shielding films 8.

30 In another aspect, conformable adhesive layer 10 may include a discontinuous adhesive
layer. For example, conformable adhesive layer 10 may be present only in some portions

along the length or width of shielding films 8. In one embodiment, discontinuous adhesive
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conductive particles may be on the order of several tens of microns to
nanonet er sized materials such as carbon nanotubes. Suitable conductive
adhesi veswory1oal48®5i ncl ude a conductive pol yneric matri PCTIUS2a08388pect ,
conf ormabl e adhesive | ayer 10 may include a continuous adhesive |ayer
extending along the entire length and width of shielding filns 8. In

anot her aspect, confornmabl e adhesive |ayer 10 nmay include a discontinuous
adhesi ve IPWéP ingheges gxphwiplie, of deneiivemabt csip ssipoethpbdre disposadag shen ppiisent
only in ?85%1 ANFu 04 EH&‘%IL‘EH@E Rtopd g'}oﬁn Bhe & b&hﬂle céﬁf‘Pﬁfa&e In
one enbodi ment, scont I nuous adhesi vel ayer I ncludes a ura

| ongi t udiadatsiedhesi Mansldéspe seabhaic dra@rehss@@sm\zemdgesw@ra Hmnhfeltm des of

each conductor set 4 and ground onductors 12. I n one enbodi nent
conf or mafid8cAh ééh%opewegesm ?Iﬁﬁql gyallc gfhgsiigs fn iseenghodimeyt @39@%%3. tive
adhesi Ve’adﬁem lagﬁj fo 1§‘g uY@d to r&hgé 9‘351% bﬁ%&?éh\f din gr}ﬁn@ 8GH4tad! e

adheS|ve I n one” enbodi nen formabl e adhesi ve is configured to
provi de aubs:taldlaﬂigtsmeger slhined b:hnldg)efwdem)ne ot hmte 1nsulat¢ti$bmd1tctcz{|6] andst r onger

than a bo e or i nsul at d conduc 6 an shleldlng films
8 Thi's maippes R s s fay B2 aSi e e 87 a6 o e e OB Fo St o

accor di NglcYordfvg d;aqi\ ﬁtﬁg@éfth{y AAh&enyigua@bh iOHAEhIPdIng ﬁhhb 8hreshi el di ng
fllns 8 are rea strippable fromthe insulation of insulated conductors

. In ancnewelry lerfeem thmmlmquﬂlesm%@nd@ctbaﬁeﬂn agothey e@dmrdirg@ﬁed to
pro de a b h|e fd 8 and.a
i nsx at ed¢ con u@[ ?ﬁ We eslrhll e?g(? ﬂéuﬁdlt%)r%wgﬁ'ua Fon(frjbel%‘gu% n%lllri}s ggual |y
strong. %d&%ﬂb@@&eﬁbn& bt moadiRaghtee comtulicd Braati ishial disg ﬁimastg thasatkat ed
conductors 6 are anchored between shielding filns 8 On bendlng shi el ded

el ect ri caubyiamiadlyzqually sroap) dpadyagtageiof thizadhepixg corfigrsitiondmthapmgulakidr ef or e
d | d
reduces té&ﬁdﬁdt{)ﬁ 6'CaE§§Igcr1]18{) dbolég%éeh%gﬁ? 1n%'f”éﬁ%j§ éﬁ‘rg%{ﬂdh@sth?eldeﬁglééﬁéﬁ cRae

strengt hs nmay ase ion n one
enbodi mert, thic elhdvoy foahiltte: rethhes moeecaiyteind ﬂ@:réfaﬁe @diidels a:hmlﬁ&d;ihocbd bBagktihan

abo 0.13 erred enbodi ment, or mabl e5|v ayer 10 has
cknddshglaipgabnd %ggﬁltalﬂs prsiERseihn it Q&Oﬁ%l?aéei% igign %ﬂi/ 10 nmay
conforn1Q$ ﬁ&ﬂkﬁVﬁx%@%hﬂﬁﬂnﬂﬁﬁh%ﬂﬁﬁﬁbb@QHh&ﬁ@?&&&Q@HwEQ&&9&ﬂ§0&ﬁc$
characterlstlcs of shielded electrical cable 2.”71n one aspect, conformable
adhesi ve thayamoul0. lﬁmymclnrafmﬁfmtd embodlmemn@rmibam]deradlsdst\elldyen\goﬁla$ @as 8 in

ar eas beHFeEn COEF or ., which increases at |east the | ateral
f1 exi bi | i'tY<0° Shit Ha i"83t cable 2. This allows shielded el ectrical

cable 2 to be @Bﬁ&ﬁﬁb[@i&eﬁa@l ¥r 10"1&1@ Borffbin kd hdheAk desitRI médakRhlan@- 9. I N
anot her aspect, conformabl e adhesive a er 10 may
clectrical performance characteristics of shielded electrical cable 2. In one aspect,
conformable adhesive layer 10 may conform to be thinner between shielding films 8 in
arcas between conductor sets 4, which increases at least the lateral flexibility of shielded
electrical cable 2. This allows shielded electrical cable 2 to be placed more easily into a
curvilinear outer jacket, e¢.g. In another aspect, conformable adhesive layer 10 may
25 conform to be thicker in areas immediately adjacent conductor sets 4 and substantially
conform to conductor sets 4. This increases the mechanical strength and enables forming a
curvilinear shape of shiclding films 8 in these areas, which increases the durability of
shielded electrical cable 2, e.g., during flexing of the cable. In addition, this helps to
maintain the position and spacing of insulated conductors 6 relative to shielding films 8
30 along the length of shielded electrical cable 2, which results in uniform impedance and
superior signal integrity of shielded electrical cable 2. In another aspect, conformable

adhesive layer 10 may conform to effectively be partially of completely removed between
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conformto be thicker in areas imedi ately adj acent conductor sets 4 and
substantially conformto conductor sets 4. This increases the nechanical
st rengt h wodomnakless form ng a curvilinear shape of shi eCaiusgomiobsys3 8 i n
t hese areas, which increases the durability of shielded electrical cable 2,
e.g., during flexing of the cable. In addition, this helps to maintain the

position and‘spacing‘of i nsul ated conductors 6 relative to shielding filns
8 al ong tsheldiagéms din gRpsehaiwernedoBduGPiets 4 i aresult, whiclding B % s in uni form
i npedance j i ] LY of iel ' 2. In
anot hor _ alanieeTRGha0Ncath B i BLEIE b S kel Sl B EPLorFARYei y b
parti al | whofldedaiqetedat bable 2ninwadthbeispeansdnfe@indibigadhedingla§ei 10 @aeasnfoeh ween

conductor sets.4 a.result, shielding filns 8 electrically . coptact each

other infP I"?g%%t“’&be@‘il?arﬂﬂfyc ol sy aemPTRd b et Perat éLﬁéI%B%IS ;

shi et ded | 2 0, C : I i | ayer
e an! %f‘;‘{ﬂd%h?‘f"z‘?% §22as h Pesﬁﬂ,a %rtB?rgd[ @Bg?tt)rs 10L& Sk c%né%%%a\éﬁ

10 may con mto e ively be p conpl etely'renoved between at
| east oneonefof shicklirgy fnlgnsfd inrtbes8 aamad, wiriol narasedbe tloctsicdlherdsmanaeedul t |

d duct 12 el i cal. t act I A hi el di il 8
71t hese SIRUG A GEn e p da Y B B dEie Mo diiSle Sl o0 Betiebaba ™
el ectri cabaseamd 6f s%ielcﬁﬁ% filth§ 8 @nd Biduing @BARICTRDI B 2apthRRk ¥8 glain@lcondlicxt St s
bet ween at | east one of shielding filnms 8 and ground conductors 12,

asperiti i€ may bcaln hdowghrapntarmable raherave lpyerald to lestoblgh dentrient peibiat aadhesi ve
I ay el 10 .t o ﬁsdt ablish electrical contact as intended. Figs. 8a-8c

il1ust ratnétef1 Yee ot her exenpl ary enbodi nents of a shielded electrical cable

according to gEpeshScallustie three DB ckéhi@aty dibodmnes oBasieldad elesipiesli fical |y
intended to illustrate exanpl es of the placement of ground conductors in
t he shi el@Bl asrdingite aspcetaiof die pragenhigyertonoFigy. Ehfeigspecaiiedlyintendeddapl e i s

proper griﬁﬂ{lﬂait@&aﬁf lésrb?.tl? .lg%e(?nenﬁgf gljogt%jcﬁidﬁ&gw 'ﬁﬁfle ﬁﬁghﬁel@&ﬁ%{l%@aﬂg&t 0
aspects o e pres?ent i nvention can be groun ed i n a number o ways. In
one aspecAn adppet (fracihiivtd cdahattridad csblelseedpdr gadundingarfitiacshidd. Sheeldéd one of t he

shielding fil such that grounding the ground conductors al SO groupds the
shi 0 di ng7dsH .Cahtf?ﬁ %Cﬁ?@l%tpéﬁ@e@%%tﬂ}e RIRET) P BSAOTLGH ORSof )« BV BB o
refer red diavas. ndhlhod, iRSzrouldeHIALBRIIATRARY cohllE AIQUIheuUC Or S dO

not electrically contact the shielding filns, but are individual elenents
in the cableddiogfibhs schition grdvatlingetic peound depbrthentlby gtoends thaskidlding any

sui bl e gl SO art LT oL Y Y SHLS LT R 0, R suer
arr angemﬁtanoﬂlgﬁas?é&}lﬂﬁg of A Ueh@UcPorBY ndd déctRealyelotfacelle kRicRitng Gy Bék
mr 2608 . Falreg i.ndi8Vai.dlllal leluesrlrfeiltaétig ?heacr;bleexc%gis)tlruaéii%n ?1523 ?I?alyr{)%q;lde%fen(?ently terminated to
any suitable individual contact element of any suitable termination point, such as, ¢.g., a
contact element on a printed circuit board. In this arrangement, the ground conductors may
also be referred to as “ground wires”. Fig. 8a illustrates an exemplary embodiment of a
shielded electrical cable according to an aspect of the present invention wherein the
25 ground conductors are positioned external to the shielding films. Figs. 8b-8c illustrate two
exemplary embodiments of a shielded electrical cable according to aspects of the present
invention wherein the ground conductors are positioned between the shielding films, and
may be included in the conductor set. One or more ground conductors may be placed in
any suitable position external to the shielding films, between the shielding films, or a
30 combination of both.

Referring to Fig. 8a, shielded electrical cable 1202 includes a single conductor set

1204. Conductor set 1204 includes two substantially parallel longitudinal insulated
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shi el ded el ectrical cable according to an aspect of the present invention
wherein the ground conductors are positioned external to the shielding
films. Fiwe.208bM8m5i | | ustrate two exenpl ary enbodi nent s Pofi/ts26lioasde d

el ectrical cable according to aspects of the present invention wherein the
ground conductors are positioned between the shielding filns, and may be

i ncluded in the conductor set. One or nore ground conductors may be placed
in any sLﬁOtlélﬂﬂt@rsﬁé@@-tﬁvm]g@s@faélwmralkbsmﬁélngﬁﬁmsdﬂ%aﬁ@idl&?@ﬁ@%@@%ﬁn t he

shi el din ' onhi ' - | j . shi el ded
eIectricaOL@%%@gmgg%%”%ﬁgpggg%bgqgﬁ%%%%%ggﬁgﬁé?%éﬁggfé??gﬁgn8%%%31 or set
1204 i nclfiidss 208vand bidaslks ahicldihgd §ilnpal 248l te kadhosthértamdiatiabidensfidoatwdesaduct or s

1206. Two nerally parallel shielding filns 1208 are di sposed. ar ound
conduct orlzggtlnilgét&g Csap@@]'f%# re afgpgediggRerplly By 2 §ipglg by @e&r@ﬁg‘%we ehween

shi ed di ”Q1tfwjiﬁe[ﬁalggﬁf&&ﬁiapﬁﬂg?ab?é‘éﬁi LRBn KhitRicd 2RBulQl EARM RNEFRGN DOt

sides of conductor set 1204. Insulated conductors 1206 are arranged
gener al | yin¢lnde asploglity ofl goendagondedtdmdRil ¥ ebsitipmedaextannal do slakldog fdinfsfl@p@nt i al

air cabl e arrangenent hi el ded, el ectr,i cal ,cable 1202 _.furt her i des a
P ur a toyCionnd PR RR e pRERST Thhet Pis 68 Padedf ar (TRt st P FT) o
1208. G Qyﬁ}ﬂ)nﬁﬂﬁ%ﬁiéﬂ&ﬁ%lék%c%l adite Pi;(@ciﬁglu@éfseﬁroteb!@&keﬁlmsal@(io@ﬁrr&ﬁidlihgsi des of
conductor set 1204. Optionally, shielded electrical cable 1202 incl udes

pr ot ect i wbicldingrfme b2 Ssandravourdi aegdudiors i AProickine filpoel 22 dndudsind

conductors 1212.. Pr tive fidns 1220 j de,a protective r 1220a and
o o et IS8R wion 4B SR | B0b B Re B b G B 2P
1208 and spfedding fiag o208t oidsrduhiiZcondhdtes 2l 2 velkarmatbiye kbieligh o fillixsl 208 @8d and

ground conductors 1212 nay be surrounded by an outer conductive shield,
such as, @o¥d copdegiprgded? Mayhearaoundsd bysnoutes condistivashicld. sugh rete-g-not

shown) . E%ﬁg&ﬁﬁg%“ﬁﬁf@@%ﬂPﬁg%#ﬁnbﬁkgﬁ§£§k§§%ﬁb%ﬂi cabl e 1302 includes a

single c uctor se uct or I'ncl udes two substantially
par al | el | ongiRafeliringlto Fips 8b,ashédd cclonbettiédad cabld BD® indldegesieglalcbydyzesrakd el

shi el ding fil 308 ar I sposed arqund .conductqr set 1304. A conformable
adh iyegl139§e¢§%§mr 58508 istys b 9@3@?@%‘?@%{? IgainE 5080185 bonds
shi el di ng:ohihd¥8rs 1368 1y gé}féhal@zt ?amepghiaafen ﬁhﬁﬁ%ogﬁre%@%k'&f%uﬁ?t 1304.

| nsul at ed conductors 1306 are arranged generally 1n a single plane and
ef f ect i valopduatorsset Wi (Hai @infamaticfadbesewt lagér [3dDns disfyised betmaogemelding Shi el ded

e s oY B SR A
1312 ar e 1304! msiagtcl BoSRRIS T 306 £ hrrdRRd geA&dlly Woa ShgltPane and effectively in
20 a twinaxial or differential pair cable arrangement. Shielded electrical cable 1302 further
includes a plurality of ground conductors 1312 positioned between shielding films 1308.
Two of the ground conductors 1312 are included in conductor set 1304, and two of the
ground conductors 1312 are spaced apart from conductor set 1304.
Referring to Fig. 8c, shielded electrical cable 1402 includes a single conductor set
25 1404. Conductor set 1404 includes two substantially parallel longitudinal insulated
conductors 1406. Two generally parallel shielding films 1408 are disposed around
conductor set 1404. A conformable adhesive layer 1410 is disposed between shielding
films 1408 and bonds shielding films 1408 to each other on both sides of conductor set
1404. Insulated conductors 1406 are arranged generally in a single plane and effectively in
30 a twinaxial or differential pair cable arrangement. Shielded electrical cable 1402 further

includes a plurality of ground conductors 1412 positioned between shielding films 1408.
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ground conductors 1312 are spaced apart from conductor set 1304. Referring
to Fig. 8c, shielded electrical cable 1402 includes a single conductor set
1404. Comwlocbovi48wt 1404 includes two substantially par @&CraiS2¢10mg8ozidi nal

i nsul ated conductors 1406. Two generally parallel shielding filnms 1408 are
di sposed around conductor set 1404. A conformabl e adhesive |ayer 1410 is
di sposed between shielding filnms 1408 and bonds shielding filns 1408 to

each ot hetll ghthsgrepndicgaducders d d hhigetipgludediin caadpctar setyl489d e Bwe oh thearennsl 1406

