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. wopavt4swul ar, the present invention rel ates tecshisedidossszo

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, insuSHIBLDEINHLEGITRIC Ak € ABr.Eounded by a j acket.

Anot her common type of electrical cable is a shielded electrical cable
conpri sing one or nore insul at eCEGCKHNMCATAN@IA or s surrounded by a
shielding |ayer, formed, for exanple, by a nmetal foil. To faciljtate
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i nsul ation of the signal conductor or conductors. Both these common types
of el ect rdleaticat addiles thatraaalbe ynasetprmiret¢dandysevidé hppepedd adalttisal gepegresd
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 indi w%ﬁgﬁ&égh{%{) el enents, such as, e.g.,

el ectrical cortlagtisal @hbladifer tRAhisSiah of OIBAEIEAIRIgnAls £OWERKhowh EDENt S on a
printed circuit board. Although electrical cables have been devel oped to

faci® i t atcomm@siaperaelcetaesticableiion ceaxedh ghlyjadsoaxidh saldecedsicrdly aneledr dmve

limtations., t - in the.ability to prepare
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per f or managouhdedhyevghidld,tdnd tieckvaadesmatdbs ahd shitldhrs perdnatdEly 4 jachét. and

el ectroni ¢ conponents, a caontinuing need exists for electrical cables that
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applications. n one aspect, the present vention provides a
shi & ded aahetat foilcdb faalithte devatcatl compeatiaorfdhe stoeldsgtlaydrwofugthoeurainsylatedr al | el

shielding filns .di sposed around. t he cqonductor set,and a.transitjon portion
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signal conductor or conductors. Both these common types of electrical cable normally
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, two generally parallel shielding films disposed around the conductor set,



conductor set includes one or nore substantially parallel |ongitudinal

i nsul at ed conductors. The shielding filnms include a concentric portion
subst ant ivabI2g1c@smentri c with at | east one of the conduecors2@anai@3par al | el
portion wherein the shielding filnms are substantially parallel. The
transition portion provides a gradual transition between the concentric
portion and the parallel dgorti on of the shielding filns. In another aspect,
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and the conductor sets. Each conductor set includes one or, nore
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every inplenentation the present invention. The Figures and detailed
descri pt iter geherlly phrabel shislding fromedispased epuad e coxdwqidt feis, and upluraity ve

enbodi ments. BRI EF DESCR| PTI THE. WNGS . Fig. .1.is er,spective view
of 3 et OE BT R Ao R 1 g7 e e BRI B ng 1o an
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views of five other exenplary enbodi ments of a shielded electrical cable

accor di nglheshigddiag fikmpmeiude apluslityroficaneentricarprtiqmsgubgantially copseagicctithe vi ew
of two shj e lcect 1] - Fi 1. nat . . ] dcircuit
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Fig. 5 is a top, view of another enpl ary enbodi rent. of . a shi el ded

el el ri caleheny)the scetgic Rgrtiass aw? ﬁ@&é&ﬂegpomﬁ%s it %é‘ﬁ@ld}wﬁﬁtsi on.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The Figures and
detailed description that follow below more particularly exemplify illustrative

embodiments.

20 BRIEF DESCRIPTION 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.
25 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
30 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.
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Fig. 6 is a top view of another exenplary enbodi nrent of a shiel ded

el ectrical cable according to an aspect of the present invention.Figs.

7a- 7d ar ewbronwi48reoss- secti onal views of four other exemplrargoientsyde nent s
of a shielded electrical cable according to aspects of the present
invention. Figs. 8a-8c are front cross-sectional views of three other
exenpl ary enbodi nents of a shielded electrical cable according to aspects
of the presentFighveridiasnirongass-soetiang! wews ob fpus pthep axammpnyyenghogdgsendect i onal
front views, i . i.en ..an el ectrical
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printed circuiRigdh8asd.ardirgst.crdfacectivnel winds dhrecldthcraxempri s pabddivendnd
front cross- gi%%pnal-vie , respectively, illustrating . an exenplary mnethod
of maki ngf’fészl FEFUENEEA01G ReEPTERDI0 SRR OPIN R RISt AN CRERRCt of the present
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cross-sectional view of another .exenpl ary enbodi nent of a shi el ded
el ectri cdpve@élﬁ}léerﬁ’é%?‘{ﬁoﬁd’rfnée‘g rcé‘étg}é’éﬁ of the present invention and a

correspondi ng gd abh-10é 84 10ERREEE pMShttivELSPfrodtdrés k3RicAREyiEHONT
cross-sectional views of two other exenplary enbodi nents of a shiel ded

el ect ri cakspeativaly, adesdratinggn excraplayspetbed of mekiag pkiskied cloatreat ¢able  Fi gs.

14a-0 14b ar e }‘nr Qnt cr Oesféfstg(:tl're%me%l' vei WS of two other exenplary enbodi ments
of 5 shi €l 8%r8 &3P APREST O'cabPESEE Lo ﬂlb to an aspect of the present

invention. DETAbY EDy-DESGRIFNE Chdsé-Bedtibgalfvadw oiiufeat thgtaaict £10bfARS&Emplairpn of
the preferred enpbodiments, reference is made to the acconpanyi ng draw ngs

that f or ringthpdiet mpleinggphicided clestrisabeabla srgomhingiorngasricdaf theypresent of
illust ratih%ﬁtio pecific enbodi nents in which the invention nay be practiced.
It is to be understood that other enbodiments nay be utilized, and
structural or Higgileall2k hangfesentreyssBectivadievivt tofi anbthetemampiang efbodinicheofscope
of the prese invention. The follow ng detailed description, therefore, is
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Figs. 13a-13b are front cross-sectional views of two other exemplary embodiments

of a shielded electrical cable according to an aspect of the present invention.
Figs. 14a-14b are front cross-sectional views of two other exemplary embodiments

20 of a shielded electrical cable according to an aspect of the present invention.

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
25 practiced. It is to be understood that other embodiments may be utilized, and structural or
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
30 shielded electrical cable according to an aspect of the present invention. Shielded electrical
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
3



Referring now to the Figures, Fig. 1 illustrates an exenplary enbodi nent of
a shielded electrical cable according to an aspect of the present

i nventi orwwoShioel4sisdl el ectrical cable 2 includes a pl uralcrysediospmsed apart
conductor sets 4 arranged generally in a single plane. Each conductor set
includes two substantially parallel longitudinal insulatedconductors 6.

| nsul at ed conductors 6 may include insul ated signal mﬁres i nsul at ed power
wires, orconduqioratelnsuiatsdirandugiers 6 muyonglade manlajedpagnal weks, srudatefl PRV | ms 8

are disp S 10 is
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ot her on deidd @hdﬁ&oﬁetseﬂaamccﬁmmmerdhsme Huyed 10 isniespesdaiddwentshictdingluct or
sets 4 hgﬁe a sug)tant IJy urvilinear cross-sectional, shape, and
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subsg ant i gl %‘rh%‘&ﬂﬁé?{t f*eoh@u&&dse{mt bRt %ﬁnﬁlﬁ&%} 9%@4-5&&%% shape,

Nhlnta|n|ng e cross-sectional ape na|nta ns t ctric
characte randtshxekimg fimon®larctdosposet esouﬂndas)nidmd:temzbw suthtak ¢o sidsiagtialbf conduct or

sets 4. This is an,advant over SO con tianal shiel ded.e ctrlcal
Cobi oe. WSRO @ AR TR B eSO PP, SR ANg (Rt oo P g es
the cros smﬁﬁaatﬂsqm&eahaﬂ%hgffacttehﬁlc@,%m%ﬁ&for§&5 4 oRVirktBeidd in R delign@fbodi ment
illustrated in Fig. 1, each conductor set 4 includes two insulated

conduct oreonductprsetstddhisdprbo dd vanrags oversomegonderdional shetldetl alepjrigahciblele one or
i nsul at ed. conduct 6 For, i el ded el.ectri cal
Table 5 B BisRERE Fleir. TR SERER 3 Sondu bR R e bR SRS T
COﬂdUCtOﬁﬁq&nﬁ&héhﬁwmdoﬂgﬁlg 1, shlelded el ectrical cable 2 may include
one conductor set 4 |nclud|ng Ig i nsul at ed conductors 6, or eight
conduct or set sAlthaugh fip theembe Heustrated i Fied | cssh gerdwctas Set‘ﬁwlil@lufiPSet)‘éiOol lity

in arran ws
shleldedqg %@9%%u&%ﬂ%?9ﬁ§ﬁ§§8%eo@%% g%gg SU|E3 %npﬁgﬁﬂ[ﬁgéfﬁ%gﬁded
appl i cat imoee ulr_mltatﬁkamﬂhﬁors@I’Edtiéia(ﬂ[pl@&ﬁﬁea@i dnrticlded ¢leatrad] cabidl2iaichrdsngs may

onf| ured to form l.tiple tw naxj al le, i mul ti pl e conduct or
set gfew GOREREIas 35 f G@glﬁ %c;mhag Ewo EBH tfétC@rlgu%orSQ ahsheWBIetigobxi al cabl e,

e, W's‘iﬁe‘?&e% e@&ﬁ‘i‘é&%&ﬂe 56t 1ﬁ&ﬁﬁbr§%o‘d@h&& g 1ﬁd”'n§diﬁ§51%ﬁt iaangugt or 6, or

a conbination thereof. In ot er e nts, a conductor set 4 may further
i ncl ude aoodudaors i meelglttlwhmo(tmtsﬁmah)nodilchmg)emnwlmndldomdruetom|6eThms nor e
uctors n_in ulatlv not sho

around ¢ HE-GBRBETPRESHIE of SOMREaa o FRtEed RS PR G BIged,
shi el ded @d@gdal bR 2 6B Sordightidt REbIE IT’(‘itltlﬁiéiﬁﬁended application. For example,
20 conductor sets 4 and insulated conductors 6 may be configured to form a multiple
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
25 conductors 6, and an insulative jacket (not shown) disposed around the conductive shield.
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
30 conductors 12 are arranged generally in a single plane. Shielding films 8 are disposed

around ground conductors 12 and conformable adhesive layer 10 bonds shielding films 8



optional |ongitudinal ground conductors 12. G ound conductors 12 may

i nclude ground wires or drain wres. Gound conductors 12 are spaced apart
from and wetendi4srsisubst antially the sane direction as iPasaisatiem3ssenduct ors
6. Conductor sets 4 and ground conductors 12 are arranged generally in a
single plane. Shielding filns 8 are di sposed around ground conductors 12
and confornmabl e adhesi ve | ayer 10 bonds shielding filns 8to each other on
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cabl e 102 ghucbhgictdrRed N)d%cl@cﬂ’és' afk"h?éle |ARahdiHsliiRalated SsHadcepnowictey s 112.
Ground conductors 112 are spaced apart fromand extend in substantially the

same dir @ﬁnﬁr@Hy a@ralldwleadlegi fitron s 2redispoged aBoundiuronducteretet 194 Aand gr ound

conduct or s rra ne aII Shi,elding filns
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conductors 112. Ground conductors 112 g electrically contact at |east one
%3]

of shi el didhly 102 fwgher gcludas optianad dongindinek spunde@ndycterstlddt Gyamg arranged in

