WO 2012/ 030365PCT/ US2010/ 060625 H GH DENSI TY SHI ELDED ELECTRI CAL CABLE 5AND
OTHER SHI ELDED CABLES, SYSTEMS, AND METHODS FI ELD OF THE | NVENTI ON

Thi s i nvewoi2omr/m3edeat es general ly to shi el ded el ectri cal pcirhisenooaiskes
suitable for data transm ssion and associated articles, systens, and

met hods, with particular 10application to ribbon cables that can be
mass-term nated and provide high speed el ectrical properties. BACKGROUND
El ectrical cables for transm ssion of electrical signals are known. One
common 15type of electrical cable is a coaxial cable. Coaxial cables
generally include an electrically conductive wire surrounded by an
insulator. The wire apnd insul ator_are surrounded by shield, and the wre,
i nsul ator, and shi el d1EE DENSIGYSEELRER BIFGERICANGARE conmon type of
electrical cable is @ shi eéded el ectrical gable conﬁri i Nng _one or nore
nsul 4t ed si gnal ASOHATEES STUELPERAGARLEY: SYSTEUSaANG MERHOPS: med, f or
exanple, by a netal foil. 20To facilitate electrical connection of the
shielding |ayer, a further un-insul ated conductor is sonetinmes provided
bet ween the shielding | ayer BRICLDM@F MBRINVIENTINt he signal conductor or
conductors. Both these conmon types of electrical cable normally require
the use of spedli§ inyantign gkigsesad2bpimBbigldrdscleciical sibhpmethlessudallc &% of t en
not suit : : : ' ' ' ks t he

B B B e e R

cont dét elpphentios to sibbdn eblesahdg.can b ewby-iccainacdnnd providd high spded el aciraal
connector or contact elenments on a printed circuit board. Although

el ect ri cdl"R4Bes have been devel oped to facilitate these mass-termi nation
techni ques, these cables often have limtations in the ability to

mass- produce them in the ability to prepare their termnation ends, in
their flexibility, and in their eBACKGB&UNBrfornmance. In view of the
advancement s ﬁﬁiq.hi%hbsg e eIechic?Hr nd]elec[ron'c corr@onentsb a
continui ng nedd eXFH 8P PO SRR YRR P dlSHfsY SR 4y S haBie SR mon
trangsi t tiypgofhil @iric egsle & DoakRI cAAE | CodxadlRabBS ScricdI i indLiOM tleativiigues,

are cost-effective, and can be used in a | arge nunber of applications.
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 common
type of electrical cable is a shielded electrical cable comprising one or more insulated
signal conductors surrounded by a shielding layer formed, for example, by a metal foil.

20  To facilitate electrical connection of the shielding layer, a further un-insulated conductor is
sometimes provided between the shielding layer and the insulation of the signal conductor
or conductors. Both these common types of electrical cable normally require the use of
specifically designed connectors for termination and are often not suitable for the use of
mass-termination techniques, i.¢., the simultaneous connection of a plurality of conductors

25  toindividual contact elements, such as, e.g., electrical contacts of an electrical connector
or contact elements on a printed circuit board. Although electrical cables have been
developed to facilitate these mass-termination techniques, these cables often have
limitations in the ability to mass-produce them, in the ability to prepare their termination
ends, in their flexibility, and in their electrical performance. In view of the advancements

30 in high speed electrical and electronic components, a continuing need exists for electrical
cables that are capable of transmitting high speed signals, facilitate mass-termination

techniques, are cost-effective, and can be used in a large number of applications.
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WO 2012/ 030365PCT/ US2010/ 060625 BRI EF SUMVARY W have devel oped shi el ded

el ectrical cables suitable for high speed data transm ssion that have

uni que amsiokemai3dasal properties and characteristics, a®Cuaiskoia®e®3yst ens
utilizing such cables, and nethods relating to such cables and systens. The
cables are typically in a generally planar or ribbon format, with multiple
channel s or conductor sets extending along a |l ength dinension of the cable
and spaced apart from each other along a wi dth di nension of the cable. Sone
cabl es provide hi gh packi ng densj j F,ted cable width, preferably
10whi | e mai ntai ni ng adequat e hiZ%k¥$€§&@%%%g% ectrical isolation and/or | ow
crosstal k bet viwehads ddvetopnod siobldadelestriodl cbled waitadie Hetiphabedddatcabl e. Sone

cabl es provi de an on-denmand or | ocali.zed drain wire feature. Some cabl es
provi de rHANSMESiOndhathaveymgue andhenghi¢ialgHopertiesng; hagricastich 5 &eleAt 1y to

di f f esentg, L giuﬂﬁg-hg@u&pamfe@%tdsm&ﬂo&p@faahgfoﬁl@ﬂ%at% Aﬂzﬁsﬁgﬂim%gm cabl es

provi de nmixed conductor sets, e.g., one or nore conductor sets adapt ed
f or hi gh spleedredspiaalty mrmsganssilygplanancr wrbendormmasy witlh onvdbyd¢ ohansels ©r adapt ed
for |l ower speed data transm ssion or.power transm ssion. nme bl es . may
provi de. GRPGICRECARE At Ripddifgien o BSER Eend sirpedansetiiare Sy
provi de CARRiaaol ONRIIPAInRAN®N OF tiR!dabRf these features. The present
application therefore discloses, inter alia, a shielded electrical ribbon

20 cabl e that Seaye Gabtsspdevidohidghpediingdensite achlimfed vehlawidheproferaby e

i nsul.at ed conduct or.s nd a.fi.rst and second.shi.el di ilmao pposite

o1 dodDor B RAEIE; afPaR il BlaBPG. QGRS Ragy BBk FISTa®r °f he

shi el di ngyehidomedifraniseHant Anbi @nldyctetsctLeMBe eatd Somdtui@rpredte ampa pi nched
portions of the filnms may form pinched portions of the cable on each side

of each clsAunEEplocglized @éﬁgérepfﬁ@w% PhcAEes DENI s @yl tiph dreinnires anchi ng hi gh
f > . . . . o
o SPURSA S5 AR BRI ARR et op WGBSR ¢,
cent er - t ahe eatfler S@pacibig pretide arixslemnesdtor sess bat, ©de oomatcionksctof setsnvo

adj acent condyctar. sets, and Dmn is the |l esser of the outer dinensions of
such léearaéél?tei'f g $ece 478 (rapeRissiony 408 0ng OF (ROFS,Conguetpr sgts %‘{?ﬂteéléelbnd

conduct orjogef S(S’%t@(ﬁg%tg Er}éhs!?&sﬁ&ﬁ ¥t &R@er%h%mf%@ioh”%%@%@ﬂe&ﬁgg EF&v?desorﬁg'?‘Bneg atisfy

a condition 3 aisinarange from2.5to 3, whe Eis a
cent er - t wfdclerst benfpad daggofeatunes, vbirdoticormsepwyiderndndinasions ofssoherorta- cent er
spaci ng q%fﬂggﬁ%%hg&of i nsul at ed conductors of one of the conductor sets.
The present application therefore discloses, inter alia, a shielded electrical ribbon
20  cable that may include conductor sets each including one or more insulated conductors,
and a first and second shielding film on opposite sides of the cable. In transverse cross
section, cover portions of the shielding films may substantially surround each conductor
set, and pinched portions of the films may form pinched portions of the cable on each side
of each conductor set. Dense packing can be achieved while maintaining high frequency
25  electrical isolation between conductor sets. When the cable is laid flat, a quantity S/Dmin
may be in a range from 1.7 to 2, where S is a center-to-center spacing between nearest
insulated conductors of two adjacent conductor sets, and Dmin is the lesser of the outer
dimensions of such nearest insulated conductors. Alternatively, a first and second
conductor set each having only one pair of insulated conductors can satisfy a condition
30 that /o is in a range from 2.5 to 3, where X is a center-to-center spacing of the conductor

sets, and ¢ is a center-to-center spacing of the pair of insulated conductors of one of the

conductor sets.



WO 2012/ 030365PCT/ US2010/ 060625 In sonme cases, each pair of adjacent
conductor sets in the plurality of conductor sets may have a quantity
correspomaiprngiZo®sDMin in the range from1.7 to 2. | n somwsecasmsis2each of
t he conductor sets nmay have only one pair of insulated conductors, and a
gquantity Eavg/aavg may be in a range from2.5 to 3, where aavg i s an
average center-to- 5center spacing of the pair of insulated conductors for
the various cdRAOBEERsesetash painal ngnt eonglictay edtaehe hirdity pbeandneter spaci ng
bet ween ' LOr - v | on the first
and seco%4k§ﬁ%&%ﬂ%%gﬁ$§®%§oﬁ%%§gﬁggﬁggggﬁﬁgﬁﬁg?gﬁg?%P?@Pzﬁigoﬁﬁnghch
conduct orcasat edeyt of fixvpdscon@tsahay kastonbdhegaioffirdul pbecondattosaatd gonduct or
set. In sone cases, the first conductor set y have. a high fre%uency
isoIatiOHWEWH§9ﬁééﬁa§ﬁF§¥@ﬁﬂl?ﬁ@@? ?%%2é6ﬂéuW'%F§a&ﬁ§ﬁﬁéﬁgwgﬁéﬁlﬁvoa

cr osstal kcegef zl%acwgﬁ%ﬂdgeﬁfl %ﬁﬁ%&? BS¥ubfdrSeok %%ri%ﬁ%&tﬁhét%r t%“fl% a?&' %aJ@ ral

neter cable gth, an requency 1 sol ati on between Irst” and
second caonduetaagessenteraycier sphangbetercen edjatont eoruos seth kInGdnat cakdse

speci fied frequency,. and C2 be at least 10 dB.lower than.C . In sone

chses, | orfE G PGTR iRt A L PRE GRS doe BT P UE er i sposed
on a di _els%ﬁ_{)ﬁﬁ(?ealsﬁ céﬂdﬂ&?dr%teoy éﬂ%oﬁ@ﬁﬁiﬂ‘gaa‘-i%%st 7.’%09@9%@1{%& achude a first
drain wire in electrical contact with at | east one of the first and second

shi el di ngohiliater. seGeloenthesesasr thp dirsticonductdr setimay havsta kigh frseeaned istdtiondi ng
fil ma ubst anti al.l urround the first ain wWire in transyerse Ccross
sect 19n. PRREPiA ML Fdisprydetisrzed bF p Sl QP alPROfRd e i st ance
al to a neauesdy ihASbh@! fosh 3 reGHL add Raar Bmktee 0alé hgth, 8@ a higRdrdghendyear est
conductor, set may be 20characterized by a center-to-center spacing of

i nsul at edsdgrRIeY the figy andpreond FRugiRy seie myy datcairagtreiredlyza crosstalk The
cable may(;?&t%ﬁe h&%lﬁéﬂ%fe hel§2% d & %%E{ (lj;fé%?ﬂ:%ttl‘(")rdBSﬁ)\wSer th%ﬁgphclggg tor set

havi ng onl'y one “palr of 1 nsdlate ctors, and the w e cable
may be naaggseadessr HotashidlBingrfilimd eyl iaclddd 4 adnduenrenlayer digoes whedeldchiz cabl e
includes at |east one or two drain wires. 25 This conpact w dth di nension
can dPl oy\“lut’ﬁ@tﬁf-l RsopgisREest @ee@lﬁwlt@u&%ﬁ%e@& wHC Y aetard C@n@ﬁw& or 4
l'ane m nigs RAs RRAFHR R thd fé’g‘ﬁ?ﬁ gée?%ih X8 §ed@h@?c9véri)oﬂt§m§o AMtdpgsuch a

configuration, 4 high spee ransmt pairs and 4 higﬁ spee

shi el ded scewel shelgag fisme sy ebstantishywdatuad thafisst diani wHAS) paddtme cassg usi ng
only one ribbon_cagbl e rather than havin 0 connect nultiple ribbon cables
Lo Such: patiite Eikrgt pnaun My SOOHII O B BBRaHEn Bobbe RIS car

i ncr easespfidked Gakio?a neRegdoalttidagl GRS tHeERcSMddntuctangt Alal Gws for

increased flexibility and reduced bendi ng radi us since one ribbon cable

bendg0norearagtgdized/by dhaentervio-achish sracowisif ersusatettkanduetopfedcindot e maywo
2012/030%%5Pg§ﬁ_§§0¢2/060625 The cabl es may be conbined with a paddle
card or other gubdtrate having a plurality of conductive paths thereon each

ext endi ng fr o dableShayedlsh tnelude SEIREN@ighin Borfuctonects Wast édidactol sdinuvidpal
conductors of the insulated conductors of the cable nay attach to
cor r esporffibngncoreisoignswlaed exnsiagiors. ved parvrdthal thieablg may beAe geptar than 16

substrat &nml WhehA9R ff:83K8n in cases where the cable includes at least one or two drain wires.

25  This compact width dimension can allow the flat cable to connect to one end of a standard
4 channel or 4 lane mini-SAS paddle card, whose approximate width is 15.6 mm. With
such a configuration, 4 high speed shiclded transmit pairs and 4 high speed shielded
receive pairs can be accommodated in a mini-SAS paddle card using only one ribbon
cable, rather than having to connect multiple ribbon cables to such paddle card. Attaching

30  only one ribbon cable to the paddle card increases fabrication speed and reduces
complexity, and allows for increased flexibility and reduced bending radius since one

ribbon cable bends more readily than two ribbon cables stacked atop each other.
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5 all of the correspondi ng conductive paths nmay be di sposed on one ngjor
surface of the substrate. In sone cases, at |east one of the correspondi ng
conduct i weopatdmsoisay be di sposed on one nmmj or surface ofcrhseibsicest e, and
at | east another of the correspondi ng conductive paths may be di sposed on
an opposed maj or surface of the substrate. In sone cases, at |east one of

t he conductive paths may have a first portion on a first major surface 10

of the subst r akhe cables Reyficcembaned Wiindpaddieeasher pibet subpraaharngpposed
d
secon W%lgtrahﬁ}gsficgﬁ@%cg &e @Qtﬁs E’é&ﬁe%& eﬁ%&%ﬁé{rﬁ&c Oﬂgt &{Zidto sg &%%%d%?s es,

alternating o onductor se 0 con uc ive paths on
opposi t e thapubistrater Tiedieigudfcohthet@s bSthreaﬁ@llated condudibss fiteseidle mpphitahtio on

al so di scl oses Shl el ded | ectrical bI e g ({1 étgdes a plurality of
conduct orcogssronderanes pf g cangicHye P*it t the Hrshenq plsihe gubstratenilp gomerfgses,

pluralsity cspd I d are
spaceg a5§$¥%%$on1egﬁh Hﬁcﬁ%ﬁﬁ/a widt m§¥k§ﬁ8ﬁﬂnﬁﬁwﬁﬁ§g§ égﬁ uctor set
i ncl udi ngubsimtorInrome qas&suétdeaedomfdh@tcmapoﬁﬂimg fomdsttistpatisdnagbd i | m may

i ncl ude cpver portions. and in ed portion ran ch t hat the cover
por t1 ons Gyverd SheananBrRe SETE sufthandrFchEaTRbd s CotRer i eeq. a
pi nched RELHIA@RSE paihs kS eatdpRsQoaLEpposdemefor S@fdte ©P UL RFatS Sfn-sotae first
drain wire may 20be in eIectrlcaI contact with the first shielding filmand

may al so ces&tseatde@t Qlﬁﬂgoﬁthecd)lehlg’tﬂ’ﬁ rths hey bas! aefirsBpastion pe alfirg ongj eicturfete t he
first dra| i.rs be localized. at at |east a
1 rot0f QMR abalE Al ARt R Bt R Flicfn R, T he
first shld:fltﬁh Sustratt 0 @k sédd@d ehd Sin JohRadaget, ali@Aations ofthacasdiRtdrzed by a DC
resi stance of less than 2 ohns. The first 25shielding filmmay cover the

first drdn#y sifach taeondyetivy pashs anrenposite mpessEgene! the SesHAE- area, the second
area being at Th% ral r{Jp‘PE&lo% éﬁcﬁ%&b%ﬁﬁh&fd@ ﬂtél%alec% 1R iRe1lesf£S1 stance

between the firs W re an I rst s |Immay egreater

t han 100 plnhlﬁ[htyaif cohéucs@Gonga frseshicldingsiine ands €isst dealﬁi wadee dthe ipturdlidyexfi al  may
separate the first dra| nwre fr m_t he Lf@rst shi el d ng f| | m ath t he second
ar ea,l2anFoafugiefesets i t#%%taelan% ohthera W@o@@aﬁ anae feym prehaepar at i on

of the fijigl éj&zﬁitlﬁ‘oi"!h%%aﬁlé Qfxh 'E!&ufu'c{o? %et%ﬁ%ﬁéhﬁ%&ﬂe% IlnB}etl}is&IQQd g%tﬁiu@ﬁ)tfsr Ic

mat eri al . In a related nethod e provided t I ncl udes
a pl ur al i'The fobt shoaidiog fidm nsatisclude tcwespoﬁllmnehtdi plgcﬁadlpmmamdrranghfdaaunhw re.
The first.shjelding filmmay . in cover 12/ 030365PCT./ US2 10/ 060625
por t1 ons BHANEFHERBRr BT P9V Be PSS iH BiEhe RSB A HUPRREAE. cover

the cond Liﬁﬁélﬁred §6¥t§m§ BthkRev1e 'oﬂ%ﬁ@fﬂs@@é{f ¢RA oI Rt} iseP o3RG irdtdrifh REREflay
portions of the cable on each s each conductor set. The first dra| n

Wi r e 28ay bexn elmtr@amtqchwhéh@ﬁﬁt siflelﬂm@ fdaband. mal’yh@smtmhalmg/thﬁ engtier
I ncl ude Sefltﬁ'\ alb\llee.'\I ]élleét{@ cont%ct o}}Et\heC f rslt graln wite t[(% hsetﬁrgtrsﬁleif ing fi Al %ha %el ocal I'y
localized at at least a first treated area.
The electrical contact of the first drain wire to the first shielding film at the first
treated area may be characterized by a DC resistance of less than 2 ohms. The first
25  shielding film may cover the first drain wire at the first treated area and at a second area,
the second area being at least as long as the first treated area, and a DC resistance between
the first drain wire and the first shielding film may be greater than 100 ohms at the second
arca. In some cases, a dielectric material may separate the first drain wire from the first
shielding film at the second area, and at the first treated area there may be little or no
30  separation of the first drain wire from the first shielding film by the dielectric material.
In a related method, a cable may be provided that includes a plurality of conductor

sets, a first shielding film, and a drain wire. The first shielding film may include cover

4.



5increase or establish electrical contact of the first drain wre to the
first shielding filmin the first treated area. A DC resi stance

bet ween twe 2biwmst3edrain wire and the first shielding filpoTaS201tb@6062F St
treated area may be greater than 100 ohns before the selectively treating
step, and less than 2 ohns after the selectively treating step. The
selectively treating may include 10sel ectively applying force to the cable
at the finostionspadpeghed pertiomharangpdsydhvbatyihe eqvgt pergiopnsovar Hs condudieie

sel ecti VeS gg?ﬁdé @ﬂcﬁeﬁ%o&%' Gr 3&1%15&)@&1 ]:11.] aﬁlf%hehr ﬁﬁ}q%g o?{h%aca?l-g e%é’t? %? egﬁy al'so

incl ude a e rarn“wre ex e ca
spaced apach cérdaotot be. fThe Sirstdrcn mvitsi mey examﬂ dlng the Il@tgth vethy cible@athag may
not substan%g?lly |ncre(ie or establish e ectrlcal contact of the second

drain w rethed pRy frtheg incdydeaselseiyply rrrc%ﬂngl © stpalcbidasirealHeargs odprdlymy
further ﬁ%é@%r%stﬁlﬁ%‘ﬁ%@ecﬁma?hﬁtitﬂ of | ﬂerﬁrs@d}g]n%?e 28hefkd glﬁhlﬁlr#g;fﬁﬁ{ g nmay

al so | oca I nCrease or esta electric cont act o rst drain
wi re to tthefissetoatdd sithel ding filmin the first treated area. The

present appli n al so discl oses. shj el ded el ect abI ncl udes
B BTural 1ty ofk Brierare Sueer e st g Fisf e firr Laeiat second
drain w rigsted biig My Bé prealcl ’Eh)éan)O SRR BeloRs thS RERcHiRYy &é&tﬁ@@te%' apless | ength
of the cable and be sEaced apart from each other along a wi dth of the

cabl e, edbin %ohmn@ft@rt s edledtivelyudiatins sinp dhe pbectivilydidatingthayamdudst ors. The
first ,shieldj.n |nc ud r rt| s_an i nched rtlons

ar r arded “SUEHHaPITHE Tersh BF LS E ah BTt R e B0 M P Br el B4R S e

pi nched pAsy ilshmcRide sélb&%ﬁ}el%aﬁhg Hicnabrdt B firktisitdl arth eTiadbR 0y gach si de
of each conductor set. 25 The first and second drain wires may extend al ong

the | engtiRclyde & preopdiBrain wiss gxivagingelasedes lrep%tamf g;hec@hkét}tt sRpcpd aRUEROWL her at
| b h
st onithy R Btain e Rgtng el CctREMARLARe bldy HoPSlebi L CROIAR o i flig®

meen
shi el di ng:lefdtﬂlcrml anvitadt o€ tHel sesdndciraiinrvive troetherﬁyst blﬁelldﬁ%sﬁlhhaln sdfhe@hss, thor | ess

& el Bk Pl Cond BRGS0 "
term nat 'IQ&IEIQH&@&% U Sst@li dsﬂ e‘f&ﬁ%ﬂccﬁﬂ&t gfthter}ﬁst(‘(ﬁgh%vlre to the sécanc? Y684

conmbi nation, "'the tirst and second drain wres may be nenbers a plnérallty
of drain ﬁdmmst,h@ﬁtsetrdaw@arahong the I ength of the cable, and a nunber nl of

the WO 2012/ 03Q365PCT/ US2010/ 060625 drain wires nay c ct. to.the one or
more 111stt or MR BHE AU RS SR Ec R OB RS o5 oy
connect tuhhe dm@nwctcm&@ §ﬁﬁs@51qelhﬁfgrmﬁﬁfah@ﬂm@m%6ﬂa SrainlWRecUMREr N1 may
not be equal to n2. Furthernore, the one or nore first termnation

conp@fentsurghty Qf@pn@wtccbr\setsynamxéemi aenepelength obthef dabletandderspacetiapert

conponent one con ter atlon onent s my

o one B SR ARG ety i SEHE SRS X% LA AR MR GRIBRACE BolBY
cases, nanﬁﬂa&bd cEHIctdls. >THH first i SORR fiGASES; inBlud&cdver pOrtiDASBAECHREd M = n2.
In sone cases, M < n2. In sone cases, nl > 1 and N2> 1. In some cases, the

first drdloRiQusreapgsd wrkat thegorg nosronscoverghe rendysor sets At teminched

portions are disposed at pinched portions of the cable on each side of each conductor set.
25  The first and second drain wires may extend along the length of the cable, and may be

electrically connected to each other at least as a result of both of them being in electrical

contact with the first shielding film. For example, a DC resistance between the first

shielding film and the first drain wire may be less than 10 ohms, or less than 2 ohms. This

cable may be combined with one or more first termination components at a first end of the
30  cable and one or more second termination components at a second end of the cable.