. . . e . 3l
11 or ent PR AEOTAE b RS DR E TR Al EEhualy ol S MBE U1 Rer
i ncl udes a pl Wigd. OhYbaflugracudexeaipiiug tmbsditnkhPofasdltdtoct dsdeaibiyeen shi el di ng

films 1408. Al| of the ground conductors 1412 are incJuded i n conductor set
1404. TwacePrdingdo gp aensat %ﬁﬁea@@%ﬁén‘fmn feramatRg P Ansatdagut 08E- 1406 are

ar r anged Q@&ﬁ&aﬁ'aks\érﬂﬂl‘}{ 2560 nGlufed nﬂﬁ‘élded:élgét cal@aiR 1502 Wad M‘él@aﬁ@alﬁxem ary
el ec I f the

: il
enbodi nent of an rical asse y according to an aspect o pr esent

i nvent i orconduativaatldd ctip 1527 1Shivtl e addatroesl tatho 45 inBludet 7 ploadlitpsSgatddy 1500
i ncludes a %hie ded elgghiical ﬁable 1502 angd_an ebfchric | |y conductive
cabl e cl iPP¥F§IHUCKH ;g BEECr s calll 186D hctrdés™ ?Cﬁ%&Ftal ity of
spaced apaflhd&ARBUEbRAntREY HarkBOoALIHRAINGE thsU RIRQY @hlYctdR 13061 TG erletARe. Each
conductor set includes two substan |aII%gEarallel | ongi t udi nal i nsul'at ed

108

conduct orpgraBdshiclting fjend 588 ke dispoadd apurth¢asiddétagsets 130¢. Asp8fameblgi sposed

around conduct or sets,1504. A canfor l.e hesi | ayer, 1510 .1 s.»di sposed
et then SRPER SN A ddens RN TR R UF e b as SRS RN Bt b
on bot h siisde $o edchenitd? oaGaLGiaofeeth ddnddctofalnl 804 IGaplcldip2 528 ictiamped or

ot herwi se attached to an enqﬁggrtion of shielded electrical cable 1502 such

that at |G&8eryise atichsdfepmemgpartipmal shsddedsslecttieal cablp y5@britchdha atlepste clip
1522. Ca L [ I.qQur 1 { . reference,
such as. OBl St BRRICCRE B cotiort ST 071 22, o Bh 39981 2 °1 o

est abl i stroafigurod fieh teomingddin tora dredntereferafre sfudeds, el e adontacatlcmaltl 18982 and

the ground. reference. Cable clip. be termnated to the ground.reference
usi b anyP it d }lg%ﬁ%ftdhlég a tpﬁéﬁaﬁﬁﬁ%g@avé SRTRG on e bl alfchgeal
mechani calyycl BaPLAGth-aNGuRARESINE! adropsh Hﬁ%’ bt CrR@Ee ProlthVoroWi@ Peference

term nated, cable clip 1522 nmay facilitate termnation of The end portions
of the conthgangssitdfic methoidainebidogrdldetiogsvd80g, ofmsingehdddniehledampiogl cabl e

RAIC A R RENE L AT TS
i ncl ude aB@nifktiCHSRhIERLBEHIGRNIUES &irdlud®rsdTsadulRAecdiubR 1508 tf BEY¥lded
electrically contact cable clip 1522
2 electrical cable 1502 to contact elements of a termination point, such as, e.g., contact
elements 16 on printed circuit board 14. Shielded electrical cable 1502 may include one or
more ground conductors as described herein that may electrically contact cable clip 1522
in addition to or instead of at least one of shielding films 1508.
Figs. 10a-10g illustrate an exemplary method of making a shielded electrical cable
25 according to an aspect of the present invention. Specifically, Figs. 10a-10g illustrate an
exemplary method of making shielded electrical cable 2 illustrated in Fig. 1.

In the step illustrated in Fig. 10a, insulated conductors 6 are formed using any
suitable method, such as, e.g., extrusion. Insulated conductors 6 may be formed of any
suitable length. Insulated conductors 6 may then be provided as such or cut to a desired

30 length. Ground conductors 12 may be formed and provided in a similar fashion (not

shown). In the step illustrated in Fig. 10b, shielding films 8 are formed. A single layer or

multilayer web may be formed using any suitable method, such as, e.g., continuous wide

16



in addition to or instead of at |east one of shielding filns 1508. Figs.

10a- 1Qg illustrate an exenplary nethod of making a shiel ded electrical
cabl e acowodnngi4swsan aspect of the present invention. 8peaistilomaBdsys Figs.
10a- 1Qg illustrate an exenplary nethod of making shielded electrical cable

2 illustrated in Fig. 1. In the step illustrated in Fig. 10a, insul ated
conductors 6 are forned using any suitable nethod, such as,

ext r usi orvel preeasginaShigdmgdtion S Banbg/foamed phiny witablayength. (Shrlding &lgs B

I nsul at e . I S . IR ired
ongt h. - QPECAGHBE RET IR NELPR PIGKLERAAG TS N G, SRR MoffE

f ashi on (mofbsprevibimed to Hahetraiiseprse phitial fobdsad indredst dlexibliy isthicel ding filns 8
are formed. A single |ayer. or multilayer web may_be forped using any

sui t abl e fARgifginal gﬁ%‘woasgs éﬁkjtr?teéahﬁgnﬁﬁ%éhwd&é&@ﬁlsp%@e sraRforathlel di ng
fil 8 1 i i i i f@@@ t hen be
pr OC? dedr%gegs?ﬁeclﬁg%ﬂﬁ%g&v?{cthgﬂ% %ééfs()?@g%glll (galﬁgltg %&a%lgp ogiral!ls\?\t,i{g;%1 .guistﬁ?l%?ni ng films 8
may be prsecli ey, ved lewinating ot spartsueg. de theastdpi illbstfaddis Hig. li0eca plasgity bexi bility

in the |angjtudinal direction. i1 lystrated i.n Eig..10b, shielding fil

8" nel uaahabHF OB B e soniykes 13, kit RediHss AGiet eh Shi ol di ng.

film 8 %ﬁﬂﬁﬁw 29U f)@bici%d.nlﬁirhﬂg%to%l@i]m%ﬁldeﬁa fair of RyinfiAt N9 264, 28RUt teri ng.
C,

In the step illustrated in Fig. a plurality of insulated conductors 6,
ground cdndingtaothepel Correspehdeig ol adirass-sertionsl shage ef priededielgctricalicsbleiZnandt ool 24

i's ptovided.  Form tool 24 includes a pair of formn rol.l s .26a, 26b
navfho o Gt Bl PEIRRed fortdlEl N oo flah TempBolsiind ARG o

el ectri calrragpdl &cdrdadthoithe baidzuautidh of sE8lded BRUridblebA) dié hoditorfed igr ound
conductors 12, and shi el di n% films 8 are arranged according to

th
conf i gur drPERIETto SefmEpgEllsebaciab; afigr vereh Biey arcgencyaithyi fathado bric %§ ekimty
to form | , i : into bit
%8 ot 1 on a3 RR 268 Ru At BILEM, Foifofs SBRANE Bkt LBFALD %0, ©

For m ng tfoohs dclfiimpfEms Biaedudidrognfudiomsed dadralymrdurcioseaidadtor 1 5atdsbehdand gr ound
conduct or . 12 .and bonds shielding filns to each other on both sides of
eacﬂyconcﬁ}hef‘é}lng gg{ls Qt%wn@ﬁlﬁaﬁa%e@n%ﬁ!ﬁétog%&@nﬁm%Seﬁé@n%gr%a lied to
facilitat i.[}§. i | S i , i j i films 8
Snlenstisng. H&t%@%ﬁgpﬁe& B i%cﬁ%?@%r{ﬁ?r{% Alﬂchgﬁ%% ﬁ&hﬁ%oﬁirﬂ&_t,

around conductor sets 4 an ound conductor 12 an nding shielding filns
8 t o eacHooningrshiehlimpfilnsd desndfomslactor saondacd grousé torduatrd 1grandbdndiogduct or s

12 oot eI £ R D R sSSP Y %57
it is forggmaudiyrsf19atiidn b QRlslCdberdtiont heotBdrebiod] iisitd, #BE stepPs g occkPdn
| ongi tudi nal splits 18 are Tgorrred
separate operations. Fig. 10d illustrates shielded electrical cable 2 as it is formed by
forming tool 24. In the step illustrated in Fig. 10e, longitudinal splits 18 are formed
between conductor sets 4. Splits 18 may be formed in shielded electrical cable 2 using any
suitable method, such as, ¢.g., laser cutting or punching. In the step illustrated in Fig. 10f,
shielding films 8 of shielded electrical cable 2 are folded and an outer conductive shield 30
25 is provided around the folded shielding films 8 using any suitable method. In the step
illustrated in Fig. 10g, an outer jacket 32 is provided around outer conductive shield 30
using any suitable method, such as, ¢.g., extrusion. In other embodiments, outer
conductive shield 30 may be omitted and outer jacket 32 may be provided around the
folded shielding films §.
30 Figs. 11a-11c illustrate a detail of an exemplary method of making a shielded

electrical cable according to an aspect of the present invention. Figs. 11a-11c are
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bet ween conductor sets 4 . Splits 18 may be forned in shielded el ectrical
cable 2 using any suitable nethod, such as, e.g., laser cutting or

punchi ng.worrotthesstep illustrated in Fig. 10, shi el di ng@CriuSae10838913

shiel ded electrical cable 2 are folded and an outer conductive shield 30 is
provided around the folded shielding filns 8 using any suitable nethod. In
the step illustrated in Fig. 10g, an outer jacket 32 is provided around

out er corffledfifally 1§Wilé¢41t036uﬁ§@i%§l anpsurtthp penfruping @f canfermable adhegive
extrusio RN ve shield 30 may be omtted
and outeqay£pﬂ8%ngéﬁﬂpﬁ%% ré%?&%ghgpggﬁﬁgﬁ gfolded shielding filns 8.
Figs. 1lla-1 | Iathd dte;silmaﬁrﬁediuﬂlégal la, af inltlaedeopdwityr 1686 rogrooifid cakiubgr a
shi el ded el ectri bl e according to an aspect of the _present invention
Figs. 11adl |sp%ce§rag@b erringdyieg coniieiad0e 6of rredipding MMSSRIRBI% of ¢ he
conf or i i Ao ST RARRLES 'cHﬁlcllLﬁi)é%rc%n?dHﬂaﬂg ARG 187 onding. of
shieldin ?llns. e step illustrated I n la, an’ 1 nsul ated

conduct orstg8 (i)lﬂiustrategnm trd. tldnteg smﬂlerxﬁsd@G&dr@ﬁo&ntd dmoond insslatedt ed

T008 enarofiigorg0R sl RramHEar e oL oad oyt S ek Ot iy e "0 T ™

i Il ustratiggstiafedih¥se. 13b bcdnfdﬁab&mdﬁbsﬁ{r&ﬁyéﬂs 1160 PRI tReif O dgma tﬁfeﬁﬁ@@@l
i nsul at ed conductor 1606 and ground conductor 1612 and bonded to each

ot her. | g ﬁhalfmmn&snd lbcbngisttg@ftsmldmg ﬁirgs IQQSmrowd$ oenfainabladdkssivee | ayer s
161 st|II &§> he [ orlghpaldtgj ; ﬁgﬁ%h@ dorm n and bondi ng of
Shl dlng ¥|T qgs 48 %ﬁﬁﬂc estve ﬂ) r84%%810 conformto

achi eve dﬁstab&dsﬂi@cafmﬂemh chidthcal @cblerl@oal Sﬁ@@ﬁﬁarlmqﬂuﬁﬂ&rdaﬁtmg i1gtj cs of
shi el ded el ectrjcal_ cable 1602. Specifi cal as illustrated in Hé;
lﬂln

conf or maisoafcarblsiadbesivelayas 1GHocandrbiohetbinper hohw epieshi ding Slns 464
films 1600%ﬂf§1d9s05fﬂns?ﬂ£ H&?ﬁ*@(&teﬁﬁ \/%8 &Baﬁctéﬁgé&? gPlg{gg%@d conduct or

1612; a portion of con orna esli ayers 1 s away from
these ar eeaforfuble hdhesivedajas el dis@ades aivag floaythiese dr6dsOF aotndr oeamfdrmable

t hi cker ar.e ent insul ated conductor 1606 and ground
con ctorarg%sivze a&?fafgﬂih n?ﬂ%%ﬂdf%’eytﬁ%ﬁmaﬁma@&nmém%é A HERGA 1606 and
ground coRAuskQr 1619@ 14d Igf"ou'ﬂ@ chhéHf&t&fm@@ rﬁfnﬁrsﬁﬁs%ﬁlaﬁ? RESOMA td AXERE(1610

di spl aces into these areas. Further, conformabl e adhesive |ayers 1610

conforn1umnémﬁ@CMmﬁeh9gbnmd@nmmedndéﬂmﬁamnshmefdnmgankmmh@ﬁﬁ8bamd ground

conduct or conf rmabl e ad ve |ayers 1610.displa way. from t hese
o eas sucH TP PoBRTEoT e, BiriesLon B RD I CArIF Borie e CERHral Bing 111 s
1608. effectively be removed between shielding films 1608 and ground conductor 1612;

20 conformable adhesive layers 1610 displace away from these areas such that ground

conductor 1612 electrically contacts shielding films 1608.

In certain exemplary embodiments, the shielded electrical cable according to an
aspect of the present invention includes a transition portion positioned on one or both sides
of the conductor set. This transition portion is configured to provide high

25 manufacturability and strain and stress relief of the shielded electrical cable. Maintaining
this transition portion at a substantially constant configuration (including aspects such as,
e.g., size, shape, and content) along the length of the shielded electrical cable facilitates
the shielded electrical cable to have substantially uniform electrical properties, such as,
¢.g., impedance, skew, insertion loss, reflection, mode conversion, eye opening, and jitter.

