SHI ELDED ELECTRI CAL CABLE TECHNI CAL FI ELD [ 0001] The present disclosure

rel ates generally to shielded electrical cables for the transm ssion of

el ectri cavopmabxs in particular, to shielded el ectricacTambdiessishat can
be mass-term nated and provide high speed electrical properties. BACKGROUND
[ 0002] Due to increasing data transm ssion speeds used in nodern el ectronic
devices, there is a demand for electrical cables that can effectively
transmt high speed el ectromagnetic signals (e.g., greater than 1 Gb/s).
One type of cable used for these purposes are coaxial cables. Coaxi al

cabl es generally include arSRIEGRIED EAFIGIRIEAdUCABLE wi re surrounded by an

i nsulator. The wire and insul ator are surrounded by a shield, and the wre,
i nsul ator, and shield are surrounded by a jacket. Another type of

el ectrical cable is a shielded electrical cable having one or nore

i nsul ated signal conductors surrpundRecRY. @eghi el ding | ayer forned, for
exanple, by a netal foil. [0003]Both these types of electrical cable my
require the use of specifically designed connectors for termnation and are
often not suitable for the use of nass-term nation techniques, e.g., the

si mul t aneous doogIgct i on Tie pregehtidiadlbduye efateogducllons shielded dicvtridaladabieont act
el enments. Al though el ectrical cables have been developed.to facilitate

these mader Ehéﬁli%pﬁatsﬁleﬁ of glefiricepbEnals; Heastieay) @sShéﬁi‘ik‘éirPl?fér\?@l Fabies Bet GRs i n
the abil '%55‘3 ﬁat@c[ Wﬁdgx h p@e& Q@ctﬁ@éllﬂr(gﬁéﬁtﬁ& prepare their

term nation en Int |ty, and in elr electrica
per f or mance.

BACKGROUND

[0002] Due to increasing data transmission speeds used in modern
electronic devices, there is a demand for electrical cables that can effectively transmit high
speed electromagnetic signals (e.g., greater than 1 Gb/s). One type of cable used for these
purposes are coaxial cables. Coaxial cables generally include an electrically conductive
wire surrounded by an insulator. The wire and insulator are surrounded by a shield, and
the wire, insulator, and shield are surrounded by a jacket. Another type of electrical cable
is a shielded electrical cable having one or more insulated signal conductors surrounded by
a shielding layer formed, for example, by a metal foil.

[0003] Both these types of electrical cable may require the use of
specifically designed connectors for termination and are often not suitable for the use of
mass-termination techniques, e.g., the simultaneous connection of a plurality of
conductors to individual contact elements. 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.

SUMMARY

[0004] The present disclosure is to directed to high speed electrical data
cables. In one embodiment, a shielded electrical cable, comprises a plurality of conductor

sets extending along a length of the cable and being spaced apart from each other along a
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SUMVARY [ 0004] The present disclosure is to directed to high speed
electrical data cables. In one enbodi nent, a shielded electrical cable,
conpri seswa plumedost y of conductor sets extendi ng al ongraTiusegblewhs t he
cabl e and bei ng spaced apart from each other along a width of the cable.
Each conductor set includes one or nore insul ated conductors. The cable

al so conprises first and second shielding filns di sposed on opposite sides
of the cable. The first and second filns include cover portions and pinched
portions arranged such that, in transverse cross section, the cover

porti ons vofdth ¢igh¢ tabde. Bandk condwnter sci inekidenompoorinora insuhatesidastdaetoisalThy

surround each,conductor.s The hed rtons of the .fir d second
P BB BRI R b AT ARG DR PRGBSl sk aP e ot
each condi4bleOIThs €frst ahl8cdoal figmb WdRRIcot O GRSnd pirichsd paebasirvamakayer
bonding the first shielding filmto the second shleldlng filmin the

pi nched poeh thehdn srnsvaese cesb scctiphehpraveappitipns pf hedsiendscead Jilwsifpri ses a
first co g | at ed
conduct or S s St bt RbS SRR B R C AL LS ThE PRI IR 3
second shindlsedong fflink i c@nbination @81 @ivcbhad pbitioas oﬁmha chigd opoudh @ditSofcn‘ach he
first and second shi.el di ng lms formng a first pinched cable portion on
one si de ORI Fr S %i%dﬁ%ti*%frcowﬂsew o adbicaie 4T BPIQRBRESY! ot ed
conduct orpidiife Aintihd hedbaRRICIAAg AR A Bl o8 PoiORPH! BB RaYE! Fhgauge
(AW, and a t ansver se englng of the ca l e at a ca | ocation of no nore
t han 180 pdmgh‘efasf COIldlICt(a‘meiSN:DHlprlIS@Sdi furst afndattormses tha? cmnpnmsleghhomeg)iﬁlst

|npedance ed |nsulat conduct or proxi mate the ble | ocation
Lo vary Bpdseg e eonERBa T Sranordie FF CedRparions ebdR cEildeur e
at the cafbgd s%@dhhg filth§a@NcotRREIHd oMt SHERI fRtodsQPER] it MG ccond
configuration, the wire dianeter of the selected insulated conductor nmay be

no gr eat ehieldiag fiss fnsingmbirsipiackddreahlenoatiener ere Hidnef] thy fitst candyigtsir set.
| ocati on ver an |nn r radi nost 1 nmm

R G T e e G R i L e S b

the cabl exmegaiiwife fugeANWBY ai@a fan$ cisddRndinpof GRthblkraoacitleldcaiiéi &f cabl e
i npedance. I n another configuration, the selected insulated conductor may
be part o Bosdhay &ilcgrres o crrandnes merivy of 2t $0qss2 HACaYAL R Gelle pedaBesst t wo
i nsul ate r t 4 WG and
" mom nalCt g R i fIRET CORLAR R o) ABRS BLadlf (V88 Bind MBR i £
transverqenhﬁnﬁomgmnﬁnmh@m&abﬁedm&nm&&maednf&emﬂﬂbMahncmbiarmﬂweUance of

t he selecteg conductor set proximate the cable location to vary by no nore
than 2 oHBUBYBHO™N initial differential cable inpedance neasured at the
cabl e | ocati ongpdsjthe unReRt G dithaiQfre dhdSick B #USBea AR GHddne Wi e
di aneter of the at | east two | nsul ated conductors nmay be no greater than 26
AWG, and dohduadrongy bdreo greates then 26 AWhdandywherean ¢ aiseetsobatdiogmofod cabde nor e

t han 180, degrees over .a nd nner radi us of t nost. 1 mm causes the
i or ontlp&idn St Bhs 1fa Bl daereb B ah BREE Bl L tor B G Rer e e

cabl e | oc@ablcQm E&)an\é@E)YthléSéel@@teﬂfﬁfsﬁla'%éﬁl%nau&&r@rf)h%ﬂté e chifk totiodid ey enti al
|npedance [0086 In any of the enbodi ments above, the sel ected insul ated

conduct or ynwnh@\ﬁbatal ncrﬁntefror@ﬁwl@tuahw&almd@ﬁce5®n arateer cantguratigudhe a case

e b ol RARERlonISoPRAT 8L Rl bRF LAl A RONIHEL Bl REPYLIALE { he cabl e
| ocati on Varies no nor e ahC1PEhm Fromi The |n| e’ T npedance. In

any of thﬁ&ad@rbbMsm@tlﬁsulétaeccﬁﬂhbt@rmyh hwlh@@mmbteﬁn@g&@mdmﬁ 2at | east
45 degrees _around a fold line that extends across a width of the cable,
wher ei n th¥ Ghip mmahdlifﬁﬁi??@flalrlafme@@cgp 400 pyus- @Wapﬁsesﬂﬂ@ﬁraawﬁa@e t he

bend may S ture

t hat encﬂ%@g%%thgﬁgggﬁ%ag /or t 1bengﬂﬁg§1h&:g@ﬁ?ggé%ag§gﬁ8§%§ggs and
t he fol d droxienatesthatatde i@hdorarmgdaey bﬁhatnowetliaﬂ 2aoh|ncsrfgirh animahl dffgentidl t he
cabl e such that the cable turn, sponse t flattening
of proxi Pk IMBGHAIKS MsassF stghaeds @Fatmemts Bl %On&ga%on 1 A8 St t er
case, the &Ql dhaRL QidMRYcRE ttPatIE8F BRSins @R E&?dutcﬂﬁ@m%) 8L Bo 2P I LES -

26 AWG, and therefore the transverse bending of a cable location of no more than 180
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[ 0007] I n anot her enbodi nent, a shielded electrical cable conprises a
plurality of conductor sets extending along a | ength of the cable and bei ng
spaced apaotofrmsmseach ot her along a wi dth of the cabl epPCEaskoioos@aet or set
i ncl udes one or nore insulated conductors. The cable also conprises first
and second shielding filns di sposed on opposite sides of the cable. The
first and second filns including cover portions and pi nched portions
arranged such that, in transverse cross section, the cover portions of the
first and second filnms in conbination substantially surround each conductor
set. The dsgrechedrpoceimgngnefradingof dtmeast dmem sewsen thefdiffersniial cellabi nati on form

pi nched portions t he cable, on each sid f ch conductor.set. The cable
Purther aoistegerinerCReiRagi b RaTMp M stR LA IOLl R o 8 mh' T mrco
t he seconfashboehdidig tHel ihial differ@tipl idglea@shcgpor ti ons of the cable. The
plurality of conductor sets conprises a first conductor set that conprises

nei ghbori ng filP896land sde@nyof hssrbodimadntheredhe selprdedhmsulaisd ces@sidi ng
A Y ; . S ol >

o r espor o Bl Rfadl cabGTmbtddbe B0 FRfEAMS ATLEN LA bt e Bfedunee.
films forofitigsebectddrigfulged chelicoabtainate theodnbtalocn@nsiatdes Bf nd hord ihastl

conduct or seé. A sel ected one §L the i nsul ated conductors has a wr
P

e
di anet er WG GPLRMIEHAAPIOAMPERINFE ol AR 108 thyarGROPHNGRtS: A Gabic MayuThese
bendi ng Cb“onﬁ}?@e S%?r‘nc?o@ét 1@&5(3@!@&% GRRInAR Bfd MR ANV &dnNaRd80: JRE 6EBOVer
an inner radius of at npbst 5 causes an Insertion loss of the selected
i nsul at eccablendtetcorthpbend Ivatae ittee rahid & dt ovat 5 om.t b suah y chse, e beod enayhan

0.5 dB froman ipitial insertion | oss asured at the cable | ocation in an
anbent et et disfees 60D 6 AT HO S BB P LB U M SBHE S FONE hor

conpri se a%_dl%ﬁ'fﬁé BTéfndfi’erflayI Ragleadtl @Q&g&% afd eT8dainqb s d ﬂo[t?aﬁﬁ[@ﬁe_la@?% engs
across a width of the cable, wherein the bend has an inner radius of at
most 5 nmengifndnat pdge of dkecablchaich drid thregpblsdums at @ gn ange derpseese &nd conf or ms

f . .1 h I h bl / b b
R A o T R R A i

| ongi t udiford angltg@aPbe 4h8cGadl endthelurhhaglcoalegrbl.e turns at a turn angle in
response to flattening of proximte regions before and after the bend to a
pl ane. In the [P8%Fer cadeanpther rabedinaefi & shigled alegimicylegblecompaings & he turn
angl e 90 ﬁﬁg- g ] r i f i t hi el ded
electric cgﬁﬁgkgéﬁggﬁgég(%ﬂﬁpgggkﬁggpgégggﬁtué?%g%gggéﬁgﬁkgﬁgfﬁg%along a
| engt h offrdrheadhadthe@ adoig Heidiyosihacelsle apack cdndocroest imchideebna@biomgrea Wi dt h of
the cable. Each conductaor sef includes one or nore jnsul at conduct.ors.
The cabl én&'?%d EdHFoEes! e bk BIFOSE SRS hinel 5P _%hiqufﬁl_ﬁg giﬁi%%@%ﬁeén
opposi te g Jdeasiff sl relable. TR frilr sl B dFRERML ik odePgl)ﬂt'Sﬁs Myver
portions and pinched portions arranged such that, 1 n fransverse cross

sect i on, pimehed pueionperrangsdsudf thathen franssersanchsssecoon the cover portioondli that i on

substantial ly .surr d each conduct or, set. The pinched portio of the
first and SebdRacad HnsTRcopRBRaN rORFEY s BioeRLEHCISPINEY 6 The cabl e on
each si de,ifhc@p6RichEBEERE ah8kecohBFilma M EorhBihARE folApintHes pertibhs tthe
adhesi ve | ayer bonding the first shleldlng filmto the second shiel ding
filmin tableginepesidpof edcheondictartset. citsl aableTfhehgylcomarisesfirsf adbesitutayor set s
compri seg, Aaflefid n&POIUAIR RS HOALEOIRULEESIACH IOARLNA Tkl AL second
i nsul ate conguc ors an as correspondl ng |grs cov pOI’tI ons O ehe
first andabrecamd palthied df 8enductorBetd d6mpaEds S DnBGctdr Jebthapédighads porti ons
of the first and second shielding films formng a first_ pinched cable

porti on dKigkeriag fest and sqsand jnsylatcd saadictesp andhas ceprespapdingfindioved a force
on the c t i E 1]

poi nts. ¢ Aot oneal sl SRk SIeTBhY HERRY ISR QEtRES! MRaRNRRESNE

bet ween tthe fissti ppbsdcond)sipdidimgiinms dsumin g a ifinstpicbhed edilé portion ohloac dide @€thcon of

the force of at |east one inch. The force, negsured in poupds-force, does
not excediStHBINTIR B fridiurdoas OE e cvuTatish cnderopma A T LngeRRe

conduct orgeatlNBard MviHUR wieraes Qavag, an%%%?dns@&selg&ggﬁtdf MRS cabl Mthe

di anet er cubed of the respective I nhsulated conductor, the wre dianmeter
bei ng exprakkdedhtion of ne hese than 180 degrees over an inner radius of at most 5 mm causes an
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[0010] I n one arrangenent, the wire dianeter nmay be no greater than 24
Anerican wire gauge (AW . In any of these arrangenents, the maxi num force
may occurwotrere/ihssedef | ection is between 1 inch and 1. 5prcmaisesio/o8icn? | arly,
the cable in any of these arrangenent may further conprise a bend of at

| east 45 degrees around a fold line that extends across a width of the
cabl e, wherein the bend has an inner radius of at nost 5 mm In such a
case, the bend may be at |east 90 degrees and conformto geonetry of a
structure that encloses the cable. O, in such a case, the bend may be at

| east 180nsgteigoreless alrtbe sdlecté¢dingulpicd sonductr psoXimlat thegibde loshtaan tpevatyoby

| ongi t udi nhal edge cabl.e..such that the cabl e tur at a turn angle in
r esponse Taneratefie a5 s 3P e HESrtEiosh SopERat € dePh o el Bend t o a
pl ane. Fambexa@hfiguratie fol d angle may 45 degrees, and the turn angle 90
degrees. [0011]1n another enbodi nent of the invention, a cable assenbly
conprises a sHP®&ed el dethip embodiang thergrblempy Birtshprmptess abopief al i ty of
conduct or i cabl ej s ed apart
From eacre Bt kA ENEbIR P RT e Fb Rrch A P B A B e
or nore iteadhas adinaenddivt of st mddé mablle sedhsocas@ i barismiy bsit lesdI&econd
shielding filns di sposed on opposjte sides of the cabl The first and
second fidegEees m&f Q}H’EOIE‘WQ BBty Bhdstasiirpithné Rrdosss the ‘B‘gk% é?q/‘éfﬁﬁége ch
that, in i e, i -of the fi and
second 1 E R e B I S B RO o bR ET 1
pi nched pdgt bbths cabletsheh thatrthe care tisecardufn dngke inmespond® tndtattomng of m pi nched

portions of the cable on each side . of each conductor set. Th abl e further
Phel Ldes ORI RanSbr D Ty Horara s RsSe idf BiseEfse e R AL ¢ b
second shhg) s Mdddrbd® add thburRREBOd degickd.ons of the cable. The plurality
of conductor sets conprises a first conductor set that conprises

nei ghbori ng filf8@9]and sdsendthpngubetimantodtituiovertonanshiplded eleetrieglsehigi ng

first cover portions,.of the  first and second shijeldi fil d.
Lort esoorEmBRE 4 SRRy of kbl 0 EEIS 1 b Al dabfadibine o
films forgphdtd apaift iffont ea@hwiwdlo@?talxﬁdﬂmﬂth@aam Babk c&iddetod bettif@uddsiont

conductor set. The cable assenbly further conprises an el ectrical_ connector
enconpas sigprainsplesac condectersnd'hp gaklp alse spmprisqpesteind segond shistdipgpBlgs t he

i nsul at ed;; i s..ele Lcalhly { of the
el ot 11 oAl IRSAREE Bish 8o SR SR LIE R g A T B BhEShs

ar r angeneitl piidhed poreiohs acalged ouvhethatoin thayvasn@bdisS@caon, theesaverl gbrtionsawd ont o
R A T R i S
at | east 30148g6RRRs Bf AR LR A0S LombiNARS: Bk RARELPbFondGtnt he

i nner radius of the bend may be at nost 1 nm In any of these arrangenents,
t he connewbleronrayh siids pbsat condwtoresntd Wfe dahke fodhérendndiysarfirat adhdslvelayer t i on

of the cable. The.insul ated..conductors have a wre di aneter of. no nore
Chan 24° ARRRnEAR G5 SEALGLT ey socond TRgnEdymin e Mot AHBLE R i ons.
the cabl eapRY TheplliglityiofebmtflRich s&t§ eOMpriR8Ndiriidlon8NGONR AT EEbIYridhe

el ectrical connector, the second bend being of at |east 45 degrees around a

second f gletizhbprieg firshandsacendimsaletcd sonduoiprd aid bfs qonsspoaling firgheovel n t he
second bend.has .an i nner, radius. of. at-.nost . 5 nm The secon end.may -be at
ocet o0 MEdRDEA (NG AN Bictling P Bid corflThonif FREPRMATRIARE®, b

cabl e assk&filsy an@sdbrd sHiklgingetaRdodEnRg a eyt paechad cAte@pértibB0On dagr@esft ard t he
second fold line is at a fold angle relative to a |ongitudinal edge of the
cabl e sudHstqeagdugteresct afhh appligatian af a Hreqpmthergble. the calds g simplyf | at t eni ng

of proxi i 1er > In such a
case, t hotpErRde Rl @ Bihndyaf: SBIRME BERLukn Lo e | 0 55
degr ees. dppliahmidpoiritbesece tixodippening pointe raults aasdcflentorc mnteidirestionef, of t he

respectiv abI%§ may be.aqlpted for maxi num dat ransm ssi on rgtes of at
| east 1 Ct-‘.g? g)_rce of at least one inch. The force, measured in pounds-force, does not exceed the

sum of individual forces for each of the insulated conductors, the individual forces being



[ 0014] These and various other characteristics are pointed out with
particularity in the clains annexed hereto and forma part hereof.

Ref er enceweholddozmbso be made to the drawi ngs which for mca/usaeivioers2par t
hereof, and to acconpanyi ng descriptive matter, in which there are

Il lustrated and descri bed representative exanples of systens, apparatuses,
and net hods. BRI EF DESCRI PTION OF THE DRAWNGS [0015]FIG 1 is a
perspective view of an exanple shielded electrical cable; [0016] FIGS. 2a-2g
are front cross-sectional views of further exanple shielded electrical

cabl es; [©O0al7pHIEY) tidas uitrdeamapr aubedvef thhaespittivegnsudated infduetonrihe wire

D b RS B S O oBh25 o8 Lot ] Soub) ™
4a-4c are fromnpoppjoss-s a6loh® BahndehRWS 8 wit dlamdidimbiete mx@embethan 24 '
American wire gauge (AWG). In any of these arrangements, the maximum force may
occur when the deflection is between 1 inch and 1.5 inches. Similarly, the cable in any of
these arrangement may further comprise a bend of at least 45 degrees around a fold line
that extends across a width of the cable, wherein the bend has an inner radius of at most 5
mm. In such a case, the bend may be at least 90 degrees and conform to geometry of a
structure that encloses the cable. Or, in such a case, the bend may be at least 180 degrees
and the fold line is at a fold angle relative to a longitudinal edge of the cable such that the
cable turns at a turn angle in response to flattening of proximate regions before and after
the bend to a plane. For example, the fold angle may 45 degrees, and the turn angle 90
degrees.

[0011] In another embodiment of the invention, a cable assembly
comprises a shielded electrical cable. The cable comprises a plurality of conductor sets
extending along a length of the cable and being spaced apart from each other along a
width of the cable. Each conductor set includes one or more insulated conductors. The
cable also comprises first and second shielding films disposed on opposite sides of the
cable. The first and second films include cover portions and pinched portions arranged
such that, in transverse cross section, the cover portions of the first and second films in
combination substantially surround each conductor set. The pinched portions of the first
and second films in combination form pinched portions of the cable on each side of each
conductor set. The cable further includes a first adhesive layer bonding the first shielding
film to the second shielding film in the pinched portions of the cable. The plurality of
conductor sets comprises a first conductor set that comprises neighboring first and second
insulated conductors and has corresponding first cover portions of the first and second
shielding films and corresponding first pinched portions of the first and second shielding
films forming a first pinched cable portion on one side of the first conductor set. The
cable assembly further comprises an electrical connector encompassing at least the bend in
the cable, wherein at least one of the insulated conductors is electrically coupled to at least

one contact of the electrical connector.



shi el ded el ectrical cables; [0019] FIGS. 5a-5e are perspective views
Illustrating an exanpl e nethod of making a shielded electrical cable;

[ 0020] FI G80 26/Ba36ar e front cross-sectional views ill ustcattisagomacaes ai | of
an exanpl e nethod of meking a shielded electrical cable; [0021]FIGS. 7a and
7b are front cross-sectional detail views illustrating another aspect of

maki ng an exanpl e shielded electrical cable; [0022]FIG 8a is a front
cross-sectional view of another exanple enbodi ment of a shielded el ectrical
cable, and FIG 8b is a corresponding detail view thereof; [0023]FIG 9 is
a front cross-[88Ri onal Ivicswauingenpot, thoelcdfica wortpstor may comprise an

overmold formed onto the cable and/or a multi-piece housing. In any of these
arrangements, the connector may comprise a paddle card connector. Similarly, the bend
may be at least 90 degrees around the fold line in these arrangements, and the inner radius
of the bend may be at most I mm. In any of these arrangements, the connector may
disposed on an end of the cable and/or a middle portion of the cable. The insulated
conductors may have a wire diameter of no more than 24 American wire gauge (AWGQG).

[0013] In any of these variations, the cable may further include a second
bend not encompassed by the electrical connector, the second bend being of at least 45
degrees around a second fold line that extends across a width of the cable, wherein the
second bend has an inner radius of at most 5 mm. The second bend may be at least 90
degrees and conforms to geometry of a structure that encloses the cable assembly, and/or
the second bend may be at least 180 degrees and the second fold line is at a fold angle
relative to a longitudinal edge of the cable such that the cable turns at a turn angle in
response to flattening of proximate regions before and after the second bend to a plane. In
such a case, the second fold angle may be 45 degrees, and the turn angle is 90 degrees. In
any of these embodiments, the at least one conductor set of the respective cables may be
adapted for maximum data transmission rates of at least 1 Gb/s.

[0014] These and various other characteristics are pointed out with
particularity in the claims annexed hereto and form a part hereof. Reference should also be
made to the drawings which form a further part hereof, and to accompanying descriptive
matter, in which there are illustrated and described representative examples of systems,

apparatuses, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a perspective view of an example shielded electrical cable;

[0016] FIGS. 2a-2g are front cross-sectional views of further example
shielded electrical cables;

[0017] FIGS. 3a-3d are top views that illustrate different procedures of an

example termination process of a shielded electrical cable to a termination component;



exanpl e shielded electrical cable; [0024]FIG 10 is a front cross-sectional
view of a portion of another exanple shielded electrical cable; [0025]FIGS.
ha and 1 Wb 2arx3b36ent cross-sectional views of two ot hePCparske10/0s0609

exanpl e shielded electrical cables; [0026] FIG 12 is a graph conparing the
el ectrical isolation performance of an exanple shielded electrical cable to
that of a conventional electrical cable; [0027]FIG 13 is a front
cross-sectional view of another exanple shielded electrical cable;

[0028]FIG 14 is a perspective view of an exanple shiel ded el ectri cal
[0018] FIGS. 4a-4¢ are front cross-sectional views of still further example

shielded electrical cables;

[0019] FIGS. 5a-5¢ are perspective views illustrating an example method
of making a shielded electrical cable;

[0020] FIGS. 6a-6¢ are front cross-sectional views illustrating a detail of an
example method of making a shielded electrical cable;

[0021] FIGS. 7a and 7b are front cross-sectional detail views illustrating
another aspect of making an example shiclded electrical cable;

[0022] FIG. 8a is a front cross-sectional view of another example
embodiment of a shielded electrical cable, and FIG. 8b is a corresponding detail view
thereof;

[0023] FIG. 9 is a front cross-sectional view of a portion of another
example shielded electrical cable;

[0024] FIG. 10 is a front cross-sectional view of a portion of another
example shielded electrical cable;

[0025] FIGS. 11a and 11b are front cross-sectional views of two other
portions of example shiclded electrical cables;

[0026] FIG. 12 is a graph comparing the electrical isolation performance of
an example shielded electrical cable to that of a conventional electrical cable;

[0027] FIG. 13 is a front cross-sectional view of another example shielded
electrical cable;

[0028] FIG. 14 is a perspective view of an example shielded electrical
ribbon cable application;

[0029] FIGS. 15 and 16 are side views of bending/folding of an example
cable;

[0030] FIG. 17 is a block diagram illustrating an example test setup for
measuring force versus deflection of a cable;

[0031] FIGS. 18 and 19 are graphs showing results of example force-
deflection tests for cables;

[0032] FIG. 20 is a logarithmic graph summarizing average values of

force-deflection tests for example cables;



ri bbon cabl e application; [0029] FIGS. 15 and 16 are side views of
bendi ng/ fol di ng of an exanple cable; [0030]FIG 17 is a block diagram

i 1l ustratwogomm3eseanpl e test setup for

a cabl e;

summari zi ng average val ues of force-deflection tests for exanple cables;

measuri ng force weraisoidebdeect i on of

[0031] FIGS. 18 and 19 are graphs showi ng results of exanple force-
deflection tests for cables; [0032]FIG 20 is a logarithm c graph

2012/ 030366PCT/ US2010/ 060629

[0033] FIG. 21 is a graph showing time domain reflectometer
measurements of differential impedance at a bend regions for a cable according to an
example embodiment; and

[0034] FIGS. 22-27 are side cross-sectional views of connectors according

to example embodiments.

[0035] In the figures, like reference numerals designate like elements.
DETAILED DESCRIPTION
[0036] In the following description, reference is made to the accompanying

drawings that form a part hereof, and in which is shown by way of illustration various
embodiments in which the invention may be practiced. It is to be understood that other
embodiments may be utilized, as structural and operational 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.

[0037] A growing number of applications require high speed (e.g., > 1
Gb/s) high signal integrity connections. These applications may include enterprise
computing, network communication, factory automation, medical, test and
instrumentation, etc. These applications may use twin axial (“twinax’’) transmission lines
that include parallel pairs of differentially-driven conductors. Each pair of conductors may
be dedicated to a data transmission channel. The construction of choice for these purposes
is often a jacketed loose bundle of shielded paired conductors. The jacket is often formed
from shielding and/or insulating wrapped in a helical pattern around the conductor bundle.

[0038] Applications are demanding more speed from these channels and
more channels per assembly. As a result, there will be a need for cables with improved
termination signal integrity, termination cost, impedance/skew control, and cable cost over
current twinax transmission lines. The present disclosure is generally directed to a
shielded electrical ribbon cable that is suitable for, among other things, differentially

driven conductor sets. Due to the ribbon construction, the cable can readily be terminated
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[0033]FIG 21 is a graph showing tine domain reflectoneter neasurenents of
differential inpedance at a bend regions for a cable according to an

exanpl e ewbadizmmiess and [ 0034] FI GS. 22-27 are side cros®csamstoionsalc2yi ews of
connectors according to exanple enbodi nents. [0035]1n the figures, like
reference nuneral s designate |ike el enents. DETAI LED DESCRI PTI ON [ 0036] I n
the followi ng description, reference is nmade to the acconpanyi ng draw ngs
that forma part hereof, and in which is shown by way of illustration

vari ous enbodi ments in which the invention nmay be practiced. It is to be
under st odd atphiatedatiieeit beard sohmstirof weyilds@itah.i Pucheterminagen cantprewike seny

oper ational, changes may .be de without departi fr he scope  of the
P esant e R BARS TR SR M sP o toRRE bis et SR IBSFERES! < net 1o
be taken ijhélude paraidlim@ls@NsRes RAchre Bendedape s@bstlaftton dheattbotsids wief | ned by
t he appended clains. [0037] A growi ng nunber of applications require high

speed ( e.sgecifis placapeny)of gpphbobyegedoningtargr ThesubsiHecnpp Asmay Rakgontain a
applicati ' i 1.Nng. . jjcation,

oot ory. AP o, et R G GORE R RS GBI EE

appl i cat idiffsrenmyl pdetwliMaRiabitivadax§ Constroetions ahd ansipeasd anhdvie h@sertdablie | ncl ude
paral lel pairs of differential]y-driven conductors. Each pair of conductors
may be dé@Ple BHAFIEN §OUTEWt FHNSTNLEIGhPERARTTel . The construction of choice

Lo e PULASOES | IR LARASl | oS8 AT el Lt
wr apped iapphcdtehs emlgepattiynot shagplynbert hecanenthircinay chusadhpedance
discontinuities at the bend location. Such discontinuities can produce unwanted
reflections and poor overall electrical performance. For example, a conventional parallel
pair twinax cable for gigabit data applications may be constructed with an overlapped
shield (helical wrap) and an outer layer of polymer film to maintain the wrapped shield in
place while bending. The wrapped layers add significant stiffness to the cable for bending,
and also can cause pinching and local geometry changes within the cable at the bend
locations. This results in significant changes in cable characteristics (e.g., impedance) at
and proximate to the bend.

[0040] Compared to conventional, wrapped, parallel-pair, twinax cables,
the ribbon cable structures described in the present disclosure may exhibit improved
performance in applications that require sharp bending of the cable. These shield
structures and cable constructions can maintain high cable electrical performance even
after sharp bending. For example, such ribbon cables may be used with connectors that
require the cable be sharply bent within the connector. The constructions can also provide
much lower stiffness (e.g., up to one half) on bending than conventional wrapped
constructions with similar materials. The lower stiffness and minimal impact on electrical
performance under bending allows such cables to be bent more sharply than conventional
cables, thereby saving space and providing enhanced routability in a given application.