2 gg;”r‘: 2508&@1’39%5%@33' X Ph%ro ik {iﬁf‘ib suﬁg {ahggfé %agblzdu%i%%[pas shi el ded

i1 ustr atiecilated Eorgluctda ] 06\ @neustbi ek (11941 ad gound calducbd El 212@8 allram:geddes a
singl e conductor set 104 including.a single Iongrtudrnal i t ed
conBuct orger@ref ly ihi einglsdplancehipiding filsn08 aspdispose arpuad grcgrn @P CHiuct or

set 204 Imlaﬂqlcagfomlé HRARLARYA Ja hyo Qarcelsherdlﬁ Agh{ UK Bhei aﬁeﬂ & 65

conductors 206. Insul ated conductors 206 are range generally in a single

pl ane andsi@fsfoégtquué leynduataas 114. Garial comducdopfsf ld2emdyi déctpedlly coataceat least

arr angene one of shielding films 108. Insulated conductor 106 is effectively arranged in a coaxial or
single ended cable arrangement.

20 Referring to Fig. 2b, shielded electrical cable 202 is similar to shiclded electrical
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 202 includes a single conductor set 204 including two substantially parallel
longitudinal insulated conductors 206. Insulated conductors 206 are arranged generally in

25 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
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

30 insulated conductors 306. Insulated conductors 306 are arranged effectively in a twisted

pair cable arrangement, whereby insulated conductors 306 twist around each other in

longitudinal direction.



Referring to Fig. 2c, shielded electrical cable 302 is simlar to shielded
electrical cable 102 illustrated in Fig. 2a. Wiere shielded el ectrical
cabl e 102wpnoludesia si ngl e conduct or set 104 i ncl udi ngpraTaisaglm38930

| ongi tudi nal insul ated conductor 106, shielded electrical cable 302

i ncl udes a single conductor set 304 including two |ongitudinal insulated
conductors 306. Insul ated conductors 306 are arranged effectively in a

tw sted pair duteingre Hiegedeshicldagrdecassl cadeted sdimdadachigldsd sivsircgl st
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singl e conductor set 104 includinhg a single |ongitudinal insulated
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set 404 iiﬁﬁilé{g& Bhdu@idFs AN 'sh%éféd’l%hdﬁc{ﬂéﬂé Lk Get 999*@%%?@;@9% aqu{Tlé&” at ed

conductors 406 are arranged effectively in a qua angenent ,
wher eby icablelaatregerconduldrelrsinddétedrynduticss 466G man dvisaohuwt teeh other in

| ongi tudi,nal. direction, or be substantially parallel. Referring back to
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aspects of thqyﬂ&@@gmhdiﬁMﬁg&Q@@d”ﬁﬂﬂkﬁ&h&ﬁﬁm@m@b@HﬂbME&eEE&§9ﬁﬁBQsapart
conductor sets 104, 204, 304 or 404, or conbinations thereof, arranged

gener al | yacpordinggp mgpiostspif alrepre@pt invaatidnymay elushiagildeltyaifepaacil @pdrt cabl es may

i d | | i i d d 112 d f d
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arranged generallﬁ in a siggle pl ane. Fig. 2e illustrates an exenplary
enbodi merfongicterydh2 spaghd aparblion| aadexicagmg egpirally Rethe samepdirecsiopiag thepe

shi el ded . j i i ar t
conductofﬁégéé&%%%%déggthggﬁg%g%g%%gﬁgﬁp§hﬁ%ﬁghé%ﬁé%g&b%g§%9 hi el ded
el ect ri calond@ddbe abeOidranged paterdllyah udas:lopiherad. 2grilbwsadtes anduahplasy 112
disgfsed bet ween c nd¥Ft r sets 104, 204 and at both ends of shiel ded
el et ri cdMROgHNEtHHSUC igddstesleqtrical gablgl | el shielding films 508 are

di d : A
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conf or mabl e adhesiv 10 1s dispos etween s I'ding fi'lns 508 and
bonds shiaphdicogducidrzets 308, 20d aemopedogdnerallynn boinglesplaiees Sbicldedekecoamtiuct or set

104, 204 apd gach.oround, conductor shi el ded clpctricat, cable 52 jncl udes

sets 104, 204 and at both ends of shielded electrical cable 502. Two generally parallel

20 shielding films 508 are disposed around conductor sets 104, 204 and ground conductors
112. A conformable adhesive layer 510 is disposed between shielding films 508 and bonds
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)

25 and may therefore be referred to as a hybrid cable arrangement.

Fig. 3 illustrates two shiclded electrical cables 2 terminated to a printed circuit
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.e., the simultaneous stripping of shielding films 8 and insulated conductors 6, and mass-

30 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

is an advantage of the shielded electrical cables according to aspects of the present
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arrangenments (conductor sets 104) and a tw naxi al cabl e arrangenent
(conductor set 204) and may therefore be referred to as a hybrid cable

ar rangenew0.20f/gs8163 i |l ustrates two shi el ded el ectri cal pcahises 0834980 m nat ed
to a printed circuit board 14. Because insul ated conductors 6 and ground
conductors 12 are arranged generally in a S|ngle pl ane, shielded el ectrical
cables 2 are well suited for mass-stripping, i.e., the sinultaneous
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el ectrical cable ac ording to aspects of the presentinvention. In Fig. 3,
the strippédy &4 rfg@[]%qné%ft g'SAghts b ey eul%%l?@ (GFRAECCR B 8438 42 ar e

t er i nat egl. 9.4 ﬁg&hg&& Ofs?{neg@aﬁga%&&@toqu nted circuit board 14. In other

enbodi nent s, e stri pped I nsul at ed conductors 6 and ground
conductors 12 hray 4bddtiBustiateatneck eplamp yersundtiab lpeodesschfishblied ctamhicattabdd enent s

of any s tabl ternlnatlo int, .such as, el ectrical .contacts of an
ol ecttic st ppgl . Fhisermiet RS aics® G Uscmprar Y DER MaETon

process ofndshdleddest ﬁéﬁqifrstr@kngcamsﬁa%dﬁm@sl 89, SlidGtd GillReard 111#1% Thi s

term nation process can be a mass-term nation process and incl udes

steps of “hrangérnunating|(Ubsiratedin Fig. Fi)g¥hes doting slablndgmhqgtrl@all dablkst2, éheed in
Fig,,4c),, and tern nat'n il lust rat en _form hi el ded
ol o8 1 LR & Bl o g RuRLE Fobdelbde e PUFBnp G 28

conduct orshichdedaebtgdad it ¢ e Uetdtshelido diie srhingblest (ﬁ|06ﬁ)thétl Sahertabd 6n 2 may
be matched to the arrangenent of contact elenents 16 on printed circuit

board 14 prxmﬁdcqxr%@pardéﬁ HinFAEowh g limsingtn anycagificaah manipatation obthetand end

portions i el t or termnation. In
t he steplf%?ﬂgfg @%@' %&&khﬁ%%kﬁ%@&@gﬁﬂ%ﬂﬁkﬂ%ﬁq ?ﬁﬂhleldlng films 8 is
removed. Any duitliehéeilhetritodindy. he atisedlporsiue Ba asshieldipg, filme@hanint@led.

stripping or laser strjpping. This step exposes an end portion of insul ated
contfict ordMEsuiaRlegRg mezshaaﬁ%w £, ©-EnGRNHIHHEPPINGQE LS YN of end

portion Sﬁnygteg E&lﬁs@ Merld edomo@oﬂﬁﬂﬁé&%ald%a%?sc@a&%ﬁ%%ﬁ&a/c&%%mz ntegrally

connected | aye IS separate fromthe insulatio I nsul at ed
conduct orane@spdes mmsssgipphigalfand goftionrte of shickimg filsns Stspdscidn dactuse theg al | ows

protect | on SaRln ) sel et el shontingab these. Locht one, anf, gl o brovides
and gr oungngansidet Réﬁo‘ll%g shl@lcﬁﬁ?ﬁﬁﬁse@from insulated conductors 6 allows protection
20 against electrical shorting at these locations and also provides independent movement of
the exposed end portions of insulated conductors 6 and ground conductors 12. In the step
illustrated in Fig. 4b, an end portion 6a of the insulation of insulated conductors 6 is
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
25 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
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
30 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



illustrated in Fig. 4b, an end portion 6a of the insulation of insulated
conductors 6 is renoved. Any suitable nethod may be used, such as, e.g.,
mechani cavobrogpiemg or | aser stripping. This step expo®eI/iBroiens8IPOrti on
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 end poaelpdosddamegvelding. eomau sreshancabelagiping detadbcsrelyibeadingdbl e 2 are
al i gned vﬂahgac act elements 16 on printed circuit board 14. In the step
illustrated in Fg. 4d, the end portions of the conductors of insulated
conductors 6 drig 3 i@steqnck gotcr oxangibrygnthodineanddsheided tRcafcabéubéd ded
el ectrical cgbl e 2 are te{m' nated .t o contact e(fdgmantqi 16 on printed circuit
=Y P

boar d 14.2CEXSHSI 184N GFPo6L Rk P PSS M EPR- o1 friihDerdriea 4201 FR)> b BE@dPncl ude
solder | NGy iRl oicaf E4UIPL ks IRARAPICR! 1nGGBIRGhicla0F BINER ygb vodondi ng,
to nane a %ew. Fig. 5 1llustrates an er exenplary en%o Iment of a

shi el ded ietleddsra dataliadt] lengacloratlspigs 1 ® daposad pectecntondetqusetsdnSplitat&nt i on.