In such combination, the first and second drain wires may be members of a

plurality of drain wires extending along the length of the cable, and a number nl of the
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10 term nation conponents but may not electrically connect to the one or
nore second term nation conponents. In sone cases, the second drain wire
may el ectwocaldogozsennect to the one or nore second ter nmPoatUSAMOOITRDNENt S
but may not electrically connect to the one or nore first term nation
conponents. The present application also discloses shielded electrical
cable that includes a 15plurality of conductor sets and a first shielding
film Thelrpnoyiggsinggy enned ielthetape os Brosc fepy testnatian spopepcats. arbe AumbertiiRe
cabl e an r r ch 0 ot e, each
conductogﬂgg%&?ﬁﬁﬁﬁﬁﬁﬁg?%ﬁ%ﬁggb?%?gwf%gﬁr%?%%ﬂggﬁgﬁ%%%gggk?h@§¥$rse

shi el di ngninberm Mayinocbeickuat avied. ethcimns, s dnpbnebadiinotktm@atorr r anged
such that the cover portions cover the conggctor sets and the piﬂg&fd
porti ons RPWORFEHBEEFORECNF1R¥e 2 2MBET Wil Gf S ferippation SPEPeRriEachd ticde of

each gonddh%to? ho?@&ecoff?tlﬁji’e?r%f"aﬂ‘ég Uéﬁlgcr)netnﬁem@ bﬁl%kii$d¥ géveﬁfg o §€ts may

i ncl ude one or nore rst conduct set s "adapt ed r speed data
t ransm sscomdananioatgonoronmmnents.e bosotheccaneliof omls etdmadapl edh $ane goeer

transm ssi on or. | ow speed data.tyansmn ssion. Th | ectrical cable may al so
ol v dnE8doda SHE SR B | Firn I DRBSE o 95 JpHOLF FES b drine cable
fromthe fpest shielding film In sone cases, the cable may include a first
drain wire in electrical contact with the first shielding filmand al so

ext endi ng al orly soie chsenghé fiost drdve waralmhay, clgctib@llyeonsech hrde looe wewara fist f i r st
shieHginq fLIqLand t he Higst draun mﬁre]nag be %qﬁs than 10 ohns, or |ess
than 12 oRRFEMNFUT ORIEFYS PH LAY LG CPriSt OdBR At P IPORSFE M ay i nel ude
a first aomadHedd coagion6@BPIH simtteasesdthersatdridydraih wARS P tlcbthisallpésect to
conductors having a center-to-center spacing of al, and the one or nore
second cdhel0re Prmaeistsscangdyieinypatipfecomporeh HuidpmaRitchictisaily comact ©ithy a

plurality af Lhsul a ors having a center-to-center spacing
of a2, arieof ﬁ%%’ﬁ%@'&{%@ﬂ%ﬁ%@ﬁ%@ml US2010/ 060625 greater than (32. The
i nsul at ed condriztpessnodpplibtionngsoodissioyes siiicldsd cleotidulcdable thatisclogdys aal | be
arran aid flat, Furthernore, the

di i | | t he, bl i
one dgenﬂh&agﬁggngnéﬁﬁﬁggéﬁp gg?gSﬁ§§ﬁp%ghhsz%P§%%ﬁh8f%HWH@@{8¥S§@Y havi ng
a plural idye, fal(%r%f’d 1%@14 |o?¥1f%‘%a5§%%ﬁ5%%@?a%eh Apétt BbAGKEH ofhLF aegggg%}gathvggen the

cable is lTard f e one or nore 5first conductor sets e adapt ed
for maxi rthercabde, @athr amdnites sad mahatigsomf orathore emstatdd c@mdsctodrs. &he fitstgi ga- bi t

per second, .ar out Q. , up.to e.g.. 25 CGops (about 12.5 ) or nore,
b for o Shskhe RS P fhen bR Sictinde DoRtan SRRBrdeRuRpRE and | he
one or NURSKRFANE GOBAHE LUk SctbBYd B g&&h@& BEtioAS afdRXIPILN APtRhed

transm ssion rates that are less than 1 ps (about 0.5 £¥E or | ess than

0.5 @9ps noatenstof AB0caklezdn cafh side wh apstheconductaset. of deantrepunlintles plnedlity elequency
of less than or 0.5 GHz, for anpl e. The. ong or r.e first, conductor
cet's’ my BRTURS EaRhomeRds PRt BarTer Rndi et o el SO el i s ops
(about 1.tanGiizkion and one StEbreaRcel Einti@at sctdlaptciyr fisves bimBsotbt h a
first termnation conponent disposed at a first end of the cable. The first

terninayﬂ@WSEﬁWﬁﬁﬁé%WEﬁﬁVuﬁhclude a 15substrate and a plurality of
conductive patfig 40eE&eBapi Hﬁy Rlsdhidlibdda okt ﬂgé{aﬁfg\fﬁmpcﬁgﬂ&ed on an

25  opposite side of the cable from the first shielding film. In some cases, the cable may
include a first drain wire in electrical contact with the first shielding film and also
extending along the length of the cable. A DC resistance between the first shielding film
and the first drain wire may be less than 10 ohms, or less than 2 ohms, for example. The
one or more first conductor sets may include a first conductor set comprising a plurality of

30  first insulated conductors having a center-to-center spacing of 61, and the one or more
second conductor sets may include a second conductor set comprising a plurality of

second insulated conductors having a center-to-center spacing of 62, and 61 may be
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havi ng respective first termnation pads arranged on a first end of the
first termnation conponent. The shiel ded conductors of the first and
second comOwret20mB0®et s may connect to respective ones of PCmaASke10m60625
termnation pads at the first end of the first term nation conponent in an
ordered arrangenent that matches an arrangenent of the shielded 20
conductors in the cable. The plurality of conductive paths may have
respect i vacaedbito-eFhs Watlpisa cpadistas phihg obc enmarsiasberndaetar gits mag aklj r st
term nati ; - ' i f.fer t of the
st e apURAREnd Ot R el Malcl g, TyFAOARTED: LOGRAGR' D,
articl es sacendadoadudosetsasgdinclideageand cohdetoraspiesin: oplutdiey of tsent
application will be apparent fromthe 25detail ed desc]réii(ﬁ)%i %E? bel ow. In no
S

event, hdieV#Erd CAKYEIOR NRestagked aryigrmeni wacde capls iy la ANE Qi elFs on

t he clai ' ' | &6tm psdef. ly by the
attac ﬁed C acl%llriéu,ﬁgrtsse{’ngfg/15 Iée % %eﬁiﬁg?%gir;l ng g?t %??&%@%ﬂﬂ%%ﬁ%@%& éRI PTI ON OF
THE DRAWMES (B&FI Gigadii er acqeadspebbines vy gf toang. €% dilpls dabous h2 .61

el ectrical cable;. FIGS.. 2a-2g are front cross-sectional views of further
oxerpl ar "SI AR LIBLIRITE SN S UEINRS 2 513 10a B 68 Pe RS OTd Aot

FI'GS. 3a-ieheab&ndBndi@Sclshidy bd dddpicl @b emEifu@l &4 tRRAEEIM RfesQhatARt
exenplary term nation process of a shielded electrical cable to a

t er m nat ilews teanpGhentabout 0.5 GHz) Gslesgthan §. 5a@bps (ebert 260 ddHz)s éxtexamale, o ews of
still,further exenpl ar hi el ded..el ectrj cab - BFIGS. Sa-bc are

per spdot 106 STETR R P EnG i Es Tl Pl 0GR rerele TIPSR e

el ect ri cahoreadhbt@&onductor sefslhaly bbataped TbEmhXiBiin 4t9&anHECIibOMBds OfiaClEst 3
illustrating a detail of an exenplary nethod of meking a shiel ded

el ect ri cdbbredphant 1.5 GHz). FIGS. 7a and 7b are front cross-sectional
detail views 'E}Jcﬁ% LRGN S0 REY b@ERGGH P lidh AR DA SH&TIARY; shi el ded

el ectrical cable;
disposed at a first end of the cable. The first termination component may include a

15  substrate and a plurality of conductive paths thereon, the plurality of conductive paths
having respective first termination pads arranged on a first end of the first termination
component. The shielded conductors of the first and second conductor sets may connect
to respective ones of the first termination pads at the first end of the first termination
component in an ordered arrangement that matches an arrangement of the shielded

20  conductors in the cable. The plurality of conductive paths may have respective second
termination pads arranged on a second end of the first termination component that are in a
different arrangement than that of the first termination pads on the first end.

Related methods, systems, and articles are also discussed.
These and other aspects of the present application will be apparent from the

25  detailed description below. In no event, however, should the above summaries be
construed as limitations on the claimed subject matter, which subject matter is defined

solely by the attached claims, as may be amended during prosecution.

BRIEF DESCRIPTION OF THE DRAWINGS
30 FIG. 1 is a perspective view of an exemplary shielded electrical cable;
FIGS. 2a-2g are front cross-sectional views of further exemplary shielded electrical

cables;



FIG 8a is a front cross-sectional view of another exenplary enbodi nent of
a shielded electrical cable, and FIG 8b is a corresponding detail view

t hereof ; w0 2012/Bb%5 9 is a front cross-sectional view ofPCa/UsRIi06052Df

anot her exenplary shielded electrical cable; 15FIG 10 is a front
cross-sectional view of a portion of another exenplary shielded electrical
cabl e; FIGS. Ila and 1 | b are front cross-sectional views of two

ot her porti ond1Ef. dxdaprodey vishisdheadustiatecdifipieal proagsiuges; of an exemplary F| G 12

is agra - rl . i . 1S t] . an exenpl ary
20shi el dggméﬁ%g%rérg%sg gg%?léglta %& % ]‘r%ﬂgt%‘ C%fcggl%é%%\?eenqﬁq%ﬁ)él%gﬁgg rti cal cabl e;
FIG 13 is a fRIGSt 4sH0as-fs@t ciosnatctiohglwiols afiwillfarthaxasmbiry siféided ded

el ectrical cable; FIG 14 is a perspective view of a shiel ded

el ectri caleaiy eabtdiesenbl y that may utilize high packing density of the
duct ts; 5 : : : = i i
condugtor se Sﬁlgédﬂe- areﬁ?&%ﬁ&w%@@&?ﬂ%t?%ﬁg%%%%mgfag)f fsngﬂ‘%g of nfalth

exenpl ary shi el ect cabl es, figure pi ct paraneters
usef ul i rshethdedatdotmidat cabde;t he density of the conductor sets; FIG 1l7a is a

top view of a eppl ar hi el ded el ectrical, cabl e asse in i ch a
b el ded cabl G108 BOREHEPY SroaS ST T On S B e LR EmP B | 5 o

si de vi ewh3R6d6F @Rking ARBicIRAWILirg] &Rl e made by this process was

phot ographed and is shown in top viewin FIG 18a, and an oblique view of

t he end of thd&lo&bVeand7sireirent erofy-gsctiogh detal\®iQeslidigs0Re 3PNt USROX®f 060625
Fi GS.l 18a aqd 189 ar ar?h lteg(%ha Q;l OL a%ls,hi el ded el ectrical cable that was
fabri (Qatera, U thoH"® 48 |r§i’ge Ctaf) Vi’ew t hereof and FIG 18b showi ng an

obl i que vi ew afiGaRa andfr@ft ckdye-s6@fdnel view of another exemplary embodiment of a
shielded electrical cable, and FIG. 8b is a corresponding detail view thereof;
FIG. 9 is a front cross-sectional view of a portion of another exemplary shiclded
electrical cable;

15 FIG. 10 is a front cross-sectional view of a portion of another exemplary shielded
electrical cable;

FIGS. 11a and 11b are front cross-sectional views of two other portions of
exemplary shielded electrical cables;
FIG. 12 is a graph comparing the electrical isolation performance of an exemplary

20  shielded electrical cable to that of a conventional electrical cable;

FIG. 13 is a front cross-sectional view of another exemplary shielded electrical
cable;

FIG. 14 is a perspective view of a shielded electrical cable assembly that may
utilize high packing density of the conductor sets;

25 FIGS. 15 and 16 are front cross-sectional views of exemplary shielded electrical
cables, which figures also depict parameters useful in characterizing the density of the
conductor sets;

FIG. 17a is a top view of an exemplary shielded electrical cable assembly in which
a shielded cable is attached to a termination component, and FIG. 17b is a side view

30  therecof;

The resulting cable made by this process was photographed and is shown in top

view in FIG. 18a, and an oblique view of the end of the cable is shown in FIG. 18b.
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FIG 19 is a front cross-sectional view of an exenplary shielded el ectrical
cabl e 5showi ng sone possible drain wire positions; FI GS. 20a and 20b
are det aiweaofrmsmiescr oss-secti onal views of a portion ofPca/ushéielosmsads cabl e,
denonstrating one techni que for providing on-denmand el ectrical contact
between a drain wire and shielding filnm(s) at a |l ocalized area;

FIG 21 is a schematic front cross-sectional view of a cable show ng one

procedur e 10f JHGSr 81 3mslgl base phgiperaphs of asbicddadedccaricad calde frabwitle on- demand
tact; . F 12 . i f i d.el ical
contact, gy ‘ia;[,e,d’ LR 16 ?Sﬂai?ee?%épopa\ﬁ&wtﬂ? eo‘g’?&?@?l@. 18 sh &vﬁgﬂaﬁl ob%éﬁ%g dwfd

o !
cabl e asse show ng a rFve confl ions in on y choose
to provi af aarndefrirdatblont act between drain wires and shielding filn(s);

FIG 23 is a top view of another shjelded electrjcal cable assenbly,
showi ng 15 andithiel9 s P‘&&F%T%ﬁlqﬂﬁ{ VIRV 2B S8R @eéiﬁﬁ?ftr@?aiw&%

on- degandy, LAk &ss:and shielding filn(s); FIG 24a
is a gﬁoﬁogga%ﬂ g}eq%gggﬁlge%f%eg‘}%lﬁggtﬁﬁ%’al cabl e that was fabricated and
treated to havddGOn2@eamabdradetaidd feoms enisact@ionandews & a peion of an enl ar ged
detail of  a portjon,of FIG. 24a, and FIG 24c.is a,schematic representation
of a fr ol bFotemonsiralpbesrTipedatr G dipEordRT el COya

FIG 25 'b%txﬁ@&%r&ﬂn%r@&n@sh%ﬁiﬁgM%ﬁhﬁ&ﬁchl@ﬂd ap@bl e assenbly that enploys
multiple drain wires coupled to each other through a shielding film

FIG 26a is a Hlop2Vissscbtmaiofrbeircredsisettdmd] ekeatiaiceble sbawing cas peodstiyret hat

enpl qys ltiple drai ire upl ed to.each,other through a shielding
1 m0; naonbiling 6F Bl ek R Bt oS eshPG ot fon. and FG
26b is a crossIeschi ol 22\biaﬁ3&\/t(%fviévhﬁoicahﬁﬁd@£ elbdtiieal 2061c 28Rn0Oiy, Ghéwingba;
FIG 27a is a top view of another shielded electrical cable assenbly that

enpl oys mlictiagyecenfiguratigng Bswhish pne may sheesero srayide amdesei c@nieki el di ng
film th . | Nk ed in a fan-out configuration, and FIG
27b i's ae"ce?‘g%gggl*‘eﬁét@%eﬁa?‘i‘flggfi“g%lﬁﬁ]?‘ﬂg)’30cab| e at line 27b-27b of FIG 27a;
FI GS. 28a-d arRIGs2henmiopsidw ofdnotlicoskickled tlconihl sabbvwss@fiblg helied

el ectrical cables having m xed condugtor sets; WO
2012/1630 88 PeTs Uiz RAn dp B Dish one mayshessesg ravide S g eontacohgtveen

Cr oss- seg}hiaRales\uh 8 \%hiefd; tnﬁg)r shi el ded el ectrical cable having m xed
conductor sets, and FIG 29a schematically depicts groups of |ow speed
i nsul at ed condi€t 24a setphotesegthl of aj shichdodi ckeetki b pahlic that weefabsbated getl cabl e;
treated to have on-demand drain wire contacts, and FIG. 24b is an enlarged detail of a
portion of FIG. 24a, and FIG. 24c is a schematic representation of a front elevational view
20  of one end of the cable of FIG. 24a;

FIG. 25 is a top view of a shiclded electrical cable assembly that employs multiple
drain wires coupled to each other through a shielding film;

FIG. 26a is a top view of another shielded electrical cable assembly that employs
multiple drain wires coupled to each other through a shielding film, the assembly being

25  arranged in a fan-out configuration, and FIG. 26D is a cross-sectional view of the cable at
line 26b-26b of FIG. 26a;

FIG. 27a is a top view of another shielded electrical cable assembly that employs
multiple drain wires coupled to each other through a shielding film, the assembly also
being arranged in a fan-out configuration, and FIG. 27b is a cross-sectional view of the

30 cable at line 27b-27b of FIG. 27a;
FIGS. 28a-d are schematic front cross-sectional views of shielded electrical cables

having mixed conductor sets;



FI GS. 30a, 30b, and 31 are schematic top views of shielded cable assenblies
in 5 which a term nation conponent of the assenbly includes one or nore
conduct i omopat2n3visat re-routes one or nore | ow speed si goaluskémmsosks om one
end of the term nation conponent to the other; and FIG 32 is a

phot ograph of a m xed conductor set shiel ded cable assenbly that was
fabricated. 10ln the fi gures, | i ke reference nuneral s designate |ike

el enents. DETAIGCER P OISt TRATTY IvE afppabeniretdedrelcwiiedli ned
bove. il ; / ol . | o5,
ot hods T CANETEHNTeE FolycBRAS Y IREG AU IRGny RAIG Rt W RBRGr RAD, oo

enpl oyi ngpdasinkehide domduotud Bets akdabk. in Befiae e coliduictos sétRPickldrablspect s of the

hi gh density shiel ded cables, we provide a general descrjption of exenplary
shi el ded cabl d4GRn 0 3Uerindry it rFRtio SR artel S@Ff‘é&dr‘iaék’l asggpflies in

Di scugsi Q) ter i i ] Lel ded
capl 65| n el dAFERkE oy AT BF I ARCARRE R ol (B R G Yo b8
descri be raspéct sncodr mdrkdow updeduseznshiiedsdain oabirekef thy immmtioanompatchots,

whi ch may, 20j ncor porate high density features if desired. Thus, we describe
aspects c}PegWF’élaHEd cabl es that have an on-demand drain wire in a section

entitled "Shi giideds IR0 HomBRARBAI G sBt W d18edF@BltsSemblYehAGRET | be

aspects of shielded cabl es and cabl e assenblies having nultiple drain wires
in a sectfhlomcagast i t| ed " Shi el ded Cables Wth Miultiple Drain Wres". W al so

descr,i,be aspects of shiel ded cables that, i.ncorpprate 25 m xed conduct or
sets n"a" st i Balry GRS laBheult BRE hSefR conduct or 'Set s
The reader is cautioned that the various sections and section headings are
provi ded for inproved oraanization and conveni ence, and are not to be

construed in aDETAKER, REGIY SHp L USRRAIIME ENBBQREVENTS on headi ngs
are not to be . . echni f r
conmponent s of %Sﬁégﬁfsl{é%ﬁtg %&cﬁﬁ%{: ﬁlge:ﬁeﬁ é@d%‘%ﬂ&gﬁr t@ %E%ﬂgeﬁdeeg %iat)trtr)té{1 %gbdl 5‘9
f eat ur es,methodsanpsn@gtskictfedaibioh ta&blentind emhbiaation®ant kgstaantmployingwe i nt end

for any information fromany given section or sections to. also b
appl iléablSélet?‘??dirFHbBP%I?IF%nB?f%r%hVué%lﬂ%?or%%%PF% ogﬁle Aoty Slt}ﬁlldé‘gs

ot her wi s&a6lc8ald YrovMiGRhED! §Qctif¥on of exemplary shiclded cables in a section entitled
“Shielded Electrical Cable Discussion”. Thereafter, we describe aspects of the high
density shielded cables in a section entitled “High Density Shielded Cables”. We also
describe aspects of other unique shielded cables, systems, and methods, which may
20  incorporate high density features if desired. Thus, we describe aspects of shiclded cables
that have an on-demand drain wire in a section entitled “Shielded Cables With On-
Demand Drain Wire Feature”. We describe aspects of shielded cables and cable
assemblies having multiple drain wires in a section entitled “Shielded Cables With
Multiple Drain Wires”. We also describe aspects of shielded cables that incorporate
25  mixed conductor sets in a section entitled “Shielded Cables With Mixed Conductor Sets”.
The reader is cautioned 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 with
30  techniques, methods, features, or components of a different section. On the contrary, we
intend for any information from any given section or sections to also be applicable to

information in any other section or sections, unless otherwise clearly indicated to the
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WO 2012/ 030365PCT/ US2010/ 060625 contrary. Thus, for exanple, aspects of
hi gh density shi el ded cables can be found not only in the section entitled
"Hi gh Denspty128B0mbded Cabl es™, but in the other secti oReTAS20¥0/060625
Simlarly, aspects of shielded cables with on-demand drain wires can be
found not only in the section entitled "Shielded Cables Wth On- Demand
Drain Wre Feature", but in the 5other sections as well, and so forth.

SECTI ON ronsuyE(libes o1 FermlcAspeckBt bigh dosisashandad cabies gan b doundmet eplded of
i ntercon e Vi el e L »Ccahl: t i ghal s
bet ween rslﬁg e%@vﬁéel}csiﬁ%geg@hoﬁglgﬁtg rrsglﬁ?(gerd %anzésc’a%gﬁf%eé)?}% E:rggcﬁ{(l)ﬁ%assh?%her
10speed dSigilatlg, aspédaoof shishdeicapleablith onndeatidndrdeaia evitss caii bs fduall kot &Glliyél di ng
is used in sone el etf al cables to reduce interactions betvveer:htgi gnal s

1

ool
carried BYC pretigheRt %8!85%#&& & Wil Rp-BemangDeain Woke Headwe buliB ei n have

a gengr aldtyerfsh&{() ggﬂ{,viegu{) tdQfeth @and i ncl ude conductor sets that extend
al ong a | engt ofnt e cable, as well as electrical shielding filns disposed

on opposite sides of the cable. Pinched portions of the shielding filns

bet ween 15adj ace t | ectrical ' e the
conductor sets fMﬁm?o%ﬁjéﬁfb%%hgtg?%m@ﬁ}%léﬁﬁnggb%%i de drain wres
that electricald e aamBECIndtsPedd 6 iiRt@nASote PN iRX iRchs&d, eRBtricArcAb RGN Of
the cable. The cabl e configurations described herein can help to sinplify

connect i ongytsgnehdctored yoclodeviess sceth bgrsaatlenindesapabledlicaringhighere of t he
cabl e .connecti.on,sites. and/or. provide opportunitigs f.or .nass, .termnation
of Y caBrel SEEH WP bR PO SACRSIBT Y T gdaUgdRe T al cabl o
2 that ingdoud®s cabl@ tdfreduct YntfacERBUEI RN sERhE cArrivdasardi@barihg Eominceas h
other along all or a portion of a width, w, of the cable 2 and extend al ong

a | engt h,Mpny @fthe geblessdnserited hppean baws segemerpdly floé conficamyion. guheelaiey in a
pl anar canf.j I il r iR Fi 1 .0l . e or
oo pl ae QU EHOA @R ichl kb LA b1 bl sl R Rl

i npl ementdsposetson Amenesifey dfshotabtabiPiactdmytidis oftheash@dding filas pétae e

configuration and other parts of the cable may be folded. In so

conf ur aﬁdia@ﬁlg,Coa@uqt@a@ﬁﬁ@}fthc?&%%ﬁw%}e flﬁrcogg%%orzﬁe&%ffr% s 2

i ncl udes YR, bNAY LA & SORAMAL BFadn @/il%ﬁ({lﬁpgkaﬁcﬁl}p&ﬂn@ctlt@ﬂﬁtsniel(g; aff cable
2. The two i'nsul ated conductors 6 of the conductor sets 4 may be arranged

subst ant icakdnyg apmngahé Engthl afiige @ble. oFhearaplerdpnfgurefionshiesdréregthhrein candfelp he
cabl e 2. Insulﬁg’ed cogduct rs 30i.nsul at ed, si

sl at edoBBIRRY SPPEETOR o S RAPar ST a REES. AL SHF SPEPREVIT RS & are
di sposed QAn&RPASItEE asd/BEFoPde bBForE @& 8 mass termination of the cable.