30 Additionally, in certain embodiments, such as, ¢.g., embodiments wherein the conductor
set includes two substantially parallel longitudinal insulated conductors arranged generally

in a single plane and effectively in a twinaxial or differential pair cable arrangement,
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In certain exenplary enbodi nents, the shielded electrical cable according
to an aspect of the present invention includes a transition portion

posi ti onewioanioorgledr bot h sides of the conductor set. TRCI/USE@NDBEIHDN
portion is configured to provide high nmanufacturability and strain and
stress relief of the shielded electrical cable. Maintaining this transition
portion at a substantially constant conflﬁgratlon (i ncludi ng aspects such
as, e.g. m@mtzﬂénn&wavpféansam m@mneaftta)suhst@m ¥ [senyten gorfigatigiealang e ded
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Additionally, in certain odlne ch a enbodlnents wher ei n
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inatwn or differential pair e arrangenent, maintaining this
transi ti onbleoFigsoraatdballsyiast wmious bxgmdanysiehdincans ogushatlilaheledtory t he

| ength of hi.el ded el L ceble benetjclall des substanti al |
the sams PEaETOHEBEIECR Lt REVTLH G B & TP CHSBIEST o case Tor”

bot h CO”QHﬁkﬁ&ﬁoﬂ6hé$¥%dﬁ9ﬁ@&ﬁﬁ@ﬁe&ﬁMMmEhﬂﬁ careful control of the
configuration of this transition Egrtlon al ong the length of the shielded

el ectrical cadieéelmgtnpwﬁgtFe@ -1 sblle@@tireie@‘mcab@ablm]r risdudds a diegleabl e.
Fig 12a- r|o ar

el eg(% ri czﬁonélécb?reseaccor %u T°® %sjﬁé)%t sag‘#es Sm%)? gosngﬂE&n%vnéth%%% Tﬁigftol ncl ude
a transi ti708. POb tgblwiialqr ﬁe@@l@@m@mlﬁgﬁﬁlnwnb@ta‘fe &ibptesd edouhd eorcimomu cétarroset .
Referring now to Figs. 12a-12b, shielded electrical cable 1702 |nc%udes a

singl e coMyoRiMR] ormbkp adbsrve byer | 48us dppeseq hetvwege shigldingnfgins 17

| t udi pal hi el di

oL Lok RRbohASHALEE RRRING! Rrcal e TR BRIEC B Ly RALRLL o2l e} g
adhesi ve Thaysed &Grﬂcﬁhctos lﬂ@@ﬂ@:ﬁédtl\tﬁéj’l uearpes i ekbekixig of kingk ehaascmm bonds

shielding filnms 17 er on bot Sld s of _condyct or set 1704.
| nsi? at ecPr@BE‘HH?Pctoghlﬁl‘?lH’@ glself bg&ql WO&QMW@ et h79Pa39456 non-Opdugtivg e

ended CagJ ofyREARGETE0R,. RHIBEENGydri170%a ﬁa@&%nbﬂ%&'@&m%cﬁ)?@ﬂ%t iryg | ayer
1708a and a non-conductive polymeric |ayer . Conductive | ayer 1708a

f aces insnhﬁgednwonﬂﬂmﬂmmgﬁhi©670&hwsnmnn®ﬂgumaﬁgmmnoﬂoﬁﬁn@dmgd@m$90&s 1708
o Shehgud B Serliaur o oL AL oo il 08 shee, 0. FA 7,
t he conf itguaddn®Butios BF sislung Hunls %B8 §%§ V) shitRing/@msSivog sBewg il ms
1008 shown in Fig. 7c, or shielding films 110 shown in Fig. 7d, for
exatdl e. BhiL(7di cpf@hfqldmg filmgB108 shown in Fig. 7d, for example. Shielding films 1708
include a concentric portion 1708’ substantially concentric with conductor 1706 and
parallel portions 1708°” wherein shielding films 1708 are substantially parallel. In other
embodiments, shielding films 1708 may include a single parallel portion 1708, Shielded
electrical cable 1702 further includes transition portions 1734 positioned on both sides of
25 conductor set 1704. In other embodiments, shielded electrical cable 1702 may include a
transition portion 1734 positioned on only one side of conductor set 1704. Transition
portions 1734 are defined by shielding films 1708 and conductor set 1704 and provide a
gradual transition between concentric portion 1708’ and parallel portion 1708°” of
shielding films 1708. As opposed to a sharp transition, such as, ¢.g., a right-angle
30 transition or a transition point (as opposed to a transition portion), a gradual transition,

such as, e.g., a substantially sigmoidal transition, provides strain and stress relief for

shielding films 1708 in transition portions 1734 and prevents damage to shielding films
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include a concentric portion 1708 substantially concentric wi th conductor
1706 and parallel portions 1708" wherein shielding filns 1708 are

subst ant iaDI2g10p@8WEl el . | n ot her enbodi ments, shi el di ngPCiriusg010//8®43ay
include a single parallel portion 1708". Shielded electrical cable 1702
further includes transition portions 1734 positioned on both sides of
conductor set 1704. In other enbodi nents, shielded electrical cable 1702
may i ncl Ud88 avhen shisldef slecpisat ¢able 170345 powsict ¢-anedcn ntasally ooéalli kfadipg
conduct or - i ot / def i - ' ing filns
1708 and “Luric Gl bAIE 102 THRRUAHB0RE thyl € " e MtoRlIRE T
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provides stralin and stréss relie or shielding filnms” 1708 1n~transition
porti ons dt7Brmgef pordvents laganBifda tod/ ehin@l-comigcetive e & Mpienl 76Bb.el ded

el ectrical cabl,e 1702 is in.ys 0. . | ateral | y or axjally bending
hi ol ded- el oot PecanEusien Gesaedidcighagondyoifes gt B pabedlor ur o i n
conduct i igvdnasginchid8@a aaskifsn pendh Be BEbMR SRAConUbebad(Rtdrayer 1708a and
non- conductive polyneric layer 1708b. In addition, a gradual transition

prevent s rdenssanes & depsiiies! fdm gofivenfrena zolge confrgmaticnst weh ag eaf., ahidedl ded

electrical caple 1702 .which may include,. e, .crackin r _shearing of
contlhct | veeFahePie S8Rrnthure T ket Gatl e O AP 505, rhe
confi gur dhédite@toriint®l,dedn ed@ctwihgdhl bkl #Ec@iCOLEtNG @SRRIy Sofinddlsly
present invention including a transition portion on one or both sides of

the conditresedkapureppaseninsulatcd spriucinre Alihonsk Breveiieilonble coaBpwations
conf i gur baafideﬁf’éil@lin%ﬁdagﬁe& S%rgﬁfbs,' HER! prSRRL L lno‘fﬁ?ée?sapy\‘gyea{cﬁle cd shieldis
sly ate

general | y continuolu I°Spo around ‘a single I nsu conductor, or an
i deal twaceepitéllc clabtrieal pabyerredsn Iraths Bhielddd ick cgaktabl ds ywcamdini nolaspetbty oflileposed
arornd a pair of insulated conductors. Altho gqg%hes i deal .cabl e

cont? gur AFSASIHFHIANGRFCrfaRle ciaclicat BRRgHet Fan joved by PHRISUZIBE81G | es ar e

not necesga%ycal i}nﬁ‘afc'ﬂ bEME tARGERT a&lti%n,eé.g%yr hﬁxﬁhﬁ,ﬂﬁg BRsiAcSF thd adsPRonshi el ded
el ectrical cables according to aspects of” the presSent invention, acceptable

el ect ri cglorfporopelr daraslly arntivdirecthe eordduipatiom afiti Zzamsgionhyertedreddong thal i npact
f the t Y ion, e.g., by . .mnmazj th i .of the t iti

por i on ARERAF B aP A STErGR Rl RS BON A PokS SRy PORRT Cion

portion ahpidizkdgelcepaitin @Rfdebeos Bh@heeichiflsekd felytiddd §AB BetwdbimiitAidg t he

size of the transition portion mnimnmzes the capacitance deviation and
m N2 zesonthectoresgtsi thetrbs pedisingshoeentlugion s¢tpiteh and/or increasing the electrical

isolation between conductor sets. Careful control of the configuration of the transition
portion along the length of the shielded electrical cable contributes to obtaining
predictable electrical behavior and consistency, which is important for high speed
transmission lines so that electrical data can be reliably transmitted, and becomes more
25 important when the size of the transition portion cannot be minimized. An electrical
characteristic that is often considered is the characteristic impedance of the transmission
line. Any impedance changes along the length of a transmission line may cause power to
be reflected back to the source instead of being transmitted to the target. Ideally, the
transmission line will have no impedance variation along its length, but, depending on the
30 intended application, variations up to 5-10% may be acceptable. Another electrical
characteristic that is often considered in twinaxial cables (differentially driven) is skew or

unequal transmission speeds of two transmission lines of a pair along at least a portion of
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conductor sets, thereby reducing the conductor set pitch and/or increasing
the electrical isolation between conductor sets. Careful control of the
conf i gur awDan10af48teRe transiti on portion al ong the | engt irCofustiie/038vie! ded
el ectrical cable contributes to obtaining predictable electrical behavior
and consistency, which is inportant for high speed transm ssion lines so
that electrical data can be reliably transmtted, and becones nore
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di fferenti al - tRefe@mpdackRdeg @qamasl1ﬁrpa1ftrt@ﬁupraehlemla@%pthﬂﬂe elgeaftam ssi on
line to the other) of |ess than -25 t up.to a frequency of

i nt er est ,PrARREHCSAHANSELIQ por60@4z734@éyhlﬁléieaé@éﬁ&calmaéle 1108 apayach digjudegkew can
be measur g i ﬁ&ﬁl Jnle 790 ﬁﬂgh&%aa[ st ﬁmf ?%5&966@13&%%3{1&%“ on.

Dependi ng on th |nte ed applica ues ess than abo
pi cosecond®bnks Bdfst fhsyiin FEg.dl 2br exosy-seetigndl @se 1t7B4moipansttiohGopsdn 13elyis be

accept abl erri n back t t.to_hel p.achieve
acc tamdgﬁ@ﬁﬁ%ﬁf Ffﬁl%,% oRPpE lgﬁﬁgswﬁ?@éﬁgﬁ 4%%%%%{? iajesgom Peingh o| ded
el ectri cashbaamaﬁy%{%c’enwwﬁ@mulawal d6H8u@orCI7@B Sartfdnls Ridf foﬁﬁ§?73j47’3%e1tehat is

smal | er than a cfoss-sectional area 1706a of conduct or As best shown
in Fig. Bhilzldiogobss §ESdeondd framdwing73bstatfallyrpargict. iload@bton,icach 4984 i s

defined b tra Si t p0|nts 734' , where i el di A 708 deviate from
bei g subLTURTE] St TRTRRNIFIE Rl ARG ATBl CoHReto TAgE Mg
transiti aubRMMIS tHe sho. Fﬁhﬁérec&mﬂa@lermihfemm &708 0984 [bve afthioknRETNY
substantially parallel. In addi ti on, each crosssectlonal area 1734a may

i ncPQde dnwenenpsrnaréen 1708usndwghigkpess in Gersitionpistiom73ethat is greater than

thickness T, in concentric portion 1708’. Similarly, conformable adhesive layer 1710 may
have a thickness Ty, in parallel portion 1708°, and a thickness in transition portion 1734
that is greater than thickness T, in parallel portion 1708°’. Conformable adhesive layer
1710 may represent at least 25% of cross-sectional area 1734a. The presence of

25 conformable adhesive layer 1710 in cross-sectional area 1734a, in particular at a thickness
that is greater than thickness T, or thickness T, contributes to the strength of transition
portion 1734. Careful control of the manufacturing process and the material characteristics
of the various elements of shielded electrical cable 1702 may reduce variations in void
portion 1734b and the thickness of conformable adhesive layer 1710 in transition portion

30 1734, which may in turn reduce variations in the capacitance of cross-sectional arca
1734a. Shielded electrical cable 1702 may include a transition portion 1734 positioned on

one or both sides of conductor set 1704 that includes a cross-sectional area 1734a that is
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substantially the sane. Further, confornmabl e adhesive |layer 1710 may have a
t hi ckness Tac in concentric portion 1708, and a thickness in transition
portion IWB4otaasiess greater than thickness Tac i n conc@eqTisSeopmssdudn
1708 . Simlarly, confornable adhesive |ayer 1710 may have a thickness Tap
in parallel portion 1708", and a thickness in transition portion 1734 that
is greater than thickness Tap in parallel portion 1708". Conformable

adhesi ve swhgt@rtlailyfguﬁﬂg of gpl g%éhﬂn seqroysewstom orca fl 704ecafconduatorokTAP- ar ea
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cross-sectional area 1706a of conductor 1706. Shi el ded ectrical cable
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nduc S 7 hat es.a C 73 a t is
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t he sum ahe tram@orsmﬁomn]aﬂ%armsmmﬂ@ 1damcuhﬂ1ysulamaiscdnha¢*tot50%6dmelana | engt h

m Shi el ded ctrical cable 1702 ma ncl udes transition portions 1734
pos i onéa%ﬁloadﬁﬁﬁgqsagg apd TRBHERILPYFOR éﬁ‘ﬁ%ﬁﬂi‘%ﬁ la Qﬁﬂ}%w@é i less

Cross-s e%&rpﬁ%la@&?ﬁhd{ﬁéﬁar M’E{ﬁét%& @oﬂdﬁ‘é‘to? il ?é@ ﬁz?sCaF dh%@tler B8R trhfdfign ar e
substantially the same. Sh i'el ded el'ectrical cable may i ncl ude

transi ti gorpar 173dnmeayliv84 ajetsia iamgtdldmatholeks @améan@terdbnﬁhmt/mous et 1704,
ions 1734.are . substanti al nt| cal | nsul at ed

wh t he .t t | id
P etuet orcoi ik SR Lha By PR B AR R bbodinte Uk B, | on' 1554

may have vauﬁlﬁta%u’eﬁkedlxﬁ Budh dshak. 'w@thhﬁﬁo%fm thipstindfc Mt ctvRivek iRE %5, T1.
I nsul at ed conduct or 6 has a di ameter Dc, and transition portion 1734 may

havél a | atgerdl Oh@lﬁgt‘ﬁ?r Bgiviehaengtls spedsas, ef8ad rdi ameter Dc. The vari ous
Factors that control the configuration of transition portion 1734 along the length of

shielded electrical cable 1702 include the manufacturing process, the thickness of
conductive layers 1708a and non-conductive polymeric layers 1708b, conformable
adhesive layer 1710, and the bond strength between insulated conductor 1706 and
25 shielding films 1708, to name a few.
In one aspect, conductor set 1704, shielding films 1708, and transition portion
1734 are cooperatively configured in an impedance controlling relationship. An
impedance controlling relationship means that conductor set 1704, shielding films 1708,
and transition portion 1734 are cooperatively configured to control the characteristic
30 impedance of the shielded electrical cable.
Figs. 13a-13b illustrate two other exemplary embodiments of a shielded electrical

cable according to aspects of the present invention including two insulated conductors.
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configurations descri bed above may provide a characteristic inpedance that
remains wthin a desired range, such as, e.g., wthin 5-10% of a target

i npedancewoabuwel4ssich as, e.g., 50 Chns, over a given | e0giUs2019/088943S,

e.g., 1Im Factors that control the configuration of transition portion 1734
along the length of shielded electrical cable 1702 include the

manuf acturi ng process, the thickness of conductive | ayers 1708a and
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1708, andrwe gasrdliygrargtet shickdinkAdsdi8es arafigioatd areliyd condiicgused8dh Aan

i npedance control ling relationship, . An j.npedance controlling relationship
means thé{pﬂeeﬂcfae{%ﬁng@s@dliemﬁa@ﬁiléi@is STOS¢ t"l’?@‘BS,hl%l%&gt@é}ﬁ_%%%W portion
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of the shielded electrical cable. Figs. 13 a-13b il lustrate two ot her
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i nsul ated conductors 1806." Two generally paral l el” shielding filnms 1808 are

di sposed cendugiersd 80 hdiadding éimg 380 inpkyde perasntiic postindnsrlFlld] sbstdmiediyve | ayer