Shi el ded el ectr.i cal, cabl e 602 | imlar to shielded electrical, cable 2
11 st r atsSRATg igigiduglcopfucioriely bt Icashgr#a BoRIoB Y i aneth g PiCKES i ncl udes

a plural idaectddal N6 RSy BBichiife 8k 8RASREL PRLBARD of AREHED SEctiigllS 4-
Splits 18 separate individual condlUctor sets 4 at |east along a portion of

t he | engtdablsf60ghTlals dBeveshadtled elattricalsiable®02 to bhplaedsymprecgasidsintga at | east

t he ¢at eral .f.lexi bﬁ- | i t% tof S@i | ded bel ectri callt cfgbl eb60%. ghi S, aItI ows

shi &f ded BPadpFr Q4 5hTie" 802 T FEOSHTLRE MR TR 1Y% NS SUhB Qi 1 i near
out er j ackpiratc@ndlvidull @trh@fipRrEbAdlicEERRES 4 Hidl drétdldni@doa 2praarchtsdch as to
separate individual or nultiple conductor sets 4 and ground conductors 12.

To mai nt dhsrasespsendigtasses drivd ramdsendudorgdd. Wisulidmay hediseattnugys
splits 18&1@&1@ le%{gﬁcmhleﬁ]d‘&%?ec &?Q%HQEOi%S%gfégln%fna%g 'sgircgﬁcgeéoﬁﬁ%&%%{s cabl e

602. To nma arn e spacli ng of conductor conductors 12
in at | eabindareurehebndactdisdi? iA adfeastvine knid poreloa ¢t of shidldaladdteri& 2atdad02 her eby
mai nt ai ni ng mass-term nation capability, splits 18 may not extend into one
or bdth e%ﬁlg gy BaGtanIng glasy-termgmatigy C‘L‘I@bflﬁY’rF’BEtSi 1§ ragy %qt&ét?né e OPF 85|

cabl e 60200%&&%(3{1&5% i PS%&%?*BQ%&HQH sﬁ%kde&e&ctriéhla&%fe @Rt siH%ng"

punching. Instead of or in co nation wth longitudinal splits,” ot her
sui t abl e sshalge snetifodppehiangsg. nayertvattingrampdnémng Hnse¢adexf oelirecimbicaioncwith e 602,

gﬁ?& SZE:I lglil%@tdmgg !sﬁist% é%t'reg 5%16%)?6 sihra]lgése(?fs O%GI%EIgé r%%§ 1llae tf(g]r(raneld%g S rigllde(fi lel%étirl%iall Ity of
cable 602, such as, ¢.g., holes, ¢.g., to increase at least the lateral flexibility of shielded
20 electrical cable 602.

Fig. 6 illustrates another exemplary embodiment of a shiclded electrical cable
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

25 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
into end portions A of shiclded 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

30 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

shielded electrical cables 702°, 702”. This exemplary embodiment illustrates the
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Fig. 6 illustrates another exenplary enbodi nent of a shielded el ectrical
cabl e according to an aspect of the present invention. Shielded electrical
cabl e 702vp=2onvmBicar to shiel ded el ectrical cable 602 i lPcwatscabassmsn Fig.

5. Effectively, in shielded electrical cable 702, one of conductor sets 4
is replaced by two ground conductors 12. Shielded electrical cable 702

i ncludes longitudinal splits 18 and 18'. Split 18 separates individual
conduct oradgeitaguofghepayabel papacsome efpabitisy @@E}g@lﬁe@pd skyricalecgbles aeqardidal cabl e
702 and t t | d ' - . s I cabl e
702. " pl 1 B PR Ior B ERGal Iy o RBEEL AR ghs SOl S SR B e U o

shi el ded fetreet gimakbneoaklye 702 and extends into end portions A of shielded

el ectrical cahl.e 702, which effectively splits shielded electrical cable
702 into two iFﬁa%-JﬁﬁGallu%Weeﬁoafeat%@q %@mﬁl%@m%a@%wﬁ@- shiejgpghelectgab di ng

fil 8 r i.de: an i f ein
Lot o MR CONUUESR s AEN G HL LR fBhady oo
exenpl ar yllestiacelvarens exdrhplst ofatoastridtieasivbtht algeldofg fillhes qfanashidicdelognsdi ng

capabilit f the shie|lded el ectrjcal. bl accor dj to aspects of the
et 1B BRe SieEh BEestah phine el B R IR EC e il e PRSI e
for ”EFI Si a!ﬁ%llatlfi)ﬁ%%l&lldﬁ-ve %b%eﬁ%@ai& T dplin@he 1&3% hla‘?tiﬁ@ﬁdeeziiﬁrfﬂait%m(

enbodi ments of a shielded el ectrical cable according to aspécts of the

present iaeudwdtivomateFiaysncluding dutmas lgptadith icoppiecrysiliver, elduagumogald.landt r at e

var i ous exa es of..constructions pf the shieldi filns.of the shielded
UPelfr o BTl R P T R R BoRindaTaf b thad ar iRt ey vy
i ncl ude ang@engduitcivdthg LRy 86t [antedtoRiycsRAPaGlimvE, pollyyRIciimidayer . The

conductive |l ayer may include any suitable conductive material, including

but not InakteEluosoctipagnss polypropiienc.aolieiitenc, pelyehenylsac avifigg.oolyrenddr. The
non- C0”d%%%1&%31%%?b%{gr?ne{rkg%?'ug%ﬁ{coﬂ%bwﬁ le%ﬁggelngi[ﬂ}r/ﬁp§£9n‘é %P%n% r&@dg}mer Ic material,

i ncl udi ng 0 polyester, pol yam de-i m de,

pol yt et r gfol yncthaidy yérghaess, gbtones,apylranebbapodporichydnengnthpiad subbemdhesiee.
sulfide,épolyethylene napht hal at e, pal ycarbonate, silijcone rubher, ethylene
pr oyl enel Wi ReLRdRHE PORENSG RYH Ay, Ingluds pug rdnorg jadditiypeand/Qidtligrste 1 ubber,

i es, § Gui ' A8 dAOR; ¥€a b |
epoxi es dﬁ@@déé&%?ﬁ&k%ufa%%? ﬂf%qﬁf%ﬁ&éc’ﬁa&piq?ﬁﬁldﬂgfh zﬁf&'ﬂ%‘r‘ﬁ%ﬂ VE 2aPRhXIRE bE | ayer

may i ncl ude on nore additives an l ers to provide properties
sui t abl e thoshitldegi fitsmagdnelpdt & Catinatmg ddheanolagerdigspetbstwaen theast one of
i nclude,a | am nati.ng adhesiv er di sposed

bet ween (HEEBHANEET B0 14PER “aRU K PHB =6 NG DE 551 THEH & T8y RF o n
anot her appgRtidinatfilhRasdy iRM8dOH stand-alone conductive film. The construction of the
20 shielding films may be selected based on a number of design parameters suitable for the
intended application, such as, e.g., flexibility, electrical performance, and 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.
25 The shielding films provide isolation, shielding, and precise spacing between the
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
30 conductive shield is wrapped around a conductor set.
Referring to Fig. 7a, shielded electrical cable 802 includes a single conductor set

804. Conductor set 804 includes two substantially parallel longitudinal insulated

9



the shielding filns may include a stand-al one conductive film The
construction of the shielding filnms may be sel ected based on a nunber of
desi gn pavermtoerssicsui t abl e for the intended applicati onpC3uskoias3smso g. ,
flexibility, electrical performance, and configuration of the shiel ded

el ectrical cable (such as, e.g., presence and | ocation of ground
conductors). In one enbodinent, the shielding filnms include an integrally

formed s mogd@nt@rg 8961 Tivo eencerlly radllsd phielding films 89Riaet @lﬁm@efﬂ propsd erdickpr
thi cknessj fod gﬁﬁicﬁﬂg@ﬁhﬁg 3% 19%1u£{5rhtc8nf8n9§olg‘é@hem8 1{3}%& §Con 10 dds™s provi de

|solat|on recli se spacin or sets, and
enabl e a ghmﬂ@n@ﬂtmm&td) eaaldoﬂhew@t b@thstdes ab&&dn&nuia@t)mrlnmgatpd oegfstord N
addition, the shielding filns pr nonenqn known

fins fahafe

Sl gnal

suck- out "808rar¢ ¥EBIEaH EEICHRE Y ?a %ﬂ@@ﬁﬁaﬂwmw@em@e%pﬂsl
t I f t

parts cu Fairl LBRUEARN d&éﬁ%eﬁ %11&@%692@?%{& 4 pkigaly Ma;%?%‘éas?]ﬂd non-

convent i ectrical cable ere a conductive s
wr apped awodudiva pobmhnrcthrer 868h. NRef @mdiictgyetpol Fngyic [dggr 8ORD édodedlsellamdt rical

cabl e 802 incl ud S|n l.Le con tor t 804. .Conductor ,set 804 i ncl udes
OGRS e R R A AR e A e B NS

generalIMaﬁg@ggggbngggﬁhghggrﬁahaf 808 are di sposed around conductor set
804. Shielding fil i ncl ude a confornmabl e adhesive | ayer 810 that

bonds shi el di d@efem’lmgzto 808 7b.chisdddtd adectiagal oablh80hinsludesa sihgleonddustarseset  804.