[0041] It is noted that the various sections and section headings are
provided for improved organization and convenience, and are not to be construed in a
limiting way. For example, the sections and section headings are not to be construed to

mean that techniques, methods, features, or components of one section cannot be used
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[ 0038] Appl i cations are demandi ng nore speed fromthese channels and nore
channel s per assenbly. As a result, there will be a need for cables with

i mproved weramizmgbieen signal integrity, term nation cost pCrrgsedancwstskew
control, and cable cost over current tw nax transm ssion |lines. The present
di sclosure is generally directed to a shielded electrical ribbon cable that
is suitable for, anong other things, differentially driven conductor sets.
Due to the ribbon construction, the cable can readily be termnated to a
printed circuit board connector of simlar pitch. Such a term nation can
provi de weltlytehhrjhuesempihods,ifeaturss,gmabmponangy ¢ftadiffTtvet soohien.r Qo thaorongtry, hi s

type of cabl eneral ly ipnclude parallel insulated wires tha re
bonded t o e Ksapr dnaniamatiet BPmiBS i Eestin el 1l bF Btk Rr gaps
bet ween Gaftelie B.anYdehcs UESoh @k &ctiFhY, udlesiBicdbe fle4Haindicatcgt®Otied pl ane.
Such a cable may be used as an alternative to conventional bundled, e.qg.,
di f f er ent9o8irayaj r, twi n-axial (tw nax) constructions and is expected to
have | ower cable cost, term nation cost, skew, and term nation parasitics.
[ 0039] Shi el ded cables currently used in high perfornmance and hi gh speed
applications are general ISECTAONshaf HIBLIDENEIIRCERICAALL OABIY cause

i npedance discontinuities at CONSTRNATIONSWAND FEAUURES sconti nuities can
produce unwant ed refl ections and poor overall electrical performance. For
exanpl e, a conventional parallel pair tw nax cable for gigabit data

appl i cations r§42le consiyiheneohbe and spachoidnicaopaectehdeias (hatdseal wr ap)

and an outer .| r.of polynmer fillmtao intain th a d shield . in.place
ant 1 o berfoicR e bafdny T b erd A ek o PRES SR G Bib o
for bendidagyinandgtar SgecdainaRusithddt BEdtcedaad thiddgadcee ormtalk. ChaNgiag igv thi n
the cable at the bend |ocations. This results in significant changes in
cabl e chapadtreyoms qlecirigad caples torrpduss mreacaensdietivesnsidngitcartics Bhe bend.

[ 0040] Co . i I .- pAl i abl es, the
i 'bbon caBri ooy p@eFRMAER, J8BR, of B PRRE o B e B o e e 1 ¢

i mpr oved gefifunatieamaad inthajepondaitéraes thitaktandglonge Isiah pf theredblogasofelt dve
cable. These shield. structures and cabl e constructions caB nalntaiﬁwhigh

cabl e el ectqhichPhipEedf FRiPosedn APOsHS Yherq thesithihd.inpse POKSIE thesuch
ribbon cafl&sinfR¥nPEetie&fadihdt GHANESE YiShdiPdS clb&AMINEIBR theRubsy Shar ply

bent within the connector. "The constructions can al so provide nucﬁﬁlomer
st i f f nessse(sdram caahpthey. dbanytdltlic cableshésodnelgde dram wioestbatt dlentiadal yrcappetl
constructions with simlar materials. The | gwer stiffne and m ni mal
“mpact oot Ty R BHPHbH AR GE IR DRt g 147 FN SUEH BB es (o be
bent nor jcs8difyeR ¥rdidadh KM hbRRAAonAedRIoRS to thE86RR%0? AV BEd SRACRIrANd
provi di ng enhanced routability in a given application. [0041]1t is

not ed t hatdudeshesire ofitbe sede Pemscaondsisse.cniden pravads enportanisicpfaswmaged f or
inprovedtg%%gai%ﬁhkggca 9 conveni ence, and are not to be construed in a
limting Way. = exanple, the sections and section headings are not to be

construed to rmeedB|t hat tIeENGi OuesxenEbiyatiscldddedicit @S catds 2 ¢dhpamanits of one
section cannot be used with techni ques, nethods, features, or conponents of
a di f f er éneludescxnluilityyf ERduicksH Spacedeanaritieay cachrotheralongfadl oret NABHOT r om

e A S R L G R
cont r ar y.be arranged generally in a planar configuration as illustrated in Fig. 1 or may be folded at

one or more places along its length into a folded configuration. In some implementations,

some parts of cable 2 may be arranged in a planar configuration and other parts of the

cable may be folded. In some configurations, at least one of the conductor sets 4 of the

cable 2 includes two insulated conductors 6 extending along a length, L, of cable 2. The

two insulated conductors 6 of the conductor sets 4 may be arranged substantially parallel

along all or a portion of the length, L, of the cable 2. Insulated conductors 6 may include
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SECTI ON 1: SHI ELDED ELECTRI CAL CABLE CONSTRUCTI ONS AND FEATURES [ 0042] As

t he nunber and speed of interconnected devices increases, electrical cables
t hat car ryoompabzmebet ween such devi ces need to be snal Per/ispadovapabdl e of
carrying higher speed signals w thout unacceptable interference or
crosstalk. Shielding is used in sone electrical cables to reduce

i nteracti ons between signals carried by neighboring conductors. Many of the
cabl es descri bed herein have a generally flat configuration, and include
conductor sets that extend along a length of the cable, as well as

el ect ri cahsud#tedbighal gvitds| msuldicd powetiwues, op pwsiated growwswinés. tTveo shapldmg Pi nched

portions Qf the hielding fil.;ms.bet ween jsacent conductor sets help to
electric F? ﬁggﬁngm HQQQBﬂ%G§¥%# fﬁpcwﬁg each other. Many of the cables
al so include doedq) W resTHoTabt @ldgeédndealdiding ERAEE birct Brahbed sohihed, ds, and
extend along the length of the cable. The cable confl%@ratlons descri bed

her ei n cat?ﬁnﬁ%qfiﬁ qr@SSsSpeﬁm, £ble & inrdiedes saverregionel candunghsd regens laﬁndnabeal n
W res, %U&erep%fis $4 SFthQ alBlE'%a§ L 6o 18{1‘151?8%{1%’}1@' a%géﬁc\ﬁfllp%ﬁ]% @g @ s

opportunltles ermnation o e ca

exenpl ar Mn$ﬂan§xieebec&r@sh eedtroncsabstmaiallg s@rrovhdsdachvporiduator kétel. tfdaesxan]pileur ality of
conductor sets 4 spaced apart from eac other al ong I| or portjion of a
wi dt h, w,Co8Fr Rasons 3 the Ficldige dibng mpy LOUFIVAIN rgmAass at legst 75% Oéabhe%stz The

cabl e 2 WS?%@’O 69&%?8&%9%%1} dhyl div@ doha {ﬂflér P ”ﬁlhgﬁbrda}}dr%hs@soﬂthé R} at ed

in Fig. 1 or ed at one“or nore aces alongits length into a
f ol ded cmnﬂmgwndtshmtdmg ﬁlm@fmmth@pmnlmnitragmnmsés ofcirke Zpeml txhoideosflsheh 2 may be

d | fi gur at th ts of K b
Fol dod. 1A Ehat 1B atTORIcesihs 1R Re Mgmbiear obhe bouhaLLEONGUEE 4 of ¢ e
cable 2 'ﬁlﬁisl!%de% dEMRddNEH dglhgqle%mgbef@nﬁ9%@%@1&&@1@&98 mibendth, L. of

cable 2. The two insul ated conductors 6 of the conductor sets g
ar r anged mobstitntln apthg cgﬁiwat&ns,asohhl@tratdd inFig | poath o hehicl ding ﬁérmg Are L, of
nduct ncl u nal res,

| neul at ectegbiisl Tt BB EPRENEH TS To Bl B oS BN AR e 5
di sposed 19Bo@P RO diRatidrdesncf thdshidl bk &ilds nfdQdmhhihhelafil ¢l flatMdhsecond
shielding filnms 8 are arranged so that, in

pinched regions 18 when the cable is in a planar or unfolded configuration, and the other

shielding film on the opposite side of the cable may be deflected to bring the pinched

portions of the shielding film into closer proximity.

[0045] The cable 2 may also include an adhesive layer 10 disposed
between shielding films 8 at least between the pinched portions 9. The adhesive layer 10
bonds the pinched portions 9 of the shielding films 8 to each other in the pinched regions
18 of the cable 2. The adhesive layer 10 may or may not be present in the cover region 14
of the cable 2.

[0046] In some cases, conductor sets 4 have a substantially curvilinearly-
shaped envelope or perimeter in transverse cross-section, and shielding films 8 are
disposed around conductor sets 4 such as to substantially conform to and maintain the
cross-sectional shape along at least part of, and preferably along substantially all of, the
length L of the cable 6. Maintaining the cross-sectional shape maintains the electrical
characteristics of conductor sets 4 as intended in the design of conductor sets 4. This is an

advantage over some conventional shielded electrical cables where disposing a conductive

shield around a conductor set changes the cross-sectional shape of the conductor set.
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transverse cross section, cable 2 includes cover regions 14 and pi nched
regions 18. In the cover regions 14 of the cable 2, cover portions 7 of the
first andweaemmdomhi el ding filns 8 in transverse cross PETSRNN0/060629
substantially surround each conductor set 4. For exanple, cover portions of
the shielding filns may collectively enconpass at |east 75% or at |east

80, 85, or 90% of the perineter of any given conductor set. Pinched
portions 9 of the first and second shielding filnms formthe pinched regions
18 of cable 2 on each side of each conductor set 4. In the pinched regions
18 of the cabl[8047] one o%hmwghh@ﬂﬁﬁh&@éﬁh@ﬂdhmgm&ﬁMMEKBlaﬁgmdwmﬂe%@@d,

bringing t i nch ortion shi.el di fil 8 ser

or onem Oyl AR BRARC AP R RS canlort 8, RS PhPduiRadint B LG RES! (1o
shi el di ngohithdi s%tsaﬁ@y fefulde 6h§hnk induePdonatiedr, oe Biagisclde horelhimgvd he

pi nched portions 9 into closer proximty. In sone COﬂfI?UFatIOHS one of

the shi eliBywgied PongCcionyO.r ExrexAMPle &t almg}l\ﬁsateldqd clqsEriqy frﬂhh@%}nnlégmons 18
when th |
en the & ?12 % {h%t 1%; H incRlde Hé 9411‘21%%0? g%f% ag'ﬂﬁsa&g@tjeln%fe@? %%&8{ Nbring

shi el di ng m on e SI

t he pi nchedr pight ¢cﬁmactof seftsh@lcﬁ hbehgd Ioﬁlg' dnlehmulla’nécbccﬁlldﬁstef 6. pﬂ“bvsiﬂmtbﬂlty[l@MS] The
cable 2 may also in e an adhesiv yer 10 di sposed betmeen |eId|ng
films 8 aﬁrrapé%%n%%f Q&é‘éﬂ“?ﬁ%’“p‘?“r@dﬂ%@“ﬁ‘g Fandypiorspllopydhe diselepaglesh }%@ﬁé

bonds t hgpifcesh iR P“o'e%ﬁﬁ%g@& irf \K}%lrstﬂét%'r(ﬂé&ﬁbfe o w@dé&rﬁéﬂ& iRcR&&d ' ” the

pi nched regions 18 o he c he adhesive | ayer or may not be
present iapplitrioosnvEer axegiptn tht4oofudtdresctsaint ensi’llategd)@mﬁ]mmrssmmseb casdigpred

conductor ets 4 hav Ssubstantiall urvilinearl ed nvelope or
or et artofsiiE  amaTiTe B BPOR bty Rl CoPaPEa e Pang Bl s8R Gsos ed
around coRAHELEE; SRlRipk Sa&kihl 8sH18,9.cS WRARLAR tbAdUYorGeR tacidveh Bty BRE Nt ai n
the cross-sectional shape al ong at least part of, and preferably al ong

subst ant |lawlf;te(émnd@f:tor,tmi@omémgtlhns_th@feOf hiea semle@lb@dmmtma@pmiw@rwh@nay

Cross-se nal ape intain |cal char terlstlcs of .conduct or
cets 2 aduiiRaneEE PR ga O EoRblfrs R EPBARL Bht B PR BNt age
over sorre:oﬁ@mbt@fgtan@rhalmﬁiwﬁie%ﬁteedn@célfdmﬁkhs@@@d&@odﬂd&h@ccﬁid&@@& dhg:l@

conductive shield around a conductor set changps the cross-sectional shape

of the conduct8048et. wdndmierbabinespirytegrordiosbehlddmirfiga pdlgh in the
enbodi ”Egﬁl hér {a&e%t ‘fbgoheﬁ ﬁ'r: Lﬁq c%ndlﬁn%(ﬁ% 18 ORI ondfdtord 1?%%5%&?1%% y two

i nsul at ed conduct or's er e inents, sone or e conduct or
sets may gmmidudtreml dfalﬁﬁﬁrdsnﬁtblﬁtcbd)ndﬁﬂdmdam’an bokpaway aparcfrutheandakentihan two

i nsul ated conductgrs 6. For exanple, an alternatjv iel ded ele trlcal
cabl e si rhpPadstaialediegamedliterign sringieed qondygt el S el?imeeﬂ Sfiedsr st

that has cﬁ;ﬁﬁ@%d érBﬁﬁH %r’ogﬁd EHIALOHOIS Fhe ﬁ%e%&?ﬁ&reﬁﬂflﬂ%%&{d ﬁl%lémg%gx]&ls Raving

only one | at ed uctor 6. Thi's flexi y 1 n arrangenent
conduct orto secﬂsothﬂdn itespih elted poctomd Yaindragh sikEsovisgromsl dindedtosdd. shvehdled

el ectrical cable ob onfi ured i.n ) t .ar tahle for a wde

variety df" &Hg 6%?& ka%ﬂﬂégéﬁﬁﬁgﬁ3ﬁﬂggggﬁhﬁ% or sets and

Insul at ed conctum«,qrs nayrmlrss@,rs&twﬁ@ﬁdle&v@o{“pr@g 2a-7g4hiy Rpfestwivaaghal  cabl e,
.e., multiple conductor sets each having two insulated conductors; a

rrul tipl e sbivddadalectragsl eablgs, er porfrong ¢fislables.o hdlét de. @eetl@edefé@dmrlqrﬁéwbig 1924 y one

i nsul at ed onductor t here n t
conductor]nC gesa$n$%99ﬁhw(¥ﬁ%ﬂ§ge%§ngéﬁ%' §%£@g |eﬁémgﬁ fenﬁ%vﬁ?r%l}mdlsposed

around t hﬁbl@mﬁd(hés o8l Q siigélngtle@d condlicedrans, Iadidired) thd&blati2dendyasket (not
shown) di sposed around the conductive shield.
made to include multiple conductor sets 104 spaced apart from each other across a width
of the cable 102a and extending along a length of the cable. Two shielding films 108 are
disposed on opposite sides of the cable. The cable 102a includes a cover region 114 and
pinched regions 118. In the cover region 114 of the cable 102a, the shielding films 108
include cover portions 107 that cover the conductor set 104. In transverse cross section,

the cover portions 107, in combination, substantially surround the conductor set 104. In
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[0048] In the enbodinment illustrated in FIG 1, shielded electrical cable 2
further includes optional ground conductors 12. G ound conductors 12 may

i ncl ude gwountr/oahises or drain wires. Ground conductors P2Tamrolbeespaced
apart fromand extend in substantially the sane direction as insul ated
conductors 6. Shielding filns 8 can be di sposed around ground conductors
12. The adhesive layer 10 may bond shielding filns 8 to each other in the
pi nched portions 9 on both sides of ground conductors 12. G ound conductors

12 may electrically contact at |east one of the shielding filnms 8.

[ 0049] Thehepwshedsiegionshbi ofthewsblofl 03, @8, shxdding fitmy 10%&mchslepinched i ous
shi el ded el ectr.i.gal cabl.es r portions of cables. In FIG 2a, shielded
eIectricépﬂggﬁﬁggfﬁfﬁa}ﬂﬁ#gﬁﬁgCgmépkﬁﬁgiggnductor set 104. Conductor set
104 extends aljgpap]t he | exgbpricihl idRsigablyer ardmBRbe 8i3pysed beiwtgh ghiclisnd at ed
conductor_106. If desired, the cable 102a may be made to include nultiple

conduct orfilgwtl§81 Shickded ekagtrigaheable FQm oty ineldas optipend graungicgpducggrsd hd cabl e

102a and ' T i j il ms 108 are
disposed(%ﬁh%ggég@f%kgﬁgégeQ&Q?%gm%agﬁésmﬁﬁgkgggf%ﬁﬁéggﬁbﬂ%Pgﬂé% a cover
regi on lildreatich @i incliedd cegluotos 104.8Cohductdisciciddeimdreegindreohdyketa® 11hearcabl e
102a, the shieldjng filns 108 include cover portions. 107 that cover the
conduct orPeEiangshso thaf thesplig genesalydp gddansee illwstrated pie FE &  portions 107, in

conbi nati on, franti al : I e pi nched
regions 118 oﬁy?ﬁg cablék%g%g%kgﬁgggﬁﬁi}gfng %%@%%ﬁg%%%@ﬁ?Fgggo%?hched

porti ons at@thdomdeavkr,shagroofd tdreluctorndul®t drhesidhesi@Alaydrdd8@jaArbandithonal
adhesi ve | ayer 0 be di spose et weep shielding fi 08. , Shi el ded

ol eotri caniddbe bitolY odachefer S FladeSpr eHAT “GiBine bomddiotit s 112,
Ground coRddedeks 11y uSRaG EnaRal leabl MNARRIcRINLMehd TD8SURSI@MH al |y the
sane direction as insulated conductor 106. Conductor set 104 and ground

conduct origsulated eendupter 406¢ ambghdcldingifivas 106 exe dffcetiypn arrandey in A coaxpdlanbleas

illustrated.in FI G ..2a. [0051] Second cover riions 113 of shielding filns
108" ar o dropbUaib Do ARSI ST £RE 2 SR Rs 8 B e ST et ve
| ayer 11CQimai abhemgnidae shiel ding filns 108 to each other on both sides of
ground conductors 112. Ground conductors 112 nay electrically contact at
least one of dAPRAIdi ng Ay Wystiaigl inthe frprgveny crqsh segtighad yigvp ABLKT 3@ thew and

o 19 0, %A 6] CESLLNEL K NRANGD EORIBIOEINE 08,
si ngl e enmddhat iscuminiaumaseg@aBod,.d1, between the pinched portions 109 of the shielding
films 108.

[0053] In FIG. 2a, adhesive layer 110 is shown disposed between the
pinched portions 109 of the shielding films 108 in the pinched regions 118 of the cable
102 and disposed between the cover portions 107 of the shielding films 108 and the
insulated conductor 106 in the cover region 114 of the cable 102a. In this arrangement,
the adhesive layer 110 bonds the pinched portions 109 of the shielding films 108 together
in the pinched regions 118 of the cable, and bonds the cover portions 107 of the shielding
films 108 to the insulated conductor 106 in the cover region 114 of the cable 102a.

[0054] Shielded cable 102b of FIG. 2b is similar to cable 102a of FIG. 2a,
with similar elements identified by similar reference numerals, except that in FIG. 2b, the
optional adhesive layer 110b is not present between the cover portions 107 of the shielding
films 108 and the insulated conductor 106 in the cover region 114 of the cable 102. In this
arrangement, the adhesive layer 110b bonds the pinched portions 109 of the shielding
films 108 together in the pinched regions 118 of the cable, but the adhesive layer 110 does
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[0052] As illustrated in the transverse cross sectional view of FIG 2a,
there is a maxi mum separation, D, between the cover portions 107 of the

shi el di ngwbi2bre®03088, and there is a m ni num separ ati on, pdir;usk@bmnemn9 t he

pi nched portions 109 of the shielding filnms 108. [0053]In FIG 2a, adhesive
| ayer 110 is shown di sposed between the pinched portions 109 of the
shielding filnms 108 in the pinched regions 118 of the cable 102 and

di sposed between the cover portions 107 of the shielding filns 108 and the
i nsul ated conductor 106 in the cover region 114 of the cable 102a. In this
ar r angenet bontheovatpersione 07agfghe dhicldingridmstlfg tptheohedatpbeandoator 100inof t he

shielding, filns 108 taqget-her | e pinched regions 118 of the cable, and
bonds thgh%fs?/VeeFr%?‘}Silgg&tf%fahg ];‘)?e shielding filns 108 to the insul ated
conduct or 106 [ppss]he covesferriggit®FId.2t, sHicldb®cleabld chPRa02¢ is similar to

[ 0054] Shi el ded cable 102b of FIG 2b is simlar to cable 102a of FIG 2a,

wi th si nishiglded) cdepiiga calde hQ32fofddGphya. sesnt Hrat petle f Qieds gyl asandugioregst t hat

in FIG 2b, [ ' 1 | t he
cover portt gl OB kP8 Fu R Sl B B, R Bl e b S R b o
106 i n t Haclodvenltiphgeadudtddsad 104eapaecidlparthidss b widthios tiargabrgideahd t he
adhesi ve |l ayer 110b bonds the pigfhed portions 109 of the shieldi

n

fil
108 t ogetHENdNg Aong plicpathed thesgplisndnsiaied sondygtopsakog ,amo%ﬁangﬁ%g%mr%gf. 19|e "

| ayer 11 ' fint ' ' ilms 108 to
el e urge plafEhnd O ONSH o Rl Sorfirdtiont e AMIEhAyI A} | T8 03¢

[ 0055] RefeenfigngtioroofFIG. 22 can bhiedded deffecitral pair crabt erdh@2mentsorsn aisingle t o
shi el ded elgitrical cablet102a of FIG 2a, except that cable 102c has a
singl e coRAEEEEMILEREHAN whi ch has two i nsul ated conductors 106c. |f

desired, the qapda 102c TRYshEldMRIBNsA 0RO GlURSORRH & HiRskOgdscdfor sets 104c
spaced part across a wdth of the cable 102c and extending along a | ength

of the caonductonsstl Mced hesabladO2e¢ mcholesa aper aegienbbls agd merched yegionsa si ngl e
o e L1 AL S Lo LSl 00 BT AR R e
ar r angenmgidlitiéts 1i0Mc ehas targk eheidE@ebt6d Je€ Ud4c. ah HrangRRR Rtoss section, the cover
portions 107¢, in combination, substantially surround the conductor set 104c. In the
pinched regions 118c of the cable 102c, the shielding films 108c include pinched portions
109c¢ on each side of the conductor set 104c.
[0057] An optional adhesive layer 110¢ may be disposed between shielding
films 108c. Shielded electrical cable 102¢ further includes optional ground conductors
112¢ similar to ground conductors 112 discussed previously. Ground conductors 112¢ are
spaced apart from, and extend in substantially the same direction as, insulated conductors
106¢. Conductor set 104¢ and ground conductors 112¢ can be arranged so that they lie
generally in a plane as illustrated in FIG. 2c.
[0058] As illustrated in the cross section of FIG. 2c¢, there is a maximum
separation, D, between the cover portions 107¢ of the shielding films 108c; there is a
minimum separation, d1, between the pinched portions 109¢ of the shielding films 108c;
and there is a minimum separation, d2, between the shielding films 108¢ between the
insulated conductors 106c.
[0059] FIG. 2¢ shows the adhesive layer 110c¢ disposed between the
pinched portions 109¢ of the shielding films 108c in the pinched regions 118c¢ of the cable
102¢ and disposed between the cover portions 107¢ of the shielding films 108c and the
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[ 0056] Two shielding filnms 108c are di sposed on opposite sides of conductor
set 104c. The cable 102c includes a cover region 114c and pinched regions
118c. | n wbeonmseseor egi on 114c of the cable 102c, the sircelusong/obickas 108c
i ncl ude cover portions 107c that cover the conductor set 104c. In
transverse cross section, the cover portions 107c, in conbination,
substantially surround the conductor set 104c. In the pinched regions 118c
of the cable 102c, the shielding filns 108c i nclude pinched portions 109c
on each side of the conductor set 104c. [0057] An optional adhesive |ayer
110c may ibsulaitd poslediobel0been thetosticgign flil # eref tho8eble $A2@ | lidhis elrenganiangl

cabl e 10 further in es .optional .around n tars 11 si,n,lar to

or ound cansitaiesnE b FLIRRAS B B0 B DS BP0 RRalerrS BSe ar e
spaced apagdthdrii e ARche@Xé@kh 118cS0BRIABL 1@DL Yant ABoLRIES B LEGripdRiGRS |

i nsul at ed conductors 106c. Conduct or set 104c and ground conductors 112c
can be arl0dpgEthesbiciding fitmel0dcite thpapatafed 90114\10@%1&%11&& qavpisgioatldde i n

FI G 20.(k9&§ ﬁ§ubklustrated in the cross section of FIG 2c, there is a
maxi mum separ ati on, D, between the cover portions 107c of the shielding
films 108c; tHO0&]i s a mShi¢ldethead&pE02dtaf @MG. 24 is sheilaee vatilbe0ld sfdtied2por ti ons

109c of the shielding filnms 108c;. and there is a m ninmum separation, d2,
bet ween t'Héh SAYEr alpwgntﬁilqiq%lﬁijgg& SHRtaRe ﬁrep%n?fﬂ%rﬁ{?a?’%’aptghﬁdﬁéﬁ ¢ 402be6c.
[ 0059] FI Gy &6ticHAP eEigﬁilaz@PFﬁidVigin{)ﬁzr%en@ﬂQﬁze@l{ HReseY C&%ﬁﬁd&ﬁ%ﬁ 5empi nched

portions 109c of the di ng 108c in the pinched regions 118c of
t he cabl ehikidiog &hds & podebk nstlaed ronhetarnVeic ipand caasreiincl ldt of He

hi el di i | ns 108 d the insul ated 106¢, i n..th i
e ot "able TR RSBl B RSl AR S RER R PR S
the pi nchagiagg HiRy §08%Q8§etﬂér ih R s deAend 1188%f I&GbI0BRLIIEE ndtihohe

pi nched regions 118c of the cable 102c, and al so bonds the cover portions
107c of tthecevsr ppions 1 §7d efghagadding file 10919l the evulatpddgodenters 106¢mi the t he

cover T e%io%]r r%%f(")% l?Ilc E)pt%e %gbqle ?O%(?ZC'

[0061] Referring now to FIG. 2¢, we see there a transverse cross-sectional
view of a shielded electrical cable 102¢ similar in many respects to the shielded electrical
cable 102a of FIG. 2a. However, where cable 102a includes a single conductor set 104
having only a single insulated conductor 106, cable 102¢ includes a single conductor set
104e¢ that has two insulated conductors 106¢ extending along a length of the cable 102e¢.
Cable 102e may be made to have multiple conductor sets 104e spaced apart from each
other across a width of the cable 102¢ and extending along a length of the cable 102e.
Insulated conductors 106¢ are arranged effectively in a twisted pair cable arrangement,
whereby insulated conductors 106¢ twist around each other and extend along a length of
the cable 102e.

[0062] In FIG. 2f another shielded electrical cable 102f is shown that is
also similar in many respects to the shielded electrical cable 102a of FIG. 2a. However,
where cable 102a includes a single conductor set 104 having only a single insulated
conductor 106, cable 102f includes a single conductor set 104f that has four insulated
conductors 106f extending along a length of the cable 102f. The cable 102f may be made
to have multiple conductor sets 104f spaced apart from each other across a width of the

cable 102f and extending along a length of the cable 102f.
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[ 0060] Shi el ded cable 102d of FIG 2d is simlar to cable 102c of FIG 2c,
wth simlar elenents identified by simlar reference nunerals, except that
i n cabl e wO2d12dse3e6pt i onal adhesive | ayer 110d is not presastolbetoseen t he
cover portions 107c of the shielding filnms 108c and the insul ated
conductors 106c in the cover region 114c of the cable. In this arrangenent,
t he adhesive | ayer 110d bonds the pinched portions 109c of the shielding
films 108c together in the pinched regions 118c of the cable, but does not
bond the cover portions 107c of the shielding filnms 108c to the insul ated
conductors 10468063 t he dbﬂémedegkbmunﬂﬂkﬁ@ﬁ3mh@g@h@ﬁwﬁyﬁﬂdnaFm@@&?ﬂ@ferring
now to FI G 2e t here Cross- sectlon vi ew of

Shi'el dea Eagtprtay TEeh BSGE LIRS0 Hbng LT e bR o Birged

el ectri cals ighel ddddactefs 10bCextdad albﬁ)gf\@ll@@th ohee eat@bdF. 102a i ncludes a
singl e conductor set 104 having only singl e i nsul ated conductor 106,

cabl e 102e i ndMeHs a sikriteing ﬁ@lﬂ'@tlﬂﬁssé’t‘ i, dudhar gabodimeents@f shigddadat ed
conduct Ol fe 419064? cﬁ?f IH%? ﬁ'l%lu%l rﬁllldy%géﬁfg igérpgon%gﬂo?se]t? f&% 16:%)'1%4 Q)%e may

be nade to ave m or se space rom’each ot her
acr oss aﬁMMﬂkhc&&bhh&mﬁﬂbh@oﬂ@ﬂan&d@eﬁﬂhbﬁdimgn@h@h@eacmebgﬂhzdk t he cable

102e. Ins ed conductors 106e rrang d effectively in a twsted pair
cabl e arr w@iﬁﬁié#tcm e3tepymay gl L@Fédv a&g&l@ dropdciers 442 éﬁa@ﬁw@a@ach
other and; taeﬂa%x?elnaﬁg b%%n&%ﬂghnheéarh@&r@&%&h%s Jtﬁgﬁlsufa%gfc%h{ﬂbtg& Gr (Rl anot her

shi el ded el ectri cal IS shown that 1s also sim I n many
respect s doodudier sstsi éh dexde ed)teﬁgulratmals tbabdreluto? scto find-ErGund® eondiotees/@n bewher e

noul at ec BRI ATER 765 * Halh BUROC: A& DHEE A S PR S GRRSEIB™ Sbtvchoaf

t hat has f@sddddngediat£damenduct ors 106f extending along a | ength of the
cable 102f. The cable 102f nmy be made to have nultlgle conductor sets 104f
spaced apart flP8hleach didewringde 6Xs. 2g, vliichdnd olectrigal ceblsl 92gomiudgnd ext endi ng

0063 ol tnht aB AT eSiRRt xpd g hAL BARRRAEET oY S Hhdded o

ar r angemeyMctriodh ext2d Y02 gnivthait iaelug &9 shtioh ol SodfidontBdtorl 1mySp6§Hd HBetw&in ar ound
each other as insul ated conductors 106f extend along a |length of the cable

102f . [ ooeajwdoreetsi 19g. Hdeland gt otissides gr ggges pfishieided ﬁ%a@lr?éhhesl 08¢- shi el ded
[0066] First and second shielding films 208 are disposed on opposite sides

of the cable 102g and are arranged so that, in transverse cross section, the cable 102g
includes cover regions 224 and pinched regions 228. In the cover regions 224 of the
cable, cover portions 217 of the first and second shielding films 208 in transverse cross
section substantially surround each conductor set 104, 104c. Pinched portions 219 of the
first and second shielding films 208 form the pinched regions 218 on two sides of each
conductor set 104, 104c.