1810,i s di sposed tween shi el di fi 1808 bonds Lelding fil s
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conduct orshicl@08 fidhe 1 $0¥ 20 gesdtaney pdrhiell Shialdsd vigteicpll AR 1B0J ikflddet i vely in
a twinaxial or differential pair cable arrangenent. Shielding filns 1808

i ncl ude dra@siHigneeTtipss | §3Epositamed oabathesides it condnstariseiel 08 thatsrsheinplage p
1808b. Conduct.] 0 C i I ] r j i ng
i 16080 g al BYETS L RACICARS sl LBLECARAMELQTRA AR SubBlBlIg! 10, |
cor r esponibt sgnedonigiticdes:til 80Gnadnctopalitab | Bdr cpamplicoths skB®08 crovkaeaionalshi el di ng

fil 1808 ar ubstantial ly parallel. Shielded electrical cable 1802
i ncl bdes %r?aér@?{?%lalﬁyksafryﬂ?%ﬁﬁa%%%w leraified 1ot 1 &mgwégéwcw uctor set
1804 t hat,&RAR3ANGL YR a0 R ARELLE WahsiAbE forkiBRS Pa34MRES RIstntiligy Sum of

cross-sectional areas 1834a’is substantially the sane along the 1ength of
conduct oridert®86 This@monBgampdreof tramsitonmpodions 1834 neg privodal claredsisti834a may

vary eSS, AR SN NEL, B DO, BEI L B9 i R3Sagect) ana, o oo
subst ant igih within a desired range, such as, e.g., within 5-10% of a target impedance value
20 over a given length, such as, e.g., 1 m. In addition, this configuration of transition portions
1834 may minimize skew of the two conductors 1806 along at least a portion of their
length. Referring to Fig. 13b, shielded electrical cable 1902 is similar to shielded electrical
cable 1802. Whereas shielded electrical cable 1802 has individually insulated conductors
1806, shielded electrical cable 1902 has jointly insulated conductors 1906. Nonetheless,
25 transition portions 1934 are identical to transition portions 1834 and provide the same
benefits to shielded electrical cable 1902.
Figs. 14a-14b illustrate two other exemplary embodiments of a shielded electrical
cable according to aspects of the present invention including two insulated conductors.
These exemplary embodiments are intended to illustrate variations in position and
30 configuration of the transition portions. Shielded electrical cables 2002 (Fig. 14a) and
2102 (Fig. 14b) are similar to shielded electrical cable 1802. Whereas in shiclded electrical
cable 1802, parallel portions 1808°’ of shielding films 1808 and insulated conductors 1806
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identical. This configuration of transition portions 1834 may provide a
characteristic i npedance for each conductor 1806 (single-ended) and a

di f f er entwal2oiomgedance t hat both remain within a desire@#Cramsgeo/o3ssh as,
e.g., within 5-10% of a target inpedance value over a given |ength, such
as, e.g., Im In addition, this configuration of transition portions 1834
may m nim ze skew of the two conductors 1806 along at | east a Portion of

thei r | erfe frangse gendralyy o smgje p@%,in§me&eé@&cm0ég¢abieéépo%am% 902 is
imlar t ' 1] | i trical
cabl o 1a09r L FortGih, SYRC) dla°os BRI R g B e B et ca

cabl e 19Q2nt@sors Q00G hiyd 2 IEHraheghoed i dicteesms pkies AsNarailt) elarston poraosd ti on
portions 4 are jdentical to transition_portions 1834 an rovi de the
Sane bonekbient ﬁ%%lilaae&ecﬁff%qemqsﬂ% and ggplsuree. Fey @gsonmc?u@%thar lustrate
two ot hery g %R%@ftbbn@ TOOALIENGS 0f pithiHed 'ﬁ&%@ﬂﬁ%ﬂ&@mﬁﬁﬁ whqs@%&d' ng to
aspects of the present 1nvention |%clud|ng two i nsul ated conductors. These
exenpl ar yto entrosponding snsataged qonduded 2006 ahd A6 atdehatahé ednfignstion oposi ti on and

configuration of the il .portians. Shielded el ectrical. | es 2002
(g, “1adida® petssne ehar st 4l ity ap Rl it G Freladphille cabi o
1802. WWheyl@ascal Batidd Blodedd el e tshickRU k@l dddisd. 20020A4 b ed2 AOLbARRSAR08" of
shielding filnms 1808 and i nsul ated conductors 1806are arranged generally in

a si ngl e spllamevid¢ accspliabledéagtredabpropeidig. cabl es 2002 and 2102, paralle
portions 2008", and 2108" of shiel.di il 008 and.,2108 and .insul ated
5 Wt S0 GG e R FE T SR oRil TRy

conductors 20&8 a a

transiti Qf tiopreican mvafkish iabide 3 pthrilay of spaded hpiresindnest it ramed
configuration, For reasons including that transition portions 2034 and 2134

are posi tgcapiely dupsinalsinlanc) Hadwoondudipiost ingludes ang ergperesubsantighy @3pdaldi ng
[ | at 1 anf i L OR i
bor i one SGEHAHEL RGN0 P BN lNE ORI OBl 205 00

el ect ri carowrlthe sorOr astsl aZdld2luds hipbirdieg oflcemdenireglortt@idlsebsta0dfyand 2102
are ionfigured.to.Eti | provide accept abl electri%al ﬁroperties. l.n
further VBT VitBbsa R8RS thesrndcrry 2t a eruraley et palldPosians MicHdn t o
aspects gfe Em&dﬁ{gﬁﬁﬁﬁtaré %%@t'aﬁﬂiéﬂ} ﬂa'i‘élle‘k!% pﬁlrzHlty' bPtrhdsytif p&ﬁ@r?s%ﬁﬁ@@@
conductor sets arranged generall'y in a single plane. Each conductor” set

i ncl udes tbashiedingdilesswth dtcarvniladtdrysepaprabidel grastugl tranditioalbetwsnlthe ed
conduct ors. TmQ ﬁeneral ar a

ot ot Ao ol ST T SoBBES Rl L,
ggptciegl[’l; 'rg\%})é\lr)ée If“br?ﬁionle@@ﬁ%oﬂlrb@d&fof Eha natiet R ForBardplB)] HE ghibld¥d efectpRial | el
20 cable may include a combination of one or more conductor sets 1704, wherein insulated
conductor 1706 is effectively arranged in a coaxial or single ended cable arrangement, and
one or more conductor sets 1804, wherein insulated conductors 1806 are effectively
arranged in a twinaxial or differential pair cable arrangement. The conductor sets,
shielding films and transition portions may be cooperatively configured in an impedance
25 controlling relationship.
Figs. 15a-15c¢, 18 and 19 illustrate several other exemplary embodiments of a
shielded electrical cable according to aspects of the present invention. Figs. 16a-16g, 17a-
17b and 20a-20f illustrate several exemplary embodiments of a parallel portion of a
shielded electrical cable according to aspects of the present invention. Figs. 15a-20f are
30 specifically intended to illustrate examples of a parallel portion that is configured to

electrically isolate a conductor set of the shielded electrical cable. The conductor set may

be electrically isolated from an adjacent conductor set (e.g., to minimize crosstalk between
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the shielding filns are substantially parallel. A plurality of transition
portions defined by the shielding filns and the conductor sets provide a
gradual twerngini4srwsbet ween the concentric portions and Phe/Usaralobssi3
portions of the shielding filns. The transition portions nmay be positioned
on both sides of each conductor set. For exanple, the shielded electrical
cable may include a conbinati on of one or nore conductor sets 1704, wherein

i nsul at ecdissprfrendictarzel. Figsfspeldriapd | ga-dpgleideam the exteaalenyirompenofgl e
ded , I i
enae Caghéé%}ﬁ%@g{&%&ﬁ%&gﬁ%?e. 2?? %ﬁqlﬁﬂéﬁeelg&f&%%% Iﬁﬁfaﬁo%%&% ¢ MG RE N

i nsul ate ors are ctively arra in a xial or
di f f er entshadldepadl¢ctiéabbablaandmgementelecliomagnanitliateoicrenet fomsdxitehalisogretd, | s

and transi.tion porti y be coogperatjyely configured in an ippedance
cont rol | ifigs 18 1BE Pb3 2 %ﬂb%%sewae-pfs@!eYmgrﬂéeﬁdma;ygn?lv TEAIONS NCBYUEY | ot her

exenpl ar i : - | I i r di aspects
mpl ar v, &phediciise He e‘?ecﬁlfﬂa?15%@1901?.6%&%?%%?5?‘%@@&1‘35?}%’Bﬁmg{c&it}i?u p

of the present invention. Figs. l6a- , and 20a-2 strate
sever al ehetphafiyms mighddiatecttis cofistant paaterial bbtweon thieahicdding fishs, efraled

el ectrical cable according to.aspects of the present invention. .Figs.
T5a. 201  SPBIGHUSITY GNT PTESHOBHERRL sl P Ao Bipbert B pirife
portion thak, &dedRBdistHcE et hGaldnk Géﬁdu}étoir§&L,%§si@al%&ﬂi§f%ﬁfee§e_t of the
shi el ded el ectrical cable. The conductor set may be electrically isolated

from an adjaserirmonduntetusetsomtermitiqng contactiod thei shialding fitme tstagh kthse dineatlyadj acent
conductor_.sets. Figs.. 15a-15¢c and .l16a- 1 r..fromthe extern envi ronnent
of e orsBFeRoelidRip BLi-Ya5eP oo g N T e LTI BB AT Thede

radi at i omspsgapgrilicdpoitiog of fHeashtteding kigas fsidefiheCabd poréiosl offihbishicking

el ectromagnetic interference fromexternal sources, Figs. 19 and 20a- 20f).

I n both dHgedhatinotgaveinges cqpdretPbittnay i ncl ude vari ous nechani cal

structures to i i i t] i C e
proxi mty of tlhﬂ%?%éﬁ%b&b?%ﬁ%{cﬁﬁ%ag es%iogldéégﬁcrlelsg& ?gﬁﬁ‘%ﬁ?@%tﬁ grséi"ae{a et ween
t he shi elid¢loding itkvorsybsgmeiaiiy paahd ucigitugdinahmbuloeld @eonduceat 2206, andiwect

electrical coptact with at | east_gne of the shielding fi . extended
i sUance 8t %ﬁ?%ﬁ&éé&@n%gﬁaﬁé?%‘ﬁwg,arﬁﬁ%f‘?}’éiu_c ?&&éﬁ%ﬁﬁ)@&ﬁ%dj acent
conduct org|aRvLI 08 ifMRlcPabdiRMpor&iBA 2818’ Al hdrlR sﬁf&!aﬁh%ﬁﬁﬂs izdggﬁe Libs@agA Pt her

directly either longitudinally, transversely, or both, and conductive
adhesi ve,patglchdamlizl panond 2208Mepoagpacd in rtweanadondiictposets 2204 afe ¢dudigstridel di ng

conduct or'®SiseenhS pefe a0 o B8R Gedh Men InBacBasfodEinifios tuo”
conduct 0r279e! surA R0 fertRAS D20 ChtiidMding Wom$ DS A ihalidtd BHdaklo 2d0sngd t udi nal
i nsul ated conductors 2206, and two
arranged generally in a single plane.
In Figs. 15b, shielded electrical cable 2302 includes two conductor sets 2304, cach
including one longitudinal insulated conductor 2306, and two generally parallel shielding
films 2308 disposed around conductor sets 2304. Shielding films 2308 include parallel
portions 2308’” wherein shielding films 2308 are substantially parallel. Parallel portions
25 2308’ positioned in between conductor sets 2304 are configured to electrically isolate
conductor sets 2304 from each other. In shielded electrical cable 2302, parallel portions
2308’’ of shielding films 2308 and insulated conductors 2306 are arranged generally in a
single plane.
In Figs. 15c, shielded electrical cable 2402 includes two conductor sets 2404, each
30 including two substantially parallel longitudinal insulated conductors 2406, and two

generally parallel shielding films 2408 disposed around conductor sets 2404. Shielding
films 2408 include parallel portions 2408’ wherein shielding films 2408 are substantially
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generally parallel shielding filns 2208 di sposed around conductor sets
2204. Shielding filnms 2208 include parallel portions 2208" wherein

shi el di ngwDI2bme142@88 are substantially parallel. Parall ecTaseei0ossy42208"
positioned in between conductor sets 2204 are configured to electrically
i sol ate conductor sets 2204 fromeach other. In shielded electrical cable

2202, paralleléportlons 2208" of shielding filnms 2208 and i nsul at ed
conduct ortgraizb Fagalls! pertigngRA98) ennsitianpdin hetwee Gogrectp seiel40p mrapeydigungh
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general ly parallel shielding filnms 2408 di sposed around conductor sets
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2402, parall el portlons 2408" of shielding filns 2408 and |nsulated

conduct oreonNue sssdf alfecaivg BtFannaginet eed i re;siﬂla%@@ chSﬁtaIﬂsi pptentph Gapriadyded
el ectri Cghe Sléah%al?aﬁﬁgnd% #’ﬁagpﬂlugtaﬁeaéoln?alu%e%qg ?ﬁéﬁ%ﬁ%‘é%ﬁd@é% el di ng

filns are space acl ng apar e., not
havi ng sh;letsladﬂmgt Iﬁérinmtsed%@ﬁpmgkendhraémemIcemhrctcﬁabt ﬁoﬁhbaﬁﬂoodmﬂiﬁnlt nuously

alon thej.r seam _j.ncreases t stren th of ara | el ortion 2508". This is
vantlLllj%r pE é%uléfldgﬁ Igp ?Vrefié’é( %qngé W& %ﬁaﬁtGF%tica}mn?e@rgfet hin and

f ragl l e Sd%'t\%e‘il' sﬁﬂalcﬁh% ﬁﬁnﬁ@f}bz%f 'Tﬁfétn'i'a[ﬁoeoa[cc&‘hgﬁﬁleg%&'sﬁ&nﬁ?%@@s@ﬁ&dhhﬁ'gﬂﬂlﬁ

forced to nmake direct electrical contact continudusly along theif seam
Spaci ng %8Bt shieprdkmytyf. I osc GBI imeayt, geelding fdmss2§0&hﬂc sbectedeaemrt agjlasent