I nsul at e onduct arran ener al in n | ane and

e 1 bt 1 velod T angef S RO G AP RERGRIF ral ¥ Bl PifRiete

Shi el di ngcohilhdidrs 808, Twie beidteal By c}fa@ﬂwll chitMeng fayRro0808adispsied atvang epstietor ve
pol yneric | ayer 808b. Non-conductiv ol ymeric | ayer 808b faces insul ated

conduct orsst Sh@éﬂn\@&ﬁtms/%)&layléﬁese orrpsblp adhgsive dace A1 G ihebbensls- conduct i ve
pol ymeri ¢ h}e?a!l ﬁﬁ&? glégtg%r éﬂaétg% &s BRLJH ﬂctoﬁﬁeft bA. 'Iﬂanét&g E{ggiz[‘ct%%

shi el ded ‘e ec |ca I NC es a singlée con uctor
Conduct or90%eire SBzhgcth gbntﬁiﬂsy inwosisgld plaad ndt fifgctipalydh b ewinagiaboi didicreatial

i nsul ated conductors 906. Two. general |y allel shielding filns 908 are
di srﬁ)sed p&frcf&ﬂl& %ﬁ%ﬁe@érs@%@l ms SR & 4?@ qndpgiveagyer Ha%%néi gnon-

conf or mt@oﬁd@c@ﬁ?%bﬁﬂfr@ﬂﬁer 968, tdlﬁhu&%‘i%e’% Bo&| AOGinfiih @ IRiclRs 6@Eh ot her

on both sides o tor set 904. Insulated conductors 906 are arranged
general | yComduetisi lagdré0ph emg bandpesitte onfovmnyconduaive wolyaeral layer 908 fiengnt i al
pair cable arrangenent. Shielding filns 908 include a conductive |ayer 908a
and a noﬁ@%ﬁﬂﬁ%¥89%3$91yneric | ayer 908b. Conductive |ayer 908a faces

i nsul ated condugt@mhg t§Pf. 7c, shiclded electrical cable 1002 includes a single conductor set
20 1004. Conductor set 1004 includes two substantially parallel longitudinal insulated
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
25 differential pair cable arrangement. Shielding films 1008 include a stand-alone conductive
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
30 conductor set 1104. Shielding films 1108 include a conformable adhesive layer 1110 that
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
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Conductive | ayer 908a may be deposited onto non-conductive polyneric |ayer
908b using any suitable nethod. Referring to Fig. 7c, shielded el ectrical
cabl e 10020i2nol4883 a si ngl e conductor set 1004. Conductromr/used1008$40

i ncludes two substantially parallel |ongitudinal insulated conductors 1006.
Two generally parallel shielding filnms 1008 are di sposed around conduct or
set 1004. Shielding filnms 1008 include a confornmabl e adhesive |ayer 1010

t hat bondhffglﬁll‘éﬁ!lmaﬁgablﬁlaﬁﬁn&@mt thuddian figmp i 0%mchide B condnssvetaygbnduct or

set 1004. dll'()?? e&ﬁ&ﬁﬂv‘é;}%&ﬁ it \gr%ﬁﬁsﬁ’“ Q%ﬁﬁ IFgeécﬁleLMe iagffnalfdz%@g' €

pl ane an naxi or d| eren alr ca

arr angen&hipos&m@w&mnﬁu&tm liﬁﬁaIOMMd@n&oaﬁwﬂfe@bmm&mdmﬁhﬂdﬂﬂ%i film
Referrin Fig shi el ded el ectrical cable 1102 i ncl es a |ngle
conduct or %rél?y Eﬂeaatm&fﬁa%%? ayst 1 h0f40 pARicaRBStiy el gﬁl@gf €7 AU paral I el

| ongs t udi @ﬁHg 89 0$LRAUCH OISt NATYeR] erally parallel shielding
fl|%% 1légﬂgpg %% Ogargun ggoﬁ&égg%?I%%tg§?04 Shielding filns 1108

i nclude a conﬂhﬁﬁmbgéaddhd&gvbcba&endﬂ&mﬂxmhaﬂ%bomﬂsfﬁhddhﬂﬂngnbﬂkmbb1108
to each her on h si of on uctor set. 1104 n conduct ors
1706 ar e 4l Cingud TeHEAnT e AT A GO ahisTERanoRy Sia 58Py At gott

twi naxi algj Rk éF t4Br@nkh@br Rk 'n &b bRbadinfne RUERtmalIB hehdivadafdr 1 0%nal iR8
include a conductive |ayer 1108a, a non-conductive polyneri'c |ayer 1108b,

and a | ardispaséchon emthefshieddingfigns &Jlosnofdimsmlsnhlmb@t mémmdv&ﬂjzu&mw@lalyalyer
110 duct I b i hatir
contticr | v/l B B5HESY F EBRAATEERE Al SodBramins RERSPE I RTMERN Bt s ve

| ayer 11(&&%&@&% ald A& PRI re @ ael ke IR fSiti e Béhd H:é@\fz@dfnrdh[wdlh%ﬁkmﬁ g Fig. 1,
conf ormabl e adhesi ve | ayer 10 of shiel ded electrlcal cable 2 is disposed

bet ween sPrtEnglingonfarmadlg adhesivsdrrs 18mmas PYge Bn inpslagve bordediweth@r on bot h
d f
hyer 30 BT DuCONMAKAL AL s Sag RIS TR TR o QUL e’ v

| ayer ano
enbodi rrershleldlﬁglﬁﬁﬁM&bhdag@dhéSd)n&lcioayEI Caforapbeddespolage I@mbypindlugibiael di ng
filnms 8. Conformahl e adhesi ve | ayer 10 may include an |n§PIa%|ve adhesi ve

and!dr ovic9adugiive qdhgsiziciand PERAdE »EQnduEtvand| e epnshiciing Qntignally,
conf or mkl grARHERI, gﬁesllvae%’ll er}® JRRYp LAY 'a@%n&é\%tl'v@%Hﬁ@ﬁét%@expﬂrlgaspgﬁé’\@fen at

| east one of shi el d insul at conductors 6, and between at
| east onemﬂﬂmsgﬁhhd8agdgmmndc@mhmdwgtbdNHMMGndmh&ﬂvswﬂ@mv@bmmbwnable
adhesi ve clo%g ctive pal[’;ra Yes to pr0V1cFe tﬁe flow of electrical current. The conductive particles can

be any of the types of particles currently used, such as spheres, flakes, rods, cubes,

20 amorphous, or other particle shapes. They may be solid or substantially solid particles
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.

25 The metal-coated insulating material can be substantially hollow particles such as hollow
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

30 continuous adhesive layer extending along the entire length and width of shielding films 8.

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
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conducti ve adhesive and provide a conductive bond between shielding filns
8. Optionally, conformabl e adhesive |ayer 10 may provi de a conductive bond
bet ween avolemgmswme of shielding filnms 8 and ground coRrdwatSer1s/ 0330
Sui t abl e conductive adhesi ves include conductive particles to provide the
flow of electrical current. The conductive particles can be any of the

types of particles current”y used, such as spheres, flakes, rods, cubes,
anor phougtlongrtheidmgth ¢rayidihcofshichdipe §lmsThdp oppymbedigisnt. disspntsiieys aghesiar| y
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several teps of mcrons to nan er sized material§ such as carbon

manot ubes bR HUBIsORER ittt Y8 UGS P8 hEPraSY o EP UL S (fiduct | ve

pol ymeri Ghigdihg Xilmd 8. THIEmA$ B GEhicwQANE F, BRRLBCAFNES hyiRshR¥Smuldigiy 1 ncl ude
a continuous adhesive |ayer extending along the entire |length and wi dth of

shi el di ngefordimglyg Anl advanieghel thssydbetve auhioratabissthaidhedding filmy 8rrel0 may

i nclude a_dj.scont i s adhesi.ve | ayer . For ex | .. conformabl.e adhesive
oyl 3o e BB BRSSP e LR B v o
shi el di ngohfdribid adhdsiv@ ey Moad torEtureddb pednldd NbeMBbARBESIhYEdina Yigs 80
includes a plurality of |ongitudinal adhesive stripes that are disposed,

e.g., on Brbosilpesesn osaenmeriaetied carductpr rigd ghisldiee Bomdudrbis 12. 1 n
one e”bo%hﬂﬁgﬁt%aﬂlggag@hgsg&h}g. Rg Qﬁxﬁn a e:o?ﬁggﬁéh%si'vg%bgﬁ’%ﬁﬁa@oﬁl is ffie gléﬁﬁ?ed"f a

pressure sensi esi ve, er nose esi ve, and
a cur abl eocaditesisbeure hnthore tenbadistiiting Gomé Orombimelimiheddade] basied cdlei s

configured to provjde bond between shielding filnms 8 that is i

subst ant ity a@m)ﬁ@ E‘Ft?etIﬁ%ﬁﬁf%{“’é’éﬂﬁ@%@ﬁ‘&é‘éﬁG%FFJGSFC%%IH?Q@B‘P%?%WC&B%uct or
6 and shiglsdie ﬁfnﬁ‘és&%uitlﬂh%oﬂ@ytr&%ﬂ% f%eéhos&r &Sﬁd 8y tk%%@.ﬁ&éd’g the
adhesive fornulation accordingly. An advantage of this adhesive

conf i gur appbentios. Inhae esthiodinkm,grohfdrmebl8 adhesivedaghirl 1Y) hes nitpplaisiseof lessm t he
insul atiq

o B e i 0 P e 0B 200,
and a bongickedsWeenRs9Man about@I(S masul at ed conductor 6 and shielding filnms 8
t haEO are Conformable adhesive layer 10 may conform to achieve desired mechanical and
electrical 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
25 curvilinear outer jacket, e¢.g. In another aspect, conformable adhesive layer 10 may
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
30 maintain the position and spacing of insulated conductors 6 relative to shielding films 8

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
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substantially equally strong. An advantage of this adhesive configuration
is that insulated conductors 6 are anchored between shielding filnms 8. On
bendi ng sWoebtedsshiectrical cable 2, this allows for |iPCrascabassse
novenent and therefore reduces the |ikelihood of buckling of shielding
films 8. Suitable bond strengths may be chosen based on the intended
application. I n one enbodi nent, confornmable adhesive |ayer 10 has a

t hi cknesstdbesiyelgsert anayaembernptoidagtyely he pagsiely ef perdple meyad between

conf or ma LVE ' 0, 18 t 0.05 mMm
Conf or m%%lggggﬁ%gl %é%%b%\geér}flaa@m?%‘%%s%ﬁnf?Saac{?flggéﬁlgfeé| %%?S?ry%c hani cal and
el ect ri calledpédallgrcontactecach athac inghesstares, whick hicetadedthe kretrichicpdrfociabhe of. | n
one aspect, conformabl e adhesive | ayer 10 may_ conformto be thinner between
shi el di ngsthﬁl‘feﬁisel@ﬁi“‘ﬁ‘ sttdes Igen haS@sﬁdmf@Fna@Eq %dha§1VW@hlq Ry egrden gt

| east the,l -0y [ rJ 21 4140 | ows
shié?dedqgFgﬁgpgbg%hgg%$gh%%¥gﬁ%gagf%%gﬁguﬁ%g&%gg?%%“%ﬁ?%%g%gﬁggﬁﬁ?ﬁ%ar
out er | achdtgromdgondlurtandfhés a aspkcgrounbedndnoatsl 1€ dditesillyeoh@ayieat Bt may

conformto be thjicker in areas imedi.ately adjacent conductor sets 4 and
ubst ant 1Ry B Hrtse Bofiauerar Surs et B FRer EagedorRe Fetnani ca
strengt h @pddRnakbesl EMED NSy iEH I bdiTBARatIOARR O 15} € B1ifg bEiWwddB aB 1 N
t hese areas, which increases the durability of shielded electrical cable 2,

e.g., durltasgond efhrydiog filmhe 8 eadhkround gordigiars b aspdiitiss helgpeintdgondictarai n t he

position and spaci of 1nsul ated conductors 6 relative to,shielding filns
5 2 bng t e PERE i 1Be ey colReig bR BNy HDyp s S0 Rl PLEEL S nuni £ or m
i npedancdn®fgegsuperior signal integrity of shielded electrical cable 2. In
anot her aspect, conformabl eadhesi ve | ayer 10 may conformto effectively be

partially of doapRatsiNusiateghecs othor wsxrpplaty enkadigents phe stgelidpd eleetsisalbet ween

conduct or t . I i iLng: i Lcal by - each
other i n Fhsaseduisilo dulsRdrine e fvpion, FIE, &£ Febhodlal iRERIAN
shi el ded ihectd ¢xmalplaaliltiee Pacdnenasdgioerid aapi@ctors inahd dri¢ctadl deacdbdshbies.| ayer