20 Figure 1 illustrates an exemplary shielded electrical cable 2 that includes a
plurality of conductor sets 4 spaced apart from each other along all or a portion of a width,
w, of the cable 2 and extend along a length, L, of the cable 2. The cable 2 may 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,

25  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

30  insulated signal wires, insulated power wires, or insulated ground wires. Two shielding

films 8 are disposed on opposite sides of the cable 2.
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WO 2012/ 030365PCT/ US2010/ 060625 The first and second shielding filns
8 are arranged so that, in transverse cross section, cable 2 includes cover
regi ons IwWoan/pizsshed regions 18. In the cover regi onspt4/ustomioeosenbl e 2,
cover portions 7 of the first and second shielding filns 8 in transverse
cross section substantially surround each conductor set 4. For exanpl e,
cover portions of the 5shielding filnms may collectively enconpass at | east
75% or at | eakic fget angsecand shpiding fitmes prerdripaged saothata Hytragisyerac eopduct or

set. Pinc Gl OF f . . .Shi [ i rmt he

pi nched rsggﬁgoéﬁggb&% Ch(?:%te IC(é{?%?%%b%SZ%%@?pdfz&%? %ei%(?:% l?oﬁhglget%dr‘)eg%lgfoﬁ > II]I4n t he
pi nched reEghoeblclB colertpotiany o tRs fisnendsechd shiclflingfdms Biigkidhsvgrskickays 8 are
defl ected, bringing.the pinched po&éions 9 of the shielding fil 8 into

cl oser prigXian LYstantnllyorEotRCeiTh gt ars? B xpmpis FarceaCTIRNEPGhe 1, bot h
Ot pBno AR RIS hiTp BIASEAIShEGRERS of Rod NSPLPENER: KEUSOBSORE of P N

the pinc tions into cfoser proximty. In sone configurations, one
of the shicehwitargfhny gyemagnduetvaiset. Palchtd pedtipns 9 af therfirstad pecvnldstiictdgs ons 18

when the cable ig in | anar qr unfolded confiquration, and the other

ohi ol ci ng PRI Mg paar o B aab B2 Friech ane & HEY BBOuIR Gteeli B8 bri ng
the pi nchgeehRANddi SRS SAF thdablds in€lofdbsl JfithdBhidlding FHIMS 8rardd e ik Y -

The cable 2 may al so include an adhesive | ayer 10 di sposed between

shi el di ngringingghgpiach¢deprstionre? oltba shiblkding filotsédingoeloseo peoxdmitThin sdiesi ve

ot her'% n PRECTHERE PERRERETabbch SofhNnb M SMFHE e TR 85y

or may n@findhRd BELSBNS tbMrinh €M eed R 9]iﬂtdlﬂo§eh?r_0€(ﬁbﬂtﬁ .50l N sone
cases, conductor sets 4 have a substantially curvilinearly-shaped envel ope

or per i neEBAgIAtiensa AR Rfrthe shiglding flmsimapntemapyrelasivelydlan g thie pirshed gagions

di sposed ok t-or 4 S gpﬁi : and
mai nt ai n ]t%Fle cﬂggggbgggstlﬁg z%tagﬂﬁ%@g@{g%ggn%@g%é% pare ?’ hloe%[ Slﬁglﬁg&ﬁﬂé (gnr ably
al ong sulBkt gpyidsaat kife af theehbletnhsy Boadeglicttedl tobringdihe pateched portibhd sfttae ni ng t he

cr oss-secil'%gnal Eﬂape intains the electrical characteristics of conductor
25 sdts #hgdding filig dig claset INeXiglsi gn of conductor sets 4. This is an

advant age overriRaiRoORXeakd ARAlcaIBhdRE IRLAAdigRLc AR ES WhgA e i SPOSi NG

a conductive shield around a conductor set thanges the cross-sectronal
shape of fills 8cahehachadweaethe pinched poitiomoghhed adhehige Brybot) baemls thd pinstedat ed i n

Fig. 1, each caqn tqr. 5et has exact t i.nsul.at ed caonduct or , In
ot her empor A e et i 3p SERES bl pPOEaReSRas FESHRL Bla onl'y
one insul ﬁ{e%hés%@lld%ﬂr& m& oM@y hé e YseschPinghd _Etﬁl%r Ire\gibﬂ ﬂﬁélﬂ taé gsbi€ _Q.ndUCt ors

6. For exanple, an alternative shielded electrical cable simlar in design
to tRAt of Fi dnsemamgsesmondadonists £horvdwcubstartelytonailiteagyshgprd dnmslapat ed

conductorsr gﬁ O{Greﬁ ht crogdruct or.: WO %%%{&gOﬁpSP a/eLdLIiSZ(())l%é)GOGdZS sets each
havi ng o'W BREF HETHEYEa° KORYTEHEP B SHGUNg 11I0) HIGAPOH AP khgenent s of
conduct orcosiglicGoraReh 4 fish hateghbsaneilBt @hforal toans nidigaiditbe trosestctbh g

el ectrical cables to be configured in ways that are suitable for a w de

vari ety @ﬂoqgrﬁté@@gbﬁprgbfppq%wf%y alopg subs¥antially all of, the length L of the cable 6.

Maintaining the cross-sectional shape maintains the electrical characteristics of conductor
25  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.

Although in the embodiment illustrated in Fig. 1, each conductor set 4 has exactly

two insulated conductors 6, in other embodiments, some or all of the conductor sets may
30  include only one insulated conductor, or may include more than two insulated conductors

6. For example, an alternative shielded electrical cable similar in design to that of Fig. 1

may include one conductor set that has eight insulated conductors 6, or eight conductor
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exanpl e, the conductor sets and insul ated conductors may be configured to
form a Smultiple twnaxial cable, i.e., nultiple conductor sets each
havi ng t woi2npui3aiéed conductors; a nultiple coaxial cablrer/is2@o/o6oeasti ple
conductor sets each having only one insul ated conductor; or conbi nations
thereof In sone enbodi nents, a conductor set may further include a
conductive shield (not shown) disposed around the one or nore insul ated
conduct orssts caglhang eliiloae inpalajeddeadudterdt: Eeflayibdity poyensamentpaf t he
conductiv ' l. i il u j (I I el ded
eIectricéﬁn§§%ﬁgg§E%ﬁ#@ﬁ%ﬁgiﬁgﬁﬁ 8§%@%??g%aﬁkgg%ggﬁkggﬁﬁgﬁFé?é&%¥$t ound
conduct ortg cbafigmyd imehydhatgre suichbWd foes wade diriitnofiintended dppdicamibnsodtict ors 12
can be spacedhﬁggrt from and extend(in substantially the sane direction as

i nsul at eFXéBRifuesPRIEOrSKisangd iy lated sandactersmayeberafiguisd taf¥thd gr ound
conduct or : g i I i.eldj 1 8 to each
other%inIﬁgﬁﬁﬁé&%%ﬁ%ﬁgﬂﬁ%gsfP%%gﬁ%%gﬁagﬁ¥§9§%8§£ﬁolgg?%ﬁﬁgh%%%ductors 12.

G ound caoeddudttassa haltiphy ceixed tatilealel, ymdoplt @otdwatorlseta sthcholmeyimgf ortlhens hi el di ng

films 8. . The, cr oss-sectianal  vie of Figs. ,2a-2g may,represent
various SRTHEGEOIEHEREAT CAMORMEPRLhCISPT JBoms ETbRITRSIY aSondueta sgt may,
shi el ded BHR&GLAIGEH a 6B VIORRe1d (lRJt @Mm)&iisﬁio@&i oG ©hObr #Bte ihOdated
Conduct or set 104 extends aloqgethe | ength of the cable and has only a

20si ngl e dondudterscahdoondwdatoe jadet (nbf shweai) disgosadleownddhecamdiRetiveshiddé nade to

w i oot "the aanreTaBEEh AR R K0T SoREE bR PR hdEheREh00° ©

shi el di ngptibhaTerdi cdheudds QS EHo@tl @PEeGbIsE 25haleincitic Ring 3kt or Then cabl e
102a includes a cover region 114 and pinched regions 118. In the cover

regi on 11Mres GrRendemidactepol? canths sgricd|agith ffom ageexiod in sehstradabstever
por ti ons J0£ fiaion \éggul%t%c?g(%l%%%té?rSlﬁgléiirés s b FAMPBLRCLGLRPS section.

t he cover p0r§|0nsa% Inatlon, u antia |y surroun
conduct orgre@td dbductdis 12h& hpiadhdsed lnggil0nsaylddhdahicldieg ahd & tcl@2h othehén

shielding fil 08 .i ncl ude pinched portions 109 on_each side of the
conddet oah%@tnc JOrAONSghPT B?fgpldaaﬁ goyd ppduptors BR- fdspupd copduistssl? Bay ween

shi o i g kg 1030 Sk el lss ) SR HeaD] e 1023 Turther i ncl udes

optional ground’conductors 112. oun onductors 112 are spaced apart from
and extend i n Bulbsoanstctainal/vietve of Bips. 2hi-2 oy oepressnt Wbous shielded electrical
2012/ 0303c§1g£sc,1;)/r%§ 8)}19/0?(638%?6285 In Fig. 2a, shielded electrical cable 102a includes a single
conductor set 104. Conductor set 104 extends along the length of the cable and has only a
20  single insulated conductor 106. If desired, the cable 102a may be 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
25  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 the pinched
regions 118 of the cable 102a, the shielding films 108 include pinched portions 109 on
cach side of the conductor set 104.
An optional adhesive layer 110 may be disposed between shielding films 108.
30  Shielded electrical cable 102a further includes optional ground conductors 112. Ground

conductors 112 are spaced apart from and extend in substantially the same direction as
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i nsul ated conductor 106. Conductor set 104 and ground conductors 112 can be
arranged so that they lie generally in a plane as illustrated in Fig. 2a.
Second cowenoparbicons 113 of shielding filns 108 are di spoasdoiances2sl, and
cover, the ground conductors 112. The adhesive |layer 110 may bond the
shielding filnms 108 to 5 each other on both sides of ground conductors 112.

G ound conductors 112 may electrically contact at |east one of shielding
films 108nsulgedrenduetop06.i Gandugtasdetcldddne werundgendurgors Al 2 P brprfangad 108

are effeg RMﬁk%?ﬁgﬁg%?ﬁﬂyg@a§g$§%§h Sugggggf%pﬂiiguration. The coaxi a

cabl e contigurati an be use a 'single ended circuit

arrangenment .. Acond ekt poreidnd Nl 3 dfshidlding Yienhs €08 4o sisspsetitaronal, avd eweaf Fi g.

2a, there is a na&%pun1losep ration, D, between the cover qétions 107 of
ug

the shi el!df Bipupd corduetess Tendlhandhesyslayemt 19imtneawhs %hiiﬂl_éﬁl% 1S 108{een t he
PI nChSd %%Eﬁ bﬁ’i@fi%%g’(%hgfdeg ngtg)ﬁh@&q{dﬂ ofd 11@.5 (%lggnd conductold B2 rﬁgy shows the

adhesi ve | ayer I spose et ween the pinc portions 109 of the
shi el di nglddtticmbly TOBtactrat i dast @icred Bk diegfilmms1 081 8n digurdi2a, cedvlaed @i dactdr

di sposed tween. the cover portjions 107 of the shieldi fidms 108 _and the
hont at ec UBGH il B8 [0 cretodiarB e A Gt iecausiBdood i)
this arrapgereable dAEAANES bV Rig 2y &in tehBcdaNMSinkRenBNGREH PR RGE. 109 of
the shielding filns 108 together in the pinched regions 118 of "the cable,

and bonds t he Av\lestraged ini theangzrsorash ecosihna vaiw gl Figl e thagisteomaigium

i nsul.at ed conduc 106 i.n the cowver ion 114 of the bl ¢ . 102a. Shi el ded
cabl d010opra g B baatn il daVFr FoHiShs Lt e gl i 188 28 e Ry T Far
20el enentrsinidemtsepdregb ¥, Detidedlthd Fih Eic@INeRLFHINBO f she BXCERE fillato8.n Fi gure
2b, the optional adhesive |ayer 110b |s_not(fresent bet ween the cover
portions 107 dfigt3eeshawp iecidhgsive laper hl@glisnescd bréwpensthe ainshedpertaet Y9 afoe i n

t he cover i . I} ot B sive
ayer 1105 Bandatfts 1o iy SBEAE fldons J38 5Py BELYEREE hmot RbeRAg

t oget her theicéee ppitioah 67 ot oinsldidfilats 108end ald i@sulled comdicad06iveel ayer
110 dges 25not bond cqver portions 107 of the shielding filns 108 to the

i nsullat efoXBTEER dil4 POECi cabled2eole Iygngeracnta e gAhgshe levps|1d0 baes e _
Referrin iﬁ&leg;pemo%g 105 ?ffﬁ!e A6 B L6 QB! to%éfﬁ’érqn M%ﬁnéh%d %ﬁg{bﬁm sidF iRl el ded
el ectrical cabfe 102a of Fig. 2a, except that cable 102c has a single
conduct orcablet arOsbmdsHicotovhgsortiows 107 ltiat shakldiog diims $08 taltBéensulateddesi r ed, t he

caol e 1076, TR e VST Bh fRcopouctor sets, 104c spaced
g ﬁg' e. | nsul at@geiganeved e KIHG. 26 B ahilANeeb188024 8t Fi¥ulcDadwith RGhiarP! ane
20  clements identified by similar reference numerals, except that in Figure 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
25  not bond cover portions 107 of the shielding films 108 to the insulated conductor 106 in
the cover regions 114 of the cable 102.
Referring to Fig. 2c¢, shielded electrical cable 102c¢ is similar to shielded electrical
cable 102a of Fig. 2a, except that cable 102¢ has a single conductor set 104¢ which has
two insulated conductors 106¢. If desired, the cable 102¢ may be made to include multiple

30  conductor sets 104¢ spaced part across a width of the cable 102¢ and extending along a

length of the cable. Insulated conductors 106¢ are arranged generally in a single plane and
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WO 2012/ 030365PCT/ US2010/ 060625 effectively in a tw naxial configuration.
The twin axial cable configuration of Fig. 2c can be used in a differenti al
pair cirowdomrmsessgenent or in a single ended circuit aPCaI$RMBO60625 WO
shielding filnms 108c are di sposed on opposite sides of conductor set 104c.
The cabl e 102c includes a cover region 114c and pinched regions 118c. In
the cover 5region 114c of the cable 102c, the shielding filns 108c incl ude
cover poraffestively ovetwinatialcopBeuehen. c biivdn exiakeable guéiguragon phRiey 8¢ &1 cr oss

ol onory | ! e . e 2
the. conauierBeE BUFtPBRRLART, el ReGRORLIAL Shulo SHER Mohl Araduchlih 210
shi el ding fil Mwd@8eldindilndd0pi achispopar ¢ aipsitdddesost coadittarisdel Gfc. t he

conductor_set 104c. .1 optional. adhesive |ayer 110c nmay be di sposed
bet ween s?he@ah‘leﬂ% inchdies pgeverspgian dLde @dé&mrhieg sgeiouspl1§c @z@e £AYSher

i ncl udes | t : ko : rs 112
di scu gs ecir Q%E){é\? :i'géugﬁ/l 9 H%ﬁ%g nd”’ (%:ige nsﬁLeZ?%% gl &11% %@ééﬁgug%%%gﬂg&glgﬁg wg&r%]& and
ext end i rcosettbt amiduator yettliddc.s bnteardiverec triosmseaon, ithesedvat pattiomntlfet mr s 106c¢.

Conduct or set 104c and ground conductors, 112c can be arranged.so that they
1o genercariyedigmaraE Honr (S epibisrisnt WG e Pinched R JI8EL ¢ af ot
in the crgrsge &8 1020, OF shikbQlingGimst T8 $ndlSdcehiREed FYMone RB9@EA Oth sfde JFet ween
t he cover portions 107c of the shielding films 108c; there is a m ni num

separ at i dhg caiducioesstd@ic.t he pi nched portions 109c of the shielding filns

108c;,,and thereg is.a mnpimumse tio 2. b en the ,shiel di filns
To80 ot ween: hsoRida ATV OB SR R rhflbe, s S bR B G ABY Frf88e o
adhesi ve dnaiesd diddieicdicaiied ot hetheemoludBeomioneh@dumbedndansrsia2e shildrhe
shielding filnms 108c in_the pinched regions 118c of the cable 102c and

di sposed #etondedersddy discpued prsiiouslyy Gropnd erndypioey Wi2egra sreeed apeBc and
the insulglg dan‘a%%gaﬁlf Cibs R8I @gts%ﬂ'ge ﬁﬂgg{oofrfggihgtga%éé§%&%t&p??]6%abl e 10zc.

In this arrangenen e yer n € plnched portions
109c of tCtendabioebdilfge fnd geuddEmduogat et chmbé hearcd ch edht tregiliengndrdBe of
the cable 102c, and al so bonds the cover portions 107c of the shielding

fil mg>1088 ahipnere ilyseatedivbie ofduct ors 106c in the cover region 114c of the

cabl e 102c. A jiustifi&] fhafle ERAB &chOR0r Pl L, W€ 2HnbhSinfiMdp@faiibR, Habl e 102¢
of Figure 2c, wth simlar elenents i1dentified by simlar reference

nuner al s,beexeaphe tdhat pomiooa bl & cﬂf@lzq:jslﬁsﬂding;fﬂm 188c; 3ac _Es%mﬁmnﬂua:yer 110d is
oL BT e A SRYEn. R LS TS 0L L% SPLRL I Lid e A00¢ and
En[ﬂ fhgf ;ﬁlgﬁgﬁ?ggl sehaiBtiGl e He¥Pednat@5hidiiRE MBRADSE BavRENERERsUrRE] | Ons 109¢
20  conductors 106c.
Fig. 2¢ shows the adhesive layer 110¢ disposed between the pinched portions 109¢
of the shielding films 108¢ in the pinched regions 118c of the cable 102¢ and disposed
between the cover portions 107¢ of the shielding films 108¢ and the insulated conductors
106¢ in the cover region 114c¢ of the cable 102¢. In this arrangement, the adhesive layer
25  110c bonds the pinched portions 109¢ of the shielding films 108¢ together in the pinched
regions 118c of the cable 102¢, and also bonds the cover portions 107¢ of the shielding
films 108¢ to the insulated conductors 106¢ in the cover region 114c¢ of the cable 102c.
Shielded cable 102d of Figure 2d is similar to cable 102¢ of Figure 2¢, with similar
clements identified by similar reference numerals, except that in cable 102d the optional
30  adhesive layer 110d is not present between the cover portions 107¢ of the shielding films

108c and the insulated conductors 106¢ in the cover region 114¢ of the cable. In this

arrangement, the adhesive layer 110d bonds the pinched portions 109¢ of the shielding
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WO 2012/ 030365PCT/ US2010/ 060625 fil ns 108c together in the pinched regions

118c of the cable, but does not bond the cover portions 107c of the

shi el di ngwbi2bre®3088c to the insul ated conductors 106c i RCThS2@0060625 €gi on

114c of the cable 102d. Referring nowto Fig. 2e, we see there a transverse

cross-sectional view of a 5shielded electrical cable 102e simlar in many

respects to the shielded electrical cable 102a of FI%S 2a. However, where
S¢}

cabl e 10Xdmsd@Be thesthsr vy thg Peckeshigaons d 18eef thogatiebuhdoasmoybendsthe g@‘éer
| at 104
a2 LBt SRR FOR B IASR B LB SRR 104

cabl e 10Zegiofdibdeoflii2eattayohk made to have nultlple conductor sets 104e
spaced apart fron1each ot her across1g 10 width of the cable 102e and

ext endi ng aI orRFIErTing MgPHO 412 - 2Re e A% BT ASENSY e FratSe R ticr R 106e are

arr anged t ul at ed
condugt orsgel 1 élé{c%ésétl bé{abrlgbﬁ%g %%gﬁr q#]%llngﬁ;(igtg% g%g&g{%m clee Y\‘fl\k“?ingt h of the
cabl e 102« Figi2gu mmeﬁ@mﬁrﬁcabknmhemclsdﬁselsﬂgﬂe edndottor srall()éhhﬁmg d0iRfa t hat

is also simlar in, man respects. to.the, shiel ed el ectri abl e 102a of
Fo 2. WL pertgRER R S R el Ml gk s 8BRS 5a

havi ng only igsudtetshdubor et dxeAMidB Gl alisth Qﬁﬁ’ﬂe%aﬂ-l@ainé nchyldegea single
conductor set 104f that has four insulated conductors 106f extendi ng al ong

a | engt h rody bmadeatol @Ve_amﬂtlpla’h@n@amr @et&dme spagcdrparteitien tachtraler agrgss R pl e

cabl 40100t 0T SO ERTRA IR Blnk FGR o e BB Opld © 11

| nsul at edtoa@insdig t106§aré%fan@ddeef&bﬁaag @la ewfs@a%;m\f ehdle laﬁa@geﬂw@d verRd by
arrangenment, whereby insul ated conductors 106f not tmnst ar ound

each ot hepswhicd pnduaoeyl 068 huise pionad sowbrothstan gxign ﬁ@néall@W&l of the ctle cabl e
102f. Ref Elng back to Figs. 2a-2f, further enbodi nents of shiel ded

el ectrical "cables 25may include a pIuraIity of spaced apart conductor sets
104, 104c, 104egneafaaﬁﬂsammhaammumﬁéMmmaﬂhﬂﬂe@ﬂzfmmﬁaa@eﬁngemﬁtﬁhhy in a

singl e plane Optionally, the ed electrlcal cabl include a
pl ur dPi t yegreety ﬁ%ﬁw&h@%éﬁ&cgﬂ@f bieg &8 HEYYRY: \@ﬁ&?@iﬂ% Hiiang
general | Mn&lﬂdés@eslﬁg”}@goﬁi&ﬁ)?%étQ'M"hﬁvm g1y mﬂécl qla@émﬂaa&&sm§ cidie

conductor sets. In sone con |gurat|o uctor sets and ground
conductoﬂ£2£amhbbsasm@hg@dmﬂmg&meﬂhﬂnmnmasﬁmsumgh&ﬁpbadmnmﬁﬂg6f29

I Tustrat e%en?img )fonrgpa l%ngth o??l?edc!amaeqwgf Tﬁeu ga%lea l(ﬂ} Irnayqae rnacle to %{IGC r?'llultlp?bl €.
conductor sets 104f spaced apart from each other across a width of the cable 102f and
20  extending along a length of the cable 102f.