[0067] The shielding films 208 are disposed around ground conductors
112. An optional adhesive layer 210 is disposed between shielding films 208 and bonds
the pinched portions 219 of the shielding films 208 to each other in the pinched regions
228 on both sides of each conductor set 104, 104c. Shielded electrical cable 102g includes
a combination of coaxial cable arrangements (conductor sets 104) and a twinaxial cable
arrangement (conductor set 104¢) and may therefore be referred to as a hybrid cable
arrangement.

[0068] One, two, or more of the shielded electrical cables may be

terminated to a termination component such as a printed circuit board, paddle card, or the
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el ectrical cables may include a plurality of spaced apart conductor sets
104, 104c, 104e, or 104f, or conbi nations thereof, arranged generally in a
si ngl e plhwoeosi2@3visenal |y, the shiel ded el ectrical cabl epcras20m00b0sde a
plurality of ground conductors 112 spaced apart from and extending
generally in the sanme direction as, the insulated conductors of the
conductor sets. In sone configurations, the conductor sets and ground
conductors can be arranged generally in a single plane. FIG 2g illustrates
an exenpl ary enbodi nent of such a shielded electrical cable.

[ 0065] Refliker iBegause the) i@sul@gd cetrugtodeehdegroend ¢andbctorsslan bt @agngaddenerey a

ol ane. | SHP iR BRE: AR SRHSHEN B sh Tt e R R o B CRBr ST it "

conduct orig,, HsithuRRA sBiph g tiomeiigih 8 Filme hisd hddlatidiDAemangindtilakgt h si des
or edges of shielded electrical cable 102g. [ 0066] First and second

shi el di ngopfingiers o8 mgse-temps gl o nthe sived fapeousiteraynyging Héhegupredimdy and
are arra 4 i S j i.ncl udes
cover 1 oan Sk 848 ondilickf ARPUBLEE oGRS Rt {Hous TS e Ao RahtC, UERe
cabl e, cagemipopidcens Thivisah attntdderoftat Rad ssme ofi thestiscdbsdil Bigickded s 208 i n

transverse cross section substantially surround each conductor set 104,
104c. Pi wécaia%kﬁ?soﬁ@leﬂr@p&fi epfheotfipyudated FRn B IHP EIdRORGUFPISHRY208 f or m
the pinchgdor.aei Ind Blcd Mgy ¢ ERMARlon O intdP4C
[0067]Th2%s%f§%%§2§t i'%s&%%ggﬁré ﬁ?@ggée aﬁgﬁﬁg%b%%uﬁgﬁégﬁgﬁg?%?s 112. An
opti onal cadheboard, foagram@20In ethdi spos dd sheiped endsdfi ieddated) cdrndunrL48 and
bonds the pi nche ortions 219 of the shielding filns 208 to each other in
Che. pi noreRTEEOHgoD S5 Botvet doenon GUEHSecraR e TagRot ac.

Shi el ded @gltgqt tdrindlationb@icd Qaeh hd)eloU AR trivaf QSHRARAS Ak QhriGPBNimRL o abl €
arrangenments (conductor sets 104% and a tw naxi al cabl e arrangenent
(conduct or set[08¢4c) andnid{St Iresdimercnidanydérarnatbntipoesss af yhdédd cabl e
arrangenent . .[ 00 t Wo r. more of t hi el ded el ectrical, .cabl es may
be. tor m ekl Gk o0t e Gndle e hEn R RREBR R boar d.
paddl e cdrlgstra@dd. tes felkBati BEFRIES chiBe b ARidS-Blr@thation Lty mdancudssannd
conductors can be arranged generally inasin ane, the disclosed

arré ; L sji ngl e pl ang
shi el ded sépsef pirigaingdBlyseate rreFRﬁnﬁ-ﬁaém,taéanmg%lwé@e%mﬁlﬁpﬁﬁ)g,and .e., the
simultan I PRI : i I 1 i i r he
insulateggcoﬁgﬁg¥@ggﬂg§§gpﬁggéiié?ﬁ%ﬁa |5%%g@?@@ge%ﬁggéﬁﬁkﬁgg%égﬁgh
t er m nat imgy ofgechbral ske theforn efialsy effthé beblésnsiolvataad/oe desdtibédhacianthegr ound
conductors, which allows a nore autonmated cabl e assenbly process. This is
an advantaé@@g%?flerato?fs%lft% oo S0 NG o i@}ﬂ@r&unf conductors 312

of shielded electrical cable 302 may be matched to the arrangement of contact elements

316 on printed circuit board 314, which would eliminate any significant manipulation of
the end portions of shielded electrical cable 302 during alignment or termination.

[0070] In the step illustrated in FIG. 3a, an end portion 308a of shielding
films 308 is removed. Any suitable method may be used, such as, e.g., mechanical
stripping or laser stripping. This step exposes an end portion of insulated conductors 306
and ground conductors 312. In one aspect, mass-stripping of end portion 308a of
shielding films 308 is possible because they form an integrally connected layer that is
separate from the insulation of insulated conductors 306. Removing shiclding films 308
from insulated conductors 306 allows protection against electrical shorting at these
locations and also provides independent movement of the exposed end portions of
insulated conductors 306 and ground conductors 312. In the step illustrated in FIG. 3b, an

end portion 306a of the insulation of insulated conductors 306 is removed. Any suitable
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el ectrical cables. The stripped ends of insulated conductors and ground
conductors may, for exanple, be term nated to contact conductive paths or
ot her el ewerror/3m36a printed circuit board, for exanpl e. PCm/ustéencwases, the
stripped ends of insulated conductors and ground conductors nay be
termnated to any suitable individual contact elenents of any suitable
term nation device, such as, e.g., electrical contacts of an el ectrical
connect or. [0069] In FIGS. 3a-3d an exenplary term nation process of
shiel ded el ectrical cable 302 to a printed circuit board or other

t er mi nat iroethedmephenscd3 suchias, ¢.g) m@‘@h%ﬁ@@ striphing or éaspi sieppiop Phisstys can be a

mass-term_nation din ri n illustrated
G, oyt B BETRR o Y ol st &R rs Y TR Ut i ng

(i I'l ustr atigdratdd ik IFEG. wkhlewle@me‘c@fcm a®1sIu2ek deghcalvaiet priged cie@ wadP2, whi ch
may in general take the form of any of the cables shown and/or descri bed

herein, tHé sugh ﬁ’lﬁb@ﬁr@ﬁ@ pertiopp Atitie cordustars ol3ipaulated somductass 3ehandciheerd 306,

d hed
R R Ay
whi ch \AoLdlcdn@its Maat pruaacy cistugrhdard AMM. Tnvahd greip ﬁtumate@in FIte 3dntdhcpad t i ons of

shi el ded el ectri cal ble 302 during alignnment or termnatio

[0070] | n ROREONSOENG qqn 4qtoLs V@tqdl C@nﬁg%orsawéﬂ@tlﬁcﬁnélpsﬁlozwgg@ﬁméhi el di ng
films 308&.hg,&&aBYedr shaﬂﬁeéH'e&t?i%l%aﬂ?%@h@%e{;@)&nﬁgteﬂ‘?@g@nt%%rérr?eﬁts F6Dbn
mechani cal stripping or laser stripping I's step exposes an end portion
of i nsul qimxdedccmwu@bamdSS 13063xamqilegro<ﬁﬂmd1b¢ﬂmdnmatnmrsm3thads that maﬁbasqmelct

mass-stri.ppin end rtlon 308a of, shi Idln [ 308 i Ssi bl e
bocause tROYAFashisri. hRk Sy MEo e uran Fayare M e SRR Bor Pom t he

i nsul ati qanRfa ficsul at ed conductors 306. Renoving shielding filnms 308 from

i nsul at ed conductors 306 allows protection against electrical shorting at

t hese | ocat i or{Qﬂ’éldd al sdnpommcel@s, thﬁdépl@s@eemelmh@mcambe made ixipolydd end
portions of insul ond n conduct the step
PPl st r e o AR BB AR & e iR Dt R UPNE RGeS Tar ML at e
conduct orrfay3Btbusded t6 SdpamRslindAnduas vbridabloe s¢te bkt ammglaq)ou&ﬁpbftﬁwehgm)f e.g.
mechani cal or | aser stripping. This ste goses an end portlon

strip
of the c@htqumagl@ft TeoH Inareasingch drack tBe ftaalgllexbili }’Héf the egblq. | Thismext ed in
FI G 3c, Ccui t
boar d 314 SO RanDEr et HE 0L e ALl BUINER, S
conduct orjsck3f 6inankrtehebodimgenpg splite Agaydle placad 86l ac @ patrerisdidiidalodr silitipleded
el ectrical ﬁable 302 are %jlgned W L h contach el epents 316 on prlnted
circuit BOAFYFtarEts and erepndoRguGtersy Spmpiain the fagingf coBFRetURaS 3Bt i ons of
the cond fi ground
conduct ot S BHuepS %ﬁ*ﬁﬂaf e s B R A ot act
el enent s @bB. div mainfairettic spaceng ¢f doodudor3ts. anﬁmpida@ndmct@ﬂ iin atdeest bmr m nation

net hods th t nma i ncl ud deri crimpin nica
T apt n. e VR sl Shine Tae Ha M P A B GeD ¢ ne
di scl osedpfRimdydes ccRAl Bfio 6AN oPEotHRAE p&iBioh N6 HE 8aINETRE sPIRS Ba @Q%rhié@l' nal
slits or other splits disposed between conductor sets. The splits nmay be
used to geplm@mfédetdrﬂwm@hhaabl@@ﬁdg@nmultsiétegn@thoql sael asnkgndasar gﬁtmg@rn of the
| engt h of s t here eas| t he. I ra

eId bl.e by. i nc
flexibillunc Egﬁ%g Formfﬁﬁglﬁéo a { Ong'oPugﬂgnﬁle(ﬂs Hd) g@?%@ﬁ?cable

to be pl a@eﬂlngpﬁﬁybasfmnednﬂm cﬁscqwewshﬂem@arele@mc@rcajb&@k@fch a&,,ra:. )i e,

enbodi nents, splits may be @jaced so as to seFarate i ndi vidual or nultiple
conduct or¢: &eﬁ%%(ﬁ%ﬁ%‘? k?ﬂﬁdh% traddlespilitynd thasGaltcai n t he spacing of conduct or
sets and grou nduct of ey, S gth of
shi el ded el EC'[[I‘I cal cabl &&P&@&lhé ?li% al nsetaﬁléﬁise %%se@%@%@g% %agglg%ggand

gr ound comdaqmﬁKSnﬁ@mammhemdbemnﬂeamdvmmﬁybﬁmmyéihsﬁhm@hﬁﬂdn&hﬁ@Mﬂeca

cabl e so intain nass- ternlnatlon capabilit the splits nmay not
extend | iG] %ﬂ%ggv S BEY FRedily 3rondrgis lorer ¢ L agmrendiive g%lm@e%{ Tbe forned
in the shpgl c%ﬁﬁlu&livgcﬁfeirﬁﬁ 1196?‘tli)deea g%hﬂ%l@Mn&l\ﬂf&@ﬁhﬁrlmﬁﬂ&%’mgsmrﬁoﬁs €.g.,

| aser cutting or punching. Instea or 1n conbination wth [ongitudinal
splits, dnhmmhsuppabl@h@habmmnmm,gﬁénmﬁg@oyaﬂwbvffﬁhmmmhcqnmRquhsclosed
shi el ded el ectrical cables, such as, e.g., holes, e.g., to increase at

| east the lateral flexibility of the caple. [0072] The shielding filnms used
in the disclosed shielded cables can have a



variety of configurations and be made in a variety of ways. In sone cases,
one or nore shielding filnms may include a conductive |ayer and a
non- condwoize/pedegneri c | ayer. The conductive | ayer napcCrrustude@cwmny

sui tabl e conductive material, including but not limted to copper, silver,
al um num gold, and alloys thereof. The non-conductive polyneric |ayer may
i nclude any suitable polyneric material, including but not limted to

pol yester, polyimde, polyam de-im de, polytetrafl uoroethyl ene,
pol ypr opyl ene, pol yethyl ene, pol yphenyl ene sul fi de, Ellyethylene
napht hal atodymeid pyambaniactkede sny $utehls polgyberic metehiglh mgbidpreopy nehlemidedive

rubber, po et h acr) Iat i bber,, epoxi es, and
Cynthet | PRIE PR G A imiat bR o BRI St P hy s oy o el ude
one or nyodycadidére, p@s}pmgle@e stlifidk, %&y&l@l&f@%ﬁbﬁ@lam&P@Ifytzluﬁﬁnaﬁéllsllﬁbh@ for the
i nt ended a&gllcatlon I n some cases | east one of the shielding filns

may i ncl uBRDSE, qthyipreapronycaRitiens pebeapelyugianesasty et whisangsh Batesh Tve

| ayer an o r y t have
L eon o LSRR LAS AL iy O SRR e
have one d’ﬂEjO@fn(ﬁe(ﬁ(ﬁflll(ZH’S addfok ﬁuerstthptowdae mb@amés suathbly feahdigtideg and an

opposite maj.or. exterior surface that u ally. non- conductlve t he
shi el di n@ppil¢%0ﬁa§n PRING FASEY: gbleattoge Pﬁfh& sﬁ}?@ﬁ P Eﬁj@ay ag d@ 5 lgmying a|
di f f er ent, QL QDL AL n%% ?dsbéil@éie g'COIll(HlCﬁQérEi E23R%he hAL- cf"r?ﬂ% fﬂpol%ﬂ@rlc

conductive surfate ace conduct or ets of Ins res and
ground wlam, Fanmmldingd‘ﬂmsazlmhsveteha)nrdocm@daymduspomdmdmecmtalycti\aace t hose
conponent.s ses where two shleldln ns are used opposi te sides
of e i Otthil TR By B TRPRREHOUEACT WAt elrer s D ATHRER Ve f aces
face eachnqly ?sglteaﬁﬁjo@@e&&ﬁ@sﬁﬁfaémelﬁ@@@Bs%n%uy‘sﬁ@@c@mcgwmhmaﬁg fil@r they
may be oriented such that their nonconductive surfaces face each other and
each facenahlee mgmgmmﬂrm@eths slanlde@ p@h]mdl wvﬁr@hdlfﬁrem pagntatignsige devitednied such
that the c%ndcucetl%e ;ur 2 t§ ol F S ) [871 T1:des the [0 1ngl tegr sets
and grourtd"Wi F&S; WAt h ﬁ%lh ¢o dﬂlé v81 ?'Cfea &° o%ﬂ PSEAEI di ng
film facesgireemndwped@id vsiedss aihih sgﬁféwagbswhdﬁﬁl éd’rfdﬁbtﬁ%%u@fab@ﬁla? fate tidsct he

cabl e. [0073] I n sone cases, at |east one of the shie dlng films may
be or i nciogpengntst o whrae Bemelieldingdiims |amg used oR oagositesksiepOf Histcable,
flexible, I

sel ected asggs%%§geﬁﬁﬁﬁg?8%?H%Mg$%ﬁ&%§pgﬁgﬁgﬁg&§&? g%fﬂbkl ecﬁz?gnded
appl|catnbmcoﬁdwﬂbr&asmﬁignundhmxsbﬁkﬂ@nnmy%&mﬁmﬁd&ﬁudpdmidmnamoe and
configuratign of t gﬁglded ﬁlectrlcal ble (such as, e.g., presence and
| ocat i on GPIYNERY wondhse et hgthen apdgare s iecontwaorsysisaingighgnd Wi fay have
an i nt egrigly aﬁa § 98 BREhCONThIHHAhORNAL R RATR A5 e shidyiLTifh dicBdulel I T8 By
have a thickness in the range of 0. ) nm The shielding filns
desi r abl yopdaniprchetsi a$1dIgmuwmlrﬁhwhildthngonamddqmmc|ssléa®pzf¢hmqhﬁeﬂlv®@ngt he

conduct or. set s allo n ost cabl e
manut act JIGe %CS&@%C&OY PN i e Bt Ao ey ent o

phenomenon knqegr®s " si gﬁ@bm%'é@sl@sOdﬂ%as%ner&?ﬂ%‘ﬁﬂél@mgmﬁ i@ cidgnal
attenuation occurs at a partlcular frequency ra phenonmenon

t ypi cal | y Saislialend epnduetiveriiling aagh aski C@mél@nfecrré@rhq@metaé &nl. eBhagieasteucsion
conducti v iel d a conduct.or 00741 As. di.sgussed
eIsemhere%ﬁ%ré?%gmgg%e3|vg%eSF%FFgga%g(mﬁgmﬁg%ﬁ0§8a%%{EHa %gmégﬁsqrﬁctlon
to bond aheiméndeapsitvagbilisach 44, b fleRibOING, cls@f®al peffo@hdncdfantihe conduct or
sets at cover regions of the cable and/ or adhesive material nmay be used to
bond two ORfigiatiemof the nickdsd ster@icalgablsi (sethets, ¢ 8gPEsaEIcs RN fpsatiampe. A | ayer
of adhesiye, RSk &éﬁsﬂaﬁﬁ éBﬁchﬁe%oﬁa%‘éhf%[h fi nmay Rl aiqht%gga'(l)lpq?%ﬁeédm and in

cases where two S%I

din | s are use posite si cable, a
| ayer of cadftagiioe. Imbmlelcaiesnthy slhelddtgsﬁim&da}ohiavbatthlckimsehldihlagarfg'eldm 01l n the
| atter cases the adh |¥ &Pseg on_one shi el fllnhizipref rably the
sane as, BEHOQHp sl iy desiably ppevd 1891%0%& kY40 2nd BEFCHR t he

ot her shi gh gget(ﬂebﬁ”che%oﬁ&ﬁ’&& s%%hé'rﬁf MRow %Y%%d‘f@ﬁuﬂoﬂﬁ&édda%d%&] &6t dabfal |y

insulativ esive, and may provide an insulative bond between two

shi el di ngnzinulfmlmﬂ?gprths nbr alditzong theeshichtihg Sinrepicage a plrayomeronikdewans

i nsul ati ve bond between at | east one of shielding filns and insul at ed
conductors of one, sonme, or all of thejgonductor sets, and between at |east
one of shielding filns and one, sone, or all of the ground conductors (if
any). Alternatively, a given adhesive |ayer may include an electrically
conductive adhesive, and nmay provide a conductive bond between two
shielding filnms. Furthernore, a given adhesive |ayer may provide a
conductlve bond betmeen at Ieast one. of shleldlng fllns and ~one, sone, or

Y b1 .



[ 0075] When used in a given cable construction, an adhesive |ayer is
preferably substantially confornmable in shape relative to other elenents of
t he cabl ewoantk/sassbor nabl e with regard to bendi ng noti omrsTafS2e¢tbpemwadl e. | n
sone cases, a given adhesive |ayer may be substantially continuous, e.g.,
extendi ng al ong substantially the entire length and width of a given nmgjor
surface of a given shielding film In sonme cases, the adhesive |ayer may

i ncl ude be substantially discontinuous. For exanple, the adhesive |ayer may
be present only in sone portions along the |length or width of a given

shi el di ng S'fg'nhlmucl;ocoat w@mhmmuwhefdhjehigheignay@tennetyomQﬂculeﬂaﬁphleiculntI ude a

plurality. o Ion i tu a heS|v |p s that ar bet ween
Phe. o netEduaisdrihec e bnBORERLY Bkl REdus BRtopSiicthRRIER et opaucr or
set and habweemetdhecolduetvadisaild 1slmp§sasar@lﬁ1dtmngﬁaumttconduct ors (if any).
A glven adhesive material may be or include at |east one of a pressure

sensitive adhd¥0, a hobs fefussedgneesihgee hogeipdhpyeematggnb@py be ugaddna

bl bond
Dot e JACERY EonsRANGHNE DAY T Al ABRL ALt PLRYFAS & DOC
one or rm:roﬁdtltdt@weat& dowo nelticisasf tlﬁmchbﬂd’,l and/bi adhdiing nfatdrizb maﬂbb Sis¢thty Hoad

achi eved ppropriate.s ctlon f the adhesive riul ation. An
advant agéWstg’cei'ﬂl%g f&ﬁ?@@ﬁ%@%m aﬁ? etf&g%ﬂ olgyerf aéiﬁ?séYQjmh@“f‘ Fims to
be readi I y,sid &1?@%9{1 6n bf 1%5@th sthiPRH 1hP'an&’fn éa@ésudvl?érg@'w& ngﬁ{?%ﬁxs k& other

cases, an ddhes ayer e configured to provide a et ween
shleldlngmédbmepmndea@b@nﬂhbeﬂMeeﬂawnwfeMumomenuﬁmumamdm(ﬁqnﬂemombmhnd t he

hi el di fil. hat bst t d f th
dhesi ve WiliNG Bt 1 s LTERGeSy M ehburaved bonnategint Bretafthaiba” S
bet ween tihessid &l Bitday ifld@8iredWeanfrereirGh d@d a8h &Glcrisé@bn %mtl@er@ﬁ‘éld‘t% this

construction is bent this allows for little relative novenent and
t her ef or dilmedh givsneikesivedaydrmeydnedbu klketrigalf insiativeridbEdyngnd ays .

Sui tabl e bond stren .hs may, be chosen. bas i.ntended application
sore. casdlonde Zb HRORE PR RIS R R Ry Ao stTbfiat sl M Rckness |
of |ess tihwi n@lkPibvide 3,181Mat1b@b@mm¢vaényatem’s‘p@hermmhfeldlﬁgtﬁmﬁhﬁsmytttatb@yer
has a thickness of |ess than about 05 nm [0076] A given adhesive | ayer

may conf CORIEGOrs R Pe% soeserradlpt rﬂ@f‘cmﬁp@at sehh@ne bettvicen atdrasheng of thiddiag
character [ r, |£ e adhesi ve
| ayer naym?:htgn gro ﬁ% tség% %f#ﬂg?@gﬁ%%%&%g@ﬁén dlﬁﬁgﬂ?ﬁ?ﬂg 1VEaI?eas

bet ween cahekied laycrariysinchdde eh cicoiceldps esdattiveeathtsivd and ata@rpad)wﬂd: exi bility of
t he shi el ded cable. This may Llom/&ﬂe shi e] ded cabl.e to be pl] aced nore
casi |y 1 OBAUETEaO0N] PRbAFT LR o IfineEms. FHTAGMOre dsecn BRCAUHBETVEY ayer
may conf gifio, BEndlliekBind BLrBEEAT ILATE A RAIIRREHI drlacshandnal gf sets
and substantrally conformto the conductor sets.” This may incréase the
mechani cahe groned gortruateds @haty) e Shivabie crgldactzinwadhbs'lmanclsdmwduétlwhl el di ng

filns in the e areas |nc ease t f the shiel.ded
cabl'e, { PMIRBPEN P R TG br are: a5 PUOR SRATEFL TS Oy hel p
to maint %h@ty?@@o%‘%ﬁélb@éhrﬁé’ﬁﬂy%@&? i a@,fspté}es 'ﬂ@ﬁé&' ﬁtd@dc&emﬁﬁm{oﬁs ral ative
to the shiel | s along the length of th shi el ded cabl e, which may

resul t i rptlmmpertu:&ﬁ shapen. i Thse deayche sahid oy aﬂetalnballzsticzjﬁatarmqi@%gph aglcewbon he

a1 b1y bt BPEh RS s B DR B B ptirR, T R F bk ™Y O
bet ween cfﬁétdlucdacw podfrcr fbeds, or bﬁhelpslﬂmaecbﬂdagmmrtw‘lest hﬂe@@&dxﬁuc%& a result,
the shielding filns may electrlcally contact each other in these areas,

whi ch maybartidesess demsic drose eleptsignl piasylatingmatsrial thiercpipied or foptedbiish gases,
an adhesi f |.etely
renmoved b\étﬁ %%@r?g%tl eaégl%)&oa(r%e o%r alﬁ ent\{%le:{ (P?ﬂ (Fﬁr[étdél?lédl ?eh gf%e%ggiﬁd

conduct orcpateAdnsalatiag udtcridl ban be mﬂmﬂnﬁﬂhdhuilow artielys @ickat holtal klascont act at

| east one of shielding filns. jn these a ich may incyrease the

el ectri cépﬁ?fet Q6 FHATORPEPe %crt@f RETES Sy s gh%déé)r\m?éar et nThe | ayer of
adhesi ve &RERIAS pREICNE S Ake e brdd8r O ofichl dF Atbrbhd WhafGley gyen ground
conduct or, asperltles on"the ground conductor may break through the thin
adhesi ve Iayer to establish electrical contact as intended. [0078]1n FIGS.
4a- 4c, cross sectional views are shown of three exenplary shiel ded

el ectrical cables, which illustrate exagples of the placenent of ground
conductors in the shielded electrical cables. An aspect of a shiel ded

el ectrical cable is proper grounding of the shield, and such groundi ng can
be acconplished in a nunber of ways. In sone cases, a given ground
conductor can electrically contact at |east one of the shielding filns such
that groundlng the glven ground conductor also grounds t he shleldlng film

o o Y v o



may not electrically contact the shielding filns, but may be an individual
el enment in the cable construction that is independently term nated to any
sui t abl e wodnwZodossk cont act el ement of any suitabl e ter rCmatS2@0/06@EPONENt ,
such as, e.g., a conductive path or other contact elenment on a printed

circuit board, paddle board, or other device. Such a ground conductor may

al so be referred to as a "ground wire". FIG 4a illustrates an exenpl ary
shi el ded el ectrical cable in which ground conductors are positioned
external to the shielding filnms. FIGS. 4b and 4c illustrate enbodi nents in

whi ch t hengealpsuahow daboo mgnetnlecsp Suitelhlo nertustyeedhgsivhiemgh ks diohedefd | s, and

may be iQ%'ﬁd?Pein thbcoqquctor set. One or nore ground conductors may be
pl aced in nghppgﬁ}§lﬁ%%f§ion external to the shielding filns, between

t he shiel ding [007318, or Whe®GRdNALIBRNQELIBRbAstrucAOT AhRah&ivd lagertio FI G 4a,
a shielded electrical cable 402a i ncludes a single conductor set 404a that

ext ends dIrefgEbly subpightialbfcopframahlsiia shapgaclatpnigutheclarantuef4be prble. taind

4025 my ORISR 03 b praip ERBER! Se Bl cleBE hABAE SRRHENE BanSTRL
each ot hdayaeiagds sabwattailyebntileus.abt. ecandigxilemngdsubgtaaligingtha chttedédytiof t he

cable. Two shielding filns 408a di sposed on.opposite sides of the cable
i ncl ude c?@\dé?vld%gﬂ 3 BV MYPRSUTIAGC O AFLFR E%lépdér&%ggn-s@dowrﬁasqsv]@e@gmve
portions 14048, ifcIGe é%tsfaﬁﬂalgscﬂpc?ﬁlﬁﬂﬁdlﬁ! IF%y S %’,Qﬂe Qcﬁfégik;gﬁagrr&{ &Y vd04a.

An optional adhesive [ayer 410a i1 s di sposed between pinched p I ohs 409a
of the shirededi ordy fn $omse g@Bans Ao tho hehgtlsdn weidth oftp givemshid0Ba film. each ot her

on both sj.des .of conductqr set 404a. |nsul ated conductors.406 arge arranged
Gener al | yiseanguas R Giedhe Tny Tor piaet e o sETE G S g iiedie

confi gur akii R thate EFOsBE USakthébnahs hMGh&l RIRHESH SHRCHIIdRLTAMRYSABBth OF a
differential pair circuit arrangenent. The shielded el ectrical cable 402a

further istdssof escheroptlunter sct gndictyeanihe sliohlihgchilorsdesie thyagpundenadueirrser nal

to shieldi i \ns 408a. .G ound conduct or 12 ar | aced over, under, and
on bot h iRy op Beshatiendt? SRRaGRA bEN AT Ry T AR BEEMe B sen iR ee
prot ect i w@hédivdya hd2Meh uihaurdh Agrinbat sthcehvd] 4@ F durite 40@8ivanAdngidadick
conductors 412. Protective filns 420 include a protective |ayer 421 and an
adhesi ve lpygjdraydrxopBgdicade piogtdscarhopd betyesp shiphdingfikan thptdp sepstantigdy 408a and
ground c i . shi I i und
conductoS@%ﬂ%%q%%vf%%mgﬁ%%g%ﬂ%%éXgg%%Hﬁgﬁgggbggﬁ%ﬁkﬁg&éggﬁ#gﬁgfﬂégbh as,
e.g., a cCihgdmatibyacheadde.gabg approptiite selection @tthe/adhesiek &rmutaionsrown) . WO
2012/ 030366PCT/ US2010/ 060629 [.008Q] Referring tq . FI G 4b, a shiel ded

el ot 11 o vEHBH DR BN 98 B4rauph a@%wg%@éqld@gtﬁ?%%bq ¥atilext ends
along a |s?rq}%§ableq{orﬁﬁ@iﬁsu49£?&r of SRAEHES &{ndﬁ@t rs‘.l(iﬂfgtﬂéﬁéastemwaﬁﬁééli@ctlg r
conductors 406, i.e., one pair of Insulated conductors. Cable 402b nay be
made to heaebawdnfigpied te priduds oborsldicswedsbicdpag 8tnapat ¢ bénddrateemionstdner
across a wdth of the cable d extendin | .on he |. th of the cable.
Two_shi crbpignekconggnon e B solE BARd B oE v Sn b ke kst 12T 4020
and i ncl udeameyest tRRMHhANE HRfBuralibn I BRINCSSakH @E/diRestS hRMnckd¥8d cover
portions 407b, in conbination, substantially surround conductor set 404b.
A][l ?Eti or{@rwqunﬁb@im?ldlngféglg4M(kjﬁm;sshﬁﬁlé?tﬁﬁsl@arﬁvéltcgléeha?pig\dh%@mptmtmntsh409b
o e shiel di.ng, fi . nd _bonds | | [ 0 _each ot her on
bot h si ddsbfig fe R ERRARE moR AR R oSt R IS8 g
gener al | ybuckligy &f thghigeldimpananduahisle 6bhd atengihld ndayt By dhdxdnMas&d oribkf er ent i al
pair cabl e arrangenent. Shielded electrical cable 402b further includes a
pl ur al i t ynigpdesk apHeatioan dueemse sase3.2 opErmablsadhesdralarsy nasy kg wed dhat hiss 408b.
Two of the: ane .| L Dy 4 and
to of ¢ no-RQUREICONTMEDALD. (DS hOERHEFARAQURBNCHES ih ST 1A% s 0ar,
[ 0081] Refeethickngpstob Idsé tRan 4boutd.Ghimed. ded el ectri cal cabl e 402c includes a

si ngl e conduct et 404c that extends al ong | engt h of cable 402c.