RAEAC L NTR AT T SN T R D TN L,
to the gemefadleristiEinRilatdbetPREWEIRIing films 2508 may be less than about 15 Ohms,
20 and the resulting crosstalk between adjacent conductor sets may be less than about -25 dB.
In one embodiment, parallel portion 2508”° has a minimum thickness of less than about
0.13 mm. In one embodiment, shielding films 2508 are spaced apart by a separation
medium. The separation medium may include conformable adhesive layer 2510. In one
embodiment, the separation medium has a dielectric constant of at least 1.5. A high
25 dielectric constant decreases the characteristic impedance between shielding films 2508,
thereby decreasing the crosstalk (increasing the electrical isolation) between adjacent
conductor sets. Shielding films 2508 may make direct electrical contact with each other in
at least one location of parallel portion 2508°". Shielding films 2508 may be forced
together in selective locations as suitable for the intended application such that
30 conformable adhesive layer 2510 conforms around these locations. This can be done, ¢.g.,
with a patterned tool making intermittent pinch contact between shielding films 2508 in

these locations. These locations may be patterned longitudinally or transversely. In one
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sets and not permtted to inpinge on an adjacent conductor set. In the
enbodi nent illustrated in Fig. 16a, this is achieved by providing a | ow
char act erwethw/i4sppédance between shielding filns 2508. PhiraiSoep/0bs943
acconpl i shed by spacing apart shielding filns 2508 at close proximty. In
one enbodi nent, shielding filnms 2508 are spaced apart by |ess than about
0.13 mmin at |east one location of parallel portion 2508". The resulting

char act erdniadememnipiae sepagativatrordaym s yiedilorgrigally pendustige fmgisbla diggst t han about
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el ectric Lsol ati on et ween adj,acent c ctor sets. Shi.el.ding fil 2508
ke 290B ot SRRy B £ S AL PSR i eaton Bt BReiEoar + on
of par al | @htaBOkith lcd@fe of BRIsRloHimdfifnhd 100837 ABIcARVAE IJcRfiGES f20R) her in
sel ective locations as suitable for the intended apgl i cation such that

conf or malfostierHéST v & ¢rpyembaibmentcanéldedhelcetrionl wable Be8R incbislas i epformHile can

b , o WM . maki i ' L nch
oot i0on it M3 aRRS RO R R abiTTER Aot R sty B R W€y b

pat t er neccoh@biéd seghmaddh yf Acdst ansohiedifg films D6UBeHdgduRINtondlidier Zapamat i on
medi um may be el ectrically conductive to enable direct electrical contact

bet ween sHiCapREChghis meaas Bigpenfermaplepdhenye lager 2918 das & per-upifers thidwrs 2602

nel ud i : o . . . Juct
2612 i spiuelo R el SR R o R R B e o S Caves
i ndi rect ledseoti¢ ditshicldiog fidat 2608 in sblettivslocelods agsifitablesfoR e 8ntefdcdund

conductor 2612 has a | ow Qut non-zero inped e Wwth respect to shielding
filhs 2608Pligatiop iﬁlé}neeem&%%%;?mgﬁwﬁﬁae APt nskiglo Swgiﬁeﬁé%éltﬁ? Pbct or

i ndi rect L&GhTdbRalirE LRSS e)@‘.,tarhtf’éﬁdédeﬁﬁ%,_@gﬁov?&e iRl agridd) | M8 2608
in at |east one |ocation of parallel portion 2608". 1n one enbodi nent,

shi el ded eeh&ct biteedn gabhecd@oor Ael Lahdsit tastorcf siabldengilines1608. | ayer 2610
g sposed betwch,sNiel 00, ALOR 2000, ant conli st Lo pavi e cont ol eo
2612. | n ipR8diagRe6AgitulHabgidBAN Sorduddor 0PI @KFREY Bctddbe Siivdidgameals 22640 has a
noniéj nf OCr}rr(T)]uItlc? IC(():ndel(cag)i 2712 makes direct electrical contact with both shielding films 2708.
In Fig. 16d, shielded electrical cable 2802 includes a parallel portion 2808’
wherein shielding films 2808 make direct electrical contact with each other by any suitable
means, such as, ¢.g., conductive element 2844, Conductive element 2844 may include a
conductive plated via or channel, a conductive filled via or channel, or a conductive
25 adhesive, to name a few.
In Fig. 16e, shiclded electrical cable 2902 includes a parallel portion 2908’
including an opening 2936 in at least one location of parallel portion 2908°". In other
words, parallel portion 2908’ is discontinuous. Opening 2936 may include a hole, a
perforation, a slit, and any other suitable element. Opening 2936 provides at least some

30 level of physical separation, which contributes to the electrical isolation performance of

parallel portion 2908°” and increases at least the lateral flexibility of shielded electrical
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that allows ground conductor 2612 to nake direct or indirect electrical
contact with at | east one of shielding filnms 2608 in selective |ocations as
sui t abl e wonoto@siont ended application. I n one enbodi nenPCTgrseamna3gsehduct or
2612 may include surface asperities or a deformable wire, such as, e.g., a
stranded wire, to provide this controlled electrical contact between ground
conductor 2612 and at | east one of shielding filnms 2608. In Fig. 16c,
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di scont i nu@wsdtabop@anélq)ohﬁﬁg;da)gof paral l el portion 2908", and may be
di scontinuous across the width of parallel portion 2908". In Fig. 16f,

shi el ded el ectlpifégll bgatmddegipdectiicnd calle 3162 %Wé?’r @parﬁk%@lmoarpnaﬁ%" th#feb ei n at
| east on ?Jew?@ e}e 0 fdl!iéﬁscogglggrah IAjﬁl h&%%‘ém@%ﬁﬁ 1I Qg%tc%\lr/]ﬁgg%mﬁne

| ocati on "0 par portion

shi el di ngatdlleipor8ioNBad & gathee wualmadﬂnstharBa phharmleﬁrpwibﬂmhwdg tlee daolee, a
perforation, a SI<IH¥1 nd am{ étger su Ie el ement Bregtg 3038 pr.ovi des at
| east sorfiOgGeWidh i b Iy Wl%lséBﬁ*ﬁhrgr%?r 2} Boshaeing

el ectri calen|&althl élﬁ&dﬁl%rﬁlﬁ{s”@ﬁ%ﬁc&iacl%{sﬁk hbedafld ﬂe@tﬂts?’%%h BRGIHURS "t@as es at
| east the lateral flexibility of shielded electrical cable 3002. This

separ at i ghe peytribe ish stoomtarfonnascead tiooprralil pogioal mngpetcnodengtthe of paral | el
port] on 008 e BRCRNuR SO SR A 025, e b ot el ol
parall el d?l@%?ﬂb@ﬂln@é'ﬂ@,%arélféﬁf)oﬂt@n 3108’ of shiclded electrical cable 3102 has an actual
20 width to minimum spacing ratio of at least 5. In one embodiment, parallel portion 3108’
is pre-bent and thereby increases at least the lateral flexibility of shielded electrical cable
3102. Parallel portion 3108’ may be piecewise planar in any other suitable configuration.
Referring now to Figs. 17a-17b, another exemplary embodiment of a parallel
portion of a shielded electrical cable according to an aspect of the present invention is
25 illustrated. Shielded electrical cable 3202 includes two generally parallel shielding films
3208 include a parallel portion 3208°” wherein shielding films 3208 are substantially
parallel. Shielding films 3208 include a non-conductive polymeric layer 3208b, a
conductive layer 3208a disposed on non-conductive polymeric layer 3208b, and a stop
layer 3208d disposed on conductive layer 3208a. A conformable adhesive layer 3210 is
30 disposed on stop layer 3208d. Parallel portion 3208°” includes a longitudinal ground
conductor 3212 disposed between shielding films 3208. Ground conductor 3212 makes

indirect electrical contact with conductive layers 3208a of shielding films 3208. This
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pi ecewi se planar in a folded configuration. Al other things being equal, a
pi ecewi se planar parallel portion has a greater actual width than a pl anar
paral | el wonrzbicomstsavi ng the sanme projected width. |f thecaaSeao/osgods h of a
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films, a |low characteristic inpedance results, which contributes to the
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Thi si ndi raseerdiigde gp pggct @fghe awscnt dnenbon sdigdedelednedl sible d38epshudes on of

conducti I i ayer
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stop | ayef,,R3080ht dQ8E3POThE MEQL ﬁé)ﬁBililt}ﬁéiSﬂarM[E‘ﬂEBﬂiBH?SWe&@E@'sﬁi'eRi@%’ it

prevents direct electrical contact between ground conductor 3212 an
conduct i wdedtragabrat3@ BB tofbedhided di my Suithints cB8Rf@Biratidne sudhi askagss and

el et 1 OREL |5l S L P RO e P ot e Lo st eye @
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Fig. 18 illustrates another exenplary enbodi nent of a shielded electrical

cab?@ including two or more relatively thin individual layers. To warrant the integrity of these
individual layers in particular under bending conditions, it is preferred that the bonds
between them remain intact. In one embodiment, parallel portions 3308°” have a minimum
thickness of less than about 0.13 mm, and the bond strength between individual layers is at
least 17.86 g/mm (1 Ibs/inch) after thermal exposures during processing or use.

25 In one aspect, it is beneficial to the electrical performance of a shielded electrical

cable according to aspect of the present invention for the parallel portions to have
approximately the same size and shape on both sides of a conductor set. Any dimensional
changes or imbalances may produce imbalances in capacitance and inductance along the
length of the parallel portion. This in turn may cause impedance differences along the

30 length of the parallel portion and impedance imbalances between adjacent conductor sets.

At least for these reasons, control of the spacing between the shielding films may be
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according to an aspect of the present invention. Shielded electrical cable
3302 includes two generally parallel shielding filns 3308 di sposed around
spaced apaot2ooorsiest or sets 3304. Shielding filns 3308 ipatiusd@opasas | el
portions 3308" wherein shielding filnms 3308 are substantially parallel.
Paral l el portions 3308" are configured to be laterally bent at an angl e aof
at least 30. This lateral flexibility of parallel portions 3308" enables

shi el ded dspiged: 11 erg crebgsiimentathe shigldieg fibnyeboth siisy okufendyrter s8#fd gur at i on,
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paral | el portilaFi@ndashpgdaingethiciaiinnss® neldeenpadildeefioncdsoguct or sets.
At |east for these reasons, control of the spacing between the shielding
films mayvisseiashiekting fimoidSerpyareskanart. Prallelmosion 3PS i1 swilsh topraldi des

of a con . t, are. it i s tw, q er. In
Flo 1o Tl A RRGRRAEHC AR AT 10 whcliR BN BRRE 208300,
each i nclisdodigortedan dethatandidakctoy sgarmldliel poroing350RIT isgdositioaed ate@aeaaamduct or s
3406, and two_generally parallel shielding filns 3408 di sposed around
conttict ored_%ngsagﬁfdg%rléﬁ&?%%ép% 3408 include parallel portions 3408"
wherei n shi el Qh@g.fzbb,”ﬁiéé&ﬁelé&ﬁ%ai YRSt 3667 ﬁk%ﬁ@%?%h&!mﬂ:ﬁﬁ{ fogel portions

3408" positioned at or near an edge of shi el ectrical cable 3402 are
conf i gur edcludingladegiiudalal grousdtatdecmoofdlitdispossebstwdd ghitldom filhms 3688 .er nal

oo b S o 00 BR g PhrP SUSRT  o
:O gr gl Is L lnggfri%?:lgﬁ.ﬂgggﬂé&gfpeﬁallé%ﬂi&m&i%d@ﬂp@s'itﬂﬁfeﬂ'i&@étw%@tbb&d%@@?sétﬂc| udes a
20 parallel portion 3608’ is positioned at or near an edge of shielded electrical cable 3602.
In Fig. 20c¢, shielded electrical cable 3702 includes a parallel portion 3708’
including a longitudinal ground conductor 3712 disposed between shielding films 3708.
Parallel portion 3708’ is similar to parallel portion 2708’ described above and illustrated
in Fig. 16¢c. Whereas parallel portion 2708’ is positioned in between conductor sets,
25 parallel portion 3708’ is positioned at or near an edge of shielded electrical cable 3702.
In Fig. 20d, shielded electrical cable 3802 includes a parallel portion 3808’
wherein shielding films 3808 make direct electrical contact with each other by any suitable
means, such as, ¢.g., conductive element 3844. Conductive element 3844 may include a
conductive plated via or channel, a conductive filled via or channel, or a conductive

30 adhesive, to name a few. Parallel portion 3808 is similar to parallel portion 2808’

described above and illustrated in Fig. 16d. Whereas parallel portion 2808’ is positioned
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wherein shielding filnms 3508 are spaced apart. Parallel portion 3508" is
simlar to parallel portion 2508" descri bed above and illustrated in Fig.
16a. Werwaxoparsaissel portion 2508" is positioned in bePa@Ears2ao0689ds or
sets, parallel portion 3508" is positioned at or near an edge of shiel ded
el ectrical cable 3502. In Fig. 20b, shielded electrical cable 3602 includes
a parallel portion 3608" including a |ongitudinal ground conductor 3612

di sposed IB&etvEsh carustatisely, Haralles PaBios 388%r & nasitioged & Bricasaeedgeofsinilar to

paral l el gpoj é’doe@ecgrg%g;abqg%@ bed above and illustrated in Fig. 16b. \Whereas
paral |l el portion IS positioned in between conductor sets, parallel

portion 3608" InFigQdttdhoohdd dAdctical nade 3902 @dydcod pahildlpdatbnedd8t thatas cabl e
3602. In Fig. 20¢, shielded electrical_ caple 3702 includes a paral] el
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por}tA?on 708"@%122(: r(%egée%beggggge %%ldlﬁlh%tfa{tjes({o@af? %gl%igh‘&%i%e.als %I%!IQP Ogtlri%&ags)logar al | el

porti on 270&itioredpobetwicomeanduntonsttwgrmlliebpaition P08 eispospmned dteir npardni on

3708" is positioned, at ar near edge of shielded electrical cable 3702.
In Fig. ?OtﬂPgﬁﬁkacgpgﬂfPﬁgéga%abIe 3802 includes a parallel portion

3808" wher ei n ghHighdE RgicldcdhecdRABcAMK£00D ihSlGlcsa] Realldl paHionAWODACT thatid h each

other by any suitable means, such as, e.g., conductive el enent 3844.
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conducti v fi.Ialleﬂ%vi@Ozor channel, or a conductive adhesive, to nane a few
% .

Par al | el epeocrtrt“f o is simlar to parallel portion 2808" described above

and i |l ustrat edshiblded glecttRl calrericeadinabd ah lagdecpofftht presef @vention BRI t i onedi n
bet ween conductor sets, parallel portion 3808" is positioned at or near an
edge of dAslBdEdeast era opgifydindd sramdgopducter, m ¢fectried artithe exterdinginect ri cal
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fol ded c I guration. Par por t7 on 15 siml arallel portion
3108" deshidldiegd fishotiep@nd atduhd slier @bed ¢comdbetgr arldagie cMbeicelastigarialthiel porti on

PRI REE NI AR SN
20, shi glged ugl gedititgatigahing 4 cohlsleRaPe APl dyEhd E’t%%s't Bfk 408" t hat

is piecewm se planar 1n a curved configuration and poSitioned at or near an
edge of gshidebfidhd skickicig filoal, c galbdretcdiiftionfofshe giicddhgdilastto hoabuirblsl e

according, 10; A &RREbieDhnt 5 SERAN kGRS SBnlReh as, e.g. a contact
element on a printed circuit board or an electrical contact of an electrical connector.

20 Beneficially, only a limited number of ground conductors is needed for a cable
construction, and can, along with the shielding films, complete an electromagnetic
enclosure of the electrical article. The electrical article may include at least one
longitudinal conductor, at least one conductor set including one or more substantially
parallel longitudinal insulated conductors, a flexible printed circuit, or any other suitable

25 electrical article of which electrical isolation is desired. Figs. 21a-21b illustrate two
exemplary embodiments of such shielded electrical cable configuration.