10 may conformto effectively be partially of conpletely renoved between at
| eas? oné%FS%ﬁ‘gla&hwg‘feﬁ' Y@?ﬁﬂ Paﬁﬁe Brivend eEmd e e @ze.ld-@l%{d?cgsm t,

ground coiduet.e E§olés2ahc%r%ﬁ{gr tbG@hdck c?‘?l'i\% ﬁr%Een?f‘inleeﬁt@o?{ cdAfe é?z)urﬁila%i% &'hﬁ‘lﬂbéeﬂ; ms 8

in these areas, which increases the electrical pertormance of shield
el ect ri calf voablle ode afeen thef graudhéandoanisal evatdadly adhtast ar écabtayrerof e exi st s

betveen, 8L eash one Bla Tk Shokia, LLTR,2, srd o ol condietarp iz,
layer 10 fjighsemtiaRlarahg@h&ttthé Rung 0Bt Retor@ay also be referred to as “drain wires”.
20 In another aspect, the ground conductors do not electrically contact the shielding films, but
are individual elements in the cable construction that may be independently terminated to
any suitable individual contact element of any suitable termination point, such as, e.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
25 shielded electrical cable according to an aspect of the present invention wherein the
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
30 any suitable position external to the shielding films, between the shielding films, or a

combination of both.
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intended. Figs. 8a-8c illustrate three other exenplary enbodi nents of a
shi el ded el ectrical cable according to aspects of the present invention.

Fi gs. 8a-wo 2aroei48weci fically intended to illustrate exampiras2ab/osdveo

pl acement of ground conductors in the shielded electrical cables. An aspect
of a shielded electrical cable is proper grounding of the shield. Shielded
el ectrical cables according to aspects of the present invention can be

grounded in a hkafevae toFigdgshicldedeiestrigapedile 13Reingludermisiagpgoredustas sct

el ectricajl t t S i J: at

ar oundi ng 2O SER BdA AR ARG S B T P T RaE MR ™ | (i
ar r angenmehduditng 1g0@ UMb ganrelligtparalchshicldlngdilbe 1208 ercrdigobal @asundlr ai n
wires". In another_ aspect, the %Qéﬁnd conduct or.s do n&b electrically

contact tI9BILHPTECHIHY: £ IO 2shes YHidy i ld s Esrarehpeviern eiheldignl e
cons r uctdigi bhdhy n(fg%hfeﬂgﬁg)ﬁfﬂ(ijseﬁd@fo %?Jh%tﬂéft(ﬁlqoott@siﬁ@oﬁ%h&@&&esﬁt

i ndi vi dual contact el enent any suitable termnation point, such as,
e.g., a claftaansulaice vemtucams &2(r dirateangeidreendrbllp osa single plankiasd affeanvgbnent |
t he ground condyctqrs may. al.so be referred_.to 'ground . wi " ig. 8a
1 US £ are B e Ay oL RO Eh T HE g e Gl A el okl T2 der

accor di Ngn¢Rd@n FSRER ofProlMEcRUESER 21 MBENiHRA WAL td sHiBRingrMHRA 208.
conductors are positioned external to the shielding filns. Figs. 8b-8c

i 11 ust r at@roungd cenduniorall 2embpldtereomes, wtlera aghpe batbdidss of toriduator seid 284

o e hos: el Baflkud el BRETy MYERE PR G D 2R PR The ™

conduct orsh&gding Gnfs mommegﬁgi@wmd@@@@ UQll DI of¥eYvdORinkl @2eedndlideany suitabl e
position external to the shielding filns, between the shielding filns, or a

conbi nat irsateeivedayd. 1R8Pesnd Hpdhesizs lyersk2208 hpediges gras¢csive tayeal 220880 e 1202

i ncl udes a: $i: Q t u .0d: - i
subst ant i T TR Lfiaf P FiEo Bk gondittor Jar S S il P DT H Rs e
gener al | yrpardaddnalicteiRilgll 2inag bieishirsurld2dyaneudir spadedvasiociddsuechnswct. oo set

1204. A conformabl e adhesive | ayer 1210 is di sposed between shielding filns
1208 and 088%‘%1@%?3&1’&“ gnpouferinsylagise jasket{ppt HBPWBY on bot h si des of

conductor set fd04ingh&FH. %%ﬂj&@é&%&%&éﬁpé’cﬁ@%@% ?g@éi?%ﬂgﬁ QBRI Y 1 N 2

single plane and effective In a twnaxial or tral pair cable
ar r angenelidV4. Gmdek e detd364 indwcleb teabibstahf@lPy paralldldongitndinabiiesulatepl ural ity of

oround, conietSrSa210 ORLLl R1e BXL ARl 40, SHREL 0, L) 18 Jp00. o ound
1204. conductor set 1304. A conformable adhesive layer 1310 is disposed between shielding
20 films 1308 and bonds shielding films 1308 to each other on both sides of conductor set
1304. Insulated conductors 1306 are arranged generally in a single plane and effectively in
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
25 ground conductors 1312 are spaced apart from conductor set 1304.
Referring to Fig. 8c, shielded electrical cable 1402 includes a single conductor set
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
30 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

a twinaxial or differential pair cable arrangement. Shielded electrical cable 1402 further
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Optionally, shielded electrical cable 1202 includes protective filns 1220
surroundi ng shielding filns 1208 and ground conductors 1212. Protective
films 12280200l udsisia protective |ayer 1220a and an adhe®Craskaymssoi®20b
bondi ng protective |ayer 1220a to shielding filnms 1208 and ground
conductors 1212. Alternatively, shielding filns 1208 and ground conductors

1212 may be surrounded by an outer conductive shield, such as evgm, a
conduct i viclhdesia luahEy efrérewndegontpeions el Y posinencstbepwiesn sBiediing filmet &8t i ng t o
Fig. 8b, i I ' - i Si gl o et
T30, - Cortahel oF eaoR bt 1 R I R R R A P RO

i nsul at eccoadindoistiat B adBidbulaitdeogdrerral406 ganahh@ld ggherelldimgsihgleptant308 ar e

di sposed around caonductor set 1304. A éﬁnfornab e %dhesive | ayer 1310 is
di sposed bet wdass- A8 30 srempiey eaiadimsabiel avgleqtaral gssembhg 1308 to

eachs ot hearccﬂrﬁgvggé E{g l%%&%?ot%e E%gﬁ gﬁ 3 tiér‘?{enkﬁ%ed th Q?)Wn?etdqgrcﬁﬂ Bguat ors 1306

are arrange y In a ane and effectively in a tw naxial or
di f f er entEladtripaiasscodiby &5@r inaelndenesiticld@h¢ledtded cebledt62 eml arcalbétacdl302 f urt her

includes a pluralit f d, conductors .13 osi t.ioned between shiel di ng
1. 308n B spoit B 4P SRl otk 55 B LB PhO BOREIEt or st
1304, andiphMRofductd?@etd oo grraRE Weh@haidy th3ldndt 81anPACRH cBR@Ictorfstom conduct or
set 1304. Referring to Fig. 8c, shielded electrical cable 1402 includes a

si ngl e cdndudesdwosabstamply paxstduongtudse imsaedi qonHuders 1600 Tsubgtraraliyal |y

parall el | ongitudinal..in ted,.conductors 1406. T ner al paral | el
Pht B0 o ng PIELNSLIBE bR b S bGP Rh SeltRon P LR BB ok BB o1 o
adhesi ve ddaysve 24401 510 igdisRRsedcthatmeasldsip fah@isgs bhd bendb4081dandfikends
shielding filnms 1408 to each other on both sides of conductor set 1404.

| nsul at ed 508 #Rierchaitler padethayidesof cagiyrmdpetaesal P94 iGable dipngle iptlamaedind
Abdabe ; S ) § e oo ded

o et ri oaloulspyBe iihR i 814 i EREM A Al f 2yE 1303 ARAFHRAL Ien? 1 075

posi t i oneamhelEsheklingstilinal 1608 gldcirlcally tdiiscts édble dip 1382, gablartp d62@lisct ors 1412

are_jincludeq in, conductor set 1404. Two of the ground conductors 1412 and
i nst? at ecfoegal&rﬁég‘%%ﬂ@w@népé gé?‘u‘%@é‘&“t&én%?&%f-ﬁ»rPO&taéi %améntph%ﬁ@n Fi gs.

9a-9b il gd%&ftécﬁéiﬁuﬁ%o%el%ﬁh%%sﬁm?&di ?F%ﬁﬁd BdnrRBtidH RN EdrClicl AREEERY a1

according to an aspect of the present Invention termnated to a printed
circuit bebled50Elerd thei graindasfeerisk yCABOp ma) bd ésmanasdi telthiegroehé oifercoad

cabl e 1502. and an. el ectrically .conduct.ive ble clip 1522. Shi el ded
ol ect r i cdiiney suiahismethof el oliEn gy IgREoripaie Mechanicd! clamping,

and adhesively bonding, to name a few. When terminated, cable clip 1522 may facilitate

20 termination of the end portions of the conductors of insulated conductors 1506 of shiclded
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.