Insulated conductors 106f are arranged effectively in a quad cable arrangement,
whereby insulated conductors 106f may or may not twist around each other as insulated
conductors 106f extend along a length of the cable 102f.

Referring back to Figs. 2a-2f, further embodiments of shielded electrical cables

25  may include a plurality of spaced apart conductor sets 104, 104¢, 104e, or 104f, or
combinations thereof, arranged generally in a single plane. Optionally, the shielded
electrical cables may include a plurality of ground conductors 112 spaced apart from, and
extending generally in the same direction as, the insulated conductors of the conductor
sets. In some configurations, the conductor sets and ground conductors can be arranged

30  generally in a single plane. Fig. 2g illustrates an exemplary embodiment of such a

shielded electrical cable.
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WO 2012/ 030365PCT/ US2010/ 060625 Referring to Fig. 2g, shielded

el ectrical cable 102g includes a plurality of spaced apart conductor sets
104, 104cwarnengestsgeneral ly in plane. Shiel ded el ectri ealr/usaiomcke2g
further includes optional ground conductors 112 di sposed between conduct or
sets 104, 104c and at both sides or edges of shielded electrical cable
102g. 5First and second shielding filnms 208 are di sposed on opposite sides

OL t heblcabl e Wefyriaado Hite 2arshinhdrderlectriqahsable 102 inghidoes Blaraditpesspged i on,
cover regPons R Fl0%HRR SRR AL 1G] REATR FOR 1o

shi el di ndufthdriscl2ds dpfiohd] @psundrceadwit@s 413 dzposed bstixshaohdwrtdrgesundound each
conduct or_ set %04, 104c. Pi nched %irti?ns-%i9§3f the first and second
f

10shi el dil¥gcend agboshs deerRdeseoish 4‘?@(? FE DR o1¥%n two si des of each
Condugt or set F]i%flancﬂ's%%&}&i shielginglfgﬁszgﬁ%e% Is&i Mﬁpé%gﬁe S &‘tﬁ@&’%ﬁ% around

ground conductors 112. An opti esiv ayer I spose et ween
shi el di ngl02gland a20B8raapel swothals irt trensperve tress gotion, dinscadleol 12 ivdledsvioetrdi ng

films 208 to e ot her, in the pinched regions 2 op. both 15si des .of each
conduct o8B LGrti el ARG, df Do CHPEREs PLt S8 SHHlei e aions
conbi nat ign ¢FhCOBXARI sc6GHY s%iédih%'ﬁ%ﬁ@% i teGRAUHCEREs R6lich kBdhnRNH a

tw naxi al cabl e arrangenent (conductor set 104c) and may thereforé be

ref er r ed sugowsd eachybndugtarasbl H4al 94mdbnehetl podmas 24 Jof thefirstend sedontihe
hi el.ded el ectri.cal I Yy be term dto.a 20t i hat i t
sucn Be afisTin Bt FERE OB T B 2R ' Grestd L Bl A9 Fhe "

i nsul at ediggagnduct ors and ground conductors can be arranged generally in a

single plane, the disclaosed shielded electrical cables are well suited for
nass- st ri ppi nglheishielding fEms 208 are divpeted aseuidappwyl eondu¢tarsdiR e Adi aigionsll ms and

i nsul at i . I ] . - ] | i.e., the
si il + anahe FkhIADTE HB0e pERREN ShiSlafne AAE A3 L8R ALy

conduct orpriadid 240 ofi td shiedditg fitmns 208\ail cabh athkepinstha piohel @uions@2&dn bathl e
assenmbly process. This is an advantﬁge of at Ieasﬁwsone of(%he di scl osed

shi ellded sifcs Of pachaongugiprest 16, d 0d¢.  Shiplded @ﬁ&gcﬁfca JdOPgincdrdedaduct or s and
ground cqpeict "E)lﬁ o BYaxidl QhbIEX AT e‘?nenggc&?({dad?%tg(igﬁﬂ}ngqﬂmxiﬁ Qpgluctive

pat hs or other elenents on a prinhted rcurt board,” for exanple. In other
cases, t herasgemppécbngnder st 1040uhdiney thonfueborederagidods aduybud dabdonduct or s
may be termnated to any suitabl e individual contact el enents of any
sui t abl e ¥EPEYAA on device, such as, e.g., electrical contacts of an

el ectrical comnpgetH0s,-or N 8PHR/sARBAREREH WBMIL/ REPR2Rerminated to a

20  termination component such as a printed circuit board, paddle card, or the like. Because
the insulated conductors and ground conductors can be arranged generally in a single
plane, the disclosed shielded electrical cables are well suited for mass-stripping, i.¢., the
simultaneous stripping of the shielding films and insulation from the insulated conductors,
and mass-termination, i.¢., the simultaneous terminating of the stripped ends of the

25  insulated conductors and ground conductors, which allows a more automated cable
assembly process. This is an advantage of at least some of the disclosed shielded
electrical cables. The stripped ends of insulated conductors and ground conductors may,
for example, be terminated to contact conductive paths or other elements on a printed
circuit board, for example. In other cases, the stripped ends of insulated conductors and

30  ground conductors may be terminated to any suitable individual contact elements of any

suitable termination device, such as, ¢.g., electrical contacts of an electrical connector.
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Figs. 3a-3d illustrate an exenplary term nation process of shiel ded
electrical cable 302 to a printed circuit board or other term nation
conponentw®2412/0Bbd6s t ermi nati on process can be a nass-t @CHUS24100606pF OCESS
and includes the steps of stripping (illustrated in Figs. 3a-3b), aligning
(illustrated in Fig. 3c), and term nating (iIIustrated in Fig. 3d). 5 Wen
form ng shielded electrical cable 302, which may 1general take the form
of any of the Feabﬁés}dsﬂwtwwmpmww@on@rwwo tshielded olastyeqab prblof

conduct ory e{gtﬁ P gﬁﬁd cn@@#ﬂbé@@% 881%9%&@58%§Cﬁ9§n¥3&{é9h9{9“f}ﬂs romdngber s 312 of

shi el ded “e e arrangenment of contact

el ement s ﬁd&s@é’anﬂjd dinegh- terrnmumcbn Ihmaassd add theluales die svepy lodl Stﬁbplmig Akustratey
S|gn|f|cant mani atl I the end partions of shielded el ectrical 10cable
302 duri B Figs dpmkhel lg}mg Ihstrpsed 1gdig. 3¢), and feymingding (idlystrated iy Fige 39 i n Fi g.

3a, a ﬁ;\%ﬁﬁdﬁ% s%geﬁ&’%aoélec?ﬁ&a?'c%?lé‘goi | 1{TBh §1Q§st i SorcRITOM&Ghe Siuhl 3p! €

met ho e use mechani ca |pp|ng or laser stripping.
Thi s stenhex@ﬁﬁﬂ$oanaembrﬂ@mnb@hmnmnymswhahgﬂﬂn@nﬂunﬂomsr§ﬁ£3mhdmghﬁmnd

conductors 312. I.n_one aspect, ,mass i of en tj.on 308a of

chielai oy g TeEs fecenaraon i 20 SR eRR ko ok 2Era 1 connect ed
| ayer t hahatbfedSt8 PR @t b JrRBnth AW ALHOM Pbn prisitd afQ6t SRRHYES, Qr$ch306.
Renoving shielding filns 308 frominsulated conductors 306 al | ows

pr ot ect i omté@ahmgtateea@csugmﬁ@dnt ghoipulatign of thetvad gottwani sneldehecetrisd provi des
i nde nden% E@% nent th e osed end portions of insulated conductors
306 d d? ﬁ HB%% H' R step illustrated in Fig. 3b, an end

portion 306a ah tlﬁé’lﬁep?ﬂlulsﬂﬂﬁbﬂl ﬁHFlgf‘Banan bﬁ@p%xﬁbﬁ@ﬂ&ﬂﬁﬂhh@él@ﬁlg i385 308 isr emoved.
Any suitable nethod nagkbe used, such as, mechani cal  stripping or

| aser st MPPEYefy. Amhiuta ébeth%@%?e&ﬁﬁdeﬂ&hﬁér? g o FICElani (b s EHRREOF Gpciof

el st ri Al IBpr o Go3e 8eagGL AR R bt T Rb G efbr 368 ataraBlll 0 OF1 o
the end pohntuons 302. ihencapeitohassstrigpingsidndtpoeti@odiBacif ohisl d3QHfi mmcB08he end

porti.ans of g und conductors 312 of shielded el ectrical cable 302 are
al|gﬁéd Wb PP % %@P“@i%ﬁ%ﬁ@émgﬁﬁg@ﬁyﬁPmﬁﬁéﬁﬂ6??é%ﬁﬂs%BQFE fsam thg n t he step

i1l ust ratlﬁgllét[bn%fgnsugﬂed M?ﬁu@cﬂfi 308! Tﬂeﬁ{b%u%f shi¢] &in%‘ﬁ'ﬁﬁé’%@f@mq]ﬁsdlﬁgﬁ! ated

conductors 306 and the end portions of gr ductors 312 of i el ded
el ectri cajondlatndne 380 allawepltoeactmm ageukt tlectmal shotrting a mierse k)catlﬁlscumdpisiont ed

circuit boar Ie suj tabl e nati o s that be
Cheq i nolaHdsTT daET A e raenL b Prase SR A s g
adhesi Ve'aﬁd%%lﬁid%ndﬁd@ot’@@ﬁ@ Pﬂtfh@‘é’ce illustrateldin FYTBH CASERL poktitsh Sheacdraged
shi el ded cabl es can be nade to |ncFu de one or nore longitudinal slits or

ot her20s plipsudatiingy dswthrtgsbeandeeforsdus reorovedt dny Fhidabipmicthod meay Useuseded WO

2012/ 030365hPCT/ USZOl%/ 0606
such as, e.g-, mechanica

%rlpping or laser stripping. This step exposes an end portion of
the conductor of insulated conductors 306. In the step illustrated in Fig. 3¢, shielded
electrical cable 302 is aligned with printed circuit board 314 such that the end portions of
the conductors of insulated conductors 306 and the end portions of ground conductors 312

25  of shielded electrical cable 302 are aligned with contact elements 316 on printed circuit
board 314. In the step illustrated in Fig. 3d, the end portions of the conductors of insulated
conductors 306 and the end portions of ground conductors 312 of shielded electrical cable
302 are terminated to contact elements 316 on printed circuit board 314. Examples of
suitable termination methods that may be used include soldering, welding, crimping,

30  mechanical clamping, and adhesively bonding, to name a few.

In some cases, the disclosed shielded cables can be made to include one or more

longitudinal slits or other splits disposed between conductor sets. The splits may be used
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to separate individual conductor sets at |east along a portion of the

| ength of shielded cable, thereby increasing at |east the |ateral

fl exi bi |l iwg 20f2/3b885cabl e. This may allow, for exanple, trhe/usheielodmsads cabl e
to be placed nore easily into a curvilinear outer jacket. In other

enbodi nents, splits may be placed so as to separate individual or multiple
conductor 5sets and 8round conductors. To maintain the spacing of conductor

sets and tgsensic suidded spaduckysispis gt least alnmed peaden b lengt ofrigiclded | engt h of
shi el ded chrigal ) i I Yoo i t sets and

gr ound cé%/%t 8#%9P%§a hﬁggl%ﬂgﬁéﬂ%%@“g%@ﬁ?@ﬁﬁﬁkggﬂﬁﬁ{@ﬁggﬁggﬁégf?ﬁca

cabl edso A&ample, t‘misht)e&ieﬁl ca’algs*.e beplm'bétaﬁlb?rbaﬁﬂpabdé :aicmwilihﬂeheoulﬁai jh&l&t.rrﬁ% n?t |
extend into one or both end portions of the cable. The splits nay be forne
in the 10¥kRreMpedinginéy splits g1ay mlaéeié@ AYytoasharatsiipdigidualRirmgtipleSoRAICAY
e.g.,sla ' hi : j ' i it h

ongt Cuds o a1 P BRRHIE T i B R aling i RLERTRLAZ8 B Mo i ¢ he
di scl osedosthicedrdegliel reay bé diatontiabdesalorsytbh lagth & shicldddall@sricagcaple. To
increase at. |east the lateral flexibility of the cable. The shjelding filns
used in tfﬂ%m‘&ins‘ilF SBEY s icgpﬁlécaorcsgma@é g&%lﬁ‘drfé?%} RO & f‘tg"?%r“ gie end portion

15conf i guyratshRMiedand i@l BRAesd £ 1B nYahth Bl MaRiteadStion ApSANE, ARSBRLs R OF
nore shielding filns may include a conductive |ayer and a non-conductive

pol ymer i oot aytend inthencerutie end/eortionseof thaigabla cThedwlitypasbé fameéd ichrduct i ve
mat er;i,al , i ncl udin ut.not. limted, to er. silve al um nu | d, and
o oy bl Sdehdapiip O Blime b S8Rl Ry TBRP Shon Gt Endpe Pt ungRui 21
pol yner i angmeddesfidlin cormbink@bm@ith Wdngitalinki dpliteethtOsiRRbMERERS ,ofapmﬂl%@' m de,

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

pol yphenyhshke ined gethe étﬂckﬁ’é@dq%hl@ﬁ@y depred spblew sugbisy e &r HBeleat e ©i | i cone

r ubber, i er...1.pol yuret hane, acryl ates,
siIiconegﬁaﬁggg?gﬁ&ﬁ@%kggaf%%%ﬁﬁté#q%%ém§£nthetic rubber adhesive. The

non- conduct i veThaohjetding €lrhaysed imehe disttdsedehiokled osiblegnrad hadelh tvanasg ofind/ or
fillers to grovlde prﬁpgé%fes sui.table for_ the intended appliﬁah{on. In
sonelé5cé§@ gwa?9m%%§te ed?aﬁﬁ%d§ﬁﬁéﬁﬂﬁnﬁﬁpﬁﬁﬁ?$ﬁ39nqﬂﬁ?ﬂﬁé Y 1%Z%n‘nati_ng
adhesi ve da)ef, 0hsRas ngrttﬁl H’@@ﬁ#ﬁ%d%%%hhﬂ&ide%ﬁéﬁn&{&qa%&? TREN- conducti ve

pol yneric layer. For shielding | ms that have a conductive | ayer disposed
on a non-moddiictilayer nay engluderanyhsattatde berdncse: hatesalp melutm obutewt Bmitod

surface that is electrically ndyct.i ve and opposi te maj or exterior
surface (REEPRSE NyBe AYT P ad CURMBERR0E, TR msrnd el ey PP H T Tbe

i ncor por ahgdint AU aRPENRLRYRHES Hadligl, mhﬁ%ég%@!noﬂﬁﬁﬁt@d Rfolste@nt at i ons as
desired. In sone cases, for exanple, the conductive surface may face the
cond@ét orpobemedep polyamideainade, wohesiradhigragtholand, nelyrrepylamsd polyctotanccases t he

non-cond up%tlglp\ﬁ%nﬁgﬁef & 1der,T%Xnye%§IFeng rﬁ%ﬁﬁhaﬁ%@?&o@?c%bsdnaée? sifidsneru eel':,r eeihylene

propylene diene rubber, polyurethane, acrylates, silicones, natural rubber, epoxies, and
synthetic rubber adhesive. The non-conductive polymeric layer may include one or more
additives and/or fillers to provide properties suitable for the intended application. In some

25  cases, at least one of the shielding films may include a laminating adhesive layer disposed
between the conductive layer and the non-conductive polymeric layer. For shielding films
that have a conductive layer disposed on a non-conductive layer, or that otherwise have
one major exterior surface that is electrically conductive and an opposite major exterior
surface that is substantially non-conductive, the shielding film may be incorporated into

30  the shielded cable in several different orientations as desired. In some cases, for example,
the conductive surface may face the conductor sets of insulated wires and ground wires,

and in some cases the non-conductive surface may face those components. In cases where
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WO 2012/ 030365PCT/ US2010/ 060625 two shielding filnms are used on opposite
sides of the cable, the filnms may be oriented such that their conductive
sur f aces weacei2dmaidssot her and each face the conduct or setrsTarsdoigensasl Wi res,
or they may be oriented such that their non- conductive surfaces face each
ot her and each face the conductor sets and ground wires, or they may be
oriented such that the 5conductive surface of one shielding filmfaces the

conduct ortweehigldingifiiroara ased ereenpost sides Hfehnenple drrdiiletsivey Bupresed weht he
other shi tﬁét%&gféddhé?i\ieas%?ﬁc&%&“&%ﬂ i 5&% @a{&ﬂ AHOGon rcrt%ﬁ sdid it é\%ﬁn&)t her
side of the cable. n sonme cases, at |l east one o e shierding filns
may be orwirdscbritiey mastbanicaled Rechcthadttieit hyie dontumative yaHags faccactpbthardndor
flexible netg%efoil. The construction of the 10 shieJdig% filnms may be

P

sel ect ed BESEWC JiF QANTIBRIC oMYV iSEy Ahtcy PEYSGiargBice SHa thehbei nt ended
app 1 Gat | BRduNE Rudoe F ofle shitlafi Bl fibd hELBRhiclf Slis BRI LRLIBGRs, AN

;
configuration o e shielded el/ectrical cable (suc , e.d., presence and
| ocat i on tb¢ ngr-cemictonduatoosthe other slopldinpafSlesfac¢shmndintet etspdfgroursl may have
an integrally formed construction. In sonme cases, the shielding filns may
have a th‘?’%%‘fé‘ggﬂ?erf)t{l?feﬂ%ﬁfgée %??’?60 01 mnmto 0.05 nm The 15shielding films

desirably providgmksNcatdt Mhst Sl ikl ﬂﬁl@ldﬁ@(ﬁhﬁa& %‘yg& ot PGl % Pataash: t he
conductor sets, and allow for a nore autormated and | ower cost cable

manuf act wondertiye ddmssuchlan agdaiptiagor fickidlemitel Wilnheicongrystiew ehthea

h : " Sj I k- " wh by.. hi i I
Bt ortat i S8 DrES me? ¥ 3dre R Bl Oh raBmkE S P ARG Sor e Hihiien e
typi cal | yinRa€dd plibatRanyiehtas 0@l flsibigitd etbctlrpdridimbn&a bhEsontiargion 020
conductive shield is wapped around a conductor set. As di scussed

el sewher éhpalielded clgetriealiopblersicaras o g nilipsaec aaétpcptipn oferewsl condueigs)-ulit i on
to bond qng Qhsdfie %Hi'efﬂ'firﬁgt ﬁﬂnsfrh a\;e%ngf/?t%graﬁg'Tgﬂne(arcoﬁétkuc%fontlﬁesoﬁlgndum or
(0] e, and/ or a

sets at cover reglons € ca hesive nmaterial my be used to
bond two cabdseihdishiglding fiknd mgehiera thickpessdined raggi (f1is) lohnt fod). @adnhe. T | ayer
of adhesiye material may be 25djsposed on at |east one shielding film and
in cdses 18g filfgs QWFré%lléﬁHﬁ%Vl ?189@“9?@%%@8%&&3@&&%89@1% btweeft thene cabl e,

a | ayer %fonw&%e%eaMImﬁir aTidtre Qﬁtoﬁia@éﬂoﬁﬁqﬁﬁ&l cg)gtt HpfIh el fhdgidd | ms. In

the latter cases, the adhesive used on one shielding filmis preferably the
sane as, rrotessraln adflitobesihe sbichingififnfispreviint & ipbenomdnen kdbes iay Esigsddudn t he
other shielding film A given adhesive | ayer nmay i nclud n electrically
nsul at | VBT aHHEYRCE: ARG SO A e PS4 BB AR S F o

shi el di ngrifi§ pr@omeHbd RPIANY Sccids B dRNCRHASBINE Jd P EtribMYaELWhEE adN

i nsul ati ve bond between at | east one of shielding filnms and insul ated

conduét oreondictiyashicklossvrapnedarqundfa conducteirrdtict or sets, and bet ween at | east

one of shi el di ngy;s YRGOIIZRIRRECTUMBEOE HREAPERy be used in the cable

construction to bond one or two shielding films to one, some, or all of the conductor sets at
cover regions of the cable, and/or adhesive material may be used to bond two shielding
films together at pinched regions of the cable. A layer of adhesive material may be

25  disposed on at least one shielding film, and in cases where two shielding films are used on
opposite sides of the cable, a layer of adhesive material may be disposed on both shielding
films. In the latter cases, the adhesive used on one shielding film is preferably the same
as, but may if desired be different from, the adhesive used on the other shielding film. A
given adhesive layer may include an electrically insulative adhesive, and may provide an

30  insulative bond between two shielding films. Furthermore, a given adhesive layer may
provide an insulative bond between at least one of shielding films and insulated

conductors of one, some, or all of the conductor sets, and between at least one of shielding
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films and one, sone, or all of the ground conductors (if any).
Alternatively, a given adhesive |ayer may include an electrically
conduct i weoadtasbise, and nay provi de a conductive bond PeTRES00MB25
shielding filnms. Furthernore, a given adhesive |ayer may provide a
conductive bond between at |east one of shielding filnms and one, sone, or
all of 5the ground conductors (if any). Suitable conductive adhesives

i ncl ude ddpgaet pve spaet orelleaf thogionad p@tsiumés fif aw)of ltemetvely cagiveur rent . The
conduct i v h tly used,
such as Sg gsr@{éets la% T{;ﬁfﬁ@lu‘a@ 8§Q%ct?1galiy gond¥19t eoe{cjziféleﬁ% h? I'ﬁ%? p?('Sl\l;l ? gl e s hapes
They may doadswive tond bawlasﬁ am slﬁélumgsfﬂmdeﬁﬂhémmk@a gstmmdam@salrapann@ ack,

carbon fi bers, C S, nickel coate Qp spheres met al - coat ed
oxi des, TGP C%ﬁ%&e DI hedieqn 9 dgast Or@roféﬁ??@h ey 8 Qgniama, powl of
parti le a 1y
msulgtl?\ﬂée ?ggfgﬁg'tﬁ;lyﬁpﬁ Sﬁgﬁgﬁég@ﬁgggﬁggéﬂﬁm1B§H%%% c%?ﬁ% materi a
such as giarticdes, to@tmndemhmﬂom co:ﬂeéécmml cumahit.uitht condoxiideparfities camtl®l anydt ed

i nsul atin nater éan be ubst ntlallgghollo particles such as hoIIow

gl ass. spHas BOSS of PG CCBHPIL 45 Pich Hrad bt BRen s oGy 4BOTBIMAOTor ot al
oxi des. U%l‘i‘er%’értfc@é"ﬂidﬁ% Vivch @ dyl el B d BRYuRBnARY {fidYaddlesHuch 8Y&IrBdn t ens  of
m crons to nanoneter sized materials such as carbon nanotubes. Suitable
conduct i wdackdprrbo Bbermenycledl sphermchiokid caated n@lmﬂ spl@r%onry%po@emldw