In Fig. 21a, shielded electrical cable 4102 includes two spaced apart substantially
parallel longitudinal ground conductors 4112, an electrical article 4140 positioned between
and extending in substantially the same direction as ground conductors 4112, and two

30 generally parallel shielding films 4108 disposed around ground conductors 4112 and
electrical article 4140. Electrical article 4140 includes three conductor sets 4104. Each

conductor set 4104 includes two substantially parallel longitudinal insulated conductors
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i nclude at |east one |ongitudinal ground conductor, an electrical article
extending in substantially the sane direction as the ground conductor, and
two generwDIi2g1p@swbl el shielding filns di sposed around Phe/use@ansssgdnduct or
and the electrical article. In this configuration, the shielding filns and
ground conductor are configured to electrically isolate the electrical
article. Thegground conductor may extend beyond at | east one of the ends of

the shi eldi0hgbraupgrsondaictprs 4+ lgrmekey inliieat iclsatrisel qoméacs withbafngudldingdilms any
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paral | el qonﬁglilctdm:pwatlolgoﬁud@hstmmnfcshml@nglﬁM%l(h%ranélmndu watuciersiddla 4140

pos |oneId bet ween .and ext. nd| e, ]%% gﬁt anti al 4%1{)% sane dl rection as
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groL d con&’u%f‘%?regt Ilhlinan vvo ge Sf/Veplg AT e }1 rrm | ms 4108

di sposed thicRikad tigit Nl g@nﬁw edrustofs 4112 tanthkeldaeétior @ﬁhreatr élb(ﬁh@l 4ddQct
El ectrical article 4140 includes three conductor sets 4104. Each conduct or

set 4104 Wlﬁltiltd%% oRGRf %@é@maﬁﬂmamﬁ inaelering lopasings enthitshle fonthgiatendpd
d |
Coneuet o OB on MR AU Uy bR TR 20 5Bl SEREL Gfrfonyact

non-zero a dq:ﬁ@daammewm tshch espgcta str@ndidtdi wirelito grdviidenthis4bBBol lddnel edt e
round conductors 4 make di t or indirect electrical

confﬁg'c[m \%Ofslﬁc etw&%{’sgro cgdugthgs @ﬁ%@g@@h@a&tppﬁef[ ﬁﬁ@émg 1lngs 41 |§§§fl OBfe
l'ocati on &ﬁboat}h&ltdgh'i@dﬁ%lf%sﬂi@@are sPaRB8p @rgp?g'rrﬂﬁﬁﬁum IcglcdRdt Rh&Ghki cal

cabl e 4102 includes a confornmabl e adheS|ve | ayer di sposed bet ween
shi el di ndodation®f éhl@ﬂl@ﬁlnboﬂﬁBngldsgmmwhongudtoﬂsﬁd121111@\& ¢ thickacds thather on bot h

S des o SESUR,SQRMELELS 18 IR 200 Sl schrl o BpLichc, 4190, Confor ol
| east onenRkn&bbeledd Mhan bbdur®. #3@8mand ground conductors 4 112. In one
A S e 210 Shiclaud clecmeal cable 4502 included two spaced apad substantally O
parallel longitudinal ground conductors 4212, an electrical article 4240 positioned between
and extending in substantially the same direction as ground conductors 4212, and two
generally parallel shielding films 4208 disposed around ground conductors 4212 and
electrical article 4240. Shielded electrical cable 4202 is similar to shielded electrical cable
25 4102 described above and illustrated in Fig. 21a. Whereas in shiclded electrical cable
4102, electrical article 4140 includes three conductor sets 4104 each including two
substantially parallel longitudinal insulated conductors 4106, in shiclded electrical cable
4202, electrical article 4240 includes a flexible printed circuit including three conductor
sets 4242.
30 Fig. 22 illustrates the far end crosstalk (FEXT) isolation between two adjacent

conductor sets of a conventional electrical cable wherein the conductor sets are completely

isolated, i.e., have no common ground (Sample 1), and between two adjacent conductor
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t hi ckness that allows ground conductors 4 112 to nmake direct or indirect

el ectrical contact with at |east one of shielding filns 4108 in selective

| ocat i onswa=0sui48®Bl e for the intended application. |n eoe/USaoossvent
ground conductors 4 112 may include surface asperities or a defornable
wire, such as, e.g., a stranded wire, to provide this controlled electrical
contact between gjéound conductors 4 112 and at | east one of shielding filns
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wherein the conductor sets are conpletely isolated have no common
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el ectri Caa! apa %ﬁggﬁj Jgf”tgé B%%&ﬂ 115\{%%{;61%&%8&\% Bﬁél"éle%ﬂlic%i glypg films 2208

are space havi ng a cable | engt h
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20 flexibility, manufacturability, and ease of stripping and termination. A single shielding
film may provide an acceptable level of electromagnetic interference (EMI) isolation and
may reduce the proximity effect thereby decreasing signal attenuation. Figs. 23-29d
illustrate various exemplary embodiments of a shielded electrical cable according to
aspects of the present invention including a single shielding film.

25 Referring now to Fig. 23, shielded electrical cable 4302 includes two spaced apart
conductor sets 4304 and a single shielding film 4308. Each conductor set 4304 includes a
single longitudinal insulated conductor 4306. Insulated conductors 4306 are arranged
generally in a single plane and effectively in a coaxial or single ended cable arrangement.
Shielding film 4308 includes parallel portions 4308 extending from both sides of each

30 conductor set 4304. Parallel portions 4308°” cooperatively define a generally planar
shielding film. Shielding film 4308 further includes two cover portions 4308°°” each

partially covering a conductor set 4304. Each cover portion 4308°"" includes a concentric
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satisfactory electrical isolation performance. The satisfactory el ectrical
i solation performance in conbination with the increased strength of the
paral | el wonrpicomswde to the ability to space apart the ®hiraisdimng3gous ns is
an advantage of a shielded electrical cable according to an aspect of the
present invention over conventional electrical cables. In exenplary

enbodi nents descri bed above, the shielded electrical cable includes two

gener al | yopaered108] suhistaatigliynepncentis withsosrssrprdinsaoaducteichi@act el din filsy
around a rali : r . r odi nent s,
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Referring now to Fig. 23, shielded electrical cable 4302 includes two
spaced apagonceuridpertion 486 ssuhgantiadlytonceninyveh soirespdidigs tondwews@d806.Each

conductor~set 4304, includes a sin | ongi t udi nal. i nsul at conduct or 4306.
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ef f ecti vabyoiyBstar, poBihiie, solyahidgligi®)peigtctableoathyrRAgeRPropyRticel ding film
4308 includes parallel portions 4308" extending fromboth sides of each
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eneral | n i i q i i L er, . t wo
Gover - portTiAciuEi ol B dihdhubh, FoShthal BAdes INBhAChab AERIREE o1
cover pordpowies,Aaa8yritheticlubbedhcsivn Caniar ifidpoi3d 6 amy4dd8de sndatramtei al | y
concentric Wth corr ondi ng. conduct or 4306 hi el ding film 4308 includes
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cabl e 4302 further 1ncludes an optional non-conductive carrier film
Carri er fth¢ medigdéeal stebilihest shanlddd adctpod tatldnd30346" ext endi ng from bot h

Shdes of cach conductor, soh 0800 SLSpSel PRt P ALSL ROl oo
portions ABRG302 @B&RibBREBdRlanY iIhAWelcd MIFR. CONWHEIRY sh@lcdd0d4rienRaslct e cover
portion 4308 " of shielding film 4308. Each cover portion 4346"' includes
20 4302 includes conductor sets 4304 each including a single longitudinal insulated
conductor 4306, shiclded electrical cable 4402 includes conductor sets 4404 including two
substantially parallel longitudinal insulated conductors 4406. Insulated conductors 4406
are arranged generally in a single plane and effectively in a twinaxial or differential pair
cable arrangement.
25 Referring to Fig. 25, shielded electrical cable 4502 is similar to shielded electrical
cable 4402 described above and illustrated in Fig. 24. Whereas shielded electrical cable
4402 has individually insulated conductors 4406, shielded electrical cable 4502 has jointly
insulated conductors 4506.
In one aspect, as can be seen in Figs. 23-25, the shielding film is re-entrant
30 between adjacent conductor sets. In other words, the shielding film includes a parallel

portion that is disposed between adjacent conductor sets. This parallel portion is

configured to electrically isolate the adjacent conductor sets from each other. In one

34



a concentric portion 4346' substantially concentric with corresponding
conductor 4306. Carrier film 4346 may include any suitable polyneric

mat eri al ,woneloudsrsg but not |limted to pol yester, polyi RCHAIS2010/038943

pol yam de-im de, polytetrafl uoroethyl ene, pol ypropyl ene, polyethyl ene,

pol yphenyl ene sul fi de, pol yethyl ene napht hal ate, pol ycarbonate, silicone
rubber, ethyl ene propyl ene di ene rubber, polyurethane, acryl ates,
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mechani cal stability of shielded electrical cable 4302. Referring.to Fig.
24, shi elssioardedsed d Kisy Jégﬁlkﬁéﬁ greaty thap apout gng g of e dpeter PERE cabl e

43025 des Ciflwgzgcgﬁi BRRY AN éﬂdtl‘rb?tehﬁabggnén@, thé garaﬁé g)ow}ﬁlrig gésiﬁgﬂeﬁl A8 (ae%ch édl ngl e

el ectrical e 4302 1 ncludes conductor sets 4304 each 1 ncl udi ng
| ongi t udithatlis grestel tae dbogrda bbldof 4830Bamsthi & the thselatedtoondaitors.alblope 4402

i | ud t .sets 4404 .i | udi 1 tanti al | | 1 el
o R e TN (Rt b e P H D R R AR i e SR B ar o

arranged Ganesadddthé Bigfalfg@h&m®|Aftereanisl v%fsh@@fhtg}éeén)deél)[‘ﬂﬁs fednaxd al or
differential pair cable arrangenent. Referrlng1 0 thﬁ”ZS’ shi el ded
i

el ect ri calonfawheonehe skickling filar morr thin edageatcll dedtri¢atlylisalats theganductor
des 6ibed %QR%gegpdthélustrated in Fig. 24. \Wereas shielded electrical
cable 4405°n5% |n§fb|&Ually i nsul at ed conductors 4406, shielded el ectrical

cabl e 4502 hasTHeoRthdtor seislindtsBidlinHle bl He4dOferath el o figeeddh anas can be
seen in Figs. 23-25, the shielding filmis re-entrant between adjacent
conduct orimpedance conterl g rofgsionship IR@ng psracH ithig NepRpHBE Deréial eovsreaf el

ti t ' ' j : - Thi Il el
Bor t1 on 1100 Sk St o e L L ST el O ' et
f r om eachzcoinaey along tlhmleagthedthe shivddquleoiadtti@ll cgde suchrused pravidei sactéeatieed f or

a ground .conductor .tp be positioned between adjacent condugtor sets, which
Qi Bt i f i SPERAICE ARG SPRAR feintP IS RAiSaon, HeoRaBmerdIgRt i ty,

anong ot hﬁfpe@a?f&_@fvhttieﬁié)nli?%&Q&aﬁ%ﬁ%pre&%lﬁ%ﬂhﬁﬁh cﬂﬁﬁstaem%ss posi ti oned

at a depth'd (Fig. 23) that is greater than about one third of the dianeter

of the i nspricsengdive ealdaddngths sudhnasangt, hen. lermbotticnaspect, if ttee iparlatkd el portion is
posi tioned a d%Pth d that j%ygreater %Fan f of the dianeter

t .about. one h
o "t he | OIS “EoBEPb R Rvdha TEpsi o HORRUr Y e EBaET Hy
bet ween afisa&QRAS tHaPMEWaktl cSRESue IR Ednd&BE §8d Bthe shiclding film is
20 accomplished with a desired consistency in geometry between the insulated conductors of
a pair such as to provide an acceptable impedance variation as suitable for the intended
application. In one embodiment, this impedance variation is less than 2 Ohms and
preferably less than 0.5 Ohms along a representative cable length, such as, e.g., I m.
Figs. 26a-26d illustrate various exemplary embodiments of a shielded electrical
25 cable according to aspects of the present invention. Figs. 26a-26d are specifically intended
to illustrate various examples of partial coverage of the conductor set by the shielding
film. The amount of coverage by the shielding film varies between the embodiments. In
the embodiment illustrated in Fig. 26a, the conductor set has the most coverage. In the
embodiment illustrated in Fig. 26d, the conductor set has the least coverage. In the
30 embodiments illustrated in Figs. 26a and 26b, more than half of the periphery of the
conductor set is covered by the shielding film. In the embodiments illustrated in Figs. 26¢

and 26d, less than half of the periphery of the conductor set is covered by the shielding
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di stance, and the signaling schene (differential versus single-ended), this
re-entrant configuration of the shielding fil mnore than adequately

el ectri cavbyoiabmses t he conductor sets from each ot hePCTIse0100884Et Or
sets and shielding filmmy be cooperatively configured in an inpedance
controlling relationship. In one aspect, this nmeans that the parti al
coverage of the conductor sets by the shielding filmis acconplished with a
desi red d8Asisgretel MU obaRIcrIcaroYiges teder dpgiiomagnetihatasfreicaéBMd) ect ri cal

cabl e sugf,, on thIdIF}(E:&%’c!e&'@lgﬁFI a%ﬁl?a{%foﬁgie ul'nﬂg%%%?%%d\’l@ﬁdﬁg tﬂé‘ ARty tabl e Tor

t he i ntende Ion n one e ance variation is
| ess than:f&c@ﬁm; and preferably less than 3 Ohns aI ong a representative

cabl e Il ength, ch, as n anot er a i,f the insul at
conductors ar & %Hé‘églgeg%é%%ﬁflqcﬂ“a AN Clueseh @P@P‘éﬂ%%eéf‘g%u r

cabl¢ arrgpgel ing h%%6?§md{l&% sk QGOAPﬁ%Md@A tv&Pl\Sﬁ @ffin A inshigqconduct or

sets by the shie mis acconplished wth a désired consistency in
geonet ry doedumen 406@ Shmidlhgtﬁéd 4608 thetudos par(aﬂelwopmns 4081 ea@ndmgﬁml de an

accept abl.e i a [ e for,.the i application.

one. erbodibie gtiogeyeRkhaR. B fd oot dfks commihsia eé‘r&i“ﬁ?@i’er abl y
| ess t hary|fhap sERIEn BN Ghit] difP FifS ABORFirM@r fRRId8s b 85& Portralbogs: e.g., 1m
Figs. 26a-26d illustrate various exenplary enbodi ments of a shiel ded

el ectri catartedlyl cevgrmgmmdn@pt gt 46k Etoyenfortipe4¢i%e s amiludagcentantre paFfigRs,

d fi d | ] f i al
covlT age 5P RESEblTRksobe BT VR phEroniRsb RS TSRS cbver age

by the shjabledicng fiikHeminchideean bpﬁmeﬁoﬁ bendriatrediareat fim 4du6t OerrRiiadi ment
illustrated in Fig. 26a, the conductor set has the nbst coverage. In the

embodi merfto4p incliades paficl nerimny 4636 d extonding Sraau bethrsidss of prisiugton sqt 4584
ﬁg}’]?fg?et hrals;pt}?edhciﬁ(é;g{e%?ﬁfelh ol ﬁé’dgedofs'ﬂlé’falg £l & ogf@a{ﬁélbﬁlﬁ{@% t han

rp uctor set 1s c vere
film In ﬂlhberendmdhsrneumtvSr pdrilutsﬂtﬁétﬁ’éqbartmllEIcherir%G@ndlﬁnjor%d4604a§i§)ot1ﬁan haI f

f th duct [ d (M h | di ngf | A
or obi ar "t desicr abanpHOw dactis Lot rapsen Dot tue kel ohce
(EM) i sclyatison: @ggl &qg%ﬂeﬂr@ﬁ@ anBrfBOLEL &Qoﬁ&&%ﬂ sl hal L0 GofRAHC! | ON

in the proximt . Referring to Fig. 26a, shielded electrical cable
4602 i ncl4¢des’ af mmdﬁdnn‘t@éebvdsﬁtb lwmnaméeho%douidnqw et APGKE 08mpletingtict or set

se0s | nclues.bue Lonaldudionl Liguated condhet oS a800, i Sldlg 111
portion 4646 of carrier film 4646 are substantially coplanar.

20 Referring to Fig. 26b, shielded electrical cable 4702 is similar to shielded electrical
cable 4602 described above and illustrated in Fig. 26a. However, in shielded electrical
cable 4702, cover portion 4708’ of shielding film 4708 covers the top side and more than
half of the left and right sides of conductor set 4704. Cover portion 4746’ of carrier film
4746 covers the bottom side and the remainder (less than half) of the left and right sides of

25 conductor set 4704, completing the enclosure of conductor set 4704. Cover portion
4746’ of carrier film 4746 includes concentric portions 4746’ substantially concentric
with corresponding conductor 4706.