25 Figs. 10a-10g illustrate an exemplary method of making a shielded electrical cable
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

30 suitable length. Insulated conductors 6 may then be provided as such or cut to a desired
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
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apart conductor sets 1504 arranged generally in a single plane. Each
conductor set includes two substantially parallel |ongitudinal insulated
conduct orw02B0BI48TFMO general |y paral |l el shiel ding fil nmsPtPaB2@0038986posed
around conductor sets 1504. A confornabl e adhesive | ayer 1510 is di sposed
bet ween shielding filns 1508 and bonds shielding filnms 1508 to each ot her
on both sides of each conductor set 1504. Cable clip 1522 is clanmped or

ot her wi senyltiteyehweb mgy & fempdpsing iy sertabdhmsthed dsush @storg. caamtige®isevids02 such
that at |eas f i,el di fi i..cal | - clip
1522, “cat @ RPFESnEz R RdtRR o bR oitP B GRG0 b SR AR R FERLE e
suchbias, hrﬁa}gthﬁn begtoazﬁxtedals Sﬁr&iﬂbrbcilﬂolzﬁd@ire@leingtlijdldftirmdiht Slla)i@mﬁ'mt;)gl filbdsdg to .
establish a ground connecti on between, shi ed electrjcal .cable 1502 an
the gr ouﬁaasf‘é%fﬁefﬁ%J fez'aV%tremsverﬁaﬁmeiPO&i%tﬁil%@aée HibtlHE iyt§und ref er ence

usi ng any E%"Pltdﬁﬂ!l 8irf®&io gﬁls Hh@ﬁét@&'}ix{‘ﬁiﬁ.s C}ﬂ%‘ﬁiieia% MesH B9hdE ChiBEASb e
mechani cal’ anpi ng, and adhesi vely bondi ng, to name a few, en
t er m nat edhegablagercllO, prhich2Raynteeyfolmed b slatldirtgehilmsriatsimgnangfsutthide erthqalor t i ons

of the conductors 1of. i nsul at eg conqu tors .1506 o({. f‘lpi el ded 1eI (?;%trtcal cabl e
1502 to YRR & f-Col UREAIRS 8F SERTEERSR e b iHBtFRLcd 1o 198, 2 gty ghnt act

el ement s {16108 BsHdAERE &€ igiGHdtcoR@@téhs 14, andihRldRg figheg bfd fiBlidedl e 1502 may
i ncl ude one or nore ground conductors as described herein that ma

el ect ri cdbimying el 24tis praided farming®pl Rhingbidies & pair pbfoomingretledth.@bbat | east

f i eldi fil 1508. Fi . 10a- 1 il } . hod
OPCIk maSg bt R dat e o XRanrRiorm Dbt s SR SRS TRl T ey
i nvent i onncl&@egbité e&lThytlatkd 8nduddas 6, LeBlnidl doHgldtat @2 aahdekengih@rfiymsetieod of

maki ng shi el ded electrical cable 2 illustrated in Fi %@rl. In the step
i |1 ust r atés@nped gmegrdingty the eenfigatasion ob siclded elsctpical @bica: gadiposiiongddny

sui tabl e . , 0.7 ¢1€ [: u ybe
f or med ofﬂ}g}%ﬁ/l qg'utf) t? %@Pg}? f"e”r%gﬁﬁ’. 2 bh%{rm tchgkg uec(ltogl%%g%ﬁﬁgg&ﬁﬁ(ghﬁ%gg gfovi ded
as such dbrming rdlds Zoag26h areidibered betweErotonthirgoiotisi260126b IEbrimyg el 24or med and

provided in a siml fashion (not shown). In the step illustrated in Fig.
10bl5 shi etjpan%ﬂnqlgﬂn&g{l@S&aémfnér% uctor sefsgnd graynd condmeirt 14 adehonden may be

for med UShMyARYIAUE LARIcR ok BAGorSHE of SactfeciductSOW I AHRURDUA de Web
processing. Shrelding filns 8 may be torned of any suitablle | ength.

Shi el di ng:ohdﬂlanosrsgzrﬂdyatum_rbdy@phc@td fdeititas boudip. ddthough inghm cdéwidimacht] engt h
oo W S Bl oo B TSP bR 1 BRBERERS e
i 1T ustratg@giding Flds 8 10ch Dbl bBh didds efehl ARUHLAS: £0NhAd BRhE
20 conductors 12 occur in a single operation, in other embodiments, these steps may occur in
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,
25 shielding films 8 of shielded electrical cable 2 are folded and an outer conductive shield 30
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
30 folded shielding films §.
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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adhesive layer 10, which may be formed on shielding filns 8 using any

sui tabl e nethod, such as, e.g., lamnating or sputtering. In the step
illustratwd2or/H8w1 10c, a plurality of insul ated conduecons2@o/0sseund
conductors 12, and shielding filnms 8 are provided. A forming tool 24 is
provi ded. Form ng tool 24 includes a pair of formng rolls 26a, 26b having

a shape corresponding to a cross-sectional shape of shielded electrical
cabl e 2 anecifigadlyugengedotiBustgite gnexampleef the penfermaing of confpnabdc edhssivet or s

12, and i [ i . r . ihg to the configuration of
shieIded%g*%%géggaﬁéggﬁpég%%ﬁ%ﬁg{ ggﬁﬂpgﬁ%%ﬁﬁﬁgproxinity to formng rolls
26a, 26b, aft dn thditehillubeatediveFigoniayan antilatedfeedducadra 606} egrdndéorddatist ng

rolls 26a, 26b and di sposed between forping rolls 26a, 26b. Form ng tool 24
f or ms shiléllaiswefliap%frsmdmﬁade @rééo@épétwémeldmgoém 168Ratsct or 12 and

bon shi I t 3 i or set 4
and Br ourli? Cund shictdRe fih® | EREAC R ool ABe e 110 BTl g
Al t hough stapstilhissratedino digsehtb- 1 Foo shreldgngsfilines| 1608 gref folmed &oandinsalatednduct or

sets 4 and grou onductor, 12 and di shi.el di filns. 8 to each other
on bot h- SPagLTe (togaRd eiman oot 022 BrdBeRt e el BelioRocour n o
si ngl e ongah@kk@nin 14&% 19b N&nfGTRORY AMBi o 1ay 018361 G 5tAPRaVERNCIPEEENall tRicRARET at €
operations. Fig. 1 illustrates shielded electrical cable as it is

f or med byA§ e homyng ewd bamling of shivkdisg §pms 1608sproeteds conforingble adkssive

| ongi t udi nal li1s.18 are forned between conductor sets 4 . Splits 18 may
e Tor medeie IfdoR i Ruthi P AR e BlelRE e T RREHEh S R Refurssot hoo' such
as, e.g.,chhRskrisdstdfishigldet cRUfal able 1602t BeecsiRBy] dslilgdtraddad Fig 1feg. 1O,
shielding filns of shielded electrical cable 2 are folded and an outer

8
conduct i venknmablg adbesive layey | dbcoafaron@ berbinpey kepssicanHihedldina gilms 1688 @ usi ng

any sui t aple Rt gl bIRuSEERodd LdSho A ESbullibl 1oL 0Bon R put er j acket

32 is provided around ou conducti v usi ng any sultable nethod,
such as, @nfprmaklxtatibsivaniaydry 16thdisplecsd adiaprginhstheaikireds. Eorichrcdond@nmbicel d 30
may be omtted and outer jacket 32 may be provided around the faol ded

shi B di ng?ldiﬂ?alvﬁslage.rs fp HE conforz fo e f@lqkﬁq gL dRme @éﬁtlm%aw Hulsiednpl ary

met hod of . AadiA9 6d6 2l g{&ﬁq cBhARLS 163, aqlatgh@aﬁfaﬁgfébmnmo AuAkpect of the
Figs. 1lla-I | I cal

present inventlon. g C arespecl Intended to illustrate
an exanplendictorhi®06@andl grovind gonductm b2 refmreon dhesiferenabbryeihssidulayery t he

form 10 apdtons na ot st ol 0 pg 11y 1 oo L GRH St B, 5
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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1612 spaced apart frominsul ated conductor 1606, and two shielding filns
1608 are provided. Shielding filnms 1608 each include a conformbl e adhesi ve
| ayer 161WO 2brm/mBw1steps illustrated in Figs. 1lb-1 1c, pemiuskaiongsBo | ms
1608 are fornmed around insul ated conductor 1606 and ground conductor 1612
and bonded to each other. Initially, as illustrated in Fig. 1lb,
conformabl e adhesive | ayers 1610 still have their original thickness. As

t he for mmgn@HINHBETHGItEN POHIW Hiasybstantiptly teugan covfauationcdedothaabl e

adhesi ve r C el ectrical
pert or madt S RGN SHI A GET) ALRrRloEHGa A7 BlchRfts TRERARR 7 e

Speci fi ceellécymnagnetticl fidd dextigxtbn florkiag.iddal te@ncenivfcasanfabbethadhdsitore id thger s 1610
conformto be thinner be&gﬁgn shielding ilnms 1608 on both S|des of

i nsul at eFORBHIIEb I hsEareirFogialpfdhe etdigttasion p iys transgiypagtionglong the
conform i Furt her
conf%rnagkgﬁggﬁggﬁggle%%%%gu%g%%kg%ﬁléﬁﬁgﬁg ti ﬂg%ﬁﬁﬁﬁg?éggﬁanedlately
adjacent(thuFQdeaddhdUummueWﬁﬁﬁsanmmgmqumﬂxmundmmbﬁaﬂﬁﬁd@idaﬁdaﬂ

substantiall]y co formto | | at ed conducto 1606, and ound conduct or

1612; a p?&HfﬁaBﬁor ’f‘lgéBH?P&F*r%e?g PGSRV R ‘f‘tsm%%a HPEHTIRE Pt 0 t hese
areas. FUfi{fdgéd of & QrusapPligesasteséoRub@y sits 1610 conformto effectively be
renoved between shielding filns 1608 and ground conductor 1612; confornabl e
adhesi ve | ayer&efqrﬁine ngivsplFagse 1 2endiyb, fshighdet Iebostrical exdbe blﬁihnctlhé@s agsilcglﬁd

conduct or el aII con s _shi el di cert

cxotthr ar vrobfidorisEHd Enateudi el Bl nPUlE e longMR B R SEHA B as pect
of the prl%@”l“wb RYeRLllyOFarking khigRiSn i lndsAITH tak OdisBEd LSNP O&duc@nest 1904.0ne or
both sides of the conductor set. This transition portion is confiqgqured to

provi de h‘?ﬂgﬁpt@ﬁm%@lﬁra@tﬁ gdheyivalagest H8iindispeped beiaesn slipidire Bims B85 hi el ded
el ectrical, d% R&seshl%hgtr?ﬁ&'l @gfohéaéh B{h%ﬂ?ﬁ Bbtﬂ@hd%%%&oq{au%r Qet%‘?‘l%t antially

constant configura udi'ng aspects suc e, shape, and
ontent)Iahﬂmgdt@mh&emgﬂmsmhﬂ%h@wﬁﬁa@MQ£duﬁh@@bﬁﬂ@ﬂhmgﬁhh&aiaﬂﬂé|tates t he

shiel ded el ectrical .cable.to stantlall uniformel ectrical .
proopert i g&ranggrpentahiclding fi msr%ﬁa ¢ aggendpctiva daret il 6P 394 ¢ nonondugtiven
mode con y%h&ib la§é{rel 7@8’!5‘ r@d?ﬁuct?sféqailértﬁ@ga fa@&Cihédlé}@@k&YducioPs PRI6t #hid

enbodi nment such e.g., enbodihents whereln the conductor set includes

two subs tc@nﬁglaiatlgn pﬁshadldileg filom ¢V @udismailarito shed @hédumoodotihoelding fims 08
generally in a ef fectivel diff. rentla