V%en sed i e canst ructi.on er | eferably
subs e it P e SR, SR URL Dl R PR R BuBE hecadi e,
and 20 cqhattemdahdcwhddd ffoeg alcétricallprRbdhfit: ﬂi@ﬁetlel@sh@faretm@te@@bb@ted Wit @me
cases, a given adhesive |ayer may be substantially continuous, 8

ext endi ng?oadwlgeﬂ%@iaéﬁlﬂqhaaswgmrh@lumumélwl@hgﬁhndawa tigrQtieie- ofheamefelen mmmj or
surface q yer may

i ncl ude 6%a%8%%¥a2?§q#ﬁ&gﬁggé%%%|ﬁﬁ%ﬁ%; Or%@@gﬁ%F%QEP%998@h¥§F§§ | ayer may
be presenphant,or mymmnp@sdhdmsteahl@ pgcht d3ezldse bgdd’s odimetdl dikhiepf The gi ven
shielding film A 25 di scontinuous adhe5|v Iay?r may for exanple({nclude a
pl ur dPi t yFOBAUGHYR FREGHS fagy t%fcfﬁle’gP Qedeg Pﬁeﬁé@ toRa Pl BiQoRs tepgayctersiged  pet ween

the pi nchad.RAL Li@ns chfboh*ﬁﬁnétD%e%' &ungyIE 'cbﬂEﬁchOe DaGive dé H83 aRb ifAde aCO“dUCt or
set and between the shielding tilns beside the ground conductors (if any).
A given a@héanmepnbm&rmathay be or include at |east one of a pressure
sensitive adh ve %éhot mel adhgﬁlve et adhesi ve, and a

cur abl e adhesi ﬁ@?mVéa@ﬁcP %?“ﬂ%imgﬁ?%ﬁ?ﬁﬁﬁﬁ%ﬁﬁfﬁa Yovi de a bond

bet ween %ﬂbﬁh&ha cBhifo%ame@tsﬂ@ewaﬁteaau@k Ebém%hfs%i’ﬂ%cabféaﬂn@ bond bet ween
one or nore insulated conductor and the shielding filnms. This may be

achi éPed coefcgmablbwlépq@g@]drw aerdisemetonof the cabihe I@cmé@waeesmgmm adhastye An
advant ag € conf i uratlon i |eld| fllns to
o Tonar o i SPUEHafF SRSy Plie fiaBr e EuP Ehardtheth OF ner
cases, arhn@d’h@ﬁl' ofa i PnehajoRyurbR e 008 &ivet KB ity PIOVind@nit da%dthbaﬁh\@m
shleldlng films and a bond between one or nore insul ated conductor and the

shi el di nda¥dr Ay ipelgde by wibsanaibndipeantipu@udor QX%@HI?) e admswaéwahma@ 8¢ of

this adh r e, anchor ed
bet ween ﬁﬁé%gwﬁg?é}ng %ﬁ#égbg%%ééyh %ﬁﬁh+ %ﬁﬁ$ ied C%F&hﬂﬁ%ﬂ naving this
const2suctdigwoniisudue atlhestwdilsycainlagvibr &xainpl¢ incluee raq;lh&taht\ye)f ienpgtndinkl @thdsive

t herefore reduces the |i od of  buck of t i.el di filns,

Sui t abl e Y hate %n%se% H@t‘ﬁ%‘é BhPS ’Ié%j?P%’HOItS th%%rlﬂéﬂe@a %PP@QEhi on. In
SONME CasS&ydes %f caumf &hﬂ@c%rese@% Eﬁéét%@eﬂ tRY @ﬁleﬁﬁi@ fl?l‘ﬁlslb%QQG ttI{’!.‘;J‘]‘%Toﬁk?cﬁco?‘ldt’!tg’cors

t hi ckness of | ess than about 0. I'n exenplary enb ment s

adhesi ve (ifaang). Aasvea atihem@rmstsndfmaselsc;on indlndahdeadst 6n@5f aypnessure sensifivgi ven
adhesi ve | rmto achiev esired nech and ele trica
per f of nartdBbUtAdbt BRIt ar b op HasEhpdiaba BT AL esB e ATRERWiEnpi .
the adheghWe AR colByurc@ns ﬁfromdeca BRd bRiveg rshiléﬁﬁﬂ?ﬁ‘ﬁlnst th& i§ BhRtkiagy films in
areas between c¢onduct or

stronger than a bond between one or more insulated conductor and the shielding films.

This may be achieved, e.g., by appropriate selection of the adhesive formulation. An
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15 sets, which increases at least the lateral flexibility of the shielded
cable. This may all ow the shielded cable to be placed nore easily into a
curvi |l i neso 201t8036facket . I n some cases, an adhesive | aper/usay10o060s2dHr mt o
be thicker in areas i medi ately adjacent the conductor sets and
substantially conformto the conductor sets. This may increase the
mechani cal strength and enable formng a curvilinear shape of shielding
films in adneesceidhis adhgsiverropbgwmaiion irdp elew thhshidldinghilmp tgboreadihe shi el ded
cabl e, f Os rrl_ﬁ%ﬁ cﬁn t Lﬂlklﬁzgcldc ! o@%ﬁﬂ@at&f C(#nraﬁﬁt((‘)?sb lllq 'o‘fhle c%gglalhl 8H?si\;en'a ermay_ hel p
to maintalin'the position and spacing o e 1rnsul ated conductors felative
to the shhelit capfigulcdao ptovide 4 hend tengédn shfeldihg filhs eldlebomidivtesenwtiewn may

result in nmore uniforminpedance and superjor signal .integrjty of the

shi el ded %%u%%u? e‘g‘?QPQHCt%ﬁ@stih%th@% ﬂﬁwil%t&ﬁﬁf : %algsf ﬁfo_éléhy VEPE. K

par ti al Iy, 40806 tﬁ&%hﬂes@&%#@ti&ﬂs%ﬁ%é ﬁ'}ﬁulﬁﬁh%kg&ﬁ%rg hieMachdtedl €as

bet ween conductor sets, e.g., In pinched regions of the cable. As a result,
t he shi eltdiwepnfth¢ steclding fehsc Whanad dhyeldaintlatticad aaliic bavieg thincdsesdicgrieas,

whi ch may i ncr.ease the electrical perfornmance.of the cable..|n,sone cases,
o Gahoa Bl £ Bcws BE HElrah S BosPratmy e bR maie IR YIS ot oy
removed %‘bl&ﬁ@‘oﬁhe klﬁél%llng%ﬁlspfSultElﬁe %Bﬁ@étﬁ@n%&sfrﬁa{yrﬁ?e ARGkt P8P PHhRd

conductors. As a result, the ground 30conductors nmay el ectrically contact
at | east intsedesfapphicaioni dg sém¢ pases,i cohégmableadbesivehliaydr mawbd ured gz bat he

el ect,rii cal. perfo nce of t cabl e. Even i n _casgs e thin | ayer of

S ohoaby ¢ higREish SF R (n fbaut 31580 dn s fPeh ufBRAR e hE e s Myl o0 oung
conduct org thicd¥e:s2 QI s98R36BRET. 43524110/ 060625 asperities on the ground
conductor may break through the thin adhesive |ayer to establish electrical

contact as i ntAatred adhesive layrgiyeconipgode aghievedesysd suehanrbrnd pledsicds t hree
exenpl ar Vpegﬁahﬁé&%%ggﬂa&%ﬁgﬁc%%%tkfeas%te?ﬁeéi e‘é\%ng éé@ilgﬁ&%&ﬁm@;\?[ﬂ%@ effle Lhe

pl acenment groun conductors I nt ectri €s. An
aspect oflager siyadod &gdmeb dettiiinaal beoadenahd shigdimgeilmgimuread mgwedn ¢dmeusibr el d,

and such grounding can be acconplished jn a_nunper, of ys,.In s cases,
a giVen @F@nglcéé?fﬂﬁ?é%?t lwhﬁﬂéﬁgtaaf B@&Pﬂw BEHE 26Ls] ilaed isrEsgHIcthe
shi el di ngy{ kﬂiH?llefH&JPe foﬂ?él pr}rgcreﬁgﬁt% RekikNBoH MBR1IGER WD GRRAUGH %m@kés%?,gr ounds

t he shiel di ng mor fi uch a ground conduct or y also be referred
to as a "aradhesivd lagdr. mE extfornc®l begbrckaah abms wemedtedy ddjacshi thedbndpctarl m and

t he ground conduct or. be characterized by .a.relatively. |ow .

Fesi ot ance's B guts il Ferpet 4niig <roucEEoRh ARt EHAE ahe PSSt 2
ohms, or s@ffen%tﬁ!aﬁ& il @fdrininty POIBilinkd} sEHELGARSSng Al MERcBredRdwRiRRdUCt OF
may not elecirically contact the shielding filns, but may be an individual

el em2At imay inercgstthe dewghdity atthe shictdedicabls, foneegmemeaturing flesingion dteerableo any
Sl Iin rallgéii\{iiog,utﬁ{s n(fé)ynﬁe"ilg Eo r%laﬁ'\l AT Ehe%fosf’f‘igx and islga%ﬁllgeof the insulated conductors
relative to the shielding films along the length of the shielded cable, which may result in
more uniform impedance and superior signal integrity of the shielded cable.
A given adhesive layer may conform to effectively be partially or completely
25  removed between the shielding films in areas between conductor sets, ¢.g., in pinched
regions of the cable. As a result, the shielding films may electrically contact each other in
these areas, which may increase the electrical performance of the cable. In some cases, an
adhesive layer may conform to effectively be partially or completely removed between at
least one of the shielding films and the ground conductors. As a result, the ground
30  conductors may clectrically contact at least one of shielding films in these areas, which
may increase the electrical performance of the cable. Even in cases where a thin layer of

adhesive remains between at least one of shielding films and a given ground conductor,
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15t erm nati on conponent, such as, e.g., a conductive path or other contact
el enment on a printed circuit board, paddle board, or other device. Such a
ground cowmdwrot2om303say al so be referred to as a "ground wPCEUS2H0HRS 4a
illustrates an exenplary shielded electrical cable in which ground
conductors are positioned external to the shielding filns. Figures 4b and

4c illustrate enbodi nents in which the ground conductors are positioned
bet ween tAECIRETS Shitlkd goned eendustor mas brsal thioughthediagdhesivrlayadngsteblsh set .

One or noy s may be placed in any suitable position
externalf%%mgﬁggs ?%%ggﬁékg?1ns, between the shielding filns, or a

conbi nati on ofFipathda-ReberdroRgedtionkl Gewdaf thacesdxemptheysidtided elicctaicalcabl e 402a
i ncl udes a_ singl.e conductor set 404a that extends along a.length of the
cabl e 40FADICEoHe g I BRTEE e emplss AREC PHSRSHRY S ARd FORSHIRIE (oS SE’G@,edi e,

one pair I r&; uliti pl e
conduat or TS u O B AR e GLAPETEX TR e I T

cabl e andindxsténgiongdiag omgbaadcemgtikhedfin b hembabdfevaybwin sdhetaeng divdnns 408a

di sposed on opposite sides of the cable inclu cover. tions 407a. In

Fr anover SS0uibRE Mg Glpietall Sowh it Reras SAgraniaing n S 6H

subst anti ' grand AQ4an i esy| | ayer
410a i s |§%§g§%hggﬁﬁgen piﬁ?%g%niggiionscﬁgg%§g?a?%égﬁﬁ?gﬁg?nghyf?nB 408a,

and bondsgrevridedodiluejorf inhyrglsd b8 sefemedimats adidrran wane” b Bdetriableantast beforgduthcor set
404a.. 4 nsul at.ed .conduct ors 406 are arranged nerally in.a sin pl ane and
ot t adfl ver e AR kR Shenliio it B S at R rh sl ZSudl

confi gur atiigtindehak., DT kBisumee of RsHthsh NYbBmEHeshs ChanClOImALF ahgenent or a
differential pair circuit arrangenment. The shiel ded el ectrical cable 402a

further isubsteriedlyd) Qimisy: dnisppc spscyraogivien gonpdeensiuston Iy peselestptlty ext er nal
to shiel ddoﬁ%cﬂ‘ ﬂh}a WRie MRAh 10T B&Qﬂyﬁé‘ﬂ#@@g{@gﬁ%H%Fl%ﬁtelp%ea&%gﬁ ée%)‘ﬁg ctiiiqfy and

on both sides of con or’set 404a. he ca a | ncludes
pr ot ect i ieiddcperglcdPPtetinamidndangsditadlesihdieldiibhe@ntdct slendDBef aandugabdeind
conductors 412, Protective filnms 420 include a protective |ayer 421 and an
adhedPve FEYBFHINLIMNORERNYCH Bt St # (RNAUGH Y PaADr ?tgers%n@ica?lﬁ@e% 9f 408a and

ground copgict QFSithdbard ﬁ%&a@émfr&vo@loyher aliiel ding of debifRi éb%ﬁctgf%a%@eg@

conductors 412 may be Surrounded by an outer conductive shi ,~ such as,
e.g., a cofedadto sea tgraum wand BgueutaeHudBiasulcatmplry siddtd ¢loatica lvabin) .

Referring tq.Fig. 4b, shi el ded.el ectrjcal cabl e 402b_.j ncludes si pgl e
conduct on sdictydauid torfERreta BoufeRg gt feoricliny v AHe es duged or et
404b has 4oMydtRsidAbREmeA dHGhRIShA8Bund céhduc@RCarb BbditiSled e atRd
conductors. Cable 402b nmay be made to have nmultiple conductor sets 404b

spacéf aphrdding 6imsand nuytheringledadss tie windueionict.t Rac enpiore grrund suxuenth ng
along t hemallyetr)]eglglgce%fintalr{§ s&%%ﬁeeposﬁi%% & ein%{l Q(I) i sMell({.erg ﬁ%&%s? bg‘trweeel(iI Ithsep Lo
shielding films, or a combination of both.
Referring to Fig. 4a, a shielded electrical cable 402a includes a single conductor
sct 404a that extends along a length of the cable 402a. Conductor set 404a has two
25  insulated conductors 406, i.c., one pair of insulated conductors. Cable 402a may be made
to have multiple conductor sets 404a spaced apart from each other across a width of the
cable and extending along a length of the cable. Two shielding films 408a disposed on
opposite sides of the cable include cover portions 407a. In transverse cross section, the
cover portions 407a, in combination, substantially surround conductor set 404a. An
30  optional adhesive layer 410a is disposed between pinched portions 409a of the shielding
films 408a, and bonds shielding films 408a to each other on both sides of conductor set

404a. Insulated conductors 406 are arranged generally in a single plane and effectively in

_23.



opposite sides of the cable 402b and include cover portions 407b. In
transverse cross section, the cover portions 407b, in conbination,

subst ant ivabI2g123030366und conduct or set 404b. An opti onal pathssewectcayer 410b
i s di sposed between pinched portions 409b of the shielding filns 408b and
bonds the shielding filns to each other on both sides of the 20conduct or
set. Insul ated conductors 406 are arranged generally in a single plane and
ef f ect i ved tyvipgxig cgblp ﬁalxﬁ%uratmn thptrcag be sedain apenglc endsdeirgyit alﬁwﬁmm o1zhij el ded

| ect | 412
posi 1 oncl Berug A el b Aferl e HTRiRR Sl st B OHP PRERNE £72 12
are incl qﬂﬁdhtyrbfcgmdﬂojoﬁducs@ts 449 4bsitiamd dxv@ndfio smadgrg(ﬁlnd 408adGeduads 412

are spaced apart from conductor set 404b. 25Refe g to Fi 4c, a
shi el ded ©ndeaien @A} Al d Yo UPdRE) e Both pids “(96 ERIE&%?F“&‘& 404c t hat

extends ghang.fy. ltﬁ@%bhe @(iZaclﬁplluges%}gfectlfé)@I %ﬁrsgﬁgﬁncﬂgg‘lﬁl&gﬁe r%ﬁln%su' at ed

conductors 406, e., one pair I nsu conduct ors 2C may be
made to h$e and gtqupdeomxbmthnszﬂm &et@stlmﬂhnsswhadlud@aptotéqti(verﬂz@acMbattder

across a wdth.of the bl e. and exte di n of , the cable.
Two shi oldiadera ectpa PouR it Eansn SaBpaiuine rrs bt i srdSubor e 2020
and i ncl udad&av8u1PoMtRREVAD hicldiRg HIANFYES SR g}éﬁﬁﬁcoﬁaﬁétbﬂmztn'ﬁ% wover
portions 407c, in conbination, subs%antlally surround the conductor set

404c. An sgppumi@élbyamm@mendlwéqb shigldesuch adi spos eehdyetivaderaidpamtireeitgior t i ons
4090 f thlt %%@3 gq§65PCT/U82010/060625 shielding filnms 408c and bonds
shiel |nd Mihe! 2R ot her on both sides of conductor set 404c.

I nsul at ed condusteing té0fy. aba didlanuaectgenerist 4y2ib hehudes Beingldloadectend
effectlvely in atwnaxial or differential pair cable arrangenent. Shiel ded

el ectricaf Mtéatzm‘ﬂf‘éldﬁ abpaérlengﬂtpi@éée 428 Goadngtgr st 49vhasdwedhdliedr s 412
t t 412
S R L A e R

are incl U e grou ctors 412
and i nsulmiileglecondutdroes 40@6 spiiced aparafigaccagk oeicahdrgss awaltis oMbk ealflt and.

The disclos shleld d cahl es, ca i f de5| ed, _be connected to a circuit
boar dJor EINLANE thalsng %@%&%Jwg% dinpgefi IHFSW%P@T% igRqsed e8] | y

conducti Vcﬁorgﬁﬁtél Sa& o B caEf%M(ﬁB%)ﬁ@ 'Iﬁ%!h?den%aé*}&&h&f‘s%@ be & frhr%g%rsg @RJS? may

include a plurality of spaced apart co ctor sets arranged generally in a
single phﬁaﬁnlﬂwdmeaqhnn@mnﬁﬁbomm$emnnm@n1mbhudﬁﬂbmmnnm&huaﬂadOCﬂmductors

t hat exte g alon ength of th abl,e. shi el di %ﬁ (5

di sposed BAPoputPaciRfed: SeverdoBanyEberrdbefiiet PO Lrutioty 0% € i on,
subst ant i @ldiding AIhO¥e¥h SABBnAT tﬁemﬁleﬁﬁﬂgﬂﬁﬁ% 28t SthePorfBkth 8idel bPthery be

cl anped or othérw se attached to an end

20 conductor set. Insulated conductors 406 are arranged generally in a single plane and
effectively in a twinaxial or differential pair cable arrangement. Shielded electrical cable
402b further includes a plurality of ground conductors 412 positioned between shielding
films 408b. Two of the ground conductors 412 are included in conductor set 404b, and
two of the ground conductors 412 are spaced apart from conductor set 404b.

25 Referring to Fig. 4c¢, a shielded electrical cable 402¢ includes a single conductor set
404c that extends along a length of cable 402¢. Conductor set 404¢ has two insulated
conductors 406, i.¢., one pair of insulated conductors. Cable 402¢ may be made to have
multiple conductor sets 404¢ 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

30  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
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15portion of the shielded electrical cable such that at |east one of
shielding filns electrically contacts the cable clip. The cable clip may be
conf i gur estof20r2/a3e3eri nati on to a ground reference, such RET/US2@10/06@25
conductive trace or other contact elenment on a printed circuit board, to
establish a ground connection between shielded electrical cable and the
ground reference. The cable clip nmay be term nated to the ground reference

usi ng anyhipldingbires MBcrpadibonds Shﬁ@dﬂ}élfﬂ@s 488 citerdaplyoth@eonibeth sides Phpi ng,
h
torm nat adnCi Rl I BHRE L B i R BBRTR, R B and.

t he condugfeotisclpin 4 fvanhxislwraiﬁf@deﬁ:tm puie cals anhnddhens hfldtidedicletteicilrdabiel cabl e
to contact elenents ern1§%t|on poi nt, such as é% contact el enents

on pri nt 926 fyrthsr in 5 8 pluFpaly 9f ZEqUd JoRdustary f L2 posiiase isyPon MBS ono. of
or e g ough GARAUEH BF e B AALBRRIIEd SRS, (ENALEEE L a7k YT ANt ac

ipInadditifon to or instea ast one of the shielding
filns. of the gognd emdbetofscd1i2] dndsbsuddted amdextorsptldraye aedrtpod goferathkinreg a
shielded el ectrical cable. Specifically, these figures illustrate an
exenpl ar Y N8BS of making a shiel ded el ectrical cable that may be

substanti al | y TiReligdsRd icldBatasiOOMR, ifRcditd; bdeond@étBd i\ cisdfibdatd &t rat ed
in Fig. 5a, insulated conductors 506 are formed using any suitable nmethod,

such as, céhfg termapgtionsiogponont uaing 0@@ hem&@leqimmﬂymduthwa@@ gtipsortuct or s

506 1Y beahRLITd, Rl Al st ablen Lo no B | S B B ORI 015,500 Y L hen

| engt h. Gredpe g@@fb@l@tl@a%n@ﬂ&plér&een&ééah cofdudidschRaf ﬁfcma@ tabthgaread ded in a
simlar fashion. In the step illustrated in Fig. shleldlng filns

508 are foonfdors thag pﬁf@n@ahoagérlewh pithe p@tdsfeifvvﬂéblehéa% ﬁ@l&@ﬁﬁb@l 138998 any

sui tabl e u el di ng
Fil e soSnons Tt B picton STk GH S8idy, MR ALANT SRS 6201 2

t hen be pﬁmmidﬁﬂuasr&mghA@MMeuhphmy®ede&nkﬁdmbdmg®heamﬂmedummdﬁm, Sh|e|d|ng
films 508 may be pre-forned to gve transverse pagglal folds to |nc ease

f1 exilBi | inoytionofithe shigided elgefiiqal cablesaeh thghat legstors ofsialdipg fitgclesirieg!
Films may hfae!stf ca%lecagj offEbbe &dhes) D& ﬁ%ﬁﬁedff%rqenﬂ\fﬁh <§:n {3BYe resnd‘ or red on

t he shi el |ng films 508 using any sui't Onet suc
| am nat i rrgfemncs,mltln ey, iergg.a conductiviertrach er sthepcantdctisitmantah 4 pruﬁeag mrcSnt, a

luralit i ns t ed conduct or roun duct or and shieldin
Pl 50Moaie (hrRATSEA AP SPRISHIOR Boiv<Bn At P e d B GOk Gr A hEEPLE e2a
i ncl udes BfcRick. Phe Eeﬂﬂ@blﬂgmﬁ?bé Serdfifod t%@@ebgﬂaﬁf{d f&e@n&h@ﬁ% &19rsﬁ§§cﬂ@”d' ng to
a desired cross-sectional shape of the finished shielded el ecCtrical cable,

15t h&0f orméthed tindiding seldenng, wigldieg, aribiping, Brghaniend glagtpeet, enhadiesoely 506,

ground C%r(])gl ﬁl&g?trosname 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

25  described herein that may electrically contact the cable clip in addition to or instead of at
least one of the shielding films.