Conduct or set LB has (ARSI EI AT Gehipyedesirgd meghanicabs

i nsul at ed,,gNAHELPp S forfaRbE AR GriBYs endBHAILPcIBAVE Wblki RbECoRHIICE O
sets 404c spaced apart from each other across a wmdth of the cable and

ext endi nghahdhegivt eyet emagtchniofmitdbe thalvioe betTwen dtvi shiadiding fifin$ meard3actweea

di sposed on opposite sides of the cable 402c and include cover portions
407c. In transverse cross section, thesgover portions 407c, in conbination,
substantially surround the conductor set 404c. An optional adhesive |ayer
410c i s di sposed between pinched portions 409c of the shielding filnms 408c
and bonds shielding filns 408c to each other on both sides of conductor set
404c. Insul ated conductors 406 are arranged generally in a single plane and
effectively in a twnaxial or differential pair cable arrangenent. Shiel ded

A NS r  a o



WO 2012/ 030366PCT/ US2010/ 060629 [ 0082] The di scl osed shi el ded cables can, if
desired, be connected to a circuit board or other term nation conponent
usi ng onewonormBeseel ectrically conductive cable clips. Por/uszaopbes2 a

shiel ded el ectrical cable may include a plurality of spaced apart conductor
sets arranged generally in a single plane, and each conductor set may

i nclude two insul ated conductors that extend along a |length of the cable.
Two shielding filns may be di sposed on opposite sides of the cable and, in
transverse cross section, substantially surround each of the conductor
sets. A cabflectad sefs, whichbecredsaspptddaso thedatiest \ﬂbﬁsibiléy phdhebictdsd gablendhisor t i on
of the shiel e t | gal., cabl e t ha t east qne of .shi g filnms
ol ectri cdntyAES PR ZouE Ry be pRbE mon e i iy iy St o e 1 or
term nat isofelc@s®, 41 AbAGvE BiyeF @AY onfBHe o BSthickePin arasGRABAG LY @dfab @ €hcOr
other contact el ement on a printed circuit board, to establish a ground
connect i cONBeaissts 2ok isubsgaially senforme 40 thegpnducioigetshd hggrrpwnidcreeseihence. The
cable cli e tabl e
rethod, Irﬁecqﬂﬁ%wgesn%ﬁgg‘gﬂé%%lé %@F\%@E&Wﬂe&%%e &%ﬁleﬂﬁhgﬁhﬁ‘{%ﬁ tﬁ&ﬂﬁ g and
adhesi veI ayedsp'milchgr;aytlﬁcmmhfadlirew;ht}vﬂff&he sleeldied adtde foit anpdd) Idenﬁg fipxingy
facilitate termnatiaon o portions of the conductors of the insul ated

conduct ordd th cablfe Igﬁ#@utla@dﬁer%etmaqmeetﬂuét POEIGRN JBY SRACEIER{RC of a
term nat '19&13951% duStdpdyeBsive & Ge 1shew1ﬁ£ﬁﬁnﬂlmé gen%ﬂl S thOLGHIdEd E@dfét

board. The shie electrlca cabl e y 1 nc or nore ground
conducton&mahnﬂgsﬁmhbedumeumﬁnnmmqmdmuyaedeupm«ma@h@mnmgnamﬁ%hmﬂnddhie clip
in additio 1to or instead of at |east one of the shielding filns. [0083]In
FIGS. 5a-%8°an exenpl ary nethod of making a shielded electrical cable is
illustrated. 3Spgeifical |y givehaggesiiede®dy! dodfdriab & fREHRXERPpaAiXIIy&L hod of
maki ng a shi el ded electrlcal cable that may be substantially the 'sane as
that s hommnhetﬁly@mqvedl betwéna the efpcldinguidmsan eas betFe c@wluctonsals, tgedn

conduct ors are fornmed.usi i t.abl.e t hod

ext r st o s Aol P Fla T O fedBmia 3 sa il o
formed ofotidtyin Sékd adehe whedhghlly inkcheisd it etbcaRarpe fman&SE thayabideln sbfe

provi ded as such or cut to a desired | engt h. Ground conductors 512 (see
FIG Sc) G Headhepivg yahmap coMPHBE ifccalvalyicipartiallysmicompletdpsanavsdt he st ep
Ut G e or il S ANAG ehhl R 3OS LRAMEG. Acshigheutaver or
mul tilayer we e formed usi g any suita such as, e.g.

cont i nuoL@owdd@)nvimboq@rnm&sleamgallyf‘don&bthm@sf ol sﬁ&wm@ﬁlrbemftbemdea@f any
sui tabl e | engt h. Shleld}1 q fi.lms 508 may #hen be provjded as such or cut to
a desi r edVINEMGN BHeASH FhogleRtrcal sﬁﬁf@mﬁnﬁao the rgbls 0BV Qeesprhers 8iHRd to
have tra Iy I i tudi na
dlrectloﬂé%%hig%»}?%{;Je ﬁhmﬁ?hﬂé@%ﬁﬁg@ |ng %ﬁ&&hgim%%gniggkgﬁggﬁBgrnab | e
adhesi ve doagetorsdperities ahthagyound chodurtat moay braek tinowwhdhathid adhesivB@eusi ng

any suit h | am nating or sputtering. [0085]1n the
step ill gfﬁﬁ@%ﬁfﬁﬁnﬁﬁgfmg%ia%”ﬁ%ﬁ?ﬁl|ty of insulated conductors 506,
ground conductgom|512, andieRi £l-gi Rebsk kétBnACER fe BRGVH BeGrecAxbRHIENY t 0Ol
524 is provided. Form ng tool 524 ‘includes a pair of formng rolls 526a,

526b havuslhgzl@dﬂh@precaéw ess poradi iHgstrage %ad@iﬁsmedhq:pl@cs%n@é@fgr@ned shape of the
finished shiel ded a t he, form.ng t £9 ln |ng a bite
528. Insuongu%P%é% uc oﬁ%% %g?umlg@#: ?bn&g€géggsgfgmg ﬁnuﬁ ng filns
508 are groptgeshndbpatdhdighidle, dnh%u@lﬂ@lfohﬁ&[h chi0Be &fcobiplisitaish raQﬁinﬁJ@t@ﬂ ded
cabl e, such as any of the cables shown and/or described herein, and

posi ti onetRYSn IpPIRe FASEY atedv i ARIKCangpeter Gpgicctmadl copfpetet Lo Q% af ey are

bet een 1 tg EILPhEn i eotglcnd BBk Bibuh b A Mgz °C
filmns 508ﬂar@uﬁdmcsnduegﬂnmdebmmﬁﬁﬁnandﬂgwmumﬂxﬁﬂmdueadmaﬁﬁanahd bonds

shielding fil 508 t.o each other o i des ch conduct or set 504
and grou e%gﬁﬁﬁe&ﬂaﬂsbefmﬁn thre%&lelﬁﬁgg %{Qﬁﬁ? gipup C? tqrf% pondi ng.

Al t hough thraH&h%ecﬁg@Q gl Rty lo(xplbmrggst%meeé di pgd fésﬁ?&né@gf l%gsotﬁﬁﬁg 1§8Rdyct or
sets 504 and groun conductor 512 and bondrng shi el ding film 508 to ‘each
ot her on dydesh tsindeshnaf, oeat$ubstendalbt Gohmet InNS5OMeamstsga givad gowmd wonducgors512
occur in a single operation, in other enbodi nents, these steps may occur in
separate operations. o)



[ 0086] I n subsequent fabrication operations, longitudinal splits may if
desired be forned between the conductor sets. Such splits may be forned in
t he shi elwedoraiBbmeusi ng any suitable method, such as, eCcgUs26lamers2e¢utti ng
or punching. In another optional fabrication operation, the shielded

el ectrical cable may be fol ded | engthw se al ong the pinched regions
multiple times into a bundle, and an outer conductive shield may be

provi ded around the fol ded bundl e using any suitable nethod. An outer

j acket may al so be provided around the outer conductive shield using any
sui t abl e mat dc¢tlecyireHy aentae.the shiddingddinenbut ydrererindinslugl alemer in thee out er

d [ hi el d be. om h ' . . .b ided b
Toel 1 arabinaornt B il dR iR e ny TESE e EBhaY 627

detai | ofcl@fcr2%€nRy} afitbRREMaHath dBRipoRentasRhiag|cdeth edriattiveGRlth 6adthe: i s
illustrated. In particular, these figures illustrate how one or nore

adhesi ve Joaipst Jemant dher RIErHebeira) bpagh apddie Berrilryy ofhss deween Pechangropshdi ng of
t he shi el d] j I, ld ed in~F ' ed
conduct orC%Eg%tgﬂarhéf %ltsfélge Iéeg% uctt(8 (% F % %g)ﬁsl% g%%d' lg%'rztaq}l}lgfﬁt?%é é."%@?i}ag% ed
conduct orshfalded chertridahvoatsdinelbiich grdund rBn@RBrane posivivhetbekterbhliteltitd ng fi | s
608 each in?Lud%Va conforgable ﬁggesive | ayer 610. In the steps . illustrated

in FIGS. Bisldeg iy S 4bend Ag UBoBats cerbedinprags Brduskithessennsiceadedeiduct or
606 and : : . ) i14

LV uet s e Eg GGG b Lo S A0 R ARORBL Il BBt Yot She,

t hi cknessar niwse ghanfl gondureprandy the pticad) irodnystuitebldipnsjtibn bxtsmBD® the slueldthg, t he

adhesive layers 610 conformto achi eve desire chani cal and el ectrica
perfornaH%H%CW%W§§V@F?@?E%§g%#n%P%?@ﬂ@ﬂnqﬁ%ﬂéﬁ%ﬁelectrical cable 602 (FIG
60)- [0088]A5lbb%HStra?qgﬁhﬁmﬁh&Fﬂikﬁ;a@ﬁ@ﬁ@&E@c&@%ﬁkﬁbﬁﬁﬁa@@ﬂ&ﬂﬁﬁ1tO be
t hi nner bet ween shleldlng films 608 on both sides of insulated conductor

5}

606 and girglheprslopiousdtdpisthat cxiesisralangr longth@hthwionble|4@yer SosdBtatisspl aces

away from.t.hese areas,, Furthe esive layers 610 .conformt e i cker
' ar eas R SRS agT doAE o 3T TR i BEE PaPRRs EORUE LG oS ebificct o
612, and rhapisd madd @l Haye ailiie Bdiducton etk a0eospa £t GFon® @4 hailerGic 14N @
conductor 612; a portion of adhesive |layers 610 displaces into these areas.

Furt her, vsidfeefithe cablg ardsexgarplingotpeg s ongthegfitee eablee | Twe shigldins msiidfieen
shi el di ngy;{J qro n ; 1 10
displaceq%%gé ?g%ﬁ¥§@§ggér§§@3%ﬁ%ﬂ“@ﬁ@%Cgﬁﬁgﬁﬁﬁﬁgﬁgﬂ%f%ﬁﬁg%§*§$%g rically
cont act s sstiiel, dicrugvéd parBor308)7a, in comb[Ha08R)sBhammtially siir&md coadactdr seb ar e
details pertaining taq pinched region durjng the manufacture of an

exenpl ar y*0&Ri NP oul el ERyE ABRIS ot et vestRingIcd 0TS I498379§th€see
FIG 7b) J I kL eh:dij I i : jrnched

regi on 7f%&%%@gﬁgﬁ%@b§%%{ag?ﬂﬁg§%ﬁ% S@sz ?(F?r%ﬁ%%&%g;}%ggimgﬁ Ejsf tantially
par al | el .costiadrich¢04ai Insilat@Bcondottotket 0% ano mrowed gendraléy pal ymge plant apér

708b, a cqpductive | ayer. .70 di sposed on non-conducti.v ol ric |ayer
Toah. andTeRfay e RSt i oh B ERat e e B R 4 il Ro R
conf or mablr@naghasioy & difByeitial p&r bBc SPASEHRN The QRicl RY @lectRB8AcabRi Ahed
region 718 includes a |ongitudinal ground conductor 712 di sposed between

shi el di ngufth¢rmscluds.a phinabity effgsowid eondineigrstil R pesitipecd axtaredl to sljelding filarsound

the grou copductor. .the ground. conductor 712 makes, indirect el.ectrical
cont sct R PRARA3Rnl 3P AN E0GHE Shadyiid Bk R A Fhe S Gk

i ndi rect muecOptic@dllys thatcable 408a aithkiesropittiae €0NE 420 hietbusgparial dhdiak
conductive layer 708a and ground conduct or 712ﬁ&rovided by stop |ayer 708d.

In some dHEES08¢ ped groupd pepifaetoroBld. dugtepidvedilmsi20dadude hpitectel layes 424

| i ik i QL t | G
Do) T it Bliney R 02 LB ofd Bt ESuys Bl LI e RS B kR0
adhesi ve doagwiters 41D, Adtematifay mhéalding dilmb 0%y andrggownindundiaors A12 nfdyl@  17b) .

Because the stop . layer 708d,does not. conform at |east under the sane
processi ﬁﬁ“@%&ﬁtﬁy&ﬁéﬁmw%‘?@%ﬁ?@e]&i REEES o Bt PRI e i ¢ he
ground copduahRriackigmdpshawanductive layer 708a of the shielding films 708,
but achi eves indirecg el ectrical contact. The thickness and dielectric
properties of stop |ayer 708d may be selected to achieve a |low target DC
resi stance, i.e., electrical contact of an indirect type. In sone

enbodi ments, the characteristic DC reshstance between the ground conductor
and the shielding filmmy be | ess than 10 ohns, or |ess than 5 ohns, for
exanpl e, but greater than O ohns, to achieve the desired indirect
electrical contact. In sone cases, it is desirable to nmake direct

el ectrical contact between a given ground conductor and one or two
shielding filns, whereupon the DC resistance between such ground conductor
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[ 0090] I n exenpl ary enbodi nents, the cover regions of the shielded
el ectrical cable include concentric regions and transition regions
posi ti onewtoani2oe3eer bot h sides of a given conductor sePCTRSeaONE2Df a
given shielding filmin the concentric regions are referred to as
concentric portions of the shielding film and portions of the shielding
filmin the transition regions are referred to as transition portions of
the shielding film The transition regions can be configured to provide

hi gh manufacturability and strain and stress relief of the shiel ded
el ectrical cad0880]vai nt RaetemiggtidE1G rdbng shiclslad clegirsakcabte 2bundudastai al |y

Contont, St vob el 7 40P it BB IRERG: Bn@MRlafin B Gortfur 0076

el ectri calas RbiBulaBy d_HRt6P@06HiE 0 Parlo tistlatal coaditierst CabiRe2b may
substantially uniformelectrical properties, such as, e.g., high frequency
i sol at i orbe Mefsdaaremubipdgcondpeter satot4bopacedrapprt diom eigh aciepni eidhon,
eye openi [t 1.0 it 1o i ri.ajf e i , such
aae org I AL A d iR AR Yonie rEE U BI ARRURE NS g
conduct ordspokad oreapp@eide sidengf the tabhgd PR baindtihdudadidver pdrabnad@bans anged
generally in a single and effectively as a tw naxial cable. that can be
connect ed!aNAVASSHIPISSFE: Hie GO PRt A0/ boincapbatrEing, sufsippiallystrguithe

transiti %nﬁlgd't&j D@, %@Hﬁﬁin%ﬂ&cih%%i’;%lla NSERNG d&?@eh%}é{vgée% hcbeng the

| ength of t shi el ded el ectrica can beneticia ovi de
subst ant imirtignst40eb sthe sklebbng 6 magdEbi and fooedl tithd el Biin gofil nfsrto rr@Noth cheal

concentric case f bot h conduct o in the conductor set. Thys,. careful
control | gt HRSkeiths e BER ol CHSPS IR “ForTrgR EFRISHAG | ength of
the shi elggde glaBEhid SRdctiCAR!iLa ERMag@NS diﬁb‘ﬁeﬁtiél%alr%bl%@ﬁ%ﬂé&ﬂ&ﬁu Shielsegt ri cal
performance and characteristics of the cable. FIGS. 8a through 10

i 11 ust rateeojagal eade é0infurtheyinelvdesdd pleralisy of sraumrh¢asiddetdrsed 18 qrositioadd cabl e

t hat include transi.ti r eqij, 0 of .t he shi,elding fi di sed on one or
both st adB grniRBMibe At SHCOR b be oMl ol B! Ths AP o1 o 505,
whi ch i s ®Rewdior st $040S sndeES bfhe Fﬂ)uﬁdi GSaduBtoranm £ .spdddelapgdesom singl e
conductor set 804 that extends along a length of the cable. The cable 802

may be me@8degorg404bul tipl e conductor sets 804 spaced apart from each

other along a yhgifh of tfb&g%%glt(gngn%lrc?gg@@ﬂieﬁ'gﬁgﬂrﬁglgcaﬁll_ﬁ:@gglgzl&fes he cabl e.

Al t hough only "'one i nsul ate n I's shown in mul'tiple
i nsul at edimgpda cciiicios sareP4dehat exaénddetbnigra lehgh 06 nable 4@c. &nd86dr st 4041 r ed.
[0093] Thehais ?v%g %n%ﬁleagedcc%g #c%cgrgrélog,fi.e% 0(1:1(6) %gilljrgtf ?nrsu ateetd c}orqglgct(i)rg. g lietéliOSQ renciynear est
be made to have multiple conductor sets 404c spaced apart from each other across a width
of the cable and extending along the length of the cable. Two shielding films 408¢ are
disposed on opposite sides of the cable 402¢ and include cover portions 407¢. In
transverse cross section, the cover portions 407¢, in combination, substantially surround
the conductor set 404c. An optional adhesive layer 410c is disposed between pinched
portions 409¢ of the shielding films 408c and bonds shielding films 408c to each other on
both sides of conductor set 404c. Insulated conductors 406 are arranged generally in a
single plane and effectively in a twinaxial or differential pair cable arrangement. Shielded
electrical cable 402¢ further includes a plurality of ground conductors 412 positioned
between shielding films 408c. All of the ground conductors 412 are included in the

conductor set 404c. Two of the ground conductors 412 and insulated conductors 406 are

arranged generally in a single plane.
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to a pinched region of the cable is considered to be an end conductor of
the conductor set. The conductor set 804, as shown, has a single insulated
conduct orwBQ@612/8ox6it i s al so an end conductor since it PC3/Usesions@aed
nearest to the pinched region 818 of the shielded electrical cable 802.

[ 0094] First and second shielding filnms 808 are di sposed on opposite sides
of the cable and include cover portions 807. In transverse cross section,

t he cover portions 807 substantially surround conductor set 804. An
optional adhesive |ayer 810 is di sposed between the pinched portions 809 of
t he shi el di ng [P9821s 808, Therrdsdbesad shiskdicé cahilergeani if ehssiB@gbe conmaethd st der in t he
pi nched r%%iggs §18 g{ ghe.c bl e 802(%? both sides o Eonﬂuctqg fet 804.
The opt i ot 3BHEST VT &y B 4510 “RRYOERL BHEE BAr € BPICY Or" FuV 1S9 dEr'8%s t he
cover pordabRmligs 7F& cxbples Biskicicd @lctirlcaBead(Bmaginglude apdifalify®Bpaehed
portion 809 of the shielding film 808 on one side of the conductor set 804
to the piafereengystarisels agaogasfecnerells i epigplsglanc) sndsagh sendustor s¢tHB#Y si de of

t he cond t . ef i

arr anged e oe B8 ipbilted BRlorP 3l BLEf SORELENDN J: LY ESIMEE | |

ar r angendilins n&hyi el dispaged o oppBA8sidayofi the tatdeasd, toraluetisy erdsayetioB08a and a
non- conductive. polynmeric | ayer 808b. In sone enbodinents, as illustrated by
FIGS. 8a ¥ ﬁalﬁ@?lytSH’éfO‘Ebirﬁi’ﬁﬁf)FU@ cPagtOrSe8a Ao?a%b%%lw Ay E@ 8RRGed Pl s f aces

the insul g &d;conduhos fﬁn o %ﬁ{iﬂﬁ%? Ml%:s)%l(%eggl&{ﬁc%p&%tlé QR arhhRaGOpduUCt i ve

| ayers of one or both of shielding fi may be reversed, as discussed
el sewher eofsbickiimg fi[n@09&]tSdllyl cdntagtsfthd cabl8AH. | Pl aatlle chipcomclEntontigugedr t i on
that is %ubstantlal concentric with the end conductor 806 of the

fion g A

conduct or OsEfMEFA EOHPL AN B chp & SBIRCBYRIGE L CoRatsi ti on

regions &g&nerP@htl @igedircili®osidl @) dtaBdsH 4 bvuB@Borclifiebdthvaasititias r egi on
836 of the cable 802 are transition portions 834 of the shielding filns

808. | n siertricirbdde mehths gramdatideatcel Bt ¢abia¢lincany be BORiratvd) ta desgraund
transitionc.reaion 836 positioned.on bath sides of the conductor. set 804,
and 1 sanrabatwany SRkl B M Phg BHEEEe Vekf 16 BRI BRbATEA oni ¢
one si de @imgiapdirdtadhessely B&lHing, to name a few. When terminated, the cable clip may
facilitate termination of end portions of the conductors of the insulated conductors of the
shielded electrical cable to contact elements of a termination point, such as, e.g., contact
elements on printed circuit board. The shielded electrical cable may include one or more
ground conductors as described herein that may electrically contact the cable clip in
addition to or instead of at least one of the shielding films.
[0083] In FIGS. 5a-5¢ an exemplary method of making a shielded electrical
cable is illustrated. Specifically, these figures illustrate an exemplary method of making a
shielded electrical cable that may be substantially the same as that shown in FIG. 1. In the
step illustrated in FIG. 5a, insulated conductors 506 are formed using any suitable method,
such as, e.g., extrusion, or are otherwise provided. Insulated conductors 506 may be
formed of any suitable length. Insulated conductors 506 may then be provided as such or
cut to a desired length. Ground conductors 512 (see FIG. 5¢) may be formed and provided
in a similar fashion.
[0084] In the step illustrated in FIG. 5b, shielding films 508 are formed. A
single layer or multilayer web may be formed using any suitable method, such as, e.g.,
continuous wide web processing. Shielding films 508 may be formed of any suitable

length. Shielding films 508 may then be provided as such or cut to a desired length and/or
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[ 0097] Transition regions 836 are defined by shielding filns 808 and
conductor set 804. The transition portions 834 of the shielding filns 808
in the t naoebtzmmesegi ons 836 provide a gradual transitiPpom/Useammens29
concentric portions 811 and pi nched portions 809 of the shielding filns
808. As opposed to a sharp transition, such as, e.g., a right-angle
transition or a transition point (as opposed to a transition portion), a
gradual or snooth transition, such as, e.g., a substantially signoidal
transition, provides strain and stress relief for shielding filnms 808 in
transiti owdﬂeg‘.‘»leﬁdingé"ﬂmaria%% pme\bemtef@awégeht\cc tedmisedreti pegtidlifblds t@O8raaken

shi el ded el ect.ri.c cab S ateral | X|aIIy
benci ng L %%fd; ?tehletle fétaqﬁggigns% iUy T Emfﬂlé o enjig

ract ur esohforgmabidudhésyie 1hparer 0 80Bizh tRrfohekiostihe ghi I sCID
| ayer 808§ and noncogbuct?%e pol yneric Ia?er 808b. I% addi tion, aﬁ%%adual
transiti oWypsrEahinmsthednigh a.¢- & HPBIRtAG Of FPUHSTIBBS i n manuf act uring of
hearing of cdodtidt i ve 10yRr e BT BYFICOSt s orin I ACK LR ELory
808b. Uses0ef griohed d{mﬁmbmseeﬁm aahshii¢ltiog legi508areqitovided. oA fb@mhg socdé34 m‘ one,
sonme, or all of the conductqor sets in shi el ded el ectr] ri bbon cabl e
representpgoedeLﬁetrfle.géoq 5%1%\&&@&111&5&%@&5%0 éﬁéﬁgﬁ}ﬁé YAE 2 SBIRS as,
e.g., a t%ﬁ'e%}ﬁylndﬁl%e% 'a%llesﬁe_%mr@ﬁs WBES&l EhaBe §hth%lfﬂnéh%d %@ﬁ%@bfe%trﬁglrgabfeuous' y
di sposed around a“single iInsulated cond c or a typical conventi onal
t Wi naxi althe &dynéng ncpolnztism:imchldﬁtg' ebhitk 128. dnstﬂatﬁucmsiluytoch ﬁmogmdnducmmmoes pai r of

i nsul at e ond h t hese, convent.i onal i eldin rati ons
- pr ovi e TR UnE Sl ARy e e G MgE toancost G 8t SR o the
necessar Ysht®dRAbRY &1cAGS e 8bthe c8h18ELIHoWS N dRY: QBN HES Bereth, @nc%d’s@tﬁbned in

appl i cati on. WO 2012/ 030366PCT/ US2010/ 060629 [ 0098] Accordi ng to one aspect
of at | egwexiguiydo ddmiipgralissgbasadb siice wdead tetxeertercpecatrreedbrf@slnt@etﬁei%abl e

The. o andl D BRTE syloarete g ang R eRiEpREh SR by 2R b B o bR i on

and/ or ca&&fﬂmlmﬂﬁp@ta@hg ifitGhs 508 aand cenduaior odts 604 Eﬂftﬁgtbﬁﬁd\&bﬂdlu@t@r 5 EEI on
al ong the Iength of the shielded electrical cable. Redu0|ng the size of the

transiti owdbegdomi¢lding didas ﬁﬂ%t%%ﬁb@ﬂ?@éﬁ% bothesidesof srhoadpiderireb04 el
required space. b t he
conduct org%set ﬁ?ltgﬁﬁ&g%?gr e?ncg}egés)l gl%?g%f%ﬁg%teﬁ)@(g i )é"(latPS% llnq tvveen
conduct orensidémerCafoerhinlg shmtthng) filrd 50h@oaahédnductat $cdn> @ aridngotdindansi ti on
regi on along t he | en th e shiel ded el ectri cabl e contributes to

obt ai ni ngOPFEERCY A1 Fléléilm O§rto spch ‘ttg?fétnsttoélhﬁl es offieeth provi des
for high c%H&@@oHeﬁ%r%sgr B%rhc% ¢BTCSR §lg]§fcc iR Glsid fg:tegt)&e@@cto% ﬁ?&h&e nore

reliably transmtted cont rol e con ation of the
transi ti ambodghaons,dhaongtephmay engirhn edpatdtieosdratainded el ectrical cable is a

factor as the sj of the transiti ortion appr,0oaches lower size limt.
56691 Anel ooVl OF nanBstbtiEin: icRE ar B RBn OasarTul s By ik

char act erdegfddbd me@eeeeeet tHeRBn ARt SEsS S st ay HB YorhTBAGH aRCHi LMAnges
along the length of a transmi ssion |ine may cause power to be reflected
back to tqaelesemg@eyuswéabéemeﬁmdbwhgs,tergﬂemrtcutelajgtoepumténrtgerlgenothmdeal ly, the
transmSS| n I| ne have n Gevayl t.ian. al th but
oot noogindt o oRYTor thd TRAGENS i@l AL Bl e PRl gl SREL

accept ablaeong%n@pheheoeﬂegﬁﬁls nfiddiple iglea Gite bk ibshdle, dnldah duserebﬁ@mne@stﬁblder ed in
tw naxi al cables (differentially driven) is skew or unequal transm ssion

s peeds ofMEYARE trpaﬁieﬁﬁeene thq fphieé bgndlg upiap any pykglamethed s Anpugsiscket of
their a
commn. o B M PR R o R U LSl Bl HR kR P
transmttage.gi gxtaisumt rengtchembodiatees, tcentd oamdyoetd chiclddatbomitaddndan
dramatically increase the bit 0 ate, 1n_p lar jitter. ldeally, a
pair of ttL%ﬁetﬁtJeelf%ﬂlaY.h?égom byiderdf ar’iﬁu%teﬁ/f‘)lg?f{ Shléleif{ﬁ@t%g on the

| ntended appligaghion, a MIFES! G0 ehﬁwem&%&m@%ﬁw&é&@ﬁ% aval ue
(representing the dlfferentla -to common node conversion fromone end of

t he transhicddhdmbectiiqad cabde fshBusstabesly )In phirticelss, thdsadiguRs iflwtra@thotBongort 0 a
frequency of interest, such as, e.g., 6 GHz, may be acceptabl e.