Ia e
oo eabrbouninRisn T RerRR Rl terton i etith Sy ok TBR T p By of i
subst ant 't@'tﬁé/c&lﬁgﬁltaﬁﬂﬁ oPﬁﬁélHﬂllgrfﬁfn's ®08 IhANDirt B, 7a, shiclding films 1008 shown

20 in Fig. 7¢, or shielding films 1108 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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| ength of the shielded electrical cable beneficially provides substantially
the sanme el ectromagnetic field deviation froman ideal concentric case for
bot h condwmot2oreg148181t he conductor set. Thus, careful contcolused1obs®3o
configuration of this transition portion along the I ength of the shielded
el ectrical cable contributes to the electrical performance of the cable.
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is simlar to the configuration of shielding filnms 908 shown in Fig. 7b.
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minimizes the capacitance deviation and minimizes the required space between multiple

20 conductor sets, thereby reducing the conductor set pitch 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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such as, e.g., a substantially signoidal transition, provides strain and
stress relief for shielding filnms 1708 in transition portions 1734 and
prevent s warmapel48wishi el ding fil ms1708 when shi el ded el ectrrise@l/ossbé e 1702
isin use, e.g., when laterally or axially bending shielded electrical
cable 1702. This damage may include, e.g., fractures in conductive |ayer
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electrical .cabje contributes_to obtainjng predictable electrical behavior
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YR o SN N S e T KRS
instead afbQghidUythARSHE. Fhebrt QnifhienadbRy Qlbsivd B9 M0 thdithave a thickness T,
20 in concentric portion 1708, and a thickness in transition portion 1734 that 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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transm ssion line wll have no inpedance variation along its |ength, but,
dependi ng on the intended application, variations up to 5-10% may be

accept ablwo 20481 el ectrical characteristic that is ofrcensecansssdes ed in
tw naxial cables (differentially driven) is skew or unequal transm ssion
speeds of two transm ssion lines of a pair along at |least a portion oftheir
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shi el ded wdsctetianal arcahl 844 TGy vianylceaibhn PO'ol aydea kengthoyfd-webhicldadl ar ea

173 that is [ han. a, cross-secti onal a 1706a, of nduct or 1706.
ne 08t " ostuteeF FRs Fo2 BRY inf SRR Ay, BT Poshdnd S piRERETEN nor tion
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conf or maly, 6, AdNESEY BidkBYEIT, HAdHatdB¥odtR¥Rr 376 hEKIESRERD, | A dRARELbE!
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parti cul agitigh a@ctifldakARS Sudnat c.b S withfRs-20 % dfaNarldli Blfeaste MfucOfuchRb ckness
Tap , contributes to the strength of transition
20 e.g., 50 Ohms, over a given length, such as, e.g., 1 m.
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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portion 1734. Careful control of the manufacturing process and the materi al
characteristics of the various elenents of shielded electrical cable 1702
may reducwowvari@gicons in void portion 1734b and t he thi ekmas2010/038930
conformabl e adhesive layer 1710 in transition portion 1734, which may in
turn reduce variations in the capacitance of cross-sectional area 1734a.
Shi el ded electrical cable 1702 may include a transition portion 1734
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conduct ortranyigien Ragioan | §3spesiionsd op hotkmidesof Tandusia setr B4ithat sachyaeluden 1734
h | | |
ey have Congaﬁ al éf%géﬂh WBQ[% 1.'h§ s%lﬁ%iff)}c&? dg%@éﬂ 285 QR34 G aﬁﬁla@ 34 nmay

| nsul at ed 12d"a di A ransition por
have a | ahesahe dtlemgthte lértgth bfdonidactbssIS06 hiear edaapket thie shia. of'EhEs-\SecrtlotnBIlS

configurati on escri bed above may pr ovi characteristic |rrped nce t hat
remid ns ViTEHi N34 Ba¥ VR ders AR 078 Qrer aalgngtg S .\ in pAdigon, cresssetionat ar get

i npedanc%ré’a%llli!%a SHGHL@stiafly the sanl o0 @ﬁnmﬁ&??ol"ﬁoﬂé Y& alr@&%sﬂmtél%h as,
e.g., 1m Factors that cont¥ the configuration of transition portion 1734

along t heid@&imglt thtsfcosﬁglahdmdoﬁiramsttmqmmmﬂ R34 tiAQ prondd admradtaistic
non- conduBPRVEERaTaE: reiapEd SR A i Erea s e e D10, ana
the bond rghhRNGHkIn RAVRRITahSS Yht Rde. 6 ORGUET 21 0%/ R t8REt 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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shielding filns 1708, to nane a few. In one aspect, conductor set 1704,
shielding filnms 1708, and transition portion 1734 are cooperatively

conf i gur estoizn1camasisapedance control ling rel ati onship. AnPCEuSA@EN0088930
controlling relationship neans that conductor set 1704, shielding filns
1708, and transition portion 1734 are cooperatively configured to control
the characteristic inpedance of the shielded electrical cable. Figs. 13
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may be positioned on both sides of each conductor set. For example, the shielded electrical

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.

The following items are exemplary embodiments of a shielded electrical cable
according to aspects of the present invention.
Item 1 is a shielded electrical cable comprising a conductor set including one or
30 more substantially parallel longitudinal insulated conductors; two generally parallel
shielding films disposed around the conductor set and including a concentric portion

substantially concentric with at least one of the conductors and a parallel portion wherein
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cabl e 1802. Wiereas shielded electrical cable 1802 has individually

i nsul at ed conductors 1806, shielded electrical cable 1902 has jointly
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identical to transition portions 1834 and provide the sanme benefits to
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i nsul ated conductors 2006 and 2106 and that the configuration of transition

portions ®@0ductend 2134 is carefully controlled along the Iength of shiel ded
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further exprphandesarBodbAPBns pNiLbEbnoBCEitésCaH theedidastonssgor di ng to
aspects of the present invention include a plurality of spaced apart

conduct or set dtea? p ange ghighisd elecirigal grble afiitegl & whaaeia theeamLtodOHidsr set

i ncl udes . r iall r.al: i j I I

conductof%&§ %&”§§ﬁ§?§%?§&%§¥%'%é%dgﬂFgﬁgﬁﬁﬁhﬁﬁ %%yg?gééfgg%ggﬁ%ggbund t he
conduct orsubgtigtiadlygdhe suedcudengthpllangeld ofitiic obnduoteeent ri ¢ porti ons substantially

concentric with at .| east. one of fhe nductors and a plurality of parallel
por 13 ons wher S P figt §ﬁ]i“éld8§ ﬁlfcmcrlw%gﬁ%f bR S rsttion Hoptions

plural i t Va0 irfcl RS drdQRcBRnl Q8BS HETWHIRE Y TSSO dh B drb LibkeaNa§ he.

conductor sets provide a gradual transition between the concentric portions
and the phesdnh@l portions of the shielding filnms. The transition portions
may be positi

Sy ol dod ol ectFFEAR BaRTE S EREPLAERP B TSR b rORB g are
conduct orgyp@htialifQdentither ei n i nsul at ed
20 Item 8 is the shielded electrical cable of item 4, wherein the transition portions
cach include a cross-sectional area having a void portion, and wherein the void portions
are substantially the same.

Item 9 is the shielded electrical cable of item 1 further comprising a conformable

adhesive layer disposed between the shielding films and bonding the shielding films to
25 cach other on both sides of the conductor set.

Item 10 is the shielded electrical cable of item 9, wherein the conformable
adhesive layer has a thickness in the concentric portion, and a thickness in the transition
portion that is greater than the thickness in the concentric portion.

Item 11 is the shielded electrical cable of item 9, wherein the conformable

30 adhesive layer has a thickness in the parallel portion, and a thickness in the transition

portion that is greater than the thickness in the parallel portion.
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conductor 1706 is effectively arranged in a coaxial or single ended cable
arrangenent, and one or nore conductor sets 1804, wherein insul ated
conduct orwo2806I48r6@ ef fectively arranged in a tw naxi al por/usedivessesd i al
pair cable arrangenent. The conductor sets, shielding filnms and transition
portions may be cooperatively configured in an inpedance controlling

rel ati onship. The foll ow itens are exenplary enbodi nents of a shiel ded

. -n . . . o . .
el ectrical cabfan é%lﬁdh@lﬁlngl%ﬁ‘é)elégtﬁéélt@b@foﬂlﬂq@ D rdwegin therfiaasttiopportiatlem 1 is a
shi el ded . ri 1SJ . (o) i:ncl.udin r nore
ubst ant i 1o ar T P SR R (G b s he s e B &
par al | el st 25%ioighd ¢rbsresediiepabaed. around t he conductor set and including a
concentric portion_substantially concegtri,c wi th at | east I%g(? of the
i

conduct ors and'@ batsdnt ghiclded elcbichlfableidtitie srvheran Hy psulagd gonductor
subs3 ant ixal L iRAfabh BlickrQd o byHBAS] hAABRG bOmoHGLL ER ML AR yShiel di ng

films and the conductor set and providing a g transition between the
concent r ilessphart thomsahution tteclpmsal | el portion of the shielding filns. Item?2

is the shield electrical, cable of item.1, erein the transition portion
el udes. - cor det 486 o FIOET B cabE Redisut Ltkite Jedrson sonrordhal | er
than a crogaesg g dht RN1&8 tih & NemeRNSHE 8bnduktem 3 is the shiel ded

el ectrical cable of item1l, wherein the transition portion includes a

cross-sect i ondicnat & theshiclided slgbigicalriablgl dfytemhb vdwnen dieegdudier deengt h of t he
conduct or .ei(iien}ig_gi S ({ he;l ls[k(l)i elo ed a%l ect rei (%al cabbe 1rof .Iiltem 1e,’d m(/gleer ein the
shi &Y ded SBiAUPe LRy AT ORACHERSTE CIMSTIVSH SEFEMSHL BEETRIIBRS on bot h
si des of dofigokiapdelefiéishipet. Item5 is the shielded electrical cable of item
4, wherein the transition portions each include a cross-sectional area, and
wher ei n the sufandio iseshiqldedsela@resl spblp campesing 8 PRUBEY fhspackd prathe sanme

I th f ' ' ical bl
ot i tom 4o SR oG LRRENED Tha s b, By Sndi AP RUBRIICER,  Ohal ©
area, andnglesubstantialie paratisislosgiaidimehalsubteaonadn@os gt gntiadl Ipyrallble same.

ltem 7 is the shielded electrical cgble of item4, wherein the transition
por i3 Onls sg%eécﬁgglglg{l% isposesl 9rqualgch@§ uctor sets a{nd%ncluding aplurlality ohl COIlCGIltI‘lSCI !

portions substantially concentric with at least one of the conductors and a plurality of
parallel portions wherein the shielding films are substantially parallel; and a plurality of
transition portions defined by the shielding films and the conductor sets and providing a
gradual transition between the concentric portions and the parallel portions of the
20 shielding films.