Figures 5a-5c illustrate an exemplary method of making a shielded electrical cable.

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.

30 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
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512, and shielding filnms 508 are arranged according to the configuration of
the desired shielded cable, such as any of the cables shown and/or

descri bedwbeneiap3sand positioned in proximty to form ngcCralsbeohasa; 526b,
after which they are concurrently fed into bite 528 of formng rolls 526a,
526b and di sposed between formng rolls 526a, 526b. The form ng 20 tool 524
forms shielding filnms 508 around conductor sets 504 and ground conductor

512 and Hueddeds wickoneutit pgsisgddengsh.egetingdtcrpducters Bd? fsesiFifesScdmaydieh
conductoqbﬁﬁ&iﬁgﬁngagf?ﬁgyﬁ GPR Shors 512. Heat may be applied to
ondi g. ghin ’

facilitate ou 'S enbodi nent, formng shielding filns
508 around condtiled 9¢p Blbtsatbdth Bigdstg sbighidnCchncRNBaIc fok2icand dimiieiaygr or
shielding films 508 to each other on both sides of each 25conductor set 504
and gr ourBUEGYELWED Py Be %ora@émsmgrﬁna suitaPlt metiodr ich dn,c-§-reagtigegus wide
embodisme g S SRRRLARYI L b S FRRALALE P& Eb It . Shicldi
subseaueﬁ%a¥%%§%§agi%ngg%e a€§§ﬂ§§“+%ﬁgltuﬁﬁhaﬁggﬁ??%g §§§'i§lagg#ped be
for mred beilwse8mniry thombkugtosided @s suchSucht ®pl dessedirygthant/or medthi ShichBng

shi el ded gable usi any. suitabl e nethod, such as, e.g., lLaser. cutting or
Bunchi ng. 1R SURGTHGE BRI fats Pt rionrataperats Siistn DCSRTAF hohe "

el ectri cabngaRifl ARYCtRR. OHe¢RUolheTIhMiS8ind OMY nid)an ALARCHEShFERLRNS
multiple times into a bundle, and an outer conductive shield may be

provi ded adhetivadlayé¢red Wowhis niyril fermed egthanickling flmeSMetsingchny Anitehle er
jackgp nqﬁgﬁl%o e roiidedfaroundtthe out er conductive shield using any
sui t abl e ROV s e ea a}mlél?él}%ore%w‘f'ml}%n. I n ot her enbodi nents, the outer
conductive shijghkt gayillerasd inl6d. $90d pldielitQf &fsuj adekehdnawyrsBo6 pirewided by
itself around the fol ded shiel ded cagle. Figures 6a-6¢ illustrate a detai

of an exewpfugtgrs P vod sbicldip filves 08P erayidedsd) Exmingtapl s proviged.

articul E J i / . o] . .ve | ayers may be
Cont or ma g1 RERE A A e ARG B LR R a AP SRLSBRYS) (g T M.
I n the steeprespondsilgrtatedsirad drog-seb@onabshapa sithatfimished vhiviciedelet@ical @by ound

conductor 612 spaced apart fromthe insul ated conductor 606, and two
shi elldi ngh¥ [rmine98! dremshudinederitc B epaltigd eondugopodoe gronns! ﬁ%trﬂﬂle@r%
conf or mayj9 agdhgsd é(iﬁ%rkigiﬁg 509 -arﬂaﬁ%éd‘a%cé&ﬁ{g%%hé LtshfabRdr iR dbigst  6b- 6¢,

, Iy .
shielding fi1lnms 608 ornmed around insulated conductor 606 and ground

conductomhﬁmkﬁamUbb@mﬂedaﬁpoﬁ&ghd@emﬂmmmkmﬁthdb&y&e@hmhh¢amdp@ﬁ@ﬂwﬂmlFig.
O, e e e oL A LoRh Ll RS sl heori el L cncaey, Aot
610 conf Qffifodnfing6dliseN28a %l fd dIPELRAN LM nABEMBL ST 526! 5P F i BRRRg
characteristics of finished shielded electrical cable
20 tool 524 forms shielding films 508 around conductor sets 504 and ground conductor 512
and bonds shielding films 508 to each other on both sides of each conductor set 504 and
ground conductors 512. Heat may be applied to facilitate bonding. Although in this
embodiment, forming shielding films 508 around conductor sets 504 and ground
conductor 512 and bonding shielding films 508 to each other on both sides of each
25  conductor set 504 and ground conductors 512 occur in a single operation, in other
embodiments, these steps may occur in separate operations.

In subsequent fabrication operations, longitudinal splits may if desired be formed
between the conductor sets. Such splits may be formed in the shielded cable using any
suitable method, such as, e.g., laser cutting or punching. In another optional fabrication

30  operation, the shielded electrical cable may be folded lengthwise along the pinched
regions multiple times into a bundle, and an outer conductive shield may be provided

around the folded bundle using any suitable method. An outer jacket may also be
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15602 (FIG 6c). As illustrated in Fig. 1lc, adhesive |ayers 610
conformto be thinner between shielding filns 608 on both sides of

i nsul at edwoantustass 606 and ground conductor 612; a por PCorUSed1oacisesi ve

| ayers 610 displaces away fromthese areas. Further, adhesive |ayers 610
conformto be thicker in areas imedi ately adjacent insul ated conductor 606
and 20 ground conductor 612, and substantially conformto insul ated
conduct orPregdedraued Bigwytes sorrictive staald usmg oy stigblomchgnesich as.lcrer s 610
di spl aces_int.a.the . t i >onf .or o]
effectivé??ﬂggnTgﬁggg n@%@%@%ﬁ&gﬁ?épgﬁggaﬁgﬁﬁgh%%ﬁ&gﬁgégggﬁgﬁgggﬁ%uctor
612; the amtdigsikeembayepsovalkd baiisplf acmndwayfoldedhichizdeableeas such t hat
ground conductqr 612 electrical]y.caontacts shielding filps 608. 25Fi gures
7a and 7b i1 Jdgwss @a-é%tlaaStrgteaéiei/aéli %%@X?@p@%mﬁ%ﬁaﬁf PRgIng R Sgtﬁl‘il% t he

manuf gct yj&.0f,| %{bé@x i %ﬂar?t@iggéuggﬁeseﬂllﬁ&h{t%ﬁ@s{v 8ﬁ@9} ﬁoﬁﬁ«?hgéoigg gﬁgﬂsem rical

cabl e 702 (see iIs ma g two shielding i ncl udes
a pi nchednaely amfdh8b(ysdepdd Giringhe fdrevied amddivindingi afghd shiielding OBmeay be

I N
conducti \@Z%Adéﬁ%f;h& floRYBE infsiffed @NHu@oSE0M ahEWRS sh{l8heFiI$R @88 drcon the
conductive |layer 708a. A conformabl e adhesive |ayer 718 i s disposed on stop

| ayer 708dovilehcHluddmgdilon 608 8a¢minrludes canfoomgile adiontre lgreo6h@ ncheluct or 712

di spgsed bet ween i.eldin i £08 r the shieldi.ng, fil|lns are forced
CoontRer Sl GRS Fals b AR rtp B0 o o B B

i ndirect gBloeat irsiald ceaMicast61iahl bbidedaeredCsthye ThidBy,Ss (D&aarld isFigel di ng
films 708. This indirect electrical contact is enabled by a controlled

separ at i dib; Brc adberdvrcleysre 61Qy el hansgheinpdgigplghishnessn ds chotormng 39d bopdieg by
stop | aye Qﬁ@ . r . . L hcl ude a
non-condd%?ﬁ%gg%%ﬁgﬁirl 1?%%2%ih%éﬁgﬁgéﬁgF%Q¥ﬁgoﬁﬁ%ﬂﬁﬁ?&ngﬁ:%&g@?na

pr essur e rishenitalgind kl@)ridabperf@thahee ¢haessrisoodafdinished shigkics cle0Bral @bt her
and farce the adhesive |ayers 710 to conform around the ground conduct or
712 @ﬁigﬁo%fg3:f§écause the stop |l ayer 708d does not conform at |east under

the same procegsiing &N fik ONg, adtesiPE BNERLET 0ohffh 6 Elilh G BbtiRAt act
bet ween the ground conductdr 10712 and conductive | ayer 708a of the

shi el di nghfalding fit0860%art batb kidey eSinsuldicd @onduetar ®06 iand Eravod tawductofed2; a

t hi ckness and dielectric pr rtjes of stop |ayer 708d .may be.selected to
achi eve. OO Teer TR e dilaess ey TR rhedY Fread | FRHRE SeBOUTE AR ndi r oot
type. |In 610@nRmAad hERNEr it AhRashahahikely lidcentisulfsd sdRNERr B WREN the
ground conductor and the shielding filmmy be | ess than 10 ohnms, or |ess

t han 28 otgreynd eondestantlZe andeitbsgnbaltyesonf@nhigringlgbdreondueton 606 andgroned desi r ed

indirect electrigal contact. Jn.sqne ¢ it i.s desirable.tqg make direct
el ect i e Qi pEOMSE ool Gro bR Tl icr iR S R cr o
shi el di ngidhédiveslaysv 61 @ UpBrh hec etk elgibe trameeedaritweanshididing Gty 608 sanduct or
and such shielding film's) may be substantially O ohnms. In exenplar

enmbodi merireund: geadeEQiedl2: diyi agdhesivg layers 63 disphase awpe B these ages|sach tha

ground conductor 612 electrically contacts shielding films 608.

25 Figures 7a and 7b illustrate details pertaining to a pinched region during the
manufacture of an exemplary shielded electrical cable. Shielded electrical cable 702 (see
FIG. 7b) is made using two shielding films 708 and includes a pinched region 718 (see
FIG. 7b) wherein shielding films 708 may be substantially parallel. Shielding films 708
include a non-conductive polymeric layer 708b, a conductive layer 708a disposed on non-

30  conductive polymeric layer 708b, and a stop layer 708d disposed on the conductive layer
708a. A conformable adhesive layer 710 is disposed on stop layer 708d. Pinched region
718 includes a longitudinal ground conductor 712 disposed between shielding films 708.
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20i ncl ude concentric regions and transition regions positioned on one or
both sides of a given conductor set. Portions of a given shielding filmin
t he concewonor/meysons are referred to as concentric poPCirarsgoiofecdiche
shielding film and portions of the shielding filmin the transition
regions are referred to as transition portions of the shielding film The
transition regi ons can be confiaured to provide high manufacturability and
strain andftersbe shaeldingdjlme proforechdogatiics g d éhagrprieendyeler.éhe greipd ai ni ng.
the tr a”Sdohgl?d?oJ A Rikes %dil%cééfgc?}i@a@tcb@tla%tXViﬁP&%tcgﬁ]&uc?QMa Ak QP (including
aspects such as, €.g., size, Shape, content, an radi us” 6 curvature) al ong
t he | engtshicdding itms & | T dirlirecttaléctiadal cabhe in@abhedlby d dvatrehedicpetition

el ectrical cable to have substantially uniformelectrical properties, such
as, e.g. °ofp qlw%gay@hwai a0d | 28R rondlpriidH A dEOVidRly StPPng’é’P’E m%- |lggeme

refl ecti q HH4 @nc@l%rg . "N icl Additipnal Iy,
in cer%t aicyr%seesg@gg%o n eg,ﬁggc ay}gj%‘{e' g., eI{nEgIOCi g{lifi%t‘}setpt0 ereerllcna}/%'e %%ngeﬁct or

set i ncl uddls figures, as akatmetpesiuductoFre. 1 fatis escleodreas omgluetiveelagirk 768a t he

cabl e 2012/ 030365PCT/.,US2010/ 06 that are arranged .general l in a
SR e adataheap fyes readhaTioRas TLf o cairam Hops s Hamdan e o

di fferentirg 1) 'BeehiseUhd stdp 38O Moes HBI d¥nddrH Adedshighdel #RShinkon portion
at a substantially constant configuration along the Iength of the shielded
el ect ri calrogsaphe corhtigysni bravicats (dyregiredacimaial sortbadt ntwesh ithe griendseonductor

| i.c field i atdon froman i i f Qr. h
condddt or A2 AR ELelE %Al te R PER aps d3RE TR b FREC TR dur at i on
of this tdoansi tTHRNhRRAS @Rd dlctRid fispdraagdttdf layéeroshingd cRlcratisi cal

cable can contribute to the advantageous el ectrical perfornmance and

char act erdcBicie 3 loyy targrt QG EIsstange.dgr. ekccticat pandasy A apindjrpeidypeatle sQ@ei ous
exenpl ary, g[gla i j : i t I

transition regﬂ%lﬁg’q%%ht%&aec?egﬁ?gﬂé‘? %%s@%?%ét@?@pt&é%ﬁdu%ﬁ Cgﬁ%uctlt)dr} g?‘ﬁe si des of
10t he contlictdiog fikRtmay be less tHirel olirad, de tbsethaatbroheal forakhrapB80Ryt gndditeh i s

shown .in cross section in_Figs. 8a,and 8b, includes a single conductor set
804 tlRat tﬁa& Rbws.4p 3pyey the dgtireddpdiraskelegtpical comaet: daspwegaesrhl be made to

have mul t 'eF’ilreﬁ)lggﬂg&!&t &gcc§€1%§tfi§£l‘koﬁﬁ?tcﬁ%@w§£@a][ ﬁltv I{e Qrc%gﬁ?‘g&a%%‘? Bn@h&n& a width

of the cable an xtending along a length o b Al't hough only one
15i nsul atteo sbehtug {ibns, 8@6rdupoms HevdC iresisFinga betvdan swakl gropddecandsctbadreld

conduct Ors%clm}/iellal%gi ﬂ]ﬁl(éj%gy ‘g)ensuﬁagtgnt?ﬁf}dd”l&gn?sr. set 804 if desired.
In exemplary embodiments, the cover regions of the shielded electrical cable
20  include concentric regions and transition regions positioned on one or both sides of a
given conductor set. Portions of a given shielding film in the concentric regions are
referred to as concentric portions of the shielding film, and portions of the shielding film
in the transition regions are referred to as transition portions of the shielding film. The
transition regions can be configured to provide high manufacturability and strain and
25  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,
30  eye opening, and jitter.
Additionally, in certain embodiments, such as, ¢.g., embodiments wherein the

conductor set includes two insulated conductors that extend along a length of the cable
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The insul ated conductor of a conductor set that is positioned nearest to a
pi nched region of the cable is considered to be an end conductor of the
conduct orweeb12/0Bssconduct or set 804, as shown, has a sipnogius2emswicas ed
conductor 806, and it is also an end 20conductor since it is positioned
nearest to the pinched region 818 of the shielded electrical cable 802.
First and second shieldingffilns 808 are di sposed on opposite sides of the
cabl e andhatries werngedeencrgbr injaoweslgam cffestivelyms pdvyuxial eabde detedndls, t he
cover port] 7 tially . ] . i onal
adnesi ve PaRTeER G FHOShAN vl ciohud Wl DR EANGHEL e (AE b fiton ABHERAG LT
shi el di ngubsthntiull§@8nstandobndstiaidlehglihoderfot ofth86bcldod erctiical dable dan t he

pi nched regi ons. 818 of the cahle 802 on both side f conductor set 804.
The opt i diarfidheriovide suhsigntia 17)tfr?a%ﬁn@ﬁ@ﬁanﬁgmcﬁqlcgdwatfqm frgm g i¢sal ¢ he
cover spord.i, o807, Lt sk @i Bsct ETfus, cLERMbRE RFAEhEd
portign 8 9&%? ?%39§%ﬁ£1d?%gﬁbghh186§k%§u§ge“%iggu%€ fﬁﬂkéoﬁHE€P§$ set 804
to the picvohedapaor of this t8DQitioh pohimnsthorg] e kygegB0dfithensiBd8edelctthealatblercasi de of

t he conduct or set 804 | nsul at ed.conduct or , 806 is.effectivyely

ar'r anged Qe ThUETE et eRHER ey BT O r A SO et OBt T cui
arrangenqngmfékuﬁ%éugmmohuhﬁﬁmﬁﬁﬁkﬁﬁﬁxaﬁ@hﬂdﬁmﬁmﬁﬁaﬁyefaMﬁddyﬁ%mcumal_
2012/ 030365PCT/ US2010/ 060625 | ayer 808a and a non-conductive polyneric

| ayer 808bblelthatdashedectimdysdiomaegions eigh¢ phieldingdiled disposidgm or@eaordath Bdss afhe
condH@tiwgekg%ﬁr BOQa of both shielding filns faces the insul ated
conduct ors: g?ﬁﬁ?ively, the orientation of the conductive |ayers of one

or both of shiEethigddd i &0 8ab1@g0hevHievig kb&n ird&osh stetitsisiad igd. Sewher e
herein. 5Shielding filns 808 include a concentric portion that i

subst ant i & ingludehe singlej condiater schB04that edends élove adomtbpf thseablend Ihé £ set

Por 1 ons P THA GRS B st A Btih ey kS pHESRold R AOSalEIh R0 C
cabl e 802 wideh bff thasatile and pacidionsloBP4 |@aigth dfehs babét. dAnbodghlomby 8&8. |1 n sone

enbodi_nments, shielded electrical cable 802 includes a transition region 836
posi tiPondBsubHed eensiyeter g?é@sshewn BBy Bt%tﬂpq§ apsulstral cogdurtony r@dﬁ%@

enbodi ment,§yded inaRsStdidalor £9'804 1836 @y be positioned on only one side of
conductor set 804. Transition regions 836 are defined by shielding

films 808 and Thmrid&uiz_tteﬂl caeluct®d af a G@Eiubhoaﬂgithdt(ﬁmpqsﬁtmlied near884o apirched
chielding L LT, 20R i Lhc Lransiuion fedlone BrR provide o argdual
conductor set 804, as shown, has a single insulated conductor 806, and it is also an end
20 conductor since it is positioned nearest to the pinched region 818 of the shielded electrical
cable 802.
First and second shielding films 808 are disposed on opposite sides of the cable
and include cover portions 807. In transverse cross section, the cover portions 807
substantially surround conductor set 804. An optional adhesive layer 810 is disposed
25  between the pinched portions 809 of the shielding films 808, and bonds shielding films
808 to cach other in the pinched regions 818 of the cable 802 on both sides of conductor
sct 804. The optional adhesive layer 810 may extend partially or fully across the cover
portion 807 of the shielding films 808, ¢.g., from the pinched portion 809 of the shielding
film 808 on one side of the conductor sct 804 to the pinched portion 809 of the shielding
30  film 808 on the other side of the conductor set 804.
Insulated conductor 806 is effectively arranged as a coaxial cable which may be

used in a single ended circuit arrangement. Shielding films 808 may include a conductive
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15shielding filnms 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),wa?2gragess or snmooth transition, such as, e.g. pCca/tsamsiersks al |y
signoidal transition, provides strain and stress relief for shielding filns
808 in transition regions 836 and prevents danage to shielding filnms 808
when shi el ded el ectrical cable 802 is in use, g., when laterally or

axi al | y Hayrii8A8a aubhnen-gemlustiechelymeanic kap %ﬂs@oin SqRE smiedisatsney i ncl ude,
€.g., %ﬁﬁ#{a‘?e% B;%g?%%ﬁ& Ig¥eink BY& ucﬁ?esgy@‘zfﬂs‘afof%%] sﬂ%l&lﬂég@ﬁ%%&t Sdi ti on,

conducti ayer noh con nmeric layer
a gradual miuiaa@ tdridastopy. ewlmhalx@@r;rﬂgﬁ)rtemaslbn ef chem@nﬁmdtws 18@8 dffone or both

manuf act urj ng. of ielded electric cable 802, which may include, e.g.,
cr acki ng thrsﬂ Wre@h‘lawpv (28 gFus QS%W%ﬁerﬁ@n conduct i ve

pol ynmgri c | aye:fhléﬁ’i%g ﬁlﬁ@%ﬂ@incﬁfe*&%oﬂ éﬁﬁ@ﬁﬁ@oﬁ HAR ﬁb&&nﬁa‘?@'c%ﬁiﬁ gg(}done or

both si des of one or a e co ctor sets In sh
el ectri cabith thbbodu comhic&)r 1886 o€ ernbsdatatespaltd rBhef shohd eclabacemdal catdd 8@2abl e

configurations, ch as &, 2 typical coaxial e, Wherei.n a shield is
gener o | yhegtitHS S o yse iR nats SRAGNE fis 3l & witEbMte R or a
typical og\rmid QBRI 802Wrd axhsiorCitiSnd 834WTiItEdshac1 8k &l16ls 888 CRNohruOUSI Y

di sposed around a pair of insulated 30 conductors. "Al though these

convent i omattodghénds, ghietfled steicirgpal eabl o8 inelpd gy oivanggiomodgion 88€ posivenegrost i ¢

profi.l.es, [ necessar .0 hi.eve. accept a

el e Ctllpl c a]ﬂo §1§%sp ?qu%%oq%iﬁctg}{ Eﬁt&@"" 11 Some © octim‘ﬂ;fs a transition region %()e may

2012/ 0303£9f36itiokiSP 61 6419 @6 2fc ofconduéﬁﬁi@étcﬂﬂﬂg to one aspect of at |east sone
of the disclosed shielded electrical cables, acceptable electrical

properties canlesiti@hicaipag SpY aﬁe&&ﬁee%@y pitiel dsrecfelmsi898 jand ﬁw@tst%ﬁett&?é
transitiof, tﬁﬁ%}sl{?gn 88? ?X of "éﬁlenﬁll%é gur (ﬁem?ﬁ &{lﬁufotfn nﬁrSQﬂdB”

and/ or caref |ng e con Ion o reglon
al ong t hex gredgl haﬁn‘ltlcbrhbet@bdzredcﬁhedltﬁe begions 8&l amialblhehedﬁﬁedum rsg9 Toﬁﬁhesi ze of

t he tran5|t r n reduces apaci tance deviation and r duces t he
r equilPed Sé‘t?é‘g Bﬁwg% %wn%? IR gsitosy @Cﬁ@ﬁé%b@ﬂg@m (oS Hieon

conduct or I ween
orS&tanBitibi oﬁgﬁl Q%R!t)s%ﬁ t@%%ﬂaﬁ%n&bgnf | @ﬁ %1 gtra&ﬁlal s b QEhs'Rﬁ}n

conductor sets. Caref of the ¢ ion of the transiftion
regi on alsunlgas, kez.,|asngsthntofllytshgn@ Haldtadeidor) protidecataircall sresorticf fout es t o

obtai nin ab el ectri cal havi or and consj st ency, i

o oul deo SRR BRChIRE EshohT ot PP e s Ao Rs lorr e Al B an e
nore rel I@mnyshien@éasal@c&ﬁ@qicaﬁ@m 14lin a@N 0 wirh mteﬁug@mlguye&ﬂ&ﬁg of the
transition region along the [ength of the shielded electrical cable is a

fact @0 asshtehdedsileorint cathe 893 aTmlsliS tapgpory inshidappe ofietierss an tovieetigd lager| i mit .