Al ternatively, skew can be neasured inpghe tine domain and conpared to a
requi red specification. Depending on the intended application, values of

| ess than about 20 picoseconds/neter (ps/m and preferably | ess than about
10 ps/ mmay be acceptable. WO 2012/ 030366PCT/ US2010/ 060629 [ 0100] Referring
again to FIGS. 8a and 8b, in part to help achieve acceptable electrical
properties tran5|t|on reglons 836 of shlelded eIectrlcaI cabl e 802 may

o o " T S ~ N~ —— L ) o o



[0101] The transition points 834" occur where the shielding filnms deviate
from being substantially concentric with the end insul ated conductor 806 of
t he condwoan1228036804. The transition points 834" are tReTAS2MA6@wERI
inflection of the shielding filnms 808 at which the curvature of the
shielding filns 808 changes sign. For exanple, wth reference to FIG 8b,
the curvature of the upper shielding film808 transitions from concave
downward to concave upward at the inflection point which is the upper
transition point 834" in the figure. The curvature of the | ower shielding
fil m 808 mergrdhesierigydrs oray boworivemalpnahaped dunop thavernognndbonding ohie

inflectio mhlc e a S|t|on 834' t he flgure.
The ot her HPGRE AT sl s MGt eo A167 B b a0 B8 Bnairgroo S, P

pi nched pEhHn@HS618QPacld dphe fivki Bl dhsathtdd domEuSOB6E afEtso §1ﬁﬁdﬁﬁ;grﬂlﬁ‘id H08
separation dl of the ihnched ortions 809 by a predeternlned actor,

1.2 or 1.%¢poyndsd] Shiciding filreno08ach ndludesi enérmableadpavee augr 61Ac I dhe a. 80| d

836 f 804 b
Subet an 1 SRS ERSR hoock, Shit e AR ard REpEFRIEH RuBRY DT Hor o®
Tac at t hendwesitorand gpatridi o@ﬁdt&idr 6:1f2 atlbe;oﬁdmdetb&actgotheﬂ rInEﬁBy, anusrated

t hi ckness at the trapnsition partion 834 of the lding film 808 that IS
greater tR&NH fﬂq @tﬁ%@l@ﬂt‘%@ye@ rer|saﬂ|h9ve %talﬁ@agméf ?558%@ h%
thi ckness, lam o RELHRRIMJ MRS RO §51§99¢8?rf 6tlb%o§t*8hﬁ|téihélﬂ?\fe' ' ms 808,

and a thickneSs at the transition portion 8 he shielding film 808
t hat i s gleatdemethiaral dndodtentssl paghormidbesharectérasyies oBfllishedyshredgdesent  at

| east 25W C n transition area 836a. The presence of adhesive
| ayer 8163??P?ﬁ8a§?§&%hh§'§3 836a, in particular at a thickness that is
greater than tlppgdiness Mlll‘ﬂﬁtﬁt@dﬁ'@[@ﬁ@l@ﬁ@hesﬁ%ﬂﬁ drPEt ®Sordfemt REvesSt rengt h of
the cable 802 in the transition region 836. [0103] Careful control of the

manuf act dhinngr intwewnsshicidiag filres AR er beth sideaphtselricdicorductdr G0Rend gravads

el enments of shielded electrica |at|ons Aol

o ea saesonnd it RrdiRa st SRsegiRs i aRra M S Tl bh AR P RrRst i on
regi on 83fhedhd I@PeriBY0 bonfbiih Fo bethikker nairtatindlididly bijcsrpaalaaince of
cross-sectional transition area 836a. Shielded electrical cable 802 may

i ncl ude t9oafuqter Q¢ and gramdgepdyse Gl2edsubptapilysionfsmodpgdadedf conduct or
set 804 t r I

subst ant |J§?{1 ydtée}géudgdﬁa olirhdgc%%fhf ?&Idlg %bgﬁlg ?%Zg&%eg{&e?%%gﬁ glgf@%ﬁ 1§%t%éﬁt§f
conduct orth8@areaShiettiledadbkedct tayeml610 abhforiB0a effegtiviehcheudmoned banserd i on
regi on 836, positioned on one or both sjdes of conductor set 804 that

i ncl udes Sg difis glrg% 04 groynbonrlustars 1 i et aersiod0 SiLCa AVl | y the
same al ongorh st SAGE ek ing %ﬁﬁhtﬁtc%d&@& 6174 ccBIANP c6nta Gl ORSIURROTINRRR.
transition area a my Vv | ess than 50% over“a length of 1 neter.

Shi el ded el ect[ﬂﬂ&‘ﬁl cabl%ma@lanﬁgisl Tecdndd® are dergils painisgioonping3sl pgient i oned

on both sjdes of co ctor. set 804 t each i.n e S sect onal
ranei 11 ghraeal iR el Ssumban Tras Qe e Dbl R3SIS eyl

subst ant i @bley70b e33R 78 19 RthdE RSink BRGL KRN ﬁttum%%dm@udels:@r ifhaapl e, the
sum of cross-sectional areas 834a may vary | ess than 50@6over a length of 1

m Shi el degioa[7ég (sce &P Hfab’ﬂ@rmzhlnhiwg fﬂmﬂ&@ mar}ab%SUﬂoist@ntwA@gtamibl 836

position es.0of conduct.or,. set,804. t.hat ch in
b oss- sectging s 0P AR uRle A RAUSALH SRop R RE TBRE L lfit iR Ao
transiti omsadapsscdIdanoat@ndudtst polyndricaydg08EmRd aStupah e J0RY eBpodcdah cabl e
802 may include transition regions 836 g05|t|oned on both sides of

conduct orthe eendgptave ks 08 # t\tf@nfqraﬁblietaﬁ ?ﬁl‘fﬁ‘el@}’%ﬂéo%@smséd SUBOPARCT al | y

i denti caly, ogh“faﬁlcﬂ&g%gfo%“ﬂ%%aﬁde%oaﬁ h%{i Jr*‘/'l&‘a 8sged-geh waid
transition region have a at ess t

i nsul ati cslhlettchng Kies 2081 Aftéli’rthe slaalidingl ﬁlmmdmfdrwd togethmsmbtmtiehle gmnddjct or 806

has a di aneter , and transition regi on 836 may have a | al length Lt
that is |°@§§u%t¢tathetgt%ur@. fé)&atfé?r Bré maies 1Rdipechzlectd fCPE)té}?ta‘t’ta}bﬁ@ cgrductivped

above may, rQVOS%%f%hf‘eﬂﬁﬁ?ﬁfn%f 168 I1hid FRECANGR I ARt ST é?ﬁbté’tiﬁog' an @ desired
range suc . hin 5-10% of a target 1| npedance valu such as,
e.g., 50 whﬁeﬂedﬂﬁparaaogof/@mdhan@tlhyer§Q&¢1ata?sgroencgcqndmctnetb?rpro[v@it@b}/lé‘w@t ors
that can influence the configuration of transition region 836 along the

| engt h of shielded el ectrical cable 8027include the manufacturing process,
t he thickness of conductive | ayers 808a and non-conductive polyneric |ayers
808b, adhesive | ayer 810, and the bond strength between insul ated conductor
806 and shielding filns 808, to nane a few.



[0105] I n one aspect, conductor set 804, shielding filns 808, and transition
regi on 836 nmay be cooperatively configured in an inpedance controlling

rel at i onswopo12Ai303eapedance control ling rel ati onshi p nmeamsTiusat10®608duCt or
set 804, shielding filns 808, and transition region 836 are cooperatively
configured to control the characteristic inpedance of the shielded
electrical cable. [0106]In FIG 9 an exenplary shielded electrical cable
902 is shown, in transverse cross section, that includes two insul ated
conductors in a connector set 904, the individually insulated conductors
906 each leyardA8d.np swiheragses, thentpphayfr 70Ré neaibe @r 9gudemensduindhediveg fil ns 908

are di sposed on opposite side the cahle 902 and i inatio

st ant AT, RS0 Al FoRhas e ek gba e Ry Bhe PR iR arUE e 010 1
di sposed heds\werdudiive tyet 7084 togetier MPfoade thbadisRivellgfeng7 i torsen BB aasithdbonds
shielding filnms 908 to each other on both sides of conductor set 904 in the
pi nched rtbgRoyad gamlugtor jha (&b |1éb). |Besapsstteristen Hyae T Hiddog gotcepnfase #r r anged

general | y | i . ffecti i.n:a . tw i
s e R e e
di  f er entgradndp@inductor T12 dndaondngiestnier 0084 of the siiclging fEmdTd8 Gut actiitves

arrangenent. Shielding filns 908 may inc|lude a conductjve | ayer 908a and a
non- condueiglr%elﬁetrlyﬁlépfl@cr alfisrthissness agd dwﬁeftrfcrwm‘ée& QulddeTctitd @avay er

908a wi t haubictg t@%&i&%}[‘a@ﬁ&%t&g@t E@:r}éﬁ?cﬁﬁ&e,, %é}/ﬁéctﬁ%ﬁl@onﬂa& e iﬁdi%’lf %g&he

conductive | ayer 8a of each shielding filmis shown tacing iInsu
conduct orls s6M6 entbotiniantsa theatha@ticvistiePhodsistemtehetormn tbe gloahé cofductor and

shi el ding, fil.ns. have. a reversed, orientatjon 01Q7] The coye ortion
507 of - atths iSRG ey hE1hEh I i FSobETs AP deseOIe e # B or 1 ons
911 that tg5L0 skksteRERIRd he @eRRAMitEt WebtRcAQRLRRSPARALAL caRd, ignduct ors 906
of the conductor set 904. In the transition regions of the cable 902,

transiti olesipahle foonalgadirest cleeteicaivoptadi begwvednl anglvengroane corshupioe and priee or

concentric porti.ons, 911 and th inched portions 909 of the shielding filns
508, - Tr arSebRiBR TR SRo ] RO S RER SRR ot e Plad B BRUTL o se
904 , andueasticldh@tilpes)tirnsnbd ibbtdaledly) simss- sectional transition area
934a. The sum of cross-sectional transition areas 934a is preferably

substantial |y P¥sane dhsngmplaey ¢rabretimerss, the ponse regiensadahe futldedianpl e, the
f - i : . 0 h of 1
rsn um o Cre‘i’e[scgri%gfifﬂ%é’glgg}d%.rc%‘éen?%%e gf&ﬁy aﬁlcﬁ&ynsitﬁ)%fre%lﬁgﬁnp%gl{?nga 8h ofte LERGRN ©

tion, WO Cr 0SS-Sectl ransition areas 934a
may be suldkafitighlchyohdet@ane Rndésrof awhsdinashidldihg ¥ilm de thici coatentrlditegions

configuration of transition regions contributes to a characteristic
i npedancé”’§ Bitorkh aéeﬂwempogf@mﬂff itlﬁg?lhée-l‘élﬁaég‘)" A PO i TIdng

I npedanc & hhgth LRLRid @ RL Bk HeRrdd #8S 8 ditloAP8Rions B theRicl@n@filmWM thi n

The transition regions can be configured to provide high manufacturability and strain and
stress relief of the shielded electrical cable. Maintaining the transition regions at a
substantially constant configuration (including aspects such as, e.g., size, shape, content,
and radius of curvature) along the length of the shielded electrical cable may help the
shielded electrical cable to have substantially uniform electrical properties, such as, e.g.,
high frequency isolation, impedance, skew, insertion loss, reflection, mode conversion,
eye opening, and jitter.

[0091] Additionally, in certain embodiments, such as, ¢.g., embodiments
wherein the conductor set includes two insulated conductors that extend along a length of
the cable that are arranged generally in a single and effectively as a twinaxial cable that
can be connected in a differential pair circuit arrangement, maintaining the transition

portion at a substantially constant configuration along the length of the shielded electrical
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5-10% of a target inpedance value over a given length, such as, e.g., 1 m
In addition, this configuration of the transition regions may mnimze skew
of the twvocorxiaisers 906 al ong at | east a portion of tRrermskengysds29

[ 0109] When the cable is in an unfol ded, planar configuration, each of the
shielding filns may be characterizable in transverse cross section by a
radi us of curvature that changes across a width of the cable 902. The
maxi mum radi us of curvature of the shielding film908 may occur, for

exanpl e, at the pinched portion 909 of the cable 902, or near the center
poi nt of dahle cenbenclivtmllyippovidoFubsfantiplly thalseie clsnidervegnetic digldedeyention Gipm
illustrated,in FIG 9. At.these si,itions, the fil be substantially
flat - and Erdd son et i 2o mrsR iRy onar DrssPGineraat P A EESORRLOR Y mum
radi us ofthe benfRiuthtdn@f tHih assic sirfign hloh iR RYF B GHIcldc @lecar@amplbes  at
the transition portion 934 of the shielding film908. In sone enbodi nents,

t he radi 8nepntEigpigde theeadyantagrous pleelrigplmgriormancgand sBarpeferisticd ohthsfcablse cabl e
is at le a ] - [ ' re does not
nave a maags: oAt FLRUARES s s huplablifubiinihs B GHENR) UeBAIACS 10t
of the cahblk, thfigickednrimiioadggenodf théehicldblgeilmsnlisposml @ndrdrivetit sdesfodr
shieldinq films that include a transition portion, the radius of curvature
of the trtAnsPRdUsRT Brtion of the shielding filmis sinilarly at |east about
50 i cr omet er 590 110] | nran 1l & shicaPbagI80L AHi LIRS AT sl @bdig fil ms
that include a concentric portion and a transition portion are

char act erlilggbBeainl/8ty incdles s sofglcemdattor gt §04 thaeextomitserhdrrg clepgthtof the, R1,

and/ or a radi of. .c ature of the transition porti 1 . Thes

o noret or @bty deicroE DA o et R B ok RaBRE w0 shocsgitg iy

enbodi Mendagh offef £1dnd § width df HRNGS1cnd 2xtcadihp aldi@blidd dtR oFtHe cadle. andbhsx

exenpl ary shielded el ectrical cable 1002 is illustrated which includes a
conduct orondeenciasilaigd comdvictes §0aisehoworia it o¥es mubiide insplatddi condudsordinent , t he
shi el di ng_f.i | 0 have an ric, configuration, which changes the
posi ti ongogfm?lﬁgedtll gﬁes?qlﬁdBﬁtof)%e?t%plgﬁ&ePlé?dati ve to a nore symretric enbodi nent

such as that qbo93|1G 9. Tie idufated Bondsbioe bflgtorRiueet kétaiRdt icpkittont@Barbas
pi nched portions 1009 of shielding filns 1008 that lie in a plane that is

sl i ght | y topfrérahed reginn ofdhp reheisepnydermeta Yo ¥ endronfyeon eftthelcosivaior s¥r s
1006. Despj.t I ﬁﬁ{ ! L OUS
eIenentssggﬁ%g?@ﬁ?%%gg%%%gpieréga%%ggggg%%kgé%g%é?wép% d%ﬁagqa¥%éﬁ9plane
and t o bendubsdwrdrisadckyt ippasidoncdTeerchtrtanisd pincicdrregon8$8 206 shislteda sonmewhat
of fset position ahrfd configuration relative to other depicted enbodi nents.
However , %iﬁtré%éa% fig¥4hat the two transition regions 1036 are positioned
substantial ly gyguret ri catily a3 {ddof E$REGingFmS K08 SRRAGYH ﬁB}Z&H &l
conductors 10d6 %ﬂ?g. mﬁfh ?espegt to a §er?§ca§ plaﬂgkgg?me nsﬁie ©
conduct oraf tHOG®H)e, ansindcltitatoviehportions 8@l rlattiapsvenfe drommsétidnothercogérqrstidB36 i s

carefull onfrolled along, the | en f shielded,electric capl e 1002,
Che shi efgdabrauefly siiro it soaduntot B vat Safief fgane snit 119 Nifubs
accept abliRted@ahE pdhedPRREItI00% S thOshiddihp fih6B08,laha baRds dhidddiad diht onal
exenpl ary shiel ded electrical cables are rllustrated. These figures are

used to fiP8ttaeachesthiran thehuonehed pegiensetd Spdithe eablaf02 arebatiabides plscomdwdtdigur ed t o
el ect 11 o3| ¥od SALALLOR GARARL 8T, 58h Oy ARG aSIENAS] ol PELELGRL (£apl e The
conduct or se(% ‘nmay be et éctr ca 1% iSO &t eéenfdrpoma aéj cent>condlict or set
(e. 9., toofic S07Z6S the StEsltimghiilg BOREN: aftbAaBAbineRshEtion 8GEbSthe Siieldigm t he
ext ernal environnment of the shielded electrical cabl omnimze

: e (e.g., tom
el ect r ondgAEt(8cony engi sidq riheeendyetor s H0¢ rethe minchad portioa PP PEHic skighlivg and
mnimze @l egs 998tk Sidk B%&refcsﬁ&{l?ﬁ Lf@m external sources). In both
cases, the pinched portion nmay I nclude various nmechanical structures to
realize the el[@893]i cal ilaallatd oonduEoaspd esscficntiaigderradgedas preoxitiat dapleof t he
shielding filnms, high dielectri¢c constant materi al hetween the shielding
films, grotifmMe3Rayetbing Yiae crrade g é%ﬁnﬁm@hdﬁ}léétngﬁﬁ%@mﬂy cont act
with at ligaglc PRSAAELTNGySHORh Ghdd nbh LoRiucA¥E fAIGRLrEISLANRS. hRtYREN
adj acent conductor sets,  physical breaks betweeh adj acent conductor sets,
i nt erm t tearitodooerttaes ilbfstrated by ileB db aapdf§b, the doodedich lagtch808adifibedt | y ei t her
| ongi tudi nally, transversely, or both, and conductive adhesive, to nane a
f ew. 29



[0113] Shown in FIG 1l1a, in cross section, is a shielded electrical cable
1102 that includes two conductor sets 1104a, 104b spaced apart across a

wi dt h of wbeoraBbhame102 and extendi ng | ongitudi nal |y al orgTask@ngtds2of t he
cabl e. Each conductor set 1104a, 1104b has two insul ated conductors 1106a,
1106b. Two shielding filns 1108 are di sposed on opposite sides of the cable
1102. In transverse cross section, cover portions 1107 of the shiel ding
films 1108 substantially surround conductor sets 1104a, 1104b in cover
regions 1114 of the cable 1102. In pinched regions 1118 of the cable, on
bot h si desbicbding fémg traelutbe orsubgadscondoters. KRatfivelyeths lorientdiipof thbns 1108

i nclude pinghed portigns 1109, I.n. shi.el ded ectrical cable 1102, . the

i nched BOPET s P bt gie of Pain gl My S SR Bl S RueREl el Bt or s 1106
are arrangeehgenerahly in a single plane when the cable 1102 is in a planar

and/ or unfol ded arrangenent. Pinched portions 1109 positioned in between
conduct or set 408%04a, 1 1ugldiagdilps P8 Hishuds arconedndiie pereian (hat issybstprsially
conduct or . 0 0 r i erally
ol anar . sno g s St GRARE MOyl WP R TSR0 Lo BN

f r equencycableeftRringtadcsithakiaibn esgidfs 83hHe Poitiodk of the yhetdink ibMP0L trothe 1106a i n

t he conductor,set-1104aj%§lative to the,second-insulgé%d QOPdUC or 1106b in
the condUEAn8iio8 &¢eian ol e stle Pniricaranytipp gartioRa1 pehhpkRld geé‘a’@ncy

el ectri calosl plétht ARbAfinkR, fHicigta &9(?9&'%9%915& 868 i3 1ShAHLY fogich 428
second conductor set 1104b. 0114]As illustrated in thé cross

sect i on qfosfEo@d dd hothtshies ofithe @ofldi@Poraand (de ahar saoteemtmdndnts a tramstiiorum

separation,. D_.between the cover .portiqgns.1107 of t shielding filns 1108,
o ap B e e N D PR SRS Fome B s51804507 o he Shi ol di ne

films 1108, a_f’[d()ﬁﬂf]_m i MU SERGH RkIdAS 836l hre &ﬁh&@@@sﬁi@l@ir%ifﬂﬁﬁ%%ﬁﬁd“ ons 1109
of the shielding filns 1108. In sonme enbodinents, dl IDis |less than 0. 25,

or | ess tdeadudorisct $¢ft. sheeransthiodipetirims 834 of theishickhegiibms §0Fain the @@nsitjam115] An

ti onal adhesjye |a i ncl yded hown bet. t he pi d
oD ons SO Rt DB B oSN RELYGER, LB b5 o
cont i NUOUsrtadns®0S ©F fd shikddifg filhis SOBTEA SOFEdRIY sharp fignsahesiches| ayes may

extend fully or partially in the cover region 1114 of the cable 1102, e.g.,
bet ween tIHBI-aBg8 (rapyHen oiha TAGTIQH DML ASPRRISR 19 H4NSHION PO rfrgragal or

i nsul ate vadl t . I - ed on

t he cove%n%%??#%%ﬂ¥%ﬁ%&%?§i%%’g%?gFﬁpﬁgﬁggﬁﬁy%gggﬂﬁﬁﬁhﬁgﬁuggggﬁﬁagglIy or
parti al | wtiessomliéfiter ghicldimgdilmeROR amntrddsitonok giohe 8 3harel ehevantd ddnmagt 108 on one
side of a_ condugtor set 1104a, 04h to th inched portjon 1109 of the

shi el di ngﬁhﬁ?cilﬁg 1 %S%WP%S%??}H@& é%‘?tﬂ‘éalﬁf‘blﬁ%gg EORdNBtos- Woen Iy or1104b.
[0116] Th i 8l.ding i : i . r adi )
Curvatur§§§%?q§g%gggﬁ%kﬁﬁgﬁﬁgg?Pﬁﬁgpgg%P@ﬁ%%%%ﬁ%ﬁﬁﬁg?mﬁgaéﬂ?a%?ﬁ§£%gl

cur vat ur eondictiveflayeh 808 ar andgirtdebondogy béteeeridobdugivetlimeer SA8@mdi myp-f i | m and/ or
by a radi us  of. curvatur r of the.concentric portion 1111 of the

ohi o1 i ngondyiE pol Tk 808 alreatiieR- Bt bedSkon Pyt 2a8hes B por ¢ on

1112 of tdARIding films 808 in manufacturing of shielded electrical cable 802, which may include,

e.g., cracking or shearing of conductive layer 808a and/or non-conductive polymeric layer
808b. Use of the disclosed transition regions on one or both sides of one, some, or all of
the conductor sets in a shielded electrical ribbon cable represents a departure from
conventional cable configurations, such as, e.g., a typical coaxial cable, wherein a shield is
generally continuously disposed around a single insulated conductor, or a typical
conventional twinaxial cable in which a shield is continuously disposed around a pair of
insulated conductors. Although these conventional shielding configurations may provide
model electromagnetic profiles, such profiles may not be necessary to achieve acceptable

electrical properties in a given application.
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shielding film 1108 can be arranged to provide a gradual transition between
the concentric portion 1111 of the shielding film 1108 and the pinched
porti on MO20fo3vise shiel ding film 1108. The transiti onprporuseamn/0ddkr® of the
shielding film 1108 extends froma first transition point 1121, which is
the inflection point of the shielding film 1108 and marks the end of the
concentric portion 1111, to a second transition point 1122 where the
separation between the shielding filns exceeds the mnimum separation, dl,
of the pinched portions 1109 by a predeterm ned factor. [0118]In sone
embodi ment s, t[A89&abl e 1AGRrdingfouehesispect beaidtasopeme ol BE disnkpséd shagldétht has a
radi us of ¢ width of the cable that.is, at, | east
Lbout 50 S TetRs «GraPBle Tt G niththits Sin bR By kot bR
transi ti dmpperdfitrdibikdnatgibhe. 8 hbetediigg thd sicldfQRe irgnsaton! regidh anlport 50

m croneters. |In sone enbodl rrents the ratio of the m ninmumradi us of

cur vat ur eagHuliheonsioHingihe renfigmrationwf ths trasitionpgiomploaitisslcngth ofithgat ur e of

the transhidfid AREELPD:o1L 2ALAclrd: e e EARISRlicdn [QidPegh @390 I FIG 1 1D

is a cross sectional view o rlca t hat i ncl udes
two conduapavitaset deviiiod aﬁ@a@.ﬁdeﬁbaquufrb@Bpaeabbtv@%hﬁfuh&i{ﬂé osisduatonmsetb,h of the
cabl e and extendlng |l ongitudinally along.a | ength o t he cabl e. Each
conduct orth&eby respaing the GrAycteist p%@wn&{%dn@%m&%ﬁ eitmel 1S<§ﬁfa0& BRWEEH el di ng

films 120888 &odcRP IS LNABPOSIE Sorst 7éi%étldi’ifoftt SRBIR r%%gg aloln% tid alns verse

cross section, the cover portions 120 t the shieldin il
conbi nat ilomgth ub&mahtelckﬂle}ecswak cabhdlcdnitbuitesstalobtagdng pnadwmbdrr el&®ﬁ6alof

conductor, set.s 1204 i.n over, region.1214 of the cable. i.nched regi ons
oT6 ot iR copt B o el ok Pt dted B SRRt AL o o1 ai v
Films 1208eduich Hele oph BEhRE: &ﬁﬁ@l&%ﬁsﬂ@@& Chrergitbirdiest 18 &stiffghfaion 68 Rce

1202, pinched portions 1209 of Shielding filns 1208 and insul ated

conduct ortEansiios regien dlengthed eregtll og@néh@ldeﬁ clagtricabiably ie aghetoieasthesize e cabl e

1202 is ug D tlnOﬂ(:imd/or ﬂfOl era&riﬁggnent The cover portions 1207 of
the shiel'df ARG T MR IOOEP AR 6t ¢ (N BIHCHiBd regi ons 1218 of the cable 1202

are confi gur edogwmjel ect ragakttyichishhateribiiethaoildaeh esnssdi&d 824 from each
ot her. [0120] As, shown in the figure, the cable 1202 can be characterized by

a maxi nurehg@pwrss eredmceis thessanspisicndiner AgbrinipsAance shangss aloRe theni el di ng

fil 12 1209
of the snrngBEa RplSrLRTHACRAL 8L Bonet 1o RGN SAL BURRRERS ARG |
0. 25, or HeagstrdnRmittdd. td thd @iged.] Iélealq;)ttheomﬁisnmhmslmemlllamee nomayipdaanel sposed as

shown between the pinche ortions, 1209 of the shleldlng films 1208. The
adhesi ve Yagglden Qﬁgl/g Béfeegfrd@e Bwuemen%wgﬁpé%m EbaRplicption FREAOMS §BiBnt s, t he

adhesi ve oy ﬁ{ay'%@&éc@e@ea%@ Abthef RLotRAT Lhahddhishi tﬁa!?‘?s &f?e\ﬁ%nélﬁ%&ﬂl 1214 Of
the cable, e.g’, bet

en the cover portions 1207 of the shielding filns
1208 and thiirxiahsailet (@dfeorddlytdoivsn)li2 Gleew Whm@qdﬁeanvmlsb@yspeadapf beo di sposed

on R O RRloh IS of & Pefr Song A a Fortionbe theif Bngihl SR Prodiesxt end Ful Ty

conversion of the differential signal to a common mode signal that can be reflected back to
the source, reduces the transmitted signal strength, creates electromagnetic radiation, and
can dramatically increase the bit error rate, in particular jitter. Ideally, a pair of
transmission lines will have no skew, but, depending on the intended application, a
differential S-parameter SCD21 or SCD12 value (representing the differential-to common
mode conversion from one end of the transmission line to the other) of less than -25 to -30
dB up to a frequency of interest, such as, ¢.g., 6 GHz, may be acceptable. Alternatively,
skew can be measured in the time domain and compared to a required specification.
Depending on the intended application, values of less than about 20 picoseconds/meter

(ps/m) and preferably less than about 10 ps/m may be acceptable.
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partially fromthe pinched portions 1209 of the shielding filnms 1208 on one
side of a conductor set 1204 to the pinched portions 1209 of the shielding
films 12080aniAd3ese6t her side of the conductor set 1204. pLoaR2(i0hercshi el di ng
films 1208 can be characterized by a radius of curvature, R across a width
of the cable 1202 and/or by a m ninumradius of curvature, rl, in the
transition portion 1212 of the shielding film 1208 and/or by a m ni num
radi us of curvature, r2, of the concentric portion 1211 of the shielding
film21208. In the transition regions 1236 of the cable 1202, transition
portions 1212 [8100lhe shiR«feiring agiinrig FIG®Bagad 8beinqunfth alpeghicue pr ovi de a

gradual transi,tion hetween the concentric thons, 1211 of t i el di ng
P 100 Ry et R Rl sl e S 8Y The
transiti Qacpaichiden clasbc@ionaharsiticnl Gléagpchi Mk 120GtiexiendSed i prafarablyr st
transition point 1221, which is the inflection point of the shielding film
1208 and stlRsthama cease-setionplearentamf cprdusérr®0on Asdegt shewn in EKE Sl

t iti i t r i . : .
tronods (HeRlonEFA FeL 0. SRR ARLPRARARITaL AR ELdhAR P
predet er ri3deahd e3'or. [0123] I n sone enbodi ments, the radius of curvature,

R of the shielding filmacross the width of the cable js aﬁ | east about 50
m crometers an@l 8 the niitIMPAPEES b o8y atherete abieking Tmdriah

portion qiyt BEing @h@sltﬂ{tiﬁ%r EohdthirR v?itth {h%%ﬁél ittéﬁlea%. X So@??(%@tr 06 of the corldddf] | n

sone cases, the pinched regions of any o ed shi el ded cabl es can
be confi gat & tThebmnkidgioe painty8Fente tht pamtsarfghibectionbdf tite shedditg 80ms 8@ at

exanple. This lateral flexibilij.t f e pinched regi ons can. enabl e the

hi ol ded "Wtk theryrisiine of e tiediad e S PRERoRm. & stone SR TRETen g
confi gur abiren. §Nate QAVatR RN PpRr shiflaiBdilFARsarankRoAPTBmMCRAESc t he | ateral
flexibility of the pinched regions is enabled by shielding filns that

i ncl ude tdeovnovardrisr eoneaeatpiwaed gt thtindlecnen poiguwhich ay/the gpperdrapsifipneint he

integrity,qf.these individual |ayers in part.icular.under. .bendin

conatti e i ME BEln LAt BY fdon SRR e Wl ol RARTRRANA daneae . e
pi nched nggied® dBayavcQiowexanphehd aMRcBotThdinhich ¥ 0K Ness tahsities potnban about
0.13 mm and the bond strength between individual |ayers may be at | east

17. 86 g/ it In thp &igpise _rT)h_eathheg (rapHEPHBPINEFAS Hcedr WRATE AgGeRFEtBdsIIREndhe use.
[0125] 1t iRy BPoRRAEROS bithe SRickdif AR08 GdledR Bd ARG BirafBY d Phr fiBE

pinched portions 809 by a predetermined factor, e.g., 1.2 or 1.5.

[0102] In addition, each transition area 836a may include a void area 836b.
Void areas 836b on cither side of the conductor set 804 may be substantially the same.
Further, adhesive layer 810 may have a thickness Tac at the concentric portion 811 of the
shielding film 808, and a thickness at the transition portion 834 of the shielding film 808
that is greater than thickness Tac. Similarly, adhesive layer 810 may have a thickness Tap
between the pinched portions 809 of the shielding films 808, and a thickness at the
transition portion 834 of the shielding film 808 that is greater than thickness Tap.
Adhesive layer 810 may represent at least 25% of cross-sectional transition area 836a.
The presence of adhesive layer 810 in transition area 836a, in particular at a thickness that
is greater than thickness Tac or thickness Tap, contributes to the strength of the cable 802
in the transition region 836.