Item 17 is the shielded electrical cable of item 16, wherein the transition portions
are positioned on both sides of each conductor set.

Item 18 is the shielded electrical cable of item 17, wherein the conductor sets,
shielding films and transition portions are cooperatively configured in an impedance

25 controlling relationship.

Although specific embodiments have been illustrated and described herein for
purposes of description of the preferred embodiment, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate and/or equivalent implementations

30 calculated to achieve the same purposes may be substituted for the specific embodiments
shown and described without departing from the scope of the present invention. Those

with skill in the mechanical, electro-mechanical, and electrical arts will readily appreciate
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Item8 is the shielded electrical cable of item4, wherein the transition
portions each include a cross-sectional area having a void portion, and
wherei n tWe 2om/dsworti ons are substantially the sane. | Pemi$32019/084980

shiel ded el ectrical cable of item1 further conprising a conformable
adhesi ve | ayer disposed between the shielding filnms and bonding the
shielding filnms to each other on both sides of the conductor set. Item 10
i s the sHhaltbeprcangaicnien meabe Enplenichieina vouveyide Ha¢is of embedimghise

adhesi ve -t [ o ' t hi ckness
Mt he ¢ rRL Bl LIS Fold sh BUFRRRARLE L B8he bR o8I | 1

concent r intpdirthémndistisesd Helein SThdreford)iitah ahadifedtigdhtehdal thatabisénwadtioh 8en 9,
wherein the confo bl e adhesive | ayer has a_thickness in the parall el
portion,15%@“5“9ﬁ££§ﬁé§§nﬁﬁmaHE”NP&ﬁgmﬁi #eBbrtion that is greater than the
thickness in the parallel portion.ltem 12 is the shielded electrical cable
of item9, wherein the transition portion includes a cross-sectional area,
and wherein the conformabl e adhesi ve | ayer represents at |east 25% of the
cross-sectional area. Item13 is the shielded electrical cable of item1,
wherein the insulated conductor has an insulation thickness, and wherein
the transition portion has a lateral length that is |l ess than the

i nsul ation thickness. Item14 is the shielded electrical cable of item1,
wherein the transition portion has a lateral length that is |less than a

di anmeter of the conductor. Item 15 is the shielded electrical cable of item
1, wherein the conductor set, shielding filnms and transition portion are
cooperatively configured in an inpedance controlling relationship. Item 16
is a shielded electrical cable conprising a plurality of spaced apart
conductor sets arranged generally in a single plane, each conductor set

i ncludi ng one or nore substantially parallel |ongitudinal insulated
conductors; two generally parallel shielding filnms di sposed around the
conductor sets and including a plurality of concentric portions
substantially concentric with at |east one of the conductors and a
plurality of parallel portions wherein the shielding filnms are
substantially parallel; and a plurality of transition portions defined by
the shielding filns and the conductor sets and providing a
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gradual transition between the concentric portions and the parall el
portions of the shielding films. Item 17 is the shielded electrical cable
of item SO 2otveregion t he transition portions are positi orea/use0loossy3si des of
each conductor set. Item 18 is the shielded electrical cable of item 17,
wherein the conductor sets, shielding filnms and transition portions are
cooperatively configured in an inpedance controlling relationship. Although
specifi(:V¥hﬁdﬂphﬁh@gmhave been illustrated and descri bed herein for

pur poses of description of the preferred enbodinent, it will be appreciated
by those pof Oﬂgkﬂéh¥d?ﬁkﬁkaﬁﬂbkﬁ%nﬁﬁ%hlhat a wde variety of alternate
and/ or equival ent I npl'enentations calculated to achi eve the sane purposes
may be subst i tadondudtor sct helwslrercorfc o nesrb cdb sy péailel lamglitudemt msblettdwi t hout
departing fromthe scope of the present invention. Those with skill in the
mechani cal , el ect?H§ anical, and electrical arts will readily

appreci at et haty,Lhenfh g5 BahIEIMMRN O RIABNisRS ol TRBTRN @HdhdoscY By W de

vari ety of enbodinents. This application is intended to cover any

adapt ati ons or varcialingneonsentrih@oproafsebstediaiyisonéartnt withlpsleast secohideei n.
Therefore, it is ifestly intended. that thi.s inyenti.on be |jmted only by
the cl aims and ¢ AEMEITANGERa fhapion hepn i orcldine g are pubskintigily) Geg

el ectrical cabl epg@n@r ki Ng: a conductor set including one or nore
substantial ly parallef | ongi t udi nal insul ated conductors; two generally

paral | el shi eladiangitioninestian desiosebly dheobiriding dlmperilide spndistorapicanidncl udi ng a
congéent ric porti 81[?)\1?&‘1'%?% @Lﬁhﬁltl%sﬁi\gﬁ%g{%ereht e‘?"éﬁ?@{%i@ﬁ@? iaﬁ&%@leoﬁagﬁf%?

conductors and a‘para portion wherein
substanti al | y papeaitioglof tientlicidihg ainas.t i on portion defined by the shielding

films and the conductor set and providing a gradual transition between the
concentric portion, he . paralle]l portion of the shielding filns. 2. The
shi el ded %l ectjfl}eég}e?%gitﬂﬁ%’t%?a?ﬁ‘f i %mﬁ»ewléqrﬁnt%trwgmw BeudF

i ncl udes @,&IOSforafHth Mdls s%gér%t{ﬁg?tgghﬁ 1S HPShAN: kiddh! Yer6QURLH &M Hea BFRI | €7

than a cross-sectional area o nduct or .
the conductor.

15 3. The shielded electrical cable of claim 1, wherein the transition portion includes a

cross-sectional area that is substantially the same along the length of the conductor.

4, The shielded electrical cable of claim 1, wherein the shiclded electrical cable

includes transition portions positioned on both sides of the conductor set.

5. The shielded electrical cable of claim 1 further comprising a conformable adhesive
20 layer disposed between the shielding films and bonding the shielding films to each other

on both sides of the conductor set.

6. The shielded electrical cable of claim 1, wherein the insulated conductor has an
insulation thickness, and wherein the transition portion has a lateral length that is less than

the insulation thickness.

25 7. The shielded electrical cable of claim 1, wherein the transition portion has a lateral

length that is less than a diameter of the conductor.
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3. The shielded electrical cable of claim1l, wherein the transition portion
i ncludes a cross-sectional area that is substantially the sane al ong the

| engt h ofwohelocasduct or. 4. The shiel ded el ectrical cablreTafS2alomassysd,
wherein the shielded electrical cable includes transition portions
positioned on both sides of the conductor set. 5. The shielded el ectrical
cable of claim1 further co risigg@a conf or mabl e adhesi ve l%%fr di sposed

bet ween tthe shihslshiodpdialeciscal peblpenepiny .t mecreinites efindyctpr satsshicddiagéitmst her
on both sj . uct shj i cabl e of
claim1, a\}\lﬁ ZI?‘Iellgl%m% Hgml%ﬁg ﬁﬁ gogéraggér%ﬁ ﬁg?f%%mﬁ%s mgﬁhﬁggﬁ%gg %t?ldlﬁ% ckness, and
wher ei n trblatibiishilsi tion portion has a lateral length that is |ess than the

i nsul ation thickness. 7. The shielded electrical cable of claiml1, wherein
the transjtion portion has a |ateral. length that is |less than a dianeter of
t he cond ctorf%?hﬁﬁﬁg3%9@W@é@£gﬂ@PﬂF§@§t_cable of claim1, wherein the
condgictor set 5 ﬁﬁfaﬁ@é%aééd‘ a'fSﬁrt%HHd&cE&@éﬂsfahQﬁge‘a che@ny & @siﬁ%@%%fé} saegly
configured in an inpedance controlling relationship. %. A shi el ded

el ectrical cabl ecawhpior s¢tngcluding bue at inpre substagadlydamplal ongidwtoadt or set s
arranged generall 'gpa si,ngl e pl ane, each conductor set including one or
nor e substantialﬁéu%/.éppg? ?'dngi tudi nal insul ated conductors; two

general |y par aldoglenshilgpsiand shidldibg HirsP@ssshcd bnd tHh@neeasuRtamdset s and
including a plurality of concentric portions substantially concentric with
at | east one of tisk pletadity oberacentt newdions yubstanpalbasansentpemiiharis wher ei n
the,shielding fi r bstant | al r.all el ralif. f
traH@ition porti%%EX)g%ﬁﬁgﬂx%gu%ﬁ§aé%ﬁ@ﬁggﬁ§%¥PW%Qgé%ﬁggﬁé%%%%ég%%or sets
and providing a ghialdig filbisaRssubsantidlBt meslelidnd concentric portions and the
parall el portions of the shielding filns. 10. The shielded electrical cable
of claim9, widtBfelibtefdransitienpertions gelingddnsthe shiclding filmsied thicmdiHosi des of
each conductor s §dts and providing a gradual transition between the concentric portions and the

parallel portions of the shielding films.

15 10.  The shielded electrical cable of claim 9, wherein the transition portions are

positioned on both sides of each conductor set.
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