Referring to Fig. 26¢, shielded electrical cable 4802 is similar to shiclded electrical
cable 4602 described above and illustrated in Fig. 26a. However, in shielded electrical

30 cable 4802, cover portion 4808’ of shielding film 4808 covers the bottom side and less
than half of the left and right sides of conductor set 4804. Cover portion 4846°"” of carrier
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bot h sides of conductor set 4604. Parallel portions 4608" cooperatively
define a generally planar shielding film Shielding film 4608 further

i ncl udes wWoOcowerswOrti on 4608"' partially covering condRCTarS261010389694 .
Cover portion 4608'" includes concentric portions 4608 substantially
concentric wth correspondi ng conductor 4306. Shielded electrical cable
4602 further includes an optional non-conductive carrier film 4646, Carrier

fil (T 4646"11m1‘t84@dr@§er§aheaqu sldesad ﬂhedﬁ@amefm@sz}t@ﬁma}w mmfbmdﬁﬁ%htd?@s of
chi ol i g TIRE G LIRS, BRRRINNE BB S PRUREPR cover porti on

4646"' parti al quem:mgeas Fixg26d rsﬂmbdedrela:eicanﬁﬂﬁe HY)2aS kinglat axyﬁﬁelﬁed tlearic41608" '

of shi el d| i 8. Cover rtion.4608'" of shieldin I m 4608 covers
the top sﬁa Hé@fﬂ%l shalhovs andf usgﬁwgruil S 2@% dlaveyer, elb?m%é?%? legtgicalyg04.

Coves porctab]%rl@ﬁ@%ver WrtiGREGoLr o?'sl'n@ld‘&@g“i@ln‘?@é’d%r c?)véﬂefh@@é&o%%l% de of

conduct or set 4604, corrp@gtl ng the enclosure of conductor set 4604. In this
enbodi meropdypderadet é904p60V¢rq1m$tlcxtﬁ4W6"énﬂcaruvefﬁlrrpé?étd aved8UStop sofe apdrthd er

film 4646 ubst I anar ferring to Fi 26b,. shi el de

el ect 11 cAESIsTan rgat yiesaltspraic goitioH drutp Bt e ehdlps 051 wilye S
descri bedi9ahomie@hRRehboH Ikt r@mm {3(5}‘[15!159490%6’3%&'&%%1011 Moo @ gl ding

el ectrical cable 4702, cover portion 4708 " of shielding film 4708 covers

the top SiloeA WS drerprbstantially ¢rplananf t he Ieft and ri ght SI des of conductor
set 4704. Cov 746 o er the bottom side
and (?he remai %er {ess 9 m%nt?'ugﬁ%f S%Ffdte glelc %c?f Caﬁ 1tng Wagnerf%%onductor
set 4704,pa€aﬂrﬂ)blﬁélﬁﬁg filhe devpebdasdidendaf condBEtESD br aatmdlzgﬂl.ralﬁwegpala@d tion
4746"' of carrier film 4746 includes concentric Borti‘ons 4746'

subst ant i @RIt FoRBISER et @nlgdimenrts pf @@ébﬁ&eﬁgle@m eablsy inglpdme aRamgde ring to

cabi o 609 HiEe A cELIHOAC A 1cREDI bl oRduth Bhalcfor B SleSHFi! 1! o2l
shi el ded @blﬁﬁitd'dndﬁdtoﬁﬁbﬂh&tébB@ébtnmVeiﬁta@mftheoshld(&ﬁg filmad aWsL&iaHleng film 4808

covers the bottomside and | ess than half of the left and right sides of
confict orndiztdualepntaceglgrentofiany spitabiysmingtion Beipt. Speh 3spg- aeasg@a%r s the top

si de and b8t o8B L{ﬁﬁl?crd &Mft%oﬁt‘&% aﬁ%lefcﬁncgf c&ntf'aﬁ:t bedd el@&ﬁcil'cgﬂﬂecﬁird% of

conductor set 4804, conpleting the enclosure of conductor set

Ref erri ngr@mdFaogduczﬁldmw bxtehdlecyostl etleritoat of thiolcad460Ae sluckling ﬂilar tot o

shi el ded 4602 _descri ed above and il | ustrat n Flg 26a.
owever . e bR R Sortid aT Bl S tol Byl Mk e Jubiel

shi el di ng:lédtﬂld@l A&t e S shiBRIMO O 5 148t He 16QNAH Gl 1@,%ng419(aﬂd nﬁgver

portion 4946""' of carrier film 4946 covers the top side and t
20 be placed in suitable locations of the shielded electrical cable.

Fig. 27 is specifically intended to illustrates exemplary locations of a ground
conductor in a shielded electrical cable according to an aspect of the present invention.
Shielded electrical cable 5002 is similar to shielded electrical cable 4402 described above
and illustrated in Fig. 24, but includes ground conductors 5012 in various exemplary

25 locations. Ground conductors 5012 extend in substantially the same direction as insulated
conductors 5006 of conductor sets 5004 and are positioned between shielding film 5008
and carrier film 5046. One ground conductor 5012 is included in a parallel portion 5008’
of shielding film 5008 and three ground conductors 5012 are included in a conductor set
5004. One of these three ground conductors 5012 is positioned between insulated

30 conductors 5006 and shielding film 5008 and two of these three ground conductors 5012

and insulated conductors 5006 are arranged generally in a single plane.
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entire left and right sides of conductor set 4904, conpleting the enclosure
of conductor set 4904. In this enbodi nent, parallel portions 4908" and
cover porwpanmoR8ss" of shielding film4908 are subst antcalusgoioopgoanar .
Simlar to enbodi nents of the shielded electrical cable including two
generally parallel shielding filns disposed around a conductor set or
around a pIuralltgsof spaced apart conductor sets, enbodi nents of the

shi el ded el ectfige a'@&@)llblstfﬁ'@lVﬂﬁPWgeX&H@ﬂ%P@bQWHWf@ shicldpdrpdsetriqat| ude at
| east ong,, B%f&y é%c&%@% BAYELQL u C(tjre %5@*3 ﬁsclagﬂ%’ri&%ed
ectrlc ac e shle o]

conduct or T acl con
sui t abl e tb mldiismiaﬁkuahoc@mmeseif@aﬂm cmferaegewf sh dombli@ot et by ket shogidipg Iﬁi[‘[h such

as, e.g. t act eIe nt on nted circuit board or. an ectri cal
contact ofit RPN ARG Them@oamdﬁ KAV e ﬂﬁ@@ﬂé’eﬁ%ﬁ@%eyond
at | gast H%R@ee‘ﬂfthé Qlﬁb gl%n@f InttH§ eﬁBb&hghﬁglugt'rAtéﬁ anFl afgal fh% %Bﬁdﬁcmr%et has

el ectrical contact. &ﬂe ground conductor may nake direct i ndi rect
el ect ri cahe oost @etrage.tih thdmnlsddlmbmlhgstlfatddnmﬁg élt%d thasdmdmnwr lscidms thken al ong

ts | engt and nma t abl.e on f the h d
ol oct 1 cdrist Eeatetingte BrBbEan el i Hidky St 28 morite BRES el ary
| ocat i onsyep Ph@rﬁ%&“ aHeNSdnaLAGUet %rcokzé‘reélbﬁmeedh(i’&&im gt i tﬁ@km@@éﬁhﬁm@ccor ding to
an aspect o e present invention i el ded electrical cable 5002 is

sim|ar tiBugtatas ld@dg éISthoutlmlf efdtht periphopy d@h@c@tbbldtoab@vecmd lm tmt r at ed
in 9. 2 10 e und d ctor 2 |n us..exe
| 0eld T nahieitit Ao S R SR B e R ek St P hp PSP bRl

directi orth@Soﬂdmsw)Ir @étedccﬁv@fudmitﬁé sméﬁﬁfg filfn. @ogvéwt@f &ho@rﬂf(ﬁ cwégeqﬂdv@éﬁ
p05|t|oned bet ween shleldln? film 5008 and carrier film5046. One ground
€

conduct orbefgrgdesteomagaeticiagericrenge VA iselptinand Ausdognabitteghrtiandi ng fil m
5008 and t ,Set 5004,

e of 't HESU e Fe ORI Broxitisey B SRR Mo FRRCHECRE aSHl afec
c on d uct orconSdér sanihchildeetve :ﬂl@sthnﬂlaﬂyq&h@aﬂleattdlgttwhnaifmidha&s@cdddlueterg iroothek

conductors 5012 and insul ated conductors 5006 are arr enerally in a
Si nfﬁue pl EHROIENGYS, afgag%%r%emagf %Pf&}%e&%ma%ﬁ p#raitls” of a

shleIded1§%§ﬁﬁhb@ﬁguﬁﬁgk%n@ﬁﬁggd|ng to aspects of the present invention.
Fi gs. 28a- are specifically intended to illustrate various exanpl es of

partial cover a‘ﬁemﬁlgttdn&g: Obd ubichicd stctrivyl ¢dbde SHi2ahcude o donduatdr seo 6104 he
o e5ence Sl Bl SRR AR Do Db Ree By Rl no T
t he condueh@ictsts 10@ShidIgin 3108 &{cR@Rs phRl1ENRrEIRII 08B Rk tehlling Fonat €d in
Fig. 28d, the conductor set has the
20 both sides of conductor set 5104. Parallel portions 5108°” cooperatively define a generally
planar shielding film. Shielding film 5108 further includes a cover portion 5108’
partially covering conductor set 5104. Cover portion 5108°°” includes concentric portions
5108’ substantially concentric with corresponding conductor 5106. Cover portion 5108’
of shielding film 5108 covers the bottom side and the entire left and right sides of
25 conductor set 5104.
Referring to Fig. 28b, shielded electrical cable 5202 is similar to shielded electrical
cable 5102 described above and illustrated in Fig. 28a. However, in shielded electrical
cable 5202, cover portion 5208°"’ of shielding film 5208 covers the bottom side and more
than half of the left and right sides of conductor set 5204.
30 Referring to Fig. 28¢, shielded electrical cable 5302 is similar to shielded electrical

cable 5102 described above and illustrated in Fig. 28a. However, in shielded electrical
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| east coverage. In the enbodinments illustrated in Figs. 28a and 28b, nore
than half of the periphery of the conductor set is covered by the shielding

film I nwbeosmswsment illustrated in Fig. 28c, about rarfused10ibs43
peri phery of the conductor set is covered by the shielding film In the
enbodi nent illustrated in Fig. 28d, less than half of the periphery of the

conductor set is covered bg the shielding film A greater anount of

cover age b\i3scoyet pastionp Y T ohakiskdingliinn $ 0% wverdee patign) sidg andigbayh and
reduced %kﬁqﬁM“%%hﬁﬂa?%hpﬂd&Jqﬁﬁh&k’ s%(?ﬂ%? reduction in the proximty
t houg t Ive r%onmns,

effect). o} in se e a conductor set includes two
subst anti al | y Bdeminked Flgodgd, tstitidedlcldcnsial edbdel5402nd widiitir so shicided dlectrical

enbodi nent s, onduct or set i ncl ude. one or nore . than t substantial ly
paral | el Blegiipedrica & RS0 A 4T AT Gt it S RUQIMFR N elﬁ?@%@%@aﬁl shi el ded
gl ecs i Calnkalhe, 1BZdiIGh SRS BroRBRi ik Set ALOR Ak HiELAARG, T11 M

5108. Conductor set 5104 in des two longi tudi nal insulated conductors
5106. Shitkirdhaifjoff thé hafEai81ghh sidadlefScopdnedt ek S4@t.t i ons 5108" extending from

both si des of gconductor. t 5104. .Parall el i 108" tivel
Gotine & gencr s Ay S pRarr AERPY st ohisf ] cRe e LS ER rG R
i ncl udes (3 JGRYRTFARY @Rt BLRON MaF oRlde Yin GPUEN] RB-SOREIELOSuppBE:, FHO4.

Cover portion 5108'" includes concentric portions 5108 substantially
concent r isgppirt Mag be nessiiorsdinmirte phisiset erveBOEf a Conductqyoet dndradd 1@81e  of

shielding film5108.covers th oLt om si d e tire left and right
ot ofeof Tebhled s UEs B UG MR PP LT 108 28T e Shio BT | oo
cabl e 52QRemplasy BinbadimedtsDiaghidrdd @lRaidal cdle m&d@&b&g?@%&rth@ﬁﬂsabove and

illustrated in Fi?.,28a. However, in shielded electrical cable 5202, cover
portion Spowtiondrcludipgp apprgonduchy sopgor orbheughie these ewhedimgatsehBotor e t han

hal f of t ; i ' f ' to Fig.
280, shi SPHGHT P SBfor A B8 Bafl ol ERRCIf RERdry LA PABAL Y, "ot
5102 desdongiediraboselatxddondlatet riatoddr embbdigenR3a notdoweivetive suppshinedyded

el ectrical cabl.e 5302, cover portion 5308 " of shielding film 5308 covers
theﬁ)ot t JHEE aaﬁ?ag%w@t?ha inclydes epe qré?qreéh?atrvp@ﬁ?stgl}qallg parllghnduct or set

5304. Refl@ﬁéi{u'a%aﬁ thstiattd BRGuctGhI &hetaf, goﬁﬁ@l Eé)tﬁﬁlkto?.aﬁ{eesuﬁé&gnfﬁ idd ar to
shi el ded electrical cable 5102 descri bed above and illuStrated in Fig. 28a.

However , angy ssitibd¢ pagimetie otatdrpdlindadihe bsuaR linuteddo pplyesterppolstoige,” of
Zﬂidelr Idlg Rt oi%a:g?gg-ﬁglsdggﬁ())%gt%fr%tﬁglqgge%%gg%flgempgiy%?op%&%e,l Igao%}?etltl}ngr?e, gfa)lly]i)hgrfylé[nge eft
sulfide, polyethylene naphthalate, polycarbonate, silicone rubber, ethylene propylene
20 diene rubber, polyurethane, acrylates, silicones, natural rubber, epoxies, and synthetic
rubber adhesive. The support may include one or more additives and/or fillers to provide
properties suitable for the intended application.
Referring to Fig. 29a, shielded electrical cable 5502 is similar to shiclded electrical
cable 5102 described above and illustrated in Fig. 28a, but further includes a non-
25 conductive support 5548 partially covering conductor set 5504 opposite cover portion
5508 of shielding film 5508. Support 5548 covers essentially the entire top side of
conductor set 5504, essentially fully enclosing insulated conductors 5506. Support 5548
includes a generally planar top surface 5548a. Top surface 5548a and parallel portions
5508’ are substantially coplanar.
30 Referring to Fig. 29b, shielded electrical cable 5602 is similar to shielded electrical
cable 5202 described above and illustrated in Fig. 28b, but further includes a non-

conductive support 5648 partially covering conductor set 5604 opposite cover portion
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As an alternative to a carrier film for exanple, shielded electrica

cabl es according to aspects of the present invention may include an

opti onal worzenorsest i ve support. This support may be usedTius2¢ionpsies e

physi cal coverage of a conductor set and add to the mechanical stability of
the shielded electrical cable. Figs. 29a-29d illustrate various exenpl ary
enbodi nents of a shielded el ectrical cable according to aspects of the

present i¥0&nt poisidiar didmg08. Tipnot Shdd eblvartaliyserers thy tonsidgeti n t hese
embodi nEf‘ctoﬁduc%&%P%Uld H\]%Hn\é?n @%{&ﬁdﬁ&&?ﬁﬁ@ﬁh{tﬁﬂg coqdyctor set that

i ncludes two substantri a para ated conductors, in
ot her enbodlnﬂnﬁ&mngtmﬁngQQ@dhekkdek&unpbamkﬂﬁwzbeauﬁbdumﬂh&dai@eﬂﬂuﬂtor

set that i cI S on nore than t sub ant i IIy paral l el |ongitudinal
nsul at ed*b 58?96%1 e@ﬁbwetaﬁdéﬂlgﬂﬁra@ﬁgn ety fare g pot Bo%ray i ncl ude
any sui t%h&ud@%% 7’1?23%&1@1 col@l HQct t %4 éﬂp%fteeébv%f’vﬁ%ﬂ ester,

pol yi m de, pol yanl pofytetr uor oe ene pol yprop
pol yet hyl 508, pf)dhyqf}dneg)ﬁllmrﬁéloswlfppdﬂ S7Hd bq‘eﬁrmslsanellyalmmfmé w;pes;lde of

pol ycar bonat e, si £one r ubbe et hyl ene. pro ie

ol yur et Aoy b AP St ATE HE belogRE Y PR BRSBTSyt het i o
rubber afﬁ%@t%ﬂ/@f supp&t STAPRKhbsMRYial P ebABIrRAGIPIs MR8 cBfdlictdry S30and/ or
fillers to provide properties suitable for the intended application.