[0103] Careful control of the manufacturing process and the material
characteristics of the various elements of shielded electrical cable 802 may reduce

variations in void area 836b and the thickness of conformable adhesive layer 810 in
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di scl osed shi el ded el ectrical cables for the pinched regions of the cable
to have approximtely the sane size and shape on both sides of a given
conduct orween12/8ms6di nensi onal changes or i nbal ances nmaycprusduaomsicehal ances
i n capacitance and inductance along the | ength of the pinched region. This
in turn may cause inpedance differences along the I ength of the pinched
regi on and i npedance i nbal ances between adj acent conductor sets. At |east
for these reasons, control of the spacing between the shielding filnms may
be desired. In sone cases, the pinched portions of the shielding filns in

t he pi ncHeasitiegiregien 836, wechcmby o t(ponredachvagiatiensoh the epadtoroof gess: may be

The tar ont mbEaRlid ¢REsH PR D SR DadRal g Shbhton™ ™

conduct org3%6lositiohePorc SivV& ok 0g1ads &fl Badudtsrakt S@bthet inblad&l dcrbkiesceameuct or
sets are conpletely isolated, i.e., have no common ground (Sanple 1), and
bet ween tHESHAD 4886 Srdiscubstansily capaliper spalir dum srewtsereaial agbl e 1102
illustrat i ef S hi i i . part by
about 0. 055" She st 300 SHElP iRt L8 chdy Bl e AR BT RS RER.
The test pweitivacd dwoncocaih niged ofi ®ndaitér des80ethht ikolodes d troshecdonal The data
was generated using _an Agilent 8720E5 50 MHz - 20 GHz 5- Paranet er Network
Anal yzer .tranﬁltleaﬁmagééééwgwu 8%&5@% 14 dlepe A gﬁﬂ&%;&é@&ﬁwtﬁq Hos Fokat t he
convent i Qignpfl EeL-L&cRbnf Hahiigh theh 365 ¢ a3 8l BT S0o5 BV crGARh g b2
provide a simlar far end crosstal k performance. Specifically, 1t is

gener al | yneec eyitidded ¢Hadtriealfcable €02 naryosdtidd kamsftidnesgionhedd @isained 86 bdf i s

suitable for st applications. .It can be easily seen. from Fl 12 that for
Che conf 1A &t FORUEREEEd0* BB RaghBeligho SRt SraontEReFioR AT uBPE e

shi el ded @hestdrbsakcticll fcdslfaRd QbkABtARL ths aRE AloXg &lcachdth 6Bbordaeloat | ON
performance. The satisfactory electrical "isolation performance in

combi nat %K. Wot pxantide,ithe sura o erost-sastignd atsfas Bbria manetedeydhan ¥odvwer a o t he
ability to spage apart, .t shi el din ilns is.an_advant age at .l east sone
of the’ oilCuiBEER ERRLMRd B bR R0 et G PRI ERG o Bhaidf ca
cabl es.  on both siHsl&7dohfu@%eRFPEEY thaesHom GhidieidtScro@ st iidad rafeneh arth&3ahi el ded
el ectrical cable includes two shielding filns disposed on opposite sides of
t he cabl eVRaiRiR thgpss-yeRtionah Hanwdtiapargisasida dectubsantiayiBe syng-t upldedt t he
shieldin I J: I I J S i-all i nduct or

set, andq%%#é%%ﬁ%ﬂ%gc 8?%%%gﬁ§%§%2333%%@#E%Sﬁ%%%@g§9g2?§h¥ﬁl?éfdualIy. I n
sone enbadhdwndsct dBlvenhercin tHeeradkitioh dedors| 836tard adktaatdlyeidomycat onk@ated onl y
one shielding film. which js disposed _on only. one sjid f the cable.

Advant age@8¥CteRIOSHS AY 1%H|a§1°%tk_§Plﬂ’§PSeT’s ﬁlil%r%rﬁﬁwrﬁglﬁﬁ%ﬁg Pﬁé(qlé‘ﬁ? &lgedl cabl e,
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in material” cost and an increase In mechanical flexibility,

manuf act woathidtorn 806 land demseerdde, sind imppiingn wgebnt S6mayahdven. latéras iangthel t

shi el di ng, fi.l rovi de acceptabl e | evel .of electro netic

nt or f er ditid® BT fesgliarishDe o g Vs soa BT ids Gierosh abmay ML Bgidet ne
proxi m t Vo @afRedkistiO fhfRMneaEQBHL NG wilhIDR Heshel @m%; dRA -as & wikBini3-1 st r at es
one exanpl e of such a shielded electrical cable that includes only one

shi el di ngfitaiget ipoped@)ck valieGuch 3s,&. s hi kohtes os¢recgive lgngdapicd a3.302, havi ng
only one sQieIding film21308 is illustrated. Insulated conductors 1306 are

arrangedl?%F% two conductor sets 1304, each having only one pair of

i nsul ated condueeqrs, alfdieugihacanditiaice $et@ntigiatign of aisitirbgEbs 396
i nsul ated conductors as di scussed herein are al so contenpl ated. Shiel ded

el ect ri catlonghe engthoof shieldodplgetricsl paide BRieingluda the BaREUCHFHSPIOSS, they vari ous

exenpl ar i . ) i b i.;.ed, or
acidi T1 onaieBia bERTaubithe 1B B08 A (o TR AT e 80t ERRLLETs 5
ext end i nagul3s0,cmidithd boyndt drengthrvetveicn énduil aoed asmducsuf@d adl shariding fibmns 8AB06 of
conductor sets 1304 and are positioned between shielding film 1308 and a
carrier fPPAME848Wwhi ch does not function as a shielding film One ground
conduct or 1313gjgs)i ncl udgdnk BsRcRbHEhrRA"d040hi 43R s $08 Slnditfadsifibh M
1308, and three ground conductors 1312 are included’in one of the conductor
set s 1304¢giOn&30Mmaylveseopdiatee]yeaigdradondoanpedindSdshtiodlingosiatiposhen Aet ween
i nsul ated conductors 1306 and shielding film1308, and two of the three
ground conductors 1312 are arranged tozbpe generally co-planar with the

i nsul ated conductors 1306 of the conductor set.



[0129] I n addition to signal wires, drain wires, and ground wres, any of

t he di scl osed cables can al so include one or nore individual wres, which
are typi cablyizassisbat ed, for any purpose defined by a uPer/USINemnen629
additional wres, which may for exanple be adequate for power transni ssion
or | ow speed communi cations (e.g. less than 1 or 0.5 Gops, or less than 1
or 0.5 GHz, or in sone cases less than 1 WMHz) but not for high speed
comuni cations (e.g. greater than 1 Gobs or 1 GHz), can be referred to

collectively as a sideband. Sideband wires may be used to transmt power
si gnal s, m?@’ﬁém@ncentml@@teéat@mlapwe@m@m @ingn@tbrmt SOﬁtSQrGéCQng filfne8Q, red in a

Si deband are t%([%l cal% not in di g gsl re L gkﬁe%tlrral al 1conter%ct with
each ot hdf 75107779 UK SPORE e Oél 'SPY OA & §°é YEWPTPOH each
ot her. A&lt@@mae@ascmmICQMQ any nurrber of wires such as 2 or nore, or 3

or more, or 5 or nore. SECTION 2: BENDI NG CHARACTERI STI CS OF SHI ELDED
ELECTRI CAL cABPHGl0130] 1A FlGe® anevenplayshiddad cdeghiel edne Pelisahosnsn t he

shield i . r d the

nsul at od i yad, A ARERE MR R RHY il aRUBRARMY T { Wb BYEL SBE RS,

afflicts 1h@1|v1®alljl msmtra&nmeddmmsm@eﬁdhwxscndﬁigchlcﬁ@/a Rhgth of xtiui dabte 992nd

behavior that is Iefss stiff %han wr apped consfruct.i on and has superi or
Bt

ret ent i onl ¢ Shigldingfilpg 908 8rs Gpnas enapwrtealdg% t9¢ 5ae Y0 ® properti es
are enab'c%ﬂlb@fyamloﬁ@ymaﬂahﬁu& ndﬁé@@f §@OépfA@ol§t'1c9ﬁ SdRbive M@Wﬁﬂ sel ding

filmrather than an overlappe an a |t|ona over wr apped
advant agehqfos@d]bawemnchﬁdtpoamns@w lo&ithetsheeldiag Fibnc 908 el Hmds slbldmgl vy t o]

nore effectiv thec W|th| tr.ai ned ce such as. Wi t hin
T erver T Dsto S Ghdran beReridat <Coist bt Bp ek RS TR SrGence. now
to FIG Jtﬂe cablPeISPERH iRl NtRVOSNOMSH AltraABR] § &R Afsird ] Shasd grd,

hi gh-speed, electrical ribbon cable 1402 according to exanpl e enbodi nents.

The cabl eeffmtmelmya tvnnmdecahwonﬁg@am |13htf: t@armem@ oablatcgnféglr@tltmmmhq Fl GS.
1, 2a-f, na 1‘#’ ngalb rdl Qa A n? na @ n d T ﬁa IanCI u%s

feat ur es u§ﬁ ?1 CpnHal BRI i ap B%%fﬁe 8bi’ Sﬂl Ee 3 C%«SH 688" si gnal s
W thin a Sh@gimkTilh404s alaydhdiede DEjraiGttivel 18yd¥®0Fa shd AMadi-8aluctive pslyslesét r abl e
to route the cable 1402 al ong sides of the chassis 1404. For exanple, such

routing rayer QORoWr Exe inslgdathe cordustive laype)8p vwithopt tiemepreonguctizhassi s 1404,
ease accgj%?yrﬂ%'c H%r@o%amﬁe ﬁgﬁﬁﬁot‘ﬁ’e Eg@?}c@ %%%%dég of ac%osm?@gggﬁgré nprove

appear ance Accordi ng e ca nmay nee p bends,
such as chowe rfad@)leguﬂlsmit@ﬁ@oﬂdwto‘mg% bet G altetmtico pihbodintcatssbiidumtbhoriadf theat ur es
of the chsgs i.S §404 and/ or conmponents contained therein. These bends 1406,
1408 are }‘Fi‘\i&ﬂg Iy gR Oy Teaeicoh O E®) bends, al though the cable may be

bent at shar pap; @y, brOadﬁ{e&Q&Ilﬁﬁtlbr{@@f)(‘;@atgffh@6&%&19@5?11%&@%%%&@0@”0'[ her

application, an approxi mately 180 degree f e tsed to allow the
cabl e 1408cludesmekesndrid porhonyV ld thatse subtstaatibly mwmancsz&pﬁn@rresponslu@fnd case,
oIdllnethatis ar angle

ot e copductors Db B AR taR Gl S e ol iE td SfsiitrekRedtn Re BRI DAY o) 8" Tuto,

the fold t{dngﬁloh?oﬁ%r%mdif&{eeéh%l&ﬁg diags 9@§aﬂe®eﬁ4}éeﬁ¢hé Snebigfic OrtRAF911 causi ng
the cable 1402 to turn 90 degrees. O her fold angles may be used to form

ot her t uranidnge pinghadpoaisons 98 @f theahrdding fiyms PP Babsivon gopopuPB4 arc

positioned on both sides of conductor set 904 , and each such portion includes a cross-
sectional transition area 934a. The sum of cross-sectional transition areas 934a is
preferably substantially the same along the length of conductors 906. For example, the
sum of cross-sectional areas 934a may vary less than 50% over a length of 1 m.

[0108] In addition, the two cross-sectional transition areas 934a may be
substantially the same and/or substantially identical. This configuration of transition
regions contributes to a characteristic impedance for each conductor 906 (single-ended)

and a differential impedance that both remain within a desired range, such as, e.g., within
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configured to a given turn angle in response to proximate regions 1412,
1414 before and after the fold 1410 being attached flat to a planar
surface, wogo12z/mowcde of the chassis 1404, or forned eqecvalseomloyoseel ati ve

to a plane without being attached to a surface. [0133]1n order for
cable 1402 to be shaped as shown, the inner radii of bends 1406, 1408 and
folds 1410 nay need to be relatively small. In FIGS. 15 and 16, a side view

shows cabl e 1402 bent/fol ded according to exanple enbodi nents. In FIG 15,
a 90 degree bend is shown, and in FIG 16, a 180-degree bend is shown. In
bot h cases]0%mfi m¢r€¢t ibendlancadialus oy&0pgineylchgthasich ratis,td glgl fracln@dditiersthis
determ nin fhowf ﬁ cable is and hom%sucp Vlgd rrg(% gect
per f or man® lg“rrﬁé"lbg % 0" TEE2S MRy BERESSTY RS ‘ihS ‘g?lco Yo" Cent erl i ne
1504, mhlg}&hg@l@@f@bdnﬁbnbpﬂl@ﬂde@ftﬁSet froma fold line 1506 on the cable
1402. Both lines 1504 and 1506 proj ect orthogonal |y out of the ﬁ ge inthis
est

exanpl e, al t hdd{¥lmay prWhetthegpblsindrangmdolded. plnak epndiguration aeig

di ff t ped h
o onat IR P AT B Sk O AL oL OnWEl AR PERSRURE o
i nner 1 adhatchdinge? atmeys 4 itk of thercableMIR! Thd ntavirhwnh ridiuesf dutvasni®f drses)

W t hout si gni f i npact to_electrjcal performance aracteristic

i medancéhleéqééé\/% EAT fossxamplesathy pRchgigortion éO%Of the C'Qﬁé c %8, that
unl ess Otﬂégfﬁi’{'e%@nt&tﬁélﬁtdoftgé &Rt g&%loﬂbov BPHﬂe%ﬁH SRAIHGIABR sthads are

expressed Internms of AWc are ihtended to refer to a wire portion of the
i nsul at edlleorathdon diG. %.nAt thete positicasgethe filmfmayhee smbstemtiatly flahgod tieiradius
maxi mum vari t| ons o% sone of

[0135] Table 1 bel ow i strates.

hese chdt uraRrs e lE R aBrEE D A ur GRS UR o 24 AG
or |ess. ghhedfg GNAVE LRl RENC fordkfmPRAGUREFadstlondidifisd €74 bahe Pk Of
conductors. V\hl e the cabl es may be capabl e of performance better than

i 11 ustratfde 908. Tatspme mmbpﬁle@etwmeue@um@cmu@sé the ﬁmeldlegfltlmatcmmﬁer vative
el R Y R PRl SEL RSP SRR IES A,
significaateh mgﬁumaﬁamv Han W0 3pIRAREN dtatks BBnyiteSorpaRFRAdtN oB8REabl, Si m | ar
envir Onnebrgivgeen the edges of the cable. In some embodiments, for shielding films that include a
transition portion, the radius of curvature of the transition portion of the shielding film is
similarly at least about 50 micrometers.
[0110] In an unfolded, planar configuration, shielding films that include a
concentric portion and a transition portion are characterizable by a radius of curvature of
the concentric portion, R1, and/or a radius of curvature of the transition portion r1. These
parameters are illustrated in FIG. 9 for the cable 902. In exemplary embodiments, R1/r1 is
in arange of 2 to 15.
[0111] In FIG. 10 another exemplary shielded electrical cable 1002 is
illustrated which includes a conductor set having two insulated conductors 1006. In this
embodiment, the shielding films 1008 have an asymmetric configuration, which changes
the position of the transition portions relative to a more symmetric embodiment such as
that of FIG. 9. In FIG. 10, shielded electrical cable 1002 has pinched portions 1009 of
shielding films 1008 that lie in a plane that is slightly offset from the plane of symmetry of
the insulated conductors 1006. Despite the slight offset, the cable of FIG. 10 and its

various elements can still be considered to extend generally along a given plane and to be

substantially planar. The transition regions 1036 have a somewhat offset position and
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I nner bend radius Local differential inpedance variance Insertion |oss
variance 5 mfmm 1 ohm 0.1 dB 4 nm 2 ohns 0.2 dB 3 nm
WO 2012/030366 PCT/US2010/060629

configuration relative to other depicted embodiments. However, by ensuring that the two
transition regions 1036 are positioned substantially symmetrically with respect to
corresponding insulated conductors 1006 (e.g. with respect to a vertical plane between the
conductors 1006), and that the configuration of transition regions 1036 is carefully
controlled along the length of shielded electrical cable 1002, the shielded electrical cable
1002 can be configured to still provide acceptable electrical properties.

[0112] In FIGS. 11a and 11b additional exemplary shielded electrical
cables are illustrated. These figures are used to further explain how a pinched portion of
the cable 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 adjacent conductor sets) or from the external environment
of the shielded electrical cable (e.g., to minimize electromagnetic radiation escape from
the shielded electrical cable and minimize electromagnetic interference from external
sources). In both cases, the pinched portion may include various mechanical structures to
realize the electrical isolation. Examples include close proximity of the shielding films,
high dielectric constant material between the shielding films, ground conductors that make
direct or indirect electrical contact with at least one of the shielding films, extended
distance between adjacent conductor sets, physical breaks between adjacent conductor
sets, intermittent contact of the shielding films to each other directly either longitudinally,
transversely, or both, and conductive adhesive, to name a few.

[0113] Shown in FIG. 11a, in cross section, is a shielded electrical cable
1102 that includes two conductor sets 1104a, 104b spaced apart across a width of the cable
102 and extending longitudinally along a length of the cable. Each conductor set 1104a,
1104b has two insulated conductors 1106a, 1106b. Two shielding films 1108 are disposed
on opposite sides of the cable 1102. In transverse cross section, cover portions 1107 of the
shielding films 1108 substantially surround conductor sets 1104a, 1104b in cover regions
1114 of the cable 1102. In pinched regions 1118 of the cable, on both sides of the
conductor sets 1104a, 1104b, the shielding films 1108 include pinched portions 1109. In
shielded electrical cable 1102, the pinched portions 1109 of shielding films 1108 and
insulated conductors 1106 are arranged generally in a single plane when the cable 1102 is

in a planar and/or unfolded arrangement. Pinched portions 1109 positioned in between
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3 ohns 0.3 dB 2 mMmm4 ohns 0.4 dB 1 nm5 ohns 0.5 dB Table 1: Vari ance of
el ectrical characteristics for ribbon cabl e,
WO 2012/030366 PCT/US2010/060629

conductor sets 1104a, 1104b are configured to electrically isolate conductor sets 1104a,
1104b from each other. When arranged in a generally planar, unfolded arrangement, as
illustrated in FIG. 11a, the high frequency electrical isolation of the first insulated
conductor 1106a in the conductor set 1104a relative to the second insulated conductor
1106b in the conductor set 1104a is substantially less than the high frequency electrical
isolation of the first conductor set 1104a relative to the second conductor set 1104b.

[0114] As illustrated in the cross section of FIG. 11a, the cable 1102 can be
characterized by a maximum separation, D, between the cover portions 1107 of the
shielding films 1108, a minimum separation, d2, between the cover portions 1107 of the
shielding films 1108, and a minimum separation, d1, between the pinched portions 1109
of the shielding films 1108. In some embodiments, d1/D is less than 0.25, or less than 0.1.
In some embodiments, d2/D is greater than 0.33.

[0115] An optional adhesive layer may be included as shown between the
pinched portions 1109 of the shielding films 1108. The adhesive layer may be continuous
or discontinuous. In some embodiments, the adhesive layer may extend fully or partially
in the cover region 1114 of the cable 1102, ¢.g., between the cover portion 1107 of the
shielding films 1108 and the insulated conductors 1106a, 1106b. The adhesive layer may
be disposed on the cover portion 1107 of the shielding film 1108 and may extend fully or
partially from the pinched portion 1109 of the shielding film 1108 on one side of a
conductor set 1104a, 1104b to the pinched portion 1109 of the shielding film 1108 on the
other side of the conductor set 1104a, 1104b.

[0116] The shielding films 1108 can be characterized by a radius of
curvature, R, across a width of the cable 1102 and/or by a radius of curvature, r1, of the
transition portion 1112 of the shielding film and/or by a radius of curvature, 12, of the
concentric portion 1111 of the shielding film.

[0117] In the transition region 1136, the transition portion 1112 of the
shielding film 1108 can be arranged to provide a gradual transition between the concentric
portion 1111 of the shielding film 1108 and the pinched portion 1109 of the shielding film
1108. The transition portion 1112 of the shielding film 1108 extends from a first
transition point 1121, which is the inflection point of the shielding film 1108 and marks

the end of the concentric portion 1111, to a second transition point 1122 where the
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24 AWG or smaller, bend angle 180 degrees or |less [0136] Cenerally, ribbon
cabl es according to the enbodi nents di scussed herein may be nore flexible
t han conwsotzoab3ebe. g., wrapped) tw nax cabl es desi gne@cfrars2éogboszpeed
data transfer. This flexibility may be neasured in a nunber of ways,
including defining a m ninum bend radius 1502 for a given conductor/wre
di aneter, definition of an anmount of force needed to deflect the cable,
and/ or inpact on electrical characteristics for a given set of bending
paranmeters. These and other characteristics will be discussed in greater
det ai | bekpawatigrondFiemthe ehigldenrgrielnsomcedsls ia@ninimumesepiretén, dil agfr then

illustrates,a test s 1700 for nmeasuring force versus deflection of a
cabl e 14d§n%%889§FW6?ﬁ®£%%a8§gﬁﬁpgm8§§g "ment. In this setup, the cable

1402 is initigohlyg)l ai d fhabmaehds8inicdks, Bc-dayRel 19D PRMIdCS ailiéRs 0as shibMdirgat ed
by dashed_Ili nes. The_supﬁéfts 1702 prevent downward notion, but otherw se
al | ow fr d8mihoteinsatradips ehareamiceR| ¢rressdhawidtly obthg salip thet is ehecastationt Hhy be

anal 0.90”%31%90&&&5 GRARE {ht%in%nﬁ&mgacﬁhm é(ﬁa‘é&%?xr 1t §EhR BN g%ioﬁ‘ 1ppAgy t hat
has hi nged connection at one end and roller ‘cohnection in er end,

al t hough thaishibldingefiam Dif02tihet legdp hisout 56 hei cirpaetkerb elnvons daebddimsitslehd asibr ai nt
such as a hi nge m ght pro¥ide. [0138] The supports 1702 in this test setup

i ncl ude 2fhg MEHMYMLENS O £V HHERS IS EPEPRTEAOBIP O diBtamiMdrditaRte 1704
of 5.0 i nghesuPetWREMntien ﬁRio’ﬁ!%ﬁiQinéﬁ%g%MW%i (e.g., 12 o'clock

posi tion when viewed fromthe side as seenin FIG 17). A force 1706 is
applied to thd0tHll e 1402 RiGal b ®arcress acdtivatloviei 610 shicldad plectricakbapbiedi st ant

bet t 704, d | ect i 1708, i d., The f t.uat

1710 1. o B0%Trchite iy SRenias iy bl o vl T G Wb GHES L A Rt o

cr ossheadns pagdand WRRALAASIRBORGTAHSIOLALAEPGR%RL I Resldefor aft a 11 1 st
(0}

0
test using setup 1700 for cables according to '
1204 has only one insulated conductor 1206, and two shielding films 1208 are disposed on

opposite sides of the cable 1202. In transverse cross section, the cover portions 1207 of
the shielding films 1208 in combination substantially surround the insulated conductor
1206 of conductor sets 1204 in a cover region 1214 of the cable. In pinched regions 1218
of the cable, on both sides of the conductor sets 1204, the shielding films 1208 include
pinched portions 1209. In shielded electrical cable 1202, pinched portions 1209 of
shielding films 1208 and insulated conductors 1206 can be arranged generally in a single
plane when the cable 1202 is in a planar and/or unfolded arrangement. The cover portions
1207 of the shielding films 1208 and/or the pinched regions 1218 of the cable 1202 are
configured to electrically isolate the conductor sets 1204 from each other.

[0120] As shown in the figure, the cable 1202 can be characterized by a
maximum separation, D, between the cover portions 1207 of the shielding films 1208, and
a minimum separation, d1, between the pinched portions 1209 of the shielding films 1208.
In exemplary embodiments, d1/D is less than 0.25, or less than 0.1.

[0121] An optional adhesive layer may be disposed as shown between the
pinched portions 1209 of the shielding films 1208. The adhesive layer may be continuous
or discontinuous. In some embodiments, the adhesive layer may extend fully or partially
in the cover region 1214 of the cable, e.g., between the cover portions 1207 of the
shielding films 1208 and the insulated conductors 1206. The adhesive layer may be
disposed on the cover portions 1207 of the shielding films 1208 and may extend fully or
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enbodi nents are shown in graph 1800 of FIG 18. Curve 1802 represents
force-deflection results for a ribbon cable (e.g., simlar to configuration
102c in RANVG.202mB0366t h two solid 30 AWG conduct ors, sol i @cpalsgaiombicns
insulation, and two 32 AWG drain wires. The maxi mum force is approxi mately
.025 I bf, and occurs at approximately 1.2 inches of deflection. By way of a
rough conpari son, curve 1804 was neasured for a wapped tw nax cabl e havi ng
two 30 AWG wires, and two 30 AWG drain wires. This curve has maxi mum force
of around .048 | bs at a deflection of 1.2 inches. Al things being equal,
it woul d feetiadlyfenn du ninehed phgionwil A8% okthb skiclding filnyel 208 ioglonk yidstof &f er due to

t he thicker 0 A VS, .32 AWG), drai n whres, used, .. howeve hi s, woul d not
a1y s hdicton e Bl Rl Rl 1208 BRIl BT P Sttt
Gener al | widd &f th&c@xpeot ed bt the application of the force of 0.03 I bf on

the cable represented by curve 1802 m dpoi nt between the supporting points
causes the deflDEHli on i nTherbickding&tmeR2Etcane chapeteriord byt a radasof1 inch. 1t

shoul d be r.emt . e , 4 I ef | ect
about - narEREE R ach Sk il FIRL SR EPIBREIES B SR AR B
19, a gr aphintBORasitivasparesiul 212 dfthastseibhgdilent208 aad/oobdy e atihmsuraeaiisbing t o

exanpl e enbodi nents_using the force defl ection setup of FIG 17. Far each of
four wir&ugaiyes2(othe sgicenisic nogipns 2 IAREfhe th&rlﬁimgé d<08e fethe dapEfon each
havi ng t S0l | | 0 FHIS | @a‘%

i ncl uded\qg%lﬁgﬁ%ﬂfgﬁee&%ﬁwgf li?r%}]s?tgo# hé&%o%ggtg? g{r%ssg?éé{%?% F(ljrlﬁ-%ngl IIrﬁs%%on
bot h si desnfifurcthé pabides, grahol transtran betwieanethe cdilvenfremoetionad 2ikastced f or

every 0.2 inches, of flection., Table 2 oW, Su iz t results at the
oot pum PBIRENE Bty Ltss The BBanctisors 1988 SF i B ibf Flup ST (3 he

resul ts figmsiidg peeich 122 eaklcaficdMihS iR IPEE b t¥edsiHdre a SRUIRNSHEE PoRE 24, 26,
30, and 32 AWG The fifth and sixth columms of Table 2 correspond to the

respect i vi@2hi yhieb s thaehflogties pointed the shitldimegelsnot 208rrad aarks thalshé of thest ed
wi thin each gauge group , WO 2012/ 030366PCT/ 010/ 060629 Conduct or Wi re
gauge ( Andso BBt RhEELL R RITRATIE el RN B R I B e
(I bf) the shielding films exceeds the minimum separation, d1, of the pinched portions 1209 by a
predetermined factor.
[0123] In some embodiments, the radius of curvature, R, of the shielding
film across the width of the cable is at least about 50 micrometers and/or the minimum
radius of curvature in the transition portion of the shielding film is at least 50 micrometers.
[0124] In some cases, the pinched regions of any of the described shiclded
cables can be configured to be laterally bent at an angle o of at least 30°, for example.
This lateral flexibility of the pinched regions can enable the shielded cable to be folded in
any suitable configuration, such as, e.g., a configuration that can be used in a round cable.
In some cases, the lateral flexibility of the pinched regions is enabled by shielding films
that include 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. The pinched regions may for example have a minimum
thickness of less than about 0.13 mm, and the bond strength between individual layers
may be at least 17.86 g/mm (1 1bs/inch) after thermal exposures during processing or use.
[0125] It may be beneficial to the electrical performance of any of the
disclosed shielded electrical cables for the pinched regions of the cable to have

approximately the same size and shape on both sides of a given conductor set. Any
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St andard devi ati on of Fmax(lbf) Hi ghest max force (Ibf) Lowest max force
(I'bf) 24 1.2 0.207 0.005 0.214 0.202
WO 2012/030366 PCT/US2010/060629

dimensional changes or imbalances may produce imbalances in capacitance and
inductance along the length of the pinched region. This in turn may cause impedance
differences along the length of the pinched region and impedance imbalances between
adjacent conductor sets. At least for these reasons, control of the spacing between the
shielding films may be desired. In some cases, the pinched portions of the shielding films
in the pinched regions of the cable (on each side of a conductor set) may be separated from
cach other by no more than about 0.05 mm.

[0126] In FIG. 12, the far end crosstalk (FEXT) isolation is shown 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 sets of the shielded electrical cable 1102 illustrated in FIG. 11a
wherein the shielding films 1108 are spaced apart by about 0.025 mm (Sample 2), both
having a cable length of about 3 meters. The test method for creating this data is well
known in the art. The data was generated using an Agilent 8720ES 50 MHz — 20 GHz S-
Parameter Network Analyzer. It can be seen by comparing the far end crosstalk plots that
the conventional electrical cable and the shielded electrical cable 1102 provide a similar
far end crosstalk performance. Specifically, it is generally accepted that a far end
crosstalk of less than about -35 dB is suitable for most applications. It can be easily seen
from FIG. 12 that for the configuration tested, both the conventional electrical cable and
shielded electrical cable 1102 provide satisfactory electrical isolation performance. The
satisfactory electrical isolation performance in combination with the increased strength of
the pinched portion due to the ability to space apart the shielding films is an advantage of
at least some of the disclosed shiclded electrical cables over conventional electrical cables.

[0127] In exemplary embodiments described above, the shielded electrical
cable includes two shielding films disposed on opposite sides of the cable such that, in
transverse cross section, cover portions of the shielding films in combination substantially
surround a given conductor set, and surround each of the spaced apart conductor sets
individually. In some embodiments, however, the shielded electrical cable may contain
only one shielding film, which is disposed on only one side of the cable. Advantages of
including only a single shielding film in the shielded cable, compared to shielded cables

having two shielding films, include a decrease in material cost and an increase in
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mechanical flexibility, manufacturability, and ease of stripping and termination. A single
shielding film may provide an acceptable level of electromagnetic interference (EMI)
isolation for a given application, and may reduce the proximity effect thereby decreasing
signal attenuation. FIG. 13 illustrates one example of such a shiclded electrical cable that
includes only one shielding film.

[0128] In FIG. 13 a shielded electrical cable 1302 having only one
shielding film 1308 is illustrated. Insulated conductors 1306 are arranged into two
conductor sets 1304, each having only one pair of insulated conductors, although
conductor sets having other numbers of insulated conductors as discussed herein are also
contemplated. Shielded electrical cable 1302 is shown to include ground conductors 1312
in various exemplary locations, but any or all of them may be omitted if desired, or
additional ground conductors can be included. The ground conductors 1312 extend in
substantially the same direction as insulated conductors 1306 of conductor sets 1304 and
are positioned between shielding film 1308 and a carrier film 1346 which does not
function as a shielding film. One ground conductor 1312 is included in a pinched portion
1309 of shielding film 1308, and three ground conductors 1312 are included in one of the
conductor sets 1304. One of these three ground conductors 1312 is positioned between
insulated conductors 1306 and shielding film 1308, and two of the three ground
conductors 1312 are arranged to be generally co-planar with the insulated conductors 1306
of the conductor set.