808a and/or debonding between conductive layer 808a and non-conductive polymeric
layer 808b. In addition, a gradual transition prevents damage to shielding films 808 in
manufacturing of shielded electrical cable 802, which may include, ¢.g., cracking or
shearing of conductive layer 808a and/or non-conductive polymeric layer 808b. Use of

25  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

30  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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An el ectrical characteristic that is often considered is the characteristic
i npedance 15of the transm ssion |line. Any inpedance changes al ong the

| engt h ofwa 201r2z038365Ssi on | i ne may cause power to be reflPeTiusdolomede2s o t he
source instead of being transmtted to the target. Ildeally, the

transm ssion line wll have no inpedance variation along its |ength, but,

depending on the intended application, variations up to 5-10% nmay be
accept abl e. AntoeElingfoeieraspest ot deast sang ef the diskleseq shidddedseledtied icallesd i n

t wi naxi al if - al rjv 14S.: ! I sSm SSi on
speeds ofacg %Aﬁgg%gt}rﬁpélg{rgﬁeﬂl?snégé b%fgl C%e{ﬁ%({la@)rgbgcﬁggg}\geﬁ%gﬁa Fgﬁl SF {tgg of

t hei r | enginkitiobkeyomrcadusasdediny gk sizenf dic tidmsitidhfrégoe atid/ad caséfgital to a
comon node Sj %t can be reflected back to the soa{é&s@%ledg ces the

gnal th
transm ttC@atrglih@azhw «nfighigtian ot the dfeasitign B HARM Bl nd can
dr amati c - S i I - I jiot L | deal ly, a
pair tgf taé r1 éac}(nréérfa}lﬁ]gitlﬁgnﬁfclhﬁglsgq \&/1\,1E F]?é [ﬁg@lg tﬁgﬁgﬁ%v%gpﬁj%w% eepdeahgélﬁlgc%n t he
i nt ended depplipc atd odpce thie faerehspaat bSwpar anbtipde c@ODRtOr eats, HEDY val ue

(representing the differenti.al-to, common. node conver.sion from one end of

the t r andtidrehe cppbicts S Ehandos Toreorsedis T Sl on SO D to

f r equencycoffiudtétt Rfse HarcfiUEhtRS of e Yonfidirsddh oMRYirhRitRMGEELARI R the

AIternatlveIé,fskew can be nmeasured in the tine domain and conpared to a
P

requi r ed lepatl of theahickled cRepabicably amtilhies tatobtadadg aysdidtabde ¢loetricd0 val ues of
| ess .t.ha bout 20 pi.coseconds/ net.er / an ref.erably | ess.than about
165 PheheBARH" aiteoB b SRRES VA S B S e TNtk SR et oon
to Figs. dBetatald8hcan Be PKd religblelapsraitel e vardgicopt-aldfeh &t ®iguifidh of the
properties, transition regions 836 of shielded electrical cable 802 may

each i nclftsitign segieneleagticderath of BashicldsA clacticababis isTriecter axibe tironf ar ea
ggga :A; Efe@{rgésﬁtg&y oﬁ‘[ﬂ%@m%@?@a Bl 9S8 RREL onal area 806a of conductor

cross-sectional 5transition area 836a of
transition reghwele8Bbali chadeferintidthbyis toftain sosi denc i ity chaBiddrisan tnBddiice
The transition points 834" occur where the shielding filnms deviate from
bei ndJsuBtRnransmispiondiice fih imngnge € @géﬁalopﬁéllﬂlﬁlﬂéb OEBFF&H%{%?IO%SBG of the

conduct oy el 30fowsHe vk EaNSId ARk RANE LS B3Rl 87 bRy REH MRl dhef | ect i on

of the shi €l ding 08 at which the curvature of the shie ng filns
808 changeagetildeallyk-the temampkien line tvhil hetenemegedanceRiagatidiOaldhg its lagdur vat ur e

of the u r,shielding fil 08 transitions fro ave downward to
concave oo s thep B ORTEIoR: VIRNER Fo L0 Gaber o FAFRM Fon poi ni
834" in tAthdr@WcRical HRr&dkat WL i fidn@nbiowed ishiighdhingvlel [ABRBtially
transitions fromconcave upward to concave downward at the inflection point

whi cR0i s driven) isweew pr airssiueli tomsmaision sgeats of fve rendnpigieelincpod agajrafong at
transitiqn, PolBhRndR heiGssth. YR&H §rnl &P aLLRN oP Bl BRGhAS iarFRE
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,
25  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,
30  wvalues of less than about 20 picoseconds/meter (ps/m) and preferably less than about 10

ps/m may be acceptable.
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15 portions 809 of the shielding filnms 808 exceeds the m ni mum separation
dl of the pinched portions 809 by a predeterm ned factor, e.g., 1.2 or 1.5.
I n addi t iwo,202a0M865r ansi ti on area 836a nay include a voipdTarseao®asbs Voi d
areas 836b on either side of the conductor set 804 may be substantially the
sanme. Further, adhesive |layer 810 nay have a thickness Ta, at the
concentric portion 811 of the shielding 20fil m 808, and a thickness at the
transiti on porRaferningagaipfto Figs. &hind & Hypat tohcBogrhidygaceeptabtededricalhan

bet ween kg pross iRl iR SELY Sy FEN G TTMC 89 el el EIRge TP
t hi cknes scrads-sebtgonal easitidnaiicd886al dhec8B4sitibn hive 8364 8lpdefiotably dmalRPthahhat i s

greater than thickpess Tap. Adhesive |layer 810 nay represent at |east 25%
of cross-%%%tswmap%%mﬁ@fown P %66{%/5 bost ng@’“ﬁP@é%ﬁ@eCTst'%ﬂ%%ﬁ?ve | ayer

810 i tr A S . tdaat .4 »eat er
than thi CEgitoh 3Ra¥6R0PHBR I vogRN WG, AirrRl 3 dalBKTESRI A ol PERF D
cabl e 802 i n tHe ttanaitish poous 833G ioocur83@re the shicldiar Bfimd deyomdt froin being he

facturj d t terial characterjsti f th i
o oot s BPISHRLT GeRcal vt B ore g BrebS AT MR st et M Ve o
ar ea 836brRQratgioh ggiéﬁdﬂsw ARSHe Bhin&H iR dBRbBh & afkharil By Fianeg0PBkAvHith

transition region which may in turn reduce variations in the
capaci t artbecwiatureoeghe gaeldmgdilms 848 shangss sign e Hosg@mplSiwid rdtstensk ¢éx Figi cal

cabl e .80 include.transition,regio 6 sitioned on gne or both WO
501211030 38n e DEbHT Bf bsoRBs" LRRBE SR BORiRe B S LR e R P rRAriRee &

Cr 0Ss- secohen@lupivasnsithd Riflcati@Pp3aGahithatthé Spsedd BEhandh pbihy8PAwathet 0 or

snmal |l er than a cross-sectional area 806a of conductor 806. Shiel ded

el ect ri cdiguEable supatwgyofithclongeshicldingddm §08ransigionh frgmeopesictirdiseditoon one

or both sj i : -804 . o 0SS- Ssechi on

transiti of areaogSaat Raft TR ARG PO RER TnESEOBRGFERL Els: 1 o
conduct orfifid8 . Tiosthexeanpition poinds8343 eaddupwatretar @pautibobetat@ath8pachody vary

| ess t han 50% qver lengt.h of 1 meter. Shielded electrical cable 802 may

i ncl Ude tﬂoé'i*&qsﬁogﬁ’f %ﬁﬁéﬂ@%@%&ﬁ %%?@dp%ﬁnwwm grgedopfhi e Wa@&cgﬁg set
804 thatclf,iz;x% Slgbglbggf?r@d&érﬁﬁéédsﬁﬁth,%- 1l 3 pansi tion area, wherein the sum of

Cross-se nal ar 834a 1s substantially the sane along the | ength of
conduct or 806.Inkdditieraraph anditien sonBdfa hey mobslesectid araB36l.cdsidd3da may

vary | ess,than 50% oyer | engt h of m Shi el ded. el ectrical_cable 802 nmay
el ude: CPERERETB g e BCs S S04 Rt BrobUCH Y ABSo BT AUt  or set

804 that Qacdivd 1@%@&1@_@@%@%%@@&@59&@ at tHcARBLdIOOpGHiBA 8BB 6Rthe WHRIEAA t he
cross-sectional transition areas 836a are substantially the same. Shiel ded

el ect20i cdllmci, endBothighayss ai ¢haigansitioapsrtianoi3draddhosiicldmg fPaf0Bithaiasl on bot h
I g%gaqgrl{ﬁgno{hicsf(%tess%ef’ Similarly, adhesive layer 810 may have a thickness Ty,
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 Typ.
Adhesive layer 810 may represent at least 25% of cross-sectional transition arca 836a.
25  The presence of adhesive layer 810 in transition arca 836a, in particular at a thickness that
18 greater than thickness T, or thickness T, contributes to the strength of the cable 802 in
the transition region 836.
Careful control of the manufacturing process and the material characteristics of the
various elements of shiclded electrical cable 802 may reduce variations in void arca 836b
30  and the thickness of conformable adhesive layer 810 in transition region 836, which may

in turn reduce variations in the capacitance of cross-sectional transition arca 836a.

Shielded electrical cable 802 may include transition region 836 positioned on one or both
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15wherein the transition regions 836 are substantially identical. Insulated
conductor 806 has an insulation thickness T" and transition region 836 nmay
have a | aweral2/d3essgt h Lt that is | ess than insul ation trCTRIsess/0d0625he
central conductor of insulated conductor 806 has a dianeter 13,, and
transition region 836 may have a lateral length Lt that is |ess than the
di aneter D. The various configurations described above may provide a

char act ersidgsiof coplugion def04 thai ancludergicresswpetinnal angeonrasen %&ng@t isuch as,
€.g., W™ Fsﬁbﬁarﬁiahg%ﬁgil tgo{]%zﬂ%tr tﬁameé:}?&gs%{:t\{(ﬁla&l frea %H&zﬂofacfsdndﬁctglhii({éo ohns,
over a given length, such as, e.qg., nmeter. actors at ‘can

i nf | uenceSHidldedeladtiigalicatble 802 afaytincndd 4 irayiticdgicgion 836 pasidogedidreoreasngt h of
shi el ded el ectrical cable 802 include the manufacturing process, .the

t hi cknes<o8t sigevRfronusson ssl BMthaiongludeis sieps-weshiont ritighig Bt thptiyer s
e A eni v )
808D, sa I@ﬁg%%ﬁgglgxgi?agﬂegﬁl%@i@?e%%hg%ig&ﬂgucﬁgﬂr U9, Q?&Iﬁﬁl@,ncrbﬁ%l:ﬁ’&ﬁg

conduct o to nane a few. I n one aspect,
conduct ortrapeitioB @rka 88ha elagivagy fesd then 808, ovana langtinsi It meter.r Sgelded 886riay be

cooperatively configured in.an inped e control lLing.relationship.
pedance B ROE g g el BSRER s o v S el e e CeptBmr et i ng
films 808patanch InCRIIS alck@R-s38Qidn80H ARt RAGr&, G hERAPEE Bl ¥ lcYos§-R8H oI REhst O
control the characteristic inpedance of the shielded electrical cable.

2012/ 030339rETyubs0ti0l0Bo 6aBe along thefengih of gonduttos 806t éay expmpler thesverafe

Cross,section, an exe ry shielded.electrical .cabl e.902 that jncludes two
Choung; edriSmar e SeTR AR Ry §R b B PSRRI B et ot ed
conduct oregecBiénl eatbseXinan thdgicalmBiion réLHng 836G ositbeeCabbeth s off WO _
shielding filnms 908 are di sposed on opposite sides of the cable 902 and in

conbi nat i GAdERSTEHI Bpt sack snplydsurrosoretirneb rardionyyga 834h. BijeictndE adhesi ve
| ayer 910cr¢]s§-sg&stﬁqqlgfgﬂlsﬂ%§lﬁ% Sgggﬁ{éesﬁbﬁ%liltﬂll&'?ﬁe SR, A iﬂﬁgq ggéstﬁk \fger 1 1 me

908 and bonds I ng o each ot'her on bo of ‘conduct or
set 904 802ty iptlndd ednditgi @pnd 886 phsitidredwalbloeh sitl¢rssaflcahddtt@aad®t ors 906
can be arranged generally in singl e plane, and effectively in a tw naxial
cabl d2contigeir ks %%ﬂsﬂrﬂaéeglﬁp%g%& Yp Swzﬁn&aﬁmﬁp@ alnsBiytedpmuctor30e hay o

di f ferenty i yosn ARGEIER! i | g t
ar rangem B R e o A P PR R 8L ana o

non- condUessithan ipsulyter thckhesgdii. 908sntel congyctonof nddatel eondretu @06 hes 4 ayer
o0 W gtk £ nocontuctl ve nal vl e L avel Q08 DLl Lihie, Lhe
conduct or§af@6s DOUThd VhrRub 8siTRlut MRS ARRALERMY e 2y revidO AlchardbtctifiR
shielding filnms nmay 15have a reversed orientation.
20  1mpedance that remains within a desired range, such as, ¢.g., within 5-10% of a target
impedance value, such as, e.g., 50 ohms, over a given length, such as, e.g., 1 meter.
Factors that can influence the configuration of transition region 836 along the
length of shielded electrical cable 802 include the manufacturing process, the thickness of
conductive layers 808a and non-conductive polymeric layers 808b, adhesive layer 810,
25  and the bond strength between insulated conductor 806 and shiclding films 808, to name a
few.
In one aspect, conductor set 804, shiclding films 808, and transition region 836
may be cooperatively configured in an impedance controlling relationship. An impedance
controlling relationship means that conductor set 804, shielding films 808, and transition

30  region 836 arc cooperatively configured to control the characteristic impedance of the

shielded electrical cable.
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The cover portion 907 of at |east one of the shielding filnms 908 incl udes
concentric portions 911 that are substantially concentric with

corr espomaiorgizamBaesonduct ors 906 of the conductor set 9@¢T/USROI060625
transition regions of the cable 902, transition portion 934 of the
shielding filnms 908 are between the concentric portions 911 and the pinched
portions 20909 of the shielding filnms 908. Transition portions 934 are

posi ti oned on Mgt 99| ladentasf indemavREsosrossescctony an cxerap laohicddadielgssieal on

i ncl udes r ' : I 4a T f.cr - gectional
transiti Oc%b%ﬁ@%éﬁ%ﬁ%ﬁcﬁg %}5’? é@sggg%il df%glﬁ%élstgg%? i‘%gﬁeﬁto? geetsjg?h@e éﬁ%ﬁgﬁ%l e length
of condudhailste®Béndutiors ¥6asiph extchdirg slony aflergriostths esile 002l TabshRlddda may
vary |l ess_than 50% over a | ength of In agtgj(ti on, .the

1 m 25 t )
cr oss- sedtiMoi4P afs dprased opoBpP@HS sigenal thﬁygtﬂ% 902, pag Wrombrinagiop ﬁl\éf%%{wéﬂénd/ or
subst ant i ' j [ j [ TR '
cont T but Lol e B o A R B0 & P B
(si ngl e- grdeat)s 98T thedihfdldng ilmaP08 apketads ehitldatg filotsiP08aomaah othdrlonn a
desired range, such as, e. W 1 hin 5-10% of t et i npedance val ue over
2 gt ven 1 BRptHes LbniitorSePaps Mihcmieizagion: 88 EhT b nPoYara:  on of 30
the transichi@ors ©9b @%béﬁi‘aﬂ@eﬂ]%@ﬂ&ﬁlﬁﬂﬁ%ﬂi‘%e bRge b FRAHG LR IwRERiafl ONg at
| east a portion of their |ength. en the cable i$S in an unfol ded,
pl anar conbicgonfgiranon. eBlshiwanaxid ealblhiceniggurefidn dandbemsgd iner dfarcattlarirzabl e in

transverse cross section by.a.radius.of. curvatur hat,. chan acr oss

ool el A Epc it B G SRl R AR OS5 e
shi el di ngnéludd¢n 88BubEYe 1@§@rw08afa@daazsﬁ4mﬂ1@cﬁa& ﬁélbﬁleﬁb NGSREMFNOE iy 909 of
the cable 902, or near  the 5center point of the cover portion 907 of the

nul ti - coriBeledothe capdustivetaygoW8a) wighaut Hreawnigengycgive golymerichags Ip#Rilni ons,
the film | t 18 1 j be
subst ant itg?%&i%h@lg%lg]%@mlkf%lea%ﬁ %qsﬁuo%%g%d%hgegdlég%éﬁﬁ%ﬁoﬁ gf %@E ﬁsgﬂ shi el di ng
film 908 drayunes 906, fubin dxamgive enbbdinheitd, bansit botlhbf hershictlin®Bénomay he
shielding film908. In saone enbodi nents, the radius of curvature of the
shi elldi n af’??ﬁ’?"&éﬁeéé’gef“ﬁgow dth of the cable is 10at |east about 50
mi crometers, Iy covbNRorliafos ool I SRR, SRSEiINDFHmOIYE i HRYBbAdficic
smal l er than 50 mcroneters at any point along the wdth of the cable,
bet ween tpoeti@dPdd tioft atchaibstaitialy doncswmeweghisodespendisg chd rostuc®ird?0opff i | N

t hat incl yde transitio ortian, the radius rvature of .th

transi 1 o POREFBR SN BR g retrarer Shsehle B T Paeionfiar so
m cr onet &h$ shididlny fAitsWOB aldQdwed BB a6n CRIMHc Bitidsi9aM and MelifdnRd pbitlows t hat
include a concentric portion and a transition portion are characterizable

by a 20adil¥9 adtheimaldingfigmeP08.hErapsifioe nertioss Pt aricpasitipned orbrth sidesiof adi us of

curvature of the sitio oction r.l., These paraneters are ill rated in
o oure- o teBhuqolgel B Sings3h REb Rl impyd e SaR et Pty ireq ¥RhL 2L 00
of 2 to Ifhe sABFbfAH6SR-sEEidnal kisisitainefcRHGUR G prekesy albytanhale) tiedaat eRhgi cal
cabl e 1002 which includes a conductor set having two insulated conductors

1006. | n thejcaghisandustars 996 eFarixampion rersumnef crgogceiianel draseXitaiedy i c

confi gurat,i i G sition of the transition portions

rel ati veq{a%}pgssn%@féggzgm@???%g{ehgﬁo@?hent such as that of FIG 9. In FIG 10,
shi el2ded el ectlniadditionaht exd Bd2s-hasiomil mahddopearchs 93vn hdPBe afbswhtidlydihag fil s
1008 25that lie in a plane that is slightly offset fromthe plape of

symet ry SSMCEREOf ﬁ%kmaaf@&v tieRTt ohis C@L@%@ra@%t’fa@ﬂpﬁ% TOHONBINEREO ¢ he
cable of F éh@racgegisﬁ@gnf)édﬁnééaﬁ)f P4 BheBS )6 (single-ended) and a differential

impedance that both remain within a desired range, such as, e.g., within 5-10% of a target
impedance value over a given length, such as, ¢.g., 1 m. In addition, this configuration of
30 the transition regions may minimize skew of the two conductors 906 along at least a

portion of their length.
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can still be considered to extend generally along a given plane and to be
substantially planar. The transition regions 1036 have a sonewhat offset
posi ti on woadorasbisgurati on rel ative to ot her depicted emrbodiSewmnises2i-However ,
by ensuring that the two transition 30 regions 1036 are positioned
substantially symetrically with respect to corresponding insul ated
conductors 1006 (e.g. with respect to a vertical plane between the

conduct ors 1008hen tsgableat intgnaindelded. glanar savigofationagish of the shislflienglmo36 i s

Shi ol dea BTG ¢ el bR R e RO R Bt B DL B M B o e

conf i gur edrdse agbid d wiltlouf the calsle 9p2 abhenmak i irakds ¢ffcaperirt e§the shieldingi gur es
11 a andéhlb illustrate additional exenplary. s ielged e| ectrical ﬂ%bles.

h

These fi dUPe84pay aeui PRGN G &F thepchrd Paidign 208 oh Bsegbls J02i Prheas thehe
e : Dl

R I e R T L S

from an ddgdlestthesmohatioos, tbefilnf enag.be stibstaritnllpiflacarck the stdalskoflvatwabea

adj acent conductor sets).or fromthe external enviro nt .qf .t shi.el ded

o barr i carouip et haghe: TR eihS Rhghe e R s el st r om

the shi el ggd,@heabr dxadipl<abihe t@Rd:ian Poriibs 938 bedlsRIRARAEING 9081 Bf dogfcence

from external sources). In both 10cases, thejpinched portion may include
vari ous rredivdrneds, the radows @of egrvetrg efzhe slaciding fdmearedsdld widlophithe sable Bxanpl es

include close proximty of the shielding.filns, high dielectric constant
m eriDal A0SR hitodhigtnge e LI i s kS e REEMECGE r act o
i ndirect sedadief thiaf 80 neirdhRedrs ¥ dnfy paintlaRagth OWRIO b thB@aislb] Whelédmahé eddes,

ext ended di stance between adj acent conductor sets, ysi cal _breaks between

ndu ., ph ” :
adj acent Adhitrblorinseernbofimasisiarishisldieg fitrarthabincluge 2 dngiien AYtieRs ms t o
each othef, Qagg]lfs%tf'c%{w%tu&%f thi %ﬂéiﬁ&%&%h f Eltersﬁ{%?d{%ﬁﬁh ¥%si1%§la1tff5ﬂeas?nd
conducti ve adhesi ve, 0O nane a 1ew I gure a SNows, n Cross
section, aostdlemibesmeksctrical cable 1102 that includes two conductor sets

1104a, 104b spaced rt across_a wi.dth of the cable 102 and extendi ng
| ongilfudi nal | ;}n&wﬁgﬁie% @%ﬁ%%ﬁ%@@%éh}%@ln& s @ew&ale A CRMCNYIC04a,  1104b

has 20 t %l‘tll(;}lswdaé eshs RSB a%ﬁ %ﬂa@@%fréﬂa%%g% a Rs DR ENGiuRGof b B 1108 are

di sposed on opposite sides of the ca I'n transverse cross section
cover pordoncmdridi@7ionfR{, hed/eha siddisrg cliivase 41108 trsohsoapertiah iy Bhase ound

conductor sets 1104a, .1104b .i.n caver .regj.o 1114 of .the cable 1102, In
S nahed el peyugratia it 9 IOHC bR S qbtSshiid SRl Kok o
1104a, 1%04Pa rdnbeofhielsling films 1108 include pinched portions 1109. In