Ref er r i ngorteorRpigupp@sy /4this disgesbddictreoni sl atehpdng us®o5 106 agd shikckiing fplm
shlﬁ#dedfﬁlgctrlcal cabl e 5102 described above and illustrated in Fig. 28a,
but urtheP i ncl udes a nonconductive support 5548 partially covering

conduct or set RHO4inQREOH. Ld,GhieRTedRMCtEANCAHROBR02 i9binsihir &b Hidlged élbenidd08.
Support 5548 covers essenti aII the entire top side of conductor set 5504,

essent i alqaplerid0R WWP%‘PQ’Y@ ang élénsafﬁ@é ig Bigdgéd, &%f%@@'alnclsﬂsmﬂ@n-5548
I ncl udes c%n d&% %@éﬁsﬁ% arth c%%rgﬁag (I%Pé&é%&aﬁet 300 %&C&V%Pé@% @I 9. 20,

par al | el r I ons e substan y coplanar. erring
shi el ded Sél()ét’t of shadldmglﬂlm 5‘.868)2Sup@oﬁ|58148 anlytpartmkh]nyedodad tled tepside@dl cabl e 5202

descri bed above an ustra but. furt her cl udes a
non&dnduden %Ct%ﬁﬁabgéﬁ E@X@gﬁ %t%ff Wdeﬁe@rﬁ%ﬂe PG M@WS@%@%@& %pposi t e

cover pord, PSR is dRbosliRheldgnduldied &ﬁﬁﬁctoﬁ%% lahd §ﬁé§hﬂ§‘ﬁl¥n paggially

covers the op side of conductor set 5604, |eaving Insulated conductors
5606 partially exposed. Referring to Flg. 29c, shielded electrical cable

5792 1 st ahd ia0et g 81 eelrhcel. Gane, Ba02 descu) Sed ahougand
partia'|%w&ﬁﬁﬁ@“ﬂgqﬁﬁﬁdﬂﬂkﬂﬁe§ﬁiH@@Qﬂﬂ@ppOSite cover portion
20 Item 1 is a shielded electrical cable comprising a conductor set including one or
more substantially parallel longitudinal insulated conductors; and a shielding film
including a cover portion partially covering the conductor set, and parallel portions
extending from both sides of the conductor set.
Item 2 is the shielded electrical cable of item 1, wherein the parallel portions
25 cooperatively define a generally planar shielding film.
Item 3 is the shielded electrical cable of item 1, wherein the cover portion includes
a concentric portion substantially concentric with at least one of the conductors.
Item 4 is the shielded electrical cable of item 1 further comprising a non-
conductive carrier film including a cover portion partially covering the conductor set
30 opposite the cover portion of the shielding film, and parallel portions extending from both

sides of the conductor set and disposed opposite the parallel portions of the shielding film.
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5708"" of shielding film5708. Support 5748 covers essentially the entire
top side of conductor set 5704, essentially fully enclosing insulated
conduct orwORF06I481E | east a portion of support 5748 is PabaiSanmoioadosy
concentric with insul ated conductors 5706. A portion of support 5748 is

di sposed between insulated conductors 5706 and shielding film 5708.
Referring to Fig. 29d, shielded electrical cable 5802 is simlar to

shi el ded el ectlianzalls Bashigldsd glzcsssabiscef 1epbdevhoreinithq eoyer parian phthgi g, 28d,

ggtn d‘;g{ g:t%g%étrv@@ggaadew 8%98@6&1\63 il g}sg&fe% v{q&rﬁe}t éé(asFQ e(?ftﬂ% 808.

e cover por
Support SB48ucersy partlally covers the top side of conductor set 5804,

| eavi ng insul ated conduct o 806 pased. A portion of support
5848 is di sposEd Bét%é‘hleldﬁéﬁfeatﬂé’a tfdtafldteat st comeridng el lg#shgnt i | m 5808.
The §ol | QMggﬂldt&a?g%uﬁ& Eorfdtiety 'e%eﬂdlﬁgﬁgglb%ﬂﬁétg%e ZarRb Hﬁé&r%ﬂ SHRCHT gl

cabl e according to aspects of the present i1nvention. Item1l i1s a shielded
eIectricahmeéhhbﬂabupﬂu@png a conduct or set includlng one or nore

substantially djn onduct ors nd .a shiel ding
i m bl udi ndth ovBr SWERE st S iBba ot s edindigRedt: ° and
paral | el pgek 'dﬁ@ét cBchifadbdtadt iR (RO Klc IR indenOh ak t&s&m@dwatleﬁ aRRk its| tem2 is
the shiel ded el ectrical cable of item1, wherein the parallel portions

cooper at ilorgth. define a general ly planar shleldlng film Iten13 is the

Shl ded elect |c l e _co ncludes a
contbntric portroh s FR SR ek FGsn bRl Do R RN 18 O e
conduct orakek ﬁtﬁﬁiieét dlscthibeg ceﬂtta@tlv@tﬂdthe Isﬁtetdﬁmg:ﬁllm edll@sodnd lb@[ﬂoh alatigtiber
conpr|S|ng a nonconductive carrier filmincluding a cover portion partially

covering lenggh.conduct or set opposite the cover portion of the shielding

fi1m,, and_ par aldieb gt L SRS SKLAN QBILSAMPOLALATR: GbuldSrppgyct o set

and di sposed opposi e para portions o I[tem5 is
t he sh|ekﬁ&mdebeﬂmnmcahmqmbbéﬂmkndteﬁméshmmmngﬁhmthe cover portion of the

carrjer filmincludes a concentric po supst ant.i IIy concentric wth at
| east one of tIH& i@w&beﬁle?@ T Plegicy éet éteehfrb Srhgesin Begttpyneandicipr s of
item 1 fupiibgdd mRPEIRLAGr &t | east one | ongi tudinal ground conductor
extending I n substantially the sane direction as the one or nore insul ated

conductors. Item 11 is the shielded electrical cable of item 6, wherein the ground conductor is
included in the parallel portion.

Item 12 is the shielded electrical cable of item 1, wherein the conductor set and

20 shielding film are cooperatively configured in an impedance controlling relationship.

Item 13 is the shielded electrical cable of item 1 further comprising a non-
conductive support partially covering the conductor set opposite the cover portion of the
shielding film.

Item 14 is the shielded electrical cable of item 13, wherein the support includes a

25 concentric portion substantially concentric with at least one of the conductors.

Item 15 is a shielded electrical cable comprising a plurality of spaced apart
conductor sets arranged generally in a single plane, each conductor set including one or
more substantially parallel longitudinal insulated conductors; and a shielding film
including a plurality of cover portions partially covering the conductor sets, and a parallel

30 portion disposed between adjacent conductor sets and configured to electrically isolate the

adjacent conductor sets from each other.
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Item7 is the shielded electrical cable of item®6, wherein the ground
conductor nmakes direct electrical contact wwth the shielding filmin at

| east onewbDceosri48rssal ong its length. Item 8 is the shielPpdedSetiensswuzal
cable of item6, wherein the ground conductor makes indirect electrical
contact with the shielding filmin at |east one |location along its |ength.
Item9 is the shielded electrical cable of item®6, wherein the ground

conduct or ext dis | heyhashiglded glssiricarrablsrofitsem Enadicran the@articbpafiayist i | m
[tem 10 i ie f e und
conduct orp%sga:ﬁ?f?ﬁt dA gﬁ{jthgtlt e(r?:rf)e(r% uagtag)rghtgoent% thflr{l h% fl il df@hi 13%@

el ect ri calondadobrs. of i tem 6, wherein the ground conduct or is i ncI uded in the
paral |l el porti.on. is the Shlel% electrlcal égble o[ item1,

wherein the cdifdud b“rtg]% eldrdiclepirisplafaly atitiem by avhersdp B deralisl BOrHERIS gur ed
in an | ”gﬁ;gl%ﬁ?d e[fpﬁl {hh{}g Ee%'téi‘ttﬁa%rh%tlhtpone'ﬁa%fll% dlﬁm%%?oﬁﬂﬂ'e%sﬂﬁ%d
el ectrical cable em 1 further conpri sing a nonconductive support
partlallymodwmmﬂng t he conductor set opposite the cover portion of the
shielding film Item 14 is the shielded electrical cable of item 13,
wherein the support includes a concentric portion substantially concentric
with at |east Qmguy ?fl shHei CONBMHAGAS hald §3¥h IBudtBitcd anBidedcdided Béhi fok cal cabl e
conprising a plurality of spaced apart conductor sets arranged generally in
a single mllrmses O%@@mpﬁmmféhmre&@tedleﬁﬂobqumg iowdl oy appoeceatedibs thase dfal | y
par | el it n ulate conduc and, a shie n f|In1 ncl udi ng
ral ﬂr@m S?:j‘gl/lélﬁh B i s 1§e V%“egé(f’ ﬁf:eéf\i/at? PO TG C(i)erlll%[:lu 5 e%%‘{l%ns and a
par aI I el qawutdt@nodichigosed shat wegdsaédh Eéliub@@ﬂﬁﬁbd%ﬂﬂlesﬁécﬁﬁ@ﬂﬂb@(ﬁﬂléhtgur ed to
electrically isolate the adjacent. conductor sets fromeach other.Item 16 is
t he shi elshegnanddescribed Wethwtéiemrtmg Siopm the swp@rOéThfs Rfﬁ%enb@rVéllltll(él Theswtion is

pOSI tion | e r et er
of the i ﬁglﬂ?gl?ﬁ(]i‘q con F’ﬂ Eal él IEO %@Janhjﬁ %gﬁig Iﬂ g a({h& apr %llteg of
item 15, thdit&h@pﬂ&sdnlﬂmvpaﬁi@d inay bpunpllemenueé upmsertynmdedaraettyaf depddinich@at is
gr e?g er than about one ha|f of the di 3 meter of the i nsfulhat ed conductors.
This app 1cat10n 18 intended to cover any adaptations or variations of the preterred
embodiments discussed herein. Therefore, it is manifestly intended that this invention be

limited only by the claims and the equivalents thereof.
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Al t hough specific enbodi nents have been illustrated and described herein
for purposes of description of the preferred enbodinment, it will be
appreci atwo 20w/Bwwse of ordinary skill in the art that &Chu$eowassdety of

al ternate and/ or equival ent inplenmentations calculated to achieve the sane
pur poses may be substituted for the specific enbodi nents shown and

descri bed without departing fromthe scope of the present invention. Those
wi t h ski | Whptis elgemegeishani cal , el ectro-nechanical, and electrical arts will
readily appreciate that the present invention may be inplenented in a very
w de varigety o [ . [ i.cation is intended to cover any
adaptatid%s ofiygg?%?F%E@ﬁgymﬁﬁg%gﬁgﬁg?fed enbodi nents di scussed herein
Therefore, it acndaciof esidcjuding @rdedndrbatbstdntislly pyehtlilomgitudidal mstlegtdonl y by
the clains and the equival ents thereof.Wat is clainmed is: 1. A shielded
el ectrical cable® %PRY: a conductor set including one or nore

subsg anti al 'y paiadihglilhRgidiHgh Reer pastitndlethl GRBIEGE OhS cofdiftidt sehhgd di ng
filmincluding a cover portion partially coveri'ng the conductor set, and
paral | el porti onparelttlgoediong ckicodmpdtam botegleobf thheovdmtiustor set. 2. The
shi el ded electrical cable of claim1, wherein the parallel portions
cooperatiyely defin eneral | nar ., shi elding fi . The shi el ded

ol ebtrioar canl & BRRR AR Gints B AL G BT boifion] HiB R
concent r idefipok lgbtalpupishanhictdihy fitencentric with at | east one of the
conductors. 4. The shielded electrical cable of claim1 further conprising
a non-conductive carrier filmincluding a cover portion partially covering

the conduttor Hershisisdslecricangatieokrlaigbt o vemcipthe ¢y CEPREPRIGIIS Pm  and
pargg | el d%ﬁ&&ﬁ&@_gorggﬁ m%&aﬂlﬂfﬂy CINRRALHR witH 91%3}3{ oﬁe*kﬁftf@&qllaﬁgtsfs set and

di sposed opposit e par portions o e shielding film 5. The

shiel ded electrical cable of claiml1 further conprising at |east one

| ongi t udi‘hal grtewhelddrediestriait cable ehdiingl fnrtlenbempnsingh hyn-chedustive di recti on
r.e .insul ated conduct or ed electrical cable

as the one_or . . 6. .The shi el :
of cl ai m&mSlRdnsIPRE » SoEURE LSRR B cogitinn i BRI 5t om8sl Mone of ¢ he
ends of tdQesiurebbnbe khibMing/filml R piraBbigREtiGls@&tdntma! fronaBbi@ sifes 6F fem 1,
wherein the conductor set and shielding film are cooperatively configured
in an i npeaduder seband drnaspgopnraisae therpstllsl portions of the shielding film.
15 5. The shielded electrical cable of claim 1 further comprising at least one longitudinal
ground conductor extending in substantially the same direction as the one or more

insulated conductors.

6. The shielded electrical cable of claim 5, wherein the ground conductor extends

beyond at least one of the ends of the shielding film.

20 7. The shielded electrical cable of claim 1, wherein the conductor set and shielding

film are cooperatively configured in an impedance controlling relationship.

8. The shielded electrical cable of claim 1 further comprising a non-conductive

support partially covering the conductor set opposite the cover portion of the shielding
film.

25 9. A shielded electrical cable comprising:

43



8. The shielded electrical cable of claim1 further conprising a
non- conductive support partially covering the conductor set opposite the
cover porwpanioofssteie shielding film 9. A shiel ded el ecciraskolonksoes
conprising:a plurality of spaced apart conductor sets arranged generally in
a single plane, each conductor set including one or nore substantially
paral l el |ongitudinal insulated conductors; and a shielding filmincluding
a plurality ofa bty ¢fopecadmpapgprdusiaryets gUrangadgenerally shasiaglsmlast gichand a
paral |l el portion_di . j onfigured to
electrically isoF%%%B?ﬁggéﬁﬁgﬁgg?nggﬁﬁg%?%Paggﬂggﬁggﬁgggéﬁﬁ%ﬁﬁ%r. 10. The
shi el ded el ect ri asllacdlloadwfors] @idm 9, wherein the parallel portion is
positioned at a qigth hat ig greater t?an about one third of the dianeter
Radikpdpgudin

of the insul atdedl g a plurality of cover portions partially covering the
5 conductor sets, and a parallel portion disposed between adjacent conductor sets
and configured to electrically isolate the adjacent conductor sets from each

other.

10.  The shielded electrical cable of claim 9, wherein the parallel portion is positioned

at a depth that is greater than about one third of the diameter of the insulated conductors.
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