[0129] In addition to signal wires, drain wires, and ground wires, any of the
disclosed cables can also include one or more individual wires, which are typically
insulated, for any purpose defined by a user. These additional wires, which may for
example be adequate for power transmission or low speed communications (e.g. less than
1 or 0.5 Gbps, or less than 1 or 0.5 GHz, or in some cases less than 1 MHz) but not for
high speed communications (e.g. greater than 1 Gpbs or 1 GHz), can be referred to
collectively as a sideband. Sideband wires may be used to transmit power signals,
reference signals or any other signal of interest. The wires in a sideband are typically not
in direct or indirect electrical contact with each other, but in at least some cases they may
not be shielded from each other. A sideband can include any number of wires such as 2 or

more¢, or 3or more, or 5 or more.
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SECTION 2: BENDING CHARACTERISTICS OF
SHIELDED ELECTRICAL CABLE

[0130] In the above described cable configurations, the shield is not a
wrapped structure but is arranged in two layers around the insulated wires. This shield
structure may eliminate the resonance that afflicts helically wrapped constructions, and
may also exhibit bend behavior that is less stiff than a wrapped construction and has
superior retention of electrical performance after a sharp bend. These properties are
enabled by, among other things, the use of a single ply thin shielding film rather than an
overlapped and an additional overwrapped film. One advantage of this construction is that
the cable can be bent sharply to more effectively route the cable within a constrained space
such as within a server, router, or other enclosed computer system.

[0131] In reference now to FIG. 14, a perspective view shows an
application of a shielded, high-speed, electrical ribbon cable 1402 according to example
embodiments. The cable 1402 may include any combination of the features shown in
FIGS. 1, 2a-f, and 4a-c, 8a-b, 9, 10, 11a-b, and 13, but at least includes features shown in
FIG. 2b. The ribbon cable 1402 is used to carry signals within a chassis 1404 or other
object. In many situations, it is desirable to route the cable 1402 along sides of the chassis
1404. For example, such routing may allow cooling air to more freely flow within the
chassis 1404, case access for maintenance, allow tighter spacing of components, improve
appearance, etc. Accordingly, the cable 1402 may need to make sharp bends, such as
corner bends 1406 and 1408, e.g., to conform to structural features of the chassis 1404
and/or components contained therein. These bends 1406, 1408 are shown as right angle
(90 degree) bends, although the cable may be bent at sharper or broader angles in some
applications.

[0132] In another application, an approximately 180 degree fold 1410 may
be used to allow the cable 1402 to make a turn in a substantially planar space. Insucha
case, the cable 1402 is folded across a fold line that is at a particular angle relative to a
longitudinal edge of the cable. In the illustrated fold 1410, the fold line is approximately
45 degrees relative to such an edge, causing the cable 1402 to turn 90 degrees. Other fold

angles may be used to form other turning angles as needed. Generally, the cable 1402 can
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cables with one conductor pair. [0l41]For the data in Table 2, it is
possible to performa |inear regression of the formy=nx+b on the

| ogari t hrwoabiwiznasedi anet ers versus the | ogarithns of mexirraseoidebdeeet i on
force. The natural logarithnms (1n) of the forces in the third colum of
Table 2 are plotted versus natural |ogarithns of the respective dianeters

i n graph 2000 of FIG 20. The dianeters of 24, 26, 30, and 32 AWG wires are
0. 0201, 0.0159, 0.010, and 0.008, respectively. A least squares |inear
regression of the curve in graph 2000 results in the following fit:

| n( Fax) cenfig@ed kon¢ dival turn 20gI0 in Bypesk vo prgxfrogte Fygaonsadd2r dlddefige ead t wo

ignificant fi “nthe fol | ow irical It i i.ned: =M
a3, WS o B3 8 R R | CORM RIS B iR S LSS AT
similar calfbendiBdaivdfintlg rdlevel8 AN GOIRMBIE beihg aftabhades £5urface. 0126) woul d
bend at a maxi num force of 22,000*0.01263 = 0.044 | bf. Such a result is

reasonabl e in 1EW of t He ordss v abiedki08 tpbe shipadasshommwihciipngrralii afy.
Furt her, t!%ﬁh'@izk%“lﬁ@ Mld@%ﬁ@ﬁla&'n%gd o SERGSES sIanQﬁ ﬁﬁ‘?idé.ci‘iaa]'nd%fé”“m
g condu I'Tows:

force (Fmax-single) Br ‘8ach 'singPeé rnsulate ctor as fo

Fmax- snglstdeviddy ShpaScabid B4 BéntfaldedBordhiy/ to _34mple [c@ibddinidnes. | IndHIGH tijal

forces calc lati’[% from[2] for each insugﬁ%ed conduct or &ﬁgd drain wires or
C

ot her non B LOBRUT sk 8)F 1m0, el 8csirBrGrdnd & BBYa fn both cases, an

inner bend radius 1502 may be a limiting factor when determining how flexible the cable
is and how such bending may affect performance. The bend radius 1502 may be measured
relative to a centerline 1504, which is parallel to and offset from a fold line 1506 on the
cable 1402. Both lines 1504 and 1506 project orthogonally out of the page in this
example, although may project at other angles for fold line angles different than 90
degrees.

[0134] For cables of constructions described here with conductors of wire
diameter 24 American wire gauge (AWG) or less, the inner radius 1502 may range from 5
mm to 1 mm (or lower in some cases) without significant impact to electrical performance
(e.g., characteristic impedance, skew, attenuation loss, insertion loss, etc.). It is noted,
that unless otherwise stated, diameters of insulated conductors that are expressed in terms
of AWG are intended to refer to a wire portion of the insulated conductor, and not a
diameter of the covering insulation.

[0135] Table 1 below illustrates expected maximum variations of some of
these characteristics for production cables having wire diameters of 24 AWG or less.
These characteristics are measured for differential pairs of conductors. While the cables
may be capable of performance better than illustrated in Table 1, these values may
represent at least a conservative baseline usable for a system designer for estimating
performance in production and/or deployment environments, and may still represent a
significant improvement over wrapped twinax cables commonly used in similar

environments.

43



a collective maxi mum bending force for a give cable. For exanple, a

conbi nation of two 30 AWG and two 32 AWG wires woul d be expected to have a
maxi num bwodnrg3nzssi st ance force of 0.0261+ 0.014 = 0. 0R0TI/USk10/08062S | S

hi gher than the 0.025 | bf value seen in curve 1802 of FIG 18 for the
tested cable that had a conbination of 30 AWG i nsul ated wres and 32 AWG
drain wires. However, such a difference nmay be expected. The drain wires in
the tested cable are not insulated, thereby making the tested cable nore
flexible than the theoretical case. Cenerally he results of Equations [1]
and [2] are expgeserdeendo ret|Urorabdiffegentiald | i it | biisebdonilasy f or ces, which
woul d still beragiue fl exi bl|dnipedanee varinneat i onal variapgeed cablie. By way of
conpari son, usisngmeEquation {[12dhdhior four 30 AWG wyried8 t he naxi num f orce
woul d be 4*11,000*Q. 01 44 | bf which is belowwhat s seen with the
convent i onal mf@@@ed cabl e [te@imEurve 1804 in FI@2<¥8 If the drain wires
in the mrappeu cablewere |q?&ﬁdteu twhich—was—n &@e case) |t he curve 1804
woul d be expe(téa exhi bit gn even hi gher maxi num force. [0144] A nunber of
ot her factors oawhd alter theotesul ts predicted|ydgjuations|[1] and [2],
including theltype of wirelinsulation (polyethylene and foaned i nsul ation
woul d 1ikely bélnees strff i@hmﬁluoropolyner |n9éﬂﬁiion nore stiff), the
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AWG and 24 AWG 100 ohm cables of simlar construction to that of cable
construction 102c shown in FIG 2c, except without drain wwres 112c. The 26
and 24 AWeocatdmss3cser e bent 180 degrees over a 1.0 nmm benu/usadiowsic2d he
resulting average variance was 0.71 ohns for the 26 AWG cabl e and 2.4 ohns
for the 24 AWs cable. Further, the 24 AWG was bent 180 degrees over a 2.0
mm radi us, and the average variance was 1.7 ohns. Therefore a cable of this
construction should exhibit a variance of characteristic inpedance of no
nore than 2 ohns (or 2% of 100 ohm nomi nal i npedance) proxinmate a 2.0 nm
bend for condd@lfiﬂ] wi r e Riisalteoler BrsbfesQupin@nstupr 1 108 et Caibfﬂswhmfdingt@abl e of
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correspond to the results for the sets of cables with respective wire gauge sizes of 24, 26,
30, and 32 AWG. The fifth and sixth columns of Table 2 correspond to the respective

highest and lowest maximum forces of the four cables tested within each gauge group.
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[ 0151] Connection of the PCB to the cable ground planes can be acconpli shed
by any nunmber of nethods such as conductive adhesives, conductive tapes,
sol deri ngvoweldizonggs ul t rasound, nechani cal clanping, et @eCTiisSke@wiosws29
connection of the conductors to the PCB can be acconplished using sol der,
wel di ng, ultrasound, and other processes and is nost efficiently done all
at once (gang bonding). In many of these configurations, the PCB has wre
connections on both sides, therefore one or two such ribbon cables can be
used (one for each side) and can be stacked on top of one another in the
cabl e. [0152Comdudton { Defledtiont he Averages ay iStaysdart at HighestheLewest | usi ng ri bbon
cabl e to paddire card| aer m nat i pmaxilnemnagleviatide [amdx| engihx of |any i npedance
di sconti nui t gARgeor sKaaxiymbe | fAdudgH, alboft he terfsreat i oforsd te. One
approach usedhwii)t er nfgreé (ig t hapeabl es | ik, Jadf) | bt hel dwpgt h of conduct or
at the ternipation Thap s not | pEgedanceqRBtr ol [@d4 TNi$odmy |acconpl i shed
by presentijng the wire to the connection in roughly the sane fornat as the
connector, MG ch may|ilBclude a|Dildéar anOap3of tr@ates wi@.hOpads on a PCB.

The pitch of—the—~ecableraybeable tobe natehedwththe piteh of the PCB,
t hereby eli ntthat i ng Jzéqual anjdiog% exp@s@ Wi reo-p%gf‘gt H& %‘geded when t he
cabl es do npi, have ajfatching Jb_togﬁuo A39,00961CE § O P TEH £AN be made to
match the bjoard pitch, a length of uncontrolled wre extending fromthe
cable to the connect diabley Berceidefletti@respid o3| shivdddibribbemef it t he cabl es
descri bed herein may exhi bi tcabldshwitiegaé eenduetdrggdii.nation i s that fol ded
portions of such cables can be encapsulated in connectors. This may readily
facilitate the formati on of inexpensive angled connectors. Various exanpl es
of connectors according to exanple enbodi mnents are shown in FIGS. 22-27. In
FIG 22, conn - assenbl vy, 2200. t-erm nat es L ayers. of,.cabl e of.

previ ously de?@#‘med shirﬁélréléed(?ar?%]brgar?%cgfﬁflgpg(%sﬁ Fé%ﬁg{?r{)nna ]iﬁ FCESoEe or al |
conduct ordf tif foemblas+bAddhalagagihest dfiviad diymeetpledisti loperithagddfe card at

top and bottomterm nation areas 2204, 2206. The cabl es 1402 i nc] ude bends
at regi oo ogm ¢eitectioniorse: gkhe nagyiplilpgprithias dabelse foroes igthathid grtunyefi e
relative . e bend
Fagion 2208 A RIS SR AT O R A L e o e g
near ter miGatd.oMhadeastc22624, 2808), and 82 BAY Grwikds@re 2820 B 0ddfee 00, aadsenbl y

2300 may | hcl ude conponents simlar to 2200, cept that ingl e shiel ded
ri bbon CAWB%, E%B%C_“ngR’us% st g Bl FOETD806 ‘ﬁé‘lﬁ T Ggenh idoﬁirﬁ%l}tse)%r mol d
2210, Vm'tﬁ@fdll&v&i#%ﬁt:M@%&F;Q%@Iﬂé@iﬁfﬁﬁobe@& JoBahOord30% AGol:Rfifg At i on
area 2204. FIGS. 24 and 25 include connector assenblies 2400 and 2500

similar ttwo’3dificntfiguos the dlpwatg anepiyicalegwdtps obtamiedr espect i ve over nol ds
2402 enconpass bend regi ons 2404, 2502 with approxi mate 45 degree bends.

Fmax = M *dia’, where M = 22,000 1bf/in’ [1]

[0142] Equation [1] predicts that a similar cable made using two 28 AWG
conductors (diameter = 0.0126) would bend at a maximum force of 22,000%0.01263 =
0.044 1bf. Such a result is reasonable in view of the results for other gauges shown in FIG.
19. Further, Equation [1] may be modified to express the individual maximum force

(Fmax-single) for each single insulated conductor as follows:
Fumaxsinge = M *dia’, where M = 11,000 Ibf/in’ [2]

[0143] The individual forces calculated from [2] for each insulated

conductor (and drain wires or other non-insulated conductors) may be combined to obtain
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[ 0155] The connectors 2200, 2300, 2400, 2500 are all illustrated as

term nating connectors, e.g., located at the end of a cable assenbly. In
some sit uaDI20A3036 connector may be desired at a m ddl ecparstéionewhs t he
cabl e assenbly, which may include any non-term nal part of one or nore
cabl es 1402 that make up the assenbly. Exanples of mddle portion
connectors 2600 and 2700 are shown in FIGS. 26 and 27. In FIG 26, a
portion of respective cables 1402 may be broken off fromthe ribbon, bent
at bend area 2602 and term nated at term nation areas 2204, 2206. An

over nol d L@dkcteroompasseending ferpstiot hgivb enltlc aFercx26pk;, agndbalagon phistaude an

exit regiQn 6 (e. ai.n relief) where, unbent portions ,of ribbon
cabl s 2400 Bnerh i A NGB SuhPhd e 1 PRE KB a0 e cept t ha
one of t hesisthidedBreedp@96140214s D@3V 1BE. TIEGiHglef Qanane 005 mMmahed
entirely at area 2204. The other of the cables 1402 is not bent or

t er mi nat egen wuaures] §02 of §dpold st tested cablg thatbgdrhesebingtianfi3Rak VY Gki 11 in

" . e : h i i ded
LSO B8 SR B S RS

t hat manyThealraiatwitg’sn feyte@ad sdbld ramocorilhted, tharbpumkibigshd esed chidamores in
FI GS. 22-27. Far exanple, the bends in regiops 2208, 2302, 2404, and 2502
may take lt&ﬁghaaﬁ@q Beorqtca eate- Cearadly olds éerSPB%afz Eatagipps Fld rani Bdi%ge 1402 and

equi val entsectkdoABRENE highX R it oY‘ﬁéﬂdﬁl%[fB?ceg,l WS %ﬁﬁ%ﬁﬂﬁ%r}ﬁ%% 2itdL00,
2300, 2400, 2500, 2600, and 2700 are all shown using paddle caré% 2206,

ot her t erthamatorrnsemalistrapped c{lde.gBy vayiafpechppiisos/ sook Bystionizfoatouwi0

di spl ace connections, solder cups,,, «my_ b d.for. siml

our hocos MG darr g Rrmont i EhDnd o B s DB Bt Pyl Bt e s
I n yet angth@rwigx@eRbSventibgal GRANRALAHR t&2Clve 4809in 2408, 25A0 dradbRftes and

2700 may use alternate casings/covers instead of overnolds, such as

mul ti - pi deéle wephethtabdt Wyrcansudaterbdviiouwianget the pashthe wprzg 1804 would s,

bonded/ adhesi.ve att.ached coverings, etc. [0157] The foregoi ng description of
t he exanﬁ?@e%ﬁﬁ%%?wgﬁ%EWWEEQE%QH&BP%?§WF8d for the purposes of illustration
and descriptiqoi44jt i s nOhumbtesTdeik:tfacide cexldaust the ecsalts prdlctddiBy t he
invention to the Erecise form di scl osed. Nhnﬁ¢nndifications and vari ations

are possituations (1 an [2dfinelnding s yp¢ ebwHE Hpulation (Rolysthdperetnd fegmed he scope

f the i ) P i : . ' b ‘h
det er i nal mutebutR A e St Mo dopbyrsift A Bl ARG B 20y SRERET P o
are exenplia¢ trendeaddiirntculdbe &ess kiifé), ded Woethaléss Ak quaabhe] 1dasd[2inny t 0

aspects of the present invention. . [0159] Item 1 is shi el ded
el ectri cdIOd %Pée,ase@#iﬁqsglm& of iyigre hengdingsforegt @t%Ye"s‘égE“é %¥g al ong

a | ength pEchigoiRllablcaBfstRRtBE SPASAR AR rof P HEHE LRLNELwEbYME0rR

flexible than equivalent wrapped constructions.

[0145] Also of interest in these cables is the minimum size of the radius
1506 over which the cable 1402 may be bent/folded (see FIGS. 15 and 16) without
significantly affecting electrical characteristics of the cable (e.g., impedance, crosstalk).
These characteristics may be measured locally and/or over the entire cable. In reference
now to FIG. 21, a graph 2100 illustrates bending performance of a cable according to an
example embodiment. Graph 2100 represents characteristic impedance measurements of a
representative cable measured using a time domain reflectometer (TDR) with a rise time
of 35 ps. Area 2102 represents an envelope of differential impedance readings for a 100-
ohm, solid conductor, differential pair, 30 AWG ribbon cable with a construction similar
to that of cable construction 102¢ shown in FIG. 2c. The impedance of the cable was

measured in an initial, unbent state, and again when the cable was bent once at 180-degree
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wi dth of the cable, each conductor set including one or nore insulated
conductors; first and second shielding filns di sposed on opposite sides of
t he cabl ewotzhe/dB036st and second fil s including cover pectiusasoan2pi nched
portions arranged such that, in transverse cross section, the cover
portions of the first and second filns in conbination substantially
surround each conductor set, and the pinched portions of the first and
second filns in conbination form pinched portions of the cable on each side
of each conductor set; and a first adhesive |layer bonding the first

shi el di ngnglel Qﬂetmltohen@@@dm@ﬂi@ﬂqiﬂlediengcsthl¢ impetdancmn@ﬁsn@h@dt pos madns of the

cabl e; MQFreﬂﬁﬁ g§ E ur al %:gnrcon u%hor setslco r T@ hlrst .conduct or
set that “E8WYIEEY S eg‘m%’re}l G S PVEHAC SHRGHI'T HY Q&“éd oG éters and
has corr espamstitded b erte veaiear ddspéd litRotspohes fol dl&batﬁjﬁogeﬁa@npgms;mh@tbdl ng
films and corres ing first pinched portions of the first and second

shleldlngoﬂmﬁhﬁn @ﬁlﬂ ng a first pinched cable portion on one side of the

first conductqp, X tha%ﬁ%&&ﬂp@?%?%%eg&lté ﬁ?&&tﬁf&%&tﬁgggﬁf&ﬁmﬁe%fﬂ?es awre

di aneter no grea I can rein a

t ransver sgedienrdiimgedinct bervesalnder alil ofithe abdr& dscdiddasstof Thio cimmi@pet 219D 180
degrees aver _an inner radius o nost 2 cau a_.cabl e i npedapnce of
the sel edPelydssigimpedance aﬁr&%‘?{ér t&wmlggg]ﬂ%t%fiﬁﬁ@q% athovpeacsall by no
mor et han, gREREERbd BMARaR! .5 BhmS ARk lmea%qefm Bhits 4ERHs AP cabl e

| ocation 1 n an unbent "Confi guration. 0160] Item 2 is a cable

accor di ng96t4)ohmem ah, unbhetreen i gaheomatrtbisdoaten i 04Hf Tﬂllrsevaslah@cllé)@ wasssatrat ed
conductor _s.n rea t ha A d wher ei bendi ng of a
cabl o1 ocdier B TR gty 8of fich telg ey e SOSUBH T SYHRPN B U of ai nost
1 mm caus@seclbpe2 FBbl g EREBIRGS TleomBarisl £6hamkr tdlB %}ﬁlés%ﬁteﬁ%@%%l%e
proxinmate the cable location to vary by no nore than 1 percent fromthe

initial c?deBeWilSrmféﬂmlméon a COHVen[lollﬂénll}elllcﬁlésnmaﬁp@d,aiiOCAWQ} tB/(l:I@érC@blﬁg Thes i t em

1, wherei nathree se Eﬁ%@o CL oncdeu\gt %r ﬁ%rft orf : agﬁ elcé one of
the condJBeSHeEns Wﬁ% UG gn%et P {1?/\/0 SuPBYRE R uct Qe each
havi ng a Tieharidh@Etemhohenlgieat giéatéﬂlﬁﬁlglﬁﬂidé‘bfﬁn&laﬁa@em% st ighvideeineht i al
i npedance_ of 100 ohns, and wherein the transverse bending of the cable

causes a tdn¢ seakethcredly adiepling 3 lpecideien of the ieblg o T bistdeuiation ALY wis deq
pr oxi mat eseérf‘ﬁ %Flh% drg’tcagh'ta{{h b ALY Pe)fné?l? RS f%ﬁoﬁal‘%ﬁﬂi@ froman initial
differentra b 3 8

ance neasure Re ca ocation in the unbent
configuration.[0147] [Olzﬁgﬂrnllatr@é’nof 1mpec&ncab1|e€summsiwngmhd)e fdreohid26 wher ei n

the wire dj aneter | e wo .i nsul ated conductors is no greater
than 26 AWY w%w@ {fo pfﬁ@ 1&&9 gpdlar cosbsting torthal 0@8%@%@%88@?% of no

more t hamoéggha%{nqq@ Qt’eerxc%)t%%ﬂgdﬂaﬁf‘\@fresr AAUTHED63hd FRAWE dBlcauses the

differential cable inpedanc the sel ected conductor set proxinate the
cabl e | oomdrt benttld0viagreehyvare Inbmen béralradiuehihé re@uthtlng evermgﬁt vaglanck her ent i al

wher o e dupsit & Tha N GRule s EdaRgh ROEE N S bl B aknce o
50 ohms, WG Waeb&itngd H@gt@@sm&r b TRedANG8iusf antiNBe SRIALtAHahddSMsAt BBhms.

conductor_ proximate the cable |ocation varies by no nore than 1 ohm from
the ini tIH’:er@é@l aecablmz,fdbzﬁ@enstructlon shooldsenhibit @W@MGOECI@W@SEQCM ding to
any of it.ens

Gogroes drputmenor i Bioft fah 2RaFRlbPad DR G ATBpeB St 2
wher ei n 2@ nide Behdfas cattlutcton &lirer digth étsrs @f 2atA WOSdr 18ssMPurther, a cable of this
construction should exhibit a variance of characteristic impedance of no more than 1 ohms
(or 2% of 100 ohm nominal impedance) proximate a 1.0 mm bend for conductor wire
diameters of 26 AWG or less.
[0148] Although the measurements shown in graph 2100 are differential
impedance measurements for cables with nominal 100 ohm characteristic impedance, the

deviation/discontinuity 2106 is expected to scale linearly for other cable impedances and
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[0165] Item 7 is a cable according to item6, wherein the bend is at |east

90 degrees and confornms to geonetry of a structure that encloses the cable.
[0166] |twm2B12s0m6cabl e according to item 6 or 7, wherecm/ush@ohersd i s at

| east 180 degrees and the fold Iine is at a fold angle relative to a

| ongi tudi nal edge of the cable such that the cable turns at a turn angle in
response to flattening of proximte regions before and after the bend to a
pl ane. [0167] Item9 is a cable according to item8, wherein the fold
angle is 45 degrees, and the turn angle is 90 degrees. [0168] Item 10
i s a shi ehchsdreicatteehauesc &bt @canuﬂmﬁ%tihmg sinaleﬁﬂndﬁéimpe)dame roomdigotent set s

extending anQ%Fa.Ien%th of. (ﬂg & qr elngl @fart from each

ot her al dfi PR I8 PRSI A 8%?8H%’6‘H bl BRSPSty VA HG° BWE or nore
i nsul at edhﬁth(@ foBg prdxitnste t@@@bnﬁﬁfgqaﬂc@{mmeﬂodm didrhéters @if SPRSW D GHesgpposi t e
sides of the cable, the first and second fil ns |nclud|gg cover portions and

pi nched podtlYofsS ahmyfngeandused WlF%‘ﬂlamivestqf&"ﬁs/%«‘é’r@@f lepsosymMilacicaling make cover
por ti ons f {;}J‘&uﬁ &ff?%retﬁqg Eaﬁgvﬁ § &Hﬁ g@h&gﬁétﬁ%ﬁwﬁﬁ%@a e

surround each conductor se portions o and
second fivensmisil00 ohimbi nat i on forn1p|nched portions of the cable on each side
of each conductor set; and a fl[St adhesi ve | ayer banding the first

shiel ding fil il he sddBmpssihlcdeaiondosthe WPWV?%%FH@R@&I%H i ons of the
cabl e; wheLekRristie1ph Wf f’He rE%re@ntan%@ %BBI? Eabi€tSm ﬁeﬁlgcpfd SGSichristidsSt1ogQpduct or

set that conprises neighboring first and second insul ated conductors and
has corr ébpendipad céble stbecanseof powtthmsterdfayd:rh ercfforms¢d @nidie seered cablieel di ng

films and,corresponding first |nch : tions of th rst and second

Shi 61 d nd P SFOP A € prieibal Bush BB ot IHERSIGETRT ¢ ne
first COﬂQMﬁ&@Faﬁ@ﬁn%4@§%H8%&§&m@ﬂﬁsﬂhhkﬁ&ﬁﬂﬂﬁwi tQ%nﬁ%B%MR%QﬁsbRﬁé”a wire
di aneter no eater than 24 American wire gauge (AW5,; and wherein a

transver ghe inrte tsfcak diea efbbandamors tha) wbbasceableonitiog Smelerimyeé Than atl80

degr ees a0 inner, S an ins

the set ecb e Potrarl Aitkebls B pERrire TThEPH BT Pob ARG B STS by no
nor e t harneq.dfrediforf iR @itel The éfddct bNBEsd infPrdaes 9liB@siui@ad iaturhhiatieaipl e

| ocation in an unbent configuration. [0169] Item 11 |s a cabl e

accor di nghe same ebicr @nd hieaTOROR Beble a3 eontain & IsEqate armbrsends anditd! of at
| east 45 f th
C:gfe mﬂélﬁ%{oﬁgﬂ%ﬁgﬁ%{g%lﬁl\jquq cl)hv”e%uBHﬁngﬁ e%fb‘élﬁleaf&?%gr%v@ﬁ gidy © e

as an 1 nner [0170]
ltem 12 igrfarmaleenadegrdicngwhethert ttecdilducion ectds alohb @itvedtd), osinad riblemst 90
degrees an forms tq geonetry of a structure that encloses the cable.
[0171] |tS8 ei§q}@h§”E§BP%°%%%%rdlng to item 11, wherein the bend is at

least 180 degrigespjand t U@mBH% %e'b'eﬂﬁit's Bf thﬁoﬁ Ol @BQ b&nstiGb@d H€ rdddcéd

| ongi tudi nal edge of the cable such that t turns at a turn angle in
r esponse lalwrfahdcos absogiatfd \plrtlolsemtmaang tgicehls. Geé omrmeatnd offhoeee fohkighend to a

ol d-ang18esetons? logs iaopriti e i RArE PG o1 ohis gt elecontoi & 7 11
stamped contacts on the one or both sides of the board. To facilitate this type of
termination, the ground planes of the ribbon cable may be made easily strippable from the
core and the core can be made readily strippable from the wires. Lasers, fixtures, and
mechanical cutting can be employed to make the process repeatable and fast.