25shi el ded el ectrical cable 1102, the pinched portions 1109 of shielding
fil m201108 andigwrsdlaklestrates naeibeiorxemplayp shickicd elcattigeldcaglend0Amhycli n a singl e

pl ane when ;the cabl.e 1102.is in a. planar._and/ or ﬂﬂ{ | ded_as r angengnt .
Bi noned Ab7 GRG0t v B R RR GeRCh S il B BEEH BRI R ., v
confi gur edididingkigas 1008tavy ah a9nadetric @BaEIratiors &hschldHafges thd Pddxidd #theach
ot her. Wen arranged in a generally planar, unfol ded arrangenent, as
transition portions relativeto a more symmetric embodiment such as that of FIG. 9. In
FIG. 10, shiclded electrical cable 1002 has pinched portions 1009 of shielding films 1008
25  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 configuration
relative to other depicted embodiments. However, by ensuring that the two transition
30 regions 1036 are positioned substantially symmetrically with respect to corresponding

insulated conductors 1006 (c.g. with respect to a vertical plane between the conductors

1006), and that the configuration of transition regions 1036 is carefully controlled along
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30illustrated in Fig. 1l1la, the high frequency electrical isolation of the
first insulated conductor 1106a in the conductor set 1104a relative to the
second i nsol2at2a30zonduct or WO 2012/ 030365PCT/ US2010/ 06@62A)S201066062H t he
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. As illustrated in the cross section of

Fi g. 1la,th¢ kagdadisbicided zlashirabeabéhHi03e thershiekdedislectiqthsabie l02eqsabat i on, D,
bet ween t j ' ing films 1108, 5a m ni num
separ at | O%ﬁﬁ%%}é&&@%@%&%@%e%@?é%%Jr%ﬁlc%%@f%é} of the shielding films
1108, and a niFigusm kegriridbiibostracila ddivdnabernipiay phickiee dlcprichl @bses1109 of
the shielding filns 1108. |In some enpodi nents, di/Dis |less than 0.25, or
| ess t hanl §sa figyrgs %rawléefgwt%&hmwga}nngw Bpﬂ@ﬁ‘@ﬁi Boftiep of H&rpagl.es@,.co IUE3sk i onal
adhesicve . . I . . LN i ons
1105 o1 -t POXEficIRY isBfig RFoHRED, 83 o I R i B R ot eBO Lt e or
di scont i nogulse clectrisalye s@nted diomemt sdjadchecadbesi we (¢.gy Brmmayizexiesallf ul [y or

partially in the.cover reqgion 1114 of the caple.1102, e.g., .hetween the
Cover - por PGBl Y o) 8 HETH FeT to iRame W ANt conduct or s
1106a, 1Je@&l@pianB@olggtt@,Sﬂo\/fﬁinhﬁ&@rele@ﬁcamb)@leﬁbwﬁaﬁﬁ QBapleTRork @MBhidd@idt | on 1107
of the shielding film 1108 and may extend fully or 15partially fromthe

pi nched pdectiicuh cabl®andomirtimezeshdodiodiagnetic interftnedse amorxecradlgeunses)a lwbeiiuct or
set §%04%m 11t4b&{$7%heiﬁinchedlggrtion 1109 of .t etspi IdiH%H%iln11108 on
the g her" &SNP REPUFRATEAYJPeIEdy Vo echapopl structires ©raliggihg) gi ng fi 1 ms
1108 can deughaidkion Eeenplts tchaldiclsc gfoxemity af the@hicRin@6b0$ high W dt h of
the cable 1102 and/or by a radius of curvature, rl, of the transition

porti on ialoctrigeenstans makqrial Betigen themhighing flmsy, geound gppducetrs giaf pakere, 2,
ok ol il ' ror . o

Crans t1 GRepEor nfirgf Lt Ofulchhdcbiich RE1CE L8 B B shpliihg i odkdBddi® 1

1108 can digamerbatged adpcpitevhdieta sgisaghiaicalk rasisitetvasenejasestohect@oncent ri ¢

ortigon 1111 of the shieldi film 1108 and the pinched. portion 1109 of the
ghi e: 19 ngse‘fsi ]nﬁﬁnilg_‘r@;gqt cqflﬁgct olf nge sh%elé?ng %i?rns to each ot elp hirectly eitﬁer loilgitud%na ly,

transversely, or both, and conductive adhesive, to name a few.

Figure 11a shows, in cross section, 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

20  two insulated conductors 1106a, 1106b. Two shiclding 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

25  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
conductor sets 1104a, 1104b are configured to electrically isolate conductor sets 1104a,
1104b from ecach other. When arranged in a generally planar, unfolded arrangement, as

30  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
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25transition portion 1112 of the shielding film 1108 extends froma first
transition point 1121, which is the inflection point of the shielding film
1108 and warkp/@hssend of the concentric portion 1111, POTAISIEOONH2S
transition point 1122 where the separation between the shielding filns
exceeds the m ni mum separation, dl, of the pinched portions 1109 by a

predeterm ned factor. 30l n sone enbodi nents, the cable 1102 incl udes at
| east ond19ab & ticregndyatonsehbk04p assubstendillyslesssthenthe igly fsequrneiaele@yealt he

w dth of igglgti(ﬁlat?ltﬁe hﬁ?’&oﬂ%f:%% 4939ka %?a%h% té%e@e&‘én%”c%ﬁlw%&%rfs%%ﬂf4bt. he i ni mum

radi us of curvature, T e transition portion e shiel di ng
WO 2012/ 03036 RGTIuMEREI DY th6 0RSsdetibmplHi@21 1aS that cabralN02 @bwbit ciPadidriscdet er s.
I n some enbodi nents, the ratio of the m ni mumradjus gf Qurvaﬂgre of the
concent r i % PHFFIBEN 1 2EeN P rhShiFaDy e coneer prtions § BT pfehe phieldang flgsdil0fon

porti@n, 21 1S i i ol g tional
Vew of & ShidphSshdpdnt AR et oot 8o e M BUETATR 1108, Ocer s
1204 spacad aapairhumrseparaaoh) dgtbheveca chagscledwiodidnsdfl 09 hethe abieklisnllnext endi ng

| ongi t udi l'y al on .engt h .the cab Each conductor set 1204 has
ont'y one 1uTutaste Sefedieds 4308 PRGR has hToPa g1 1 IerEs08 ar e

di sposed @KbAIRRGHE WS/ PisdeSt@fthdd@3abl e 1202. In transverse cross section
the cover portions 1207 of the shield{ng films 1208 in conbination

subst anti al | y Auepteamabadhesive feyaf mppbce d tap shavprobetwoerothe porstiedt or set s

1204 .i\n a_cover Lon 12 of. th able. .Jn.pinched regions 1218 of the

cabt 40" orpoB R LI RE B8 hRkfn® Bt 187 S g BB AT R LRBARIR ) s 1508

i ncl ude piiswohetudeer ti &g dABRimbits Shi edidelc @4yRE haly @Rlené @l yeorlpa@2allydh nched

portions 1209 of shieldin% films 1208 and insul ated conductors 1206 can be
|

ar r anged thepevcaragyor g ofithyrablpl e ah bt wica thegover popoon 1 K07 ¢f the p| anar
d/ | : ' 7 : ieldi
e, 1500 GRS ofthy RACIHIThe inlBCARRNBREIOHR 196 Rle dBESIOBIERER D ¢ e

t o el ect ricahispoyed @othatcovdrperttamntlddtodithessshicdihg Gdmfln08nediohy ekfeed fullyor  As
shown in the figure, the cable 1202 n be characterized by a Xi mum
separlat i grrtigy f%&%%@éﬂ“‘ﬁﬁé peginE 1 188@? fa*t?rﬁglelées ﬁ@r 11p3 on gpepide ﬂgg films 1208,
and a mni IO WaRA i i e

shi el di n[f ofitht &‘2‘?%@?“28%"@ A é'?rﬁlar y é%%‘%&”#@??’? ?”3’?/‘%&?% Hhd10s %Iértnﬁeg. 25,

or | ess tdtlaar sGichf thnconductonst 180Haedi@tb.1 ayer nay be di sposed as shown

bet ween the pinched, port.ion 09 of . the shiglding.fil.ns 1208. The adhesive
ayer My be COOTIRIINE bbbl CCORGR TS BohEIabarTERtS R-ERE Stihos! ve
llayer mayy@uf 8Mfe E4bid Y102 and@drtolyal hdtiuk Bf E0atGRY Bl of @8 1aRsiddd fordibn t1ng2 cabl e,

e.g., between the cover portions 1207 of the shielding 25filns 1208 and the

i nsul28t ecfdlemshidddiogdilmaogd/or Phie radineel cevitaigern, ofethe bencdnisigpoetepnobl 1d foé
the shielding film.

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

25  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 separation between
the shielding films exceeds the minimum separation, d;, of the pinched portions 1109 by a
predetermined factor.

30 In some embodiments, the cable 1102 includes at least one shielding film that has a
radius of curvature, R, across the width of the cable that is at least about 50 micrometers

and/or the minimum radius of curvature, ry, of the transition portion 1112 of the shielding
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cover portions 1207 of the shielding filnms 1208 and may extend fully or
partially fromthe pinched portions 1209 of the shielding filns 1208 on one
si de of awoantusvtis set 1204 to the pinched portions 12@@TafS2eibeembs el di ng
films 1208 on the other side of the conductor set 1204. 30The shi 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

transiti ](cfﬂﬂpb‘rotzllﬁ)ht lggst abeyft 5P peicromcidreli Hgpomd ambozggerindhoratingt honi ni mum
por t 1 on_ 1o SRS of Guydee o¥ B BHO BRRGHIG HEH RIS OPGERRESR! 1 ©

t he cabl exfiROZansitioanirtion /oy inia0asgd@12to0lfS. t he shi el di ng fllns 1202 can be
configured to provide a gradual transit t ween the concentric portions
i o i

1211 of the s gqlra.lﬁblsrfwrﬂﬁs%%@wéﬁw °hard s 14%0%abt the
2006 Sxt IndlblemrabeBigucliSelII208 bl S0Pt bANLITEhE; Mol Rl ot e PloiC |

1208 exten roma |rst transition point 12 ist ection
poi nt ofzmH@thdmgdmngmﬂHMHyaRﬁgadﬂdﬁmvfﬁﬁcMMe Emdlwﬂmnherﬁmmﬁthmlc

D vwon (L e Bp e Comfuctor 1206 and TR Sl a8 F it SR eh e B

pi nched pgddioPR chdR920Y. PnMr%d@ﬂs@Eﬁ&%sﬂ&‘étl&@Qh@éoveﬂ@éﬂﬁoﬁ@l@)ﬂ}'@ﬁ@' nents, the
radius of curvature, R of the shielding filmacross the width of the cabl e

is at | easbtelcab@ﬁtmsbmﬁ igrcombiratign awrbtantialihsurraunid themnsdaied somfuctoud28é ure i n

some Masat opleREAane b B Rsfortl )4 hifieblio bR iaUZPIERFGS can

be confi gidbl%doﬂ @othaldeabﬁm@chudmtse@tlzam taagHieldimeaiimat1 208 aslud@Gindhed
exanpl e. Th|s | ateral 15flexibility of t he pi nched reglons can enable the

shi el ded neatims 1289 pkn shmlé@delffﬁﬂ%ﬂya@a|1@%|p@10@6¢199@19ﬂ& 20of shigdding§lme g, | a
conf i gur tz'o@'a%l& pﬁhla‘r‘%”coﬁﬁ%émCizb@cﬁl BOHY %g&g&%ralﬂgﬂn%%g&néﬁgﬁfwhé{‘ﬁa' ater al

erX|b|I I nc regions 1s en hi'e
i ncl ude toableqrzomm arlﬂhmiauwbyuﬁfbldladlaﬁdmgamhnal T]h@.g(ﬁzl’eﬁporﬁﬁny\mmaﬁtthd he

i ntegr th ndi vi du l.ayers in particul ar under bendi
condﬂé. or?é“el‘ihflg ﬁmb} gﬂ @%@PCW@@%@%@W@%% %&ﬂ%%m% F‘Fdl At act .
The pi ncr@&tﬁ&ﬂg‘?ﬁﬁatﬁ?% JoBluESATR! ©od N @aclglo%é;mm t hi ckness of | ess than

about 0.13 mMm bond strength between i ndividual | ayers may be at
| east 17. 86 g/Asshoivnlibgliid gy, thé table 12{2r qcanlbechpostaries] ua maginpmocessi ng or

S N IR N T
to have appiMARbShiYord O bRAMRNIhEFinched portions 1209 of the shielding films 1208.
20  In exemplary embodiments, d;/D is less than 0.25, or less than 0.1.

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

25  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 partially from the
pinched portions 1209 of the shielding films 1208 on one side of a conductor set 1204 to
the pinched portions 1209 of the shielding films 1208 on the other side of the conductor
set 1204.

30 The shielding films 1208 can be characterized by a radius of curvature, R, across a
width of the cable 1202 and/or by a minimum radius of curvature, ry, in the transition

portion 1212 of the shielding film 1208 and/or by a minimum radius of curvature, 15, of
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25 and shape on both sides of a given conductor set. Any di nmensional
changes or inbal ances nmay produce inbal ances in capacitance and i nductance
al ong t hewbengtdzoswss t he pinched region. This in turn nmapctass@oioswesiance

di fferences along the Iength of the pinched region and i npedance i nbal ances
bet ween adj acent conductor sets. At |east for these reasons, control of the
spaci ng between the shleldhgg films my be desired. In sone cases, 30 the

pi nched pbe eensagtrigportina I2H; &lerﬁ@wfldmgrﬁlmdZQ&elndhﬁeﬁ@ﬁtl@@@gmg 1236 phe cabl e

on each C no

or et narTepiI0 120 BRGHG! i 1 F IRERERAL TGS 1 DT AR BLIER B 10,
i I I ustratpevitbe gtaibalerahsicion dstvadek tiddorEdntiis pbaion® MZH%ﬁABemléIMg&ﬁnﬁCent
conduct or. sets _of a conventional e ctrlcal abl e mhereln t he conduct or
sets are @Qﬁﬁ%ffm}nq@guﬁaﬂw 120%0f t T, sbiglding 189 8e Han'RAhpTEon ) | and
bet ween t r e 1102
il us'?r atl\ggzﬁgk%ﬁgm?lfgﬁﬂﬂg?g?ﬁ t &;s ﬁs)(%ﬁltgl ?t;t%h ltlgngoglﬁ%%l gglgéhslggged apart
by about i6fl@2fnpoint SathelskicR)ing bbb A20&andugaiks tlehing dfeingtdncaftriapotiton3 net er s.

The test hod for creatin i mell.kn wn in. th The dat a

noe gerer TSGR Aion Sain 4335 Rb st aperiSn Demee Rt i FTRE: war &

Anal yzer .exbéeds @tk rﬁﬁm%ﬁﬁrhepeyraﬁ&ma?rdf ek ﬁlﬁéhetigj’ ortedd 1909§§B%¥&e@n%n%dt hat the
conventional electrical cable and the shielded electrical cable 1102

provi de dagpmilar far end crosstalk performance. 10Specifically, it is

[ 1 d h d | k h -35, dB i
TR & oo TR Pt b, eR MR E SRR teedR, o EE iR o S3nE ot s or

t he conf igidetedf tBe cdtesised lcaltaibbut STem@siendisi 0k 1) imnisahdiaabf eurdddre
shi el ded el ectrical cable 1102 provide satisfactory electrical isolation

per f or marie éhe typsitioamiostoncaighe shacldmgdiledp af lsayt 30 ingiAToMaterdr mance i n
conbi nati on Wlhﬁoﬁl@%aée’s‘%gﬁ fg%éﬁeg%ﬁ%%‘?a{ oﬁti?@dé’écﬂﬁéftﬁd& R85 LB %%h?b{:o the

15ability to space apart ns 1S an a age of east
sonme of tdoefigirsd E@B@ﬁt@ﬂl}eﬂ)eﬁhedt al mgtera cBdt 1eabdEs foreeimplen i lardl

electric I n exenpl ar enb descri bed above, the
shi e|1éedafl£q Per.qfélile Riaged TPEHEN GBS %&16?%% foldsh isay ssHalpposi t e

si des of cfoﬁﬁg&r% Jn?,i ﬁ&?&h E@ata’cohﬁ ra@OIPthel & tf‘eﬁf%éflnsae&hh@@ablgoﬁlesron{%o”' ons

of the shiel ms | n-conmbi nation substantially surround a given
20conductmscsstht latanatiﬂ@ubﬂmwuﬂhe pochaf reghoms mxabhtd dyahicldonflnct that set s

i ndi vi dual | I n sonme enbodi e sh Ided el .ec cal cable
my cont AP SRBSERRBRIERGTE HIN T Skt ok SRS B BRE s do of
the cabl gndidiNantags s Sdrtibnsd Mﬂbﬁ&rﬁﬂlgycoﬁdﬁioﬁghﬁs%mf&lréh gt the behdsn t he
shi el ded cabl e, conpared to shiel ded cables having two shielding filns

i ncl Ge detieeondbes rémaingntacti alhe@cmheciarﬂglcmﬁ naydpeeganlahawschamioam _
flexibili fn}é}qeﬁs nPPe?f Ct Y out% 0. 13tr¥1’n ({j th%%%gd (s)t];ensg%hr Bquzeetglngqu?d&aﬂa%rgat ton. A

si ngl e shi
may be at least 17.86 g/rnrn (1 Ibs/inch) after thermal exposures during processing or use.

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
25  and shape on both sides of a given conductor set. Any 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,
30  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 each other by no more than about 0.05 mm.
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provi de an acceptable | evel of electromagnetic interference (EM) isolation
for a given application, and nay reduce the proximty effect thereby

decr easi yoepmb3eat t enuati on. Figure 13 illustrates oneCeasapbecws such a
shi el ded el ectrical cable that includes only one shielding film 30Figure
13 illustrates a shielded electrical cable 1302 having only one shiel ding

film 1308. Insul ated conductors 1306 are arranged into two conductor sets
1304, each haviiggedalifusyigtes g far erd ¢rﬁss@ﬁlla(1@ax$bwaka&%b@tweam tvm)@fbwe@bnduct or

sets hav'c%gdl?ét sretsrl)lfqt?: h en(?lonalvgl)ec%%) 90%9&/@1 IP giT y%@ % Q fL:’e
| § ?’lcal

conductors as scussed herein are also contenplate
cabl e 13Q&olated.Skowavé fo bmhmdgrcgrndt(ainpl@rldmﬂareavébal&olaﬁja\zartlcomc&xerrpl ary
| ocati ons any omtted if desired, .or. additional

gr ound co“ﬁ@d)él{tl%ﬁ%neégw %écltﬁiﬁ??aP%@gg]l(%@%t%wlgowmh%% thesseldipe dtkars i n
Subst§nt'ﬁhh§ré Go rt%' a%ghﬂb@a?zfﬁani @%ng?é dbét ‘%P%‘ﬁ%ta%raﬁle]h%% 8f ati@pduct or

sets 1304 an e posi et ween 308 an carrier film
1346 whi chmdiees Tisttedt mﬁthqd(ﬁ)r asatngsthiselath mgveﬂh Known@n ¢haprouhlee dondact or 1312

is included in.,a pinched of f|| 130 dt
bround odnterergtemElSKG1BPE R AP ROk T bt Bt asi b b o
of these &h rbege&rwm@% e QAF éndlé’régstdlﬁ RASIhbi t%%gnskéﬁh&\@ﬁ@lebﬁﬁui abed
conductors 1306 and shielding 10 film 1308, and two of the three ground

conduct orand tix1shi¢lded eleetren) seble dl%p@@td@raaalmyalc@pmahqpsmlk hetfgranainpg ul at ed
conduct or of 1 he cq duct MW res,

o ar 6% Shettt R it s BEa AR HE R DR fyrcnd groslp Bt lmiBoRL 303! [ o1 e
one or nyuRableEbrthebd applWafiss. MbUnCHt @kigy §o¢Riffomt Fig. I MEHat drell cdnBiguaiivn

pur pose defined by a user. These additional w res, which ba/{gfor exanpl e be

adequat e 14%¢db P00 conveatienl slsrisisalgablesnd shiskded chetsal eabls nrevige | ess
than 1 Orsag%fg?t%rpﬁect éal s%fa 0555%1[}01][11&81" OTﬁe %fac% ef%c 1‘89‘%@ (91?_ less than 1

MHz) but no spee nmuni cati ons rea Gobs or 1
GHz), campecbfermafceriin e@knbman@i wab thoiatigaed sacsithlebtegincbed pbaiod dut tethe rray be

used to tr nsnlt power sig s, referenc S|gnals or any other  sign
i nt erlést .2DTHE tQpnage 2past eé Liﬂs&ﬁf&lnéﬁrléaw Yaasaee wf aeast sorge P g@d&d%ﬁ |rect

20 el ect I AeaSARLAGH It bRRENRRGHl RUichNaBlos| aSt some cases they may

not be shielded fromeach other. A sideband can i1 nclude any nunber of wres
such as 2 or norggmplarBerobodmeets descn!ie@ab(morme shiclded clegtrichlecabianholudest i on

rel ating to X hi el ded el ectrical s and.other information can
be. found 1 sCr BBl FE PoaRROR. SidFs af FRGHIE BT 8 Er oS Bnnect or
Arr angerrese&t%nf @6ve$ﬁ3bﬁioﬂ§ df Elb QRfeldif@filntsAR Bmbirtibe rsﬁl%yan@@mfﬂ SlrrRERARA02) |

filed on even date herewith and incorporated herein by retference.
20  conductor set, and surround each of the spaced apart conductor sets individually. In some

embodiments, however, the shiclded 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 shiclded cables having two shielding
films, include a decrease in material cost and an increase in mechanical flexibility,

25  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.
Figure 13 illustrates one example of such a shiclded electrical cable that includes only one
shielding film.

30 Figure 13 illustrates a shielded electrical cable 1302 having only one shielding film
1308. Insulated conductors 1306 are arranged into two conductor sets 1304, cach having

only one pair of insulated conductors, although conductor sets having other numbers of
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SECTI ON 2: H GH DENSITY SH ELDED CABLES W now provide further details
regardi ng shi el ded ri bbon cables that can enpl oy 30 high packing density of
nmut ual | y wbizelzdsodésonduct or sets. The desi gn features ofcrhis2aioscieesed
cables allow themto be manufactured in a format that allows very high
density of signal lines in a single ribbon cable. This can enable a high
density mating interface WO 2012/ 030365PCT/ US2010/ 060625 and ultra thin
connect orinsuaed eandygioreirabiicassed beesimir alsosoatenpinted. t thieldethelaetdcdl sablect or
interfac I i ' ' I f i ng
cost por SLRiay Y i g LTy B PR SRR DBIRRIRT ' 02
(for exanplal,of ithengaiagbalomitakif dedikkdnoaddditiophl glomsd ondoetotkscane éndadddl y t han
two stacked ribbons of | ower density), and 5reduce the total thickness

si nce onel <K Goadydais iy 3‘?"%‘3 mﬁaﬁst@%ﬂlw sapgdikeedop ph HigHisted One
pot entsi al . .appld 060 L 4SQ) £ [ S M e e bles is