[0151] Connection of the PCB to the cable ground planes can be

accomplished by any number of methods such as conductive adhesives, conductive tapes,
soldering, welding, ultrasound, mechanical clamping, etc. Likewise, connection of the
conductors to the PCB can be accomplished using solder, welding, ultrasound, and other
processes and is most efficiently done all at once (gang bonding). In many of these

configurations, the PCB has wire connections on both sides, therefore one or two such
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[0173] Item 15 is a shielded electrical cable, conprising: a plurality of
conductor sets extending along a length of the cable and being spaced apart
from eachwotzhero3adeeng a wi dt h of the cabl e, each conductror/usedivionwkudi ng
one or nore insulated conductors; first and second shielding filns di sposed
on opposite sides of the cable, the first and second filns including cover
portions and pinched portions arranged such that, in transverse cross
section, the cover portions of the first and second filns in conbination
substantially surround each conductor set, and the pinched portions of the
first andibbeneallcs ¢dnrhs usad canetipineach rded @irdq@apihe:cstﬁ@aecgm taparionefinather isabl e on
each sid% ofb ach conductor set; and a first adhesive |ayer bonding the
first shig?&? % filmto the second shielding filmin the pinched portions
of the cable; (ohsz1ei n: tihad@itidh @b ihe}in® sa€0iRd Utk GlayHRIsSerC@MM 1R @bl I St
conductor set that conprises neighboring first and second insul ated

conduct ort8 pa¢c rrd t@mm@@@o?b@m@nftw%@ndglmh opat ingredansre dissentinyiges ind

second shj ' fi - i ' [ 1 e
Firat andcechiecridRga e ianERRINL o birhlac RO SARLAL AR BIETE
one si de ipfo lifé thd kesith@bdooithicair asthi teratightn thppd hetdinpodanoé-canttaledeThion t he
cabl e, the cabl e hei sinply supparted between two supporting points that
are 3.0 irﬂ@h@goaﬁgwggﬁdﬂmﬁ%ﬁs &IPS Ppreian lﬁﬁraf%%h@eﬁémﬁ&ﬂwf R
suppor t 1 nfe PnaLH vl}lﬁgtwnfﬁ ilcludd aﬂﬁfe]lgle&%d 3 thdded @ﬁgﬂh&ﬁ&%é P@BQT[hé fgigchf & ce of

at | east one |nch? and wherein the force, neasured 1 n pounds-for does
not excedbe tdbde siambohiblicno by ndithked frathabs pitdr ofebe RCBE thehwbyichisuhaingd

conductors, the individual, f.orces, bei equal, to, 11000 tjines a w.re
o aeror Emil fnd e pagH st GBS hABIIEd BUCE Ui crabiEs Ao Mot g B et or
bei ng expiRESARo] dindeROBBeh can be mddekd Matdi BELAGdipHcR L1BREE of6rInHoNEd t O

item 15, wherein the wire dianeter is no greater than 24 Anerican wire
gauge (Awgye extending from7zbg cahletn thy comnegtos el ee meiomagidng to item 15 or 16,
wherein the i m forc curs n the deflection is between,1l i nch and
R L N e e S R S RS g T
15-17, whegeddtottbeniaaidress thit fdlesd stphd SBSclacdendadibe @hcdpedsted4® degr ees
around a fold line that extends across a width of the cable, wherein the
bend has @An¢cerer Thisdnaysreadilyfacikignde the fagmation of ingrparape angloghcpangeiory cabl e
accordin i LAt i I . onf orns
gvérfbu'fs %géﬂé@@s of‘"&%&lttﬁrs a@@or&ﬁg% b Rar@ble eglgﬁéé@?e%sda?gﬁtﬁmrﬁp?

to geonetry o ructure at encl Gses the cC emz20 is
a cabl e @2cur. dinrlIGt 22,icoenecld,asvdner @ 2R0G feeminated twe lakrsl cfasblc bBPredgsiges and

the fold Jine is a fold gle relative to_a |ongitudjnal edge of the
cabl e su sqifbst Sblﬁ@iegéi?gen et EOTH{guéat{OBrlﬁoé-néP@e ol eQpsres S Pieat t en ng
of proxi nﬁb? af F&H@algﬁr{oﬁ?ﬁd %‘ﬁm%ﬁ@l& c%ﬂeat dt%tt%npﬂeﬁi@lglation areas, 12@%;9]

Item 21 is a cable ac ng to item 20, wherein the fo angle is
degr ees, 220€. The cahienl MWBghduidsb@ds diegeee208 that facfldtg 0putingehe 2dbléssl4@2cabl e
assenbly, co i sing; a shield electrical c conprising: ,a urality
o conduét S BLyEeuReTnCarals A A ETErET 0 CCREMEP ST G paced
apart fraheacdioP2 03 aid fﬁag chcombatabast Pat 604k Bad BB EHd2000 g@.gOﬁea% et
i ncludi ng one or nore insulated conductors; first and second shi el ding
filns di dposediarreppadditi2206).des of the cable, the first and second filns
i ncl udi ng cov rtion i nched portijo nged such that, .in
transverse Cr§§£§@ectioﬁ?%?ﬁéf%g&g?n%%%f¥%%@ﬁ%?5@ﬂgg¥FFg<ﬁ§ﬁgm§g%g%d filns
in combi nahilanto2006,lexBéft ddt Y shigly hididededisoncabiduddDis wed., Taagsstmplypi nched
portions of the first and second filns in conbination form pinched portions
of the cadV8 nyy iaglade &pigtlappvaroll 2Di0dudidindus example eagompaneesiberd | ayer
bondi ng t I i i j i i il minthe
pi nchod papeh 2ot afefnfilth Loh Foe FICR, SRGRTES SR ol draRentbirel

2400 and 2500 similar to 2300 and 1400, respectively, except that respective overmolds

2402 encompass bend regions 2404, 2502 with approximate 45 degree bends.
[0155] The connectors 2200, 2300, 2400, 2500 are all illustrated as

terminating connectors, ¢.g., located at the end of a cable assembly. In some situations, a
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| east 45 degrees around a fold line that extends across a width of the
cable, wherein the bend has an inner radius of at nost 5 mm wherein: the
pl ural i t ywof20rasois6t or sets conprises a first conduct or PEEtUSRHIANG@ONDT | SES
nei ghboring first and second insul ated conductors and has correspondi ng
first cover portions of the first and second shielding filns and
corresponding first pinched portions of the first and second shi el di ng
films formng a first pinched cable portion on one side of the first
conductor set; and an el ectrical connector enconpassing at |east the bend
in the calohesctatrerchndaired atasmidsiepartfion héthicrsble asssthblyo vdudt ey inckide

el ectricall l.ed t t |least on t.of the.electrica nector.
Corea] 1 ciaseho§ IHENEA o ons S8R ARIR 0T fty Bt PEMRASSHINET ErFRORE

el ectri calf n6iadReLHUN @ANKtOS 260@EnPYE0NRE shdval MEUGSNL@ak 7. CRITIE. 26, a
[0182] Item 24 is a cable assenbly accordlngﬁto itens 22-23, wherein the

el ect ri cdloréghefaesnsetivoapiasd 492 alambletbrrolﬁnéxf ora(iss fbbon, bent at berdargg] | t em
25 1is a %‘Bb%nﬁe%&%kéa ﬁg@ﬁﬁ&dd&ﬁ &Ee%s 394 ?fgpétﬁﬁ%vgﬁmﬁ?g?@ﬂ;fﬁcl%@ sggat .

connect or  conp e card connec

cabl e as slearsbthﬁ baﬁct afed 12602 tand atyy infludd @nesxiti2giod ,26%1 esr g; srtrahrh&hlasrwhdm at

| east 90 degrees. arouynd the fold |ine, tem 27 |s _a _cable
assenbl y @geﬁrp@rt%@l tog mgb%t}ﬁai%es 1R centinueiog. |Q@P£¢rz7|09d$ ﬂgllla¥ tqy %@i%?éﬁe is at
nost 1 mpxcept that one bPth8 Slbbbh @5’81@381 408 1@b%ﬁlgj{ %gﬁ?@ la¥d ?e?ﬁlﬂ{a@édrkgltﬁ&y gpy of
Items 22-25, whereln the inner radius the bend 1s at nost

[0187] | taeen Z294i Sha otteeb béthasskleb 1 402ais mot ok gr teunmagedolbutlekﬂmgﬁm%@ﬁ. wher ei n

Lhe ornector isdl SPOSerh S0 PO e Sy LR SO0 il R R o, 1

di sposed pBwa ifFASK.©2PDrF 4rk BRov@dedt BBEp&EPEIS of illustration and not of limitation. It
will be appreciated that many variations may exist that combine various disclosed features
in FIGS. 22-27. For example, the bends in regions 2208, 2302, 2404, and 2502 may take
on any angle and bend radius described herein for cable 1402 and equivalents. In another
example, while the illustrated connectors 2200, 2300, 2400, 2500, 2600, and 2700 are all
shown using paddle cards 2206, other termination structures (e.g., crimped pins/sockets,
insulation displacement connections, solder cups, etc.) may be used for similar purposes
without departing from the inventive scope of these embodiments. In yet another
example, the connectors 2200, 2300, 2400, 2500, 2600, and 2700 may use alternate
casings/covers instead of overmolds, such as multi-piece, mechanically-attached housings,
shrink wrap structures, bonded/adhesive attached coverings, etc.

[0157] The foregoing description of the example embodiments has been
presented for the purposes of illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed. Many modifications and
variations are possible in light of the above teaching. It is intended that the scope of the
invention be limited not with this detailed description, but rather determined by the claims
appended hereto.

[0158] The following items are exemplary embodiments of a shielded electrical
cable according to aspects of the present invention.

[0159] Item 1 is a shielded electrical cable, comprising: a plurality of conductor

sets extending along a length of the cable and being spaced apart from each other along a
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[0189] Item 31 is a cable assenbly according to any of itens 22-30, wherein
the insul ated conductors have a wire dianeter of no nore than 24 Anerican
W re gaugwo(2aMBB0366 [0190] Item 32 is a cabl e assealus2@0m606d9 ng to
any of itenms 22-31, wherein the cable further conprises a second bend not
enconpassed by the electrical connector, the second bend being of at |east
45 degrees around a second fold line that extends across a width of the
cabl e, wherein the second bend has an inner radius of at nmost 5 mm

[0191] Item 33 is a cable assenbly according to item 32, wherein the second
bend is awiditeeighe ol egeteeandacidr s nfobudvee oe genmetinsplaséd eonduetarst firse t hat

ccor ot ng ek PanfisBRRE Y eperndon bRRAt gk B¢ sl uCFR BT REEIEY ana

t he secorfindsahdudih@eovcs pattions bed pinahgl gorficisairiavged @ich tha@ngittabdichrlcredge of
the cable such that the cable turns at a turn angle in response to

f1 att eni rigctim, Bresey rarastionsdif dhasfirsbanst secenbiias is combmagae sHhstaptaldy t o a

pl ane. ] i r.dij i 34,
thore n chEoutddERph GRS, b BeBRE PIRRAPLIBERS U Mol aib SR 50,

degr ees. combinatipoQ I8 pintlesd [@btiors dffle: cabhd @ ask eitblof cashcndiudigr deq addy of
itenms 22- 35, erejn the at | east aone conductor set is adapted for nmaxi mum
dat a trantfzrﬁ‘i @QE%YP a?ré@némgéke ﬁ@éé&lelﬂl@ﬂ@. to the 8600{1@)&195@111& élﬁblaéhe specific
enbodi merdis.y RSBt inelcupikr @hadinan igste StlsBts cBmpRWsRORES Of
descriptﬁ%ﬁzggﬁﬁﬁg)g?efgfggg’g oﬁigg t, i?kﬁfﬁ? é§§gﬁf§c'a$§d by those of
or di nary cekiidton set thatcamrisehatighboningdirvtaanid stgondfinslldted cratdectarsdindrhas

equi val ent i npl ene tions cal culate 0 achi eve.the nme rposes may be
SUbst |t G TER R et aec e ar et SR il 6B thout

depar t i NGolkgiontiig MsaREcHRlE pbRRNP bEMR MHrsti Y 8Bddn@RhiclRS B fobmflsid first N t he
mechani cal , el ectro-mechanical, and electrical arts will readily appreciate

t hat t he mnehsdGeble pogienicsrongwidersd thanpisegpmduetdr sof aasclastod anic @ theansudatyd of
var at  onengve e SR Bk E R B S R Per ar chua RGBT A OMED LR e 1 i s
mani f est lwhdréth@ne@gvdrtdentifipofitiv@bld AR caBlellbditibedf e mordthah N8O eé@tes and
t he equi val ents thereof. ) )
over an inner radius of at most 2 mm causes a cable impedance of the selected insulated
conductor proximate the cable location to vary by no more than 2 percent from an initial
cable impedance measured at the cable location in an unbent configuration.
[0160] Item 2 is a cable according to item 1, wherein the wire diameter of the
selected insulated conductor is no greater than 26 AWG, and wherein a transverse bending
of a cable location of no more than 180 degrees over an inner radius of at most 1 mm
causes the cable impedance of the selected insulated conductor proximate the cable
location to vary by no more than 1 percent from the initial cable impedance.
[0161] Item 3 is a cable according to item 1, wherein the selected insulated
conductor is part of a selected one of the conductor sets that includes at least two insulated
conductors each having a wire diameter no greater than 24 AWG and a nominal
differential impedance of 100 ohms, and wherein the transverse bending of the cable
causes a differential cable impedance of the selected conductor set proximate the cable
location to vary by no more than 2 ohms from an initial differential cable impedance
measured at the cable location in the unbent configuration.
[0162] Item 4 is a cable according to item 3, wherein the wire diameter of the at

least two insulated conductors is no greater than 26 AWG, and wherein the transverse
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WHAT IS CLAIMED IS: 1. A shielded electrical cable, conprising: a
plurality of conductor sets extending along a | ength of the cable and bei ng
spaced apaotofrmsmseach ot her along a wi dth of the cabl epceamskoioosdect or set
i ncludi ng one or nore insul ated conductors; first and second
shielding filns di sposed on opposite sides of the cable, the first and
second filns including cover portions and pinched portions arranged such
that, in transverse cross section, the cover portions of the first and
second filnms in conmbination substantially surround each conductor set, and
t he pi ncheddipgof b galsle ddcatipeof ha mioreathan $8Q¢ degedsidvasa savond mncnitdivef for m

pi nched portions of ¢t de of, ea h conduct set

D et Tonbd iR b GRReR M ERF Mo Es PLnd e B RS Y o8 ShiBi

shi el di ngh¢ tdbm iddatidifroRiaBEhERb RRES thens ol fr&a tﬁe-?lﬁhlltﬁi,l dwheéRialimpedance. t he
plurality of conductor sets conprises a first conductor set that conprises

nei ghbori ng filPLe31dim 8échedls srsardinete itarduet brdresme theas! e@@ﬁiﬁ@%l&%m ng
first COVy

oo GBSl L SPRLRR PRI, 0L e 8ty

filnms fortht sdeced nnslﬂate@ Icﬁ@dTEd)r@)&bdiﬁhaﬁQhé tabile oatiuonevasicslBy b rﬂd’lletlfanl‘lst
conduct or sel e ctegpone of the insulated conductors has a wire

dlaneter‘ﬂ%ﬁé?%ﬁ?%?ﬁ@ﬂéﬁmﬁﬁﬂﬂﬁ fcan wire gauge (AWG; and wherein a
transverse bengigg 1@m bhe, cahl Qcc@%dlﬁ%gféﬁg%f el 53'%/1%%11'1‘91&8%1% fihRe 180

degrees over an Inner radius of mm causeés a cabl e | npedance of
t he sel ecegrisessubatkled at kastdtdegreps anoundb éoltithme(tlaiblexetehdﬂmtmssla widthwedry by no

nore than, 2 rcent .froman.initial bIe i nce neasured at the cable
"oeat ! o eBiE Gibeit TR ot i 5355 SRATBEN 3 cor d g Lo ¢l i m
wherein the W'[l)%iqllﬁéﬁ?f?%a efoid Kt%oﬁﬁﬁg?fbtl%lsr\ﬁh%r@&%ﬁe pfadyetie4stbg no greater
than 26 AWG, and wherein a transverse bending of a cable |ocation of no

mor e t harlegBes aehewdempite gcamctimalkes strustlirashap tndescadwtcablerm causes the

[0166] Item 8 is a cable according to item 6 or 7, wherein the bend is at least 180

degrees and the fold line is at a fold angle relative to a longitudinal edge of the cable such
that the cable turns at a turn angle in response to flattening of proximate regions before
and after the bend to a plane.

[0167] Item 9 is a cable according to item &, wherein the fold angle is 45 degrees,
and the turn angle is 90 degrees.

[0168] Item 10 is a shielded electrical cable, comprising: a plurality of conductor
sets extending along a length of the cable and being spaced apart from each other along a
width of the cable, each conductor set including one or more insulated conductors; first
and second shielding films disposed on opposite sides of the cable, the first and second
films including cover portions and pinched portions arranged such that, in transverse cross
section, the cover portions of the first and second films in combination substantially
surround each conductor set, and the pinched portions of the first and second films in
combination form pinched portions of the cable on each side of each conductor set; and a
first adhesive layer bonding the first shielding film to the second shielding film in the
pinched portions of the cable; wherein: the plurality of conductor sets comprises a first
conductor set that comprises neighboring first and second insulated conductors and has
corresponding first cover portions of the first and second shielding films and

corresponding first pinched portions of the first and second shielding films forming a first
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cabl e i npedance of the selected insul ated conductor proximate the cable

| ocation to vary by no nore than 1 percent fromthe initial cable

i npedancewo 2812/0803abl e according to claim 1, wherein thecsalseemadsnsul at ed
conductor is part of a selected one of the conductor sets that includes at

| east two insul ated conductors each having a wire dianeter no greater than
24 AWG and a nom nal differential inpedance of 100 ohns, and wherein the
transverse bending of the cable causes a differential cable inpedance of

t he sel ected conductor set proxinate the cable location to vary by no nore
than 2 ohmmschied @mblapoﬁi@htdnainedidhféﬁlaﬁmmonda@DESdt;rm@h@ted@nméﬁwiewla@dt he
cable location in the. ent. _configuratign.. 4., A cable a to any of
cra o 1o filors B Ui R T bR B 28 e e AR L By

degrees ayiid adran®vdisd boRink A thbRNAS cable 06&itian WF Alb hodd thahese a@grees
wherein the bend has an inner radius of at nbst 5 nm 5. A shielded

el ect ri caveegbinacr @aig of af mest 5 mm cauges gp dpsgrtianjogsrol dmplreteshingdatgd ext endi ng

along a lg tﬁ@ﬁé?org{ro;hﬁﬁt ﬁ?lcgblg%%aﬁgﬁg& ﬁ‘?ﬁgﬁg Hl?oﬁé“{ﬁanfor Ol $RGNaPhiE] al ong a

wi dt h of e ca , each conductor oneor nore | nsul ated
conduct orissertion loss ik#stitedaun thes@bridcaioneh dh ngbdnk basmﬁgdireams ed on opposite
sides of the cable, the fir and second fil s incl cover portions and
pi nched porti dALOYdfcam b %Wi’ﬁ’ goRaiding tq 1@%&%@}6&“@}3 gesfélf,t][‘?r(‘fﬁmpflﬁ%“ cover

portions Ofe liRegaf| 5@45 s eé@&%ﬂﬁ’d [ ¥di%iné fha? &H@ﬁd&%f&%ﬁ‘a%ﬁ@tﬁt@%é @bley

surround each con uct or , and the pinched portions of the first and
second fhwﬂsthKdmmhmmammumwfnﬁnmpﬁatmedﬁbmntlons of the cable on each side

of each condu t; and a first., adhesive.l iin e first
shielding fil ﬁb%"ﬁ%@l ézbsoan%f‘béﬁrﬁcé?r&f%gtoflﬁ%ffﬁvfiﬁﬁ%n ﬁﬁé’ﬁg %é?agﬁ %(Es of the
cabl e; WhRbRlBand conforntsh® gBbHERY bt ¥ stAlfctGe itk 6AQHscs BlcScabRIPr i ses a first
conductor set that conprises neighboring first and second insul at ed

conduct or s andﬂh'éld Tteor f 2&poeatticngcpiding togievet 1, pdrerdin s behd i 1¢ast B0 and
second s hdegllre%ls A the f&% 1 c1js S P ﬂlg?ed%epﬁvlé kS & ionglt&&naeldedgg E)% {h% ré:aslble such
that the cable turns at a turn angle in response to flattening of proximate regions before
and after the bend to a plane.
[0172] Item 14 is a cable according to item 13, wherein the fold angle is 45
degrees, and the turn angle is 90 degrees.
[0173] Item 15 is a shielded electrical cable, comprising: a plurality of conductor
sets extending along a length of the cable and being spaced apart from each other along a
width of the cable, each conductor set including one or more insulated conductors; first
and second shielding films disposed on opposite sides of the cable, the first and second
films including cover portions and pinched portions arranged such that, in transverse cross
section, the cover portions of the first and second films in combination substantially
surround each conductor set, and the pinched portions of the first and second films in
combination form pinched portions of the cable on each side of each conductor set; and a
first adhesive layer bonding the first shielding film to the second shielding film in the
pinched portions of the cable; wherein: the plurality of conductor sets comprises a first
conductor set that comprises neighboring first and second insulated conductors and has
corresponding first cover portions of the first and second shielding films and
corresponding first pinched portions of the first and second shielding films forming a first

pinched cable portion on one side of the first conductor set; and an application of a force
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the first and second shielding filns formng a first pinched cable portion

on one side of the first conductor set; a sel ected one of the
i nsul at edwoentustzsss has a wire di aneter no greater thaRrCZASAMBO@AN W I e
gauge (AWS; and wherein a transverse bending of the cable at a cable

| ocation of no nore than 180 degrees over an inner radius of at nbst 5 mm
causes an insertion |loss of the selected insulated conductor proximte the
cable location to vary by no nore than 0.5 dB froman initial insertion

| oss neasured at the cable location in an unbent configuration. 6. A cable
accor di ngntthe cata¢. ihSeablshlegieg simphesupabited baiwetretwaappeiting porthidadarof.Oat

| east 45 .degrees. arpund a faold |i,ng that. t.ends,.across,.a wi.df h of. t.he
cabr e, wrBsEe A5Th SVER forfs R oA AR B RRR ShGR T M kSl o
assenbl y,a E&IRPlidrSinnEs didectioh of BRGoRIRE bf legdlon€ afth CarkionirbisitR@foré, pl ural ity
of conductor sets extending along a | ength of the cable and beiqg spaced
apart frdnsashieH ibpeedsdpisaglass npidxseesk the yemod ndividaa] dprcevion gechar! thet

i ncludin ' : , |

aii el ai g fsgtoffE ek BRI R CRRA L Auny o 1000 it PR TR o
second fidub®ed bftht ushhagive dvsitatq@bednidoctsr, aldwire dhettrpeing capressdrianghds. such
that, in transyerse cross section, the cover_ paqrtions of the first and

second films ilATEAHsTHAS iSone AN gao s [ MWD oK e ARG SY0% et . and
the pi nched(pakid ONAnRbichiRidihsie @Wagecond films in conbination form

pi nched portions of the cable on each side of each conductor set;
[0175] Item 17 is a cable according to item 15 or 16, wherein the maximum force

occurs when the deflection is between 1 inch and 1.5 inches.

[0176] Item 18 is a cable according to any of items 15-17, wherein the cable
further comprises a bend of at least 45 degrees around a fold line that extends across a
width of the cable, wherein the bend has an inner radius of at most 5 mm.

[0177] Item 19 is a cable according to item 18, wherein the bend is at least 90
degrees and conforms to geometry of a structure that encloses the cable.

[0178] Item 20 is a cable according to item 18, wherein the bend is at least 180
degrees and the fold line is at a fold angle relative to a longitudinal edge of the cable such
that the cable turns at a turn angle in response to flattening of proximate regions before
and after the bend to a plane.

[0179] Item 21 is a cable according to item 20, wherein the fold angle is 45
degrees, and the turn angle is 90 degrees.

[0180] Item 22 is a cable assembly, comprising: a shiclded electrical cable
comprising: a plurality of conductor sets extending along a length of the cable and being
spaced apart from each other along a width of the cable, each conductor set including one
or more insulated conductors; first and second shielding films disposed on opposite sides
of the cable, the first and second films including cover portions and pinched portions
arranged such that, in transverse cross section, the cover portions of the first and second
films in combination substantially surround each conductor set, and the pinched portions
of the first and second films in combination form pinched portions of the cable on each
side of each conductor set; a first adhesive layer bonding the first shielding film to the

second shielding film in the pinched portions of the cable; and a bend in the cable of at
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a first adhesive |ayer bonding the first shielding filmto the second
shielding filmin the pinched portions of the cable; and a bend in

t he cabl ewof20mt03bzsast 45 degrees around a fold |ine tharCeatsendsc@mesy oss a
wi dth of the cable, wherein the bend has an inner radius of at nost 5 mm
wher ei n: the plurality of conductor sets conprises a first conductor
set that conprises neighboring first and second insul ated conductors and
has corresponding first cover portions of the first and second shi el di ng
filnms and corresponding first pinched portions of the first and second

shi el di ndedst firdedroesriroundze fold Bne thanedtends ealobea padth odhegablonehgitidghof t he

fi d , d I | cal ' I h
bend i (500 banran AR AP am G s oSSR Bl AR or e s

el ect ri caohprisepfigtcdrluaior ke asdt comprisBhcathbodhg fikeat] febid Mehlag@nnect or .
8. A cable assenb%%haccordlng.to claim7, wherein the electrical connector

conpri sesOARIGYIE ERBhes dasicrRanding foyst ¢rycrpgstiens ofghe first apd eccasdehipidingaccor di ng
o2 Ty e R Pl GAI: (A 1 GOTRELghgracigp bond 1o
45 degr edbrmingurfitstepisehed rablt pbeionidrenk Rale dfxticefiscanduasssa; anddihh of the
cabl e, Wne erc?riicr;ll Egl‘ﬁlegt%lq ggc%n%%?s?ng a?tslee?s? thie%ggcri inr t%g icg‘t?le,ovtzhgrginrg?fetastSOnngf the
insulated conductors is electrically coupled to at least one contact of the electrical
connector.
[0181] Item 23 is a cable assembly according to item 22, wherein the electrical
connector comprises an overmold formed onto the cable.
[0182] Item 24 is a cable assembly according to items 22-23, wherein the electrical
connector comprises a multi-piece housing.
[0183] Item 25 is a cable assembly according to any of items 22-24, wherein the
connector comprises a paddle card connector.
[0184] Item 26 is a cable assembly according to any of items 22-24, wherein the
bend is at least 90 degrees around the fold line.
[0185] Item 27 is a cable assembly according to item 26, wherein the inner radius
of the bend is at most 1 mm.
[0186] Item 28 is a cable assembly according to any of items 22-25, wherein the
inner radius of the bend is at most 1 mm.
[0187] Item 29 is a cable assembly according to any of items 22-28, wherein the
connector is disposed on an end of the cable.
[0188] Item 30 is a cable assembly according to any of items 22-28, wherein the
connector is disposed on a middle portion of the cable.
[0189] Item 31 is a cable assembly according to any of items 22-30, wherein the
insulated conductors have a wire diameter of no more than 24 American wire gauge
(AWG).
[0190] Item 32 is a cable assembly according to any of items 22-31, wherein the

cable further comprises a second bend not encompassed by the electrical connector, the
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10. The cabl e assenbly according to any of clainms 7-9, wherein the at | east
one conductor set is adapted for maxi num data transm ssion rates of at
| east 1 QWOR012/030366 PCT/US2010/060629

second bend being of at least 45 degrees around a second fold line that extends across a
width of the cable, wherein the second bend has an inner radius of at most 5 mm.

[0191] Item 33 is a cable assembly according to item 32, wherein the second bend
is at least 90 degrees and conforms to geometry of a structure that encloses the cable
assembly.

[0192] Item 34 is a cable assembly according to item 32, wherein the second bend
is at least 180 degrees and the second fold line is at a fold angle relative to a longitudinal
edge of the cable such that the cable turns at a turn angle in response to flattening of
proximate regions before and after the second bend to a plane.

[0193] Item 35 is a cable assembly according to item 34, wherein the second fold
angle is 45 degrees, and the turn angle is 90 degrees.

[0194] Item 36 is the cable assembly according to any of items 22-35, wherein the
at least one conductor set is adapted for maximum data transmission rates of at least 1
Gb/s.

[0195] 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
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
that the present invention may be implemented in a very wide variety of embodiments.
This application is intended to cover any adaptations or variations of the preferred
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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WHAT IS CLAIMED IS:

1. A shielded electrical cable, comprising:

a plurality of conductor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each conductor set including one or more
insulated conductors;

first and second shielding films disposed on opposite sides of the cable, the first
and second films including cover portions and pinched portions arranged such that, in
transverse cross section, the cover portions of the first and second films in combination
substantially surround each conductor set, and the pinched portions of the first and second
films in combination form pinched portions of the cable on each side of each conductor
set; and

a first adhesive layer bonding the first shielding film to the second shielding film in
the pinched portions of the cable;

wherein:

the plurality of conductor sets comprises a first conductor set that comprises
neighboring first and second insulated conductors and has corresponding first cover
portions of the first and second shielding films and corresponding first pinched portions of
the first and second shielding films forming a first pinched cable portion on one side of the
first conductor set;

a selected one of the insulated conductors has a wire diameter no greater than 24
American wire gauge (AWG); and

wherein a transverse bending of the cable at a cable location of no more than 180
degrees over an inner radius of at most 2 mm causes a cable impedance of the selected
insulated conductor proximate the cable location to vary by no more than 2 percent from

an initial cable impedance measured at the cable location in an unbent configuration.
2. A cable according to claim 1, wherein the wire diameter of the selected insulated

conductor is no greater than 26 AWG, and wherein a transverse bending of a cable

location of no more than 180 degrees over an inner radius of at most 1 mm causes the
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cable impedance of the selected insulated conductor proximate the cable location to vary

by no more than 1 percent from the initial cable impedance.

3. A cable according to claim 1, wherein the selected insulated conductor is part of a
selected one of the conductor sets that includes at least two insulated conductors each
having a wire diameter no greater than 24 AWG and a nominal differential impedance of
100 ohms, and wherein the transverse bending of the cable causes a differential cable
impedance of the selected conductor set proximate the cable location to vary by no more
than 2 ohms from an initial differential cable impedance measured at the cable location in

the unbent configuration.

4. A cable according to any of claims 1-3, wherein the cable further comprises a bend
of at least 45 degrees around a fold line that extends across a width of the cable, wherein

the bend has an inner radius of at most 5 mm.

5. A shielded electrical cable, comprising:

a plurality of conductor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each conductor set including one or more
insulated conductors;

first and second shielding films disposed on opposite sides of the cable, the first
and second films including cover portions and pinched portions arranged such that, in
transverse cross section, the cover portions of the first and second films in combination
substantially surround each conductor set, and the pinched portions of the first and second
films in combination form pinched portions of the cable on each side of each conductor
set; and

a first adhesive layer bonding the first shielding film to the second shielding film in
the pinched portions of the cable;

wherein:

the plurality of conductor sets comprises a first conductor set that comprises
neighboring first and second insulated conductors and has corresponding first cover

portions of the first and second shielding films and corresponding first pinched portions of
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the first and second shielding films forming a first pinched cable portion on one side of the
first conductor set;

a selected one of the insulated conductors has a wire diameter no greater than 24
American wire gauge (AWG); and

wherein a transverse bending of the cable at a cable location of no more than 180
degrees over an inner radius of at most 5 mm causes an insertion loss of the selected
insulated conductor proximate the cable location to vary by no more than 0.5 dB from an

initial insertion loss measured at the cable location in an unbent configuration.

6. A cable according to claim 5, wherein the cable further comprises a bend of at least
45 degrees around a fold line that extends across a width of the cable, wherein the bend

has an inner radius of at most 5 mm.

7. A cable assembly, comprising:
a shielded electrical cable comprising:

a plurality of conductor sets extending along a length of the cable and being
spaced apart from each other along a width of the cable, each conductor set
including one or more insulated conductors;

first and second shielding films disposed on opposite sides of the cable, the
first and second films including cover portions and pinched portions arranged such
that, in transverse cross section, the cover portions of the first and second films in
combination substantially surround each conductor set, and the pinched portions of
the first and second films in combination form pinched portions of the cable on
cach side of each conductor set;

a first adhesive layer bonding the first shielding film to the second
shielding film in the pinched portions of the cable; and

a bend in the cable of at least 45 degrees around a fold line that extends
across a width of the cable, wherein the bend has an inner radius of at most 5 mm;
wherein:

the plurality of conductor sets comprises a first conductor set that

comprises neighboring first and second insulated conductors and has
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corresponding first cover portions of the first and second shielding films and

corresponding first pinched portions of the first and second shielding films forming

a first pinched cable portion on one side of the first conductor set; and

an electrical connector encompassing at least the bend in the cable, wherein at least
one of the insulated conductors is electrically coupled to at least one contact of the

electrical connector.

8. A cable assembly according to claim 7, wherein the electrical connector comprises

an overmold formed onto the cable.

9. A cable assembly according to any of claims 7-8, wherein the cable further
comprises a second bend not encompassed by the electrical connector, the second bend
being of at least 45 degrees around a second fold line that extends across a width of the

cable, wherein the second bend has an inner radius of at most 5 mm.

10.  The cable assembly according to any of claims 7-9, wherein the at least one

conductor set is adapted for maximum data transmission rates of at least 1 Gb/s.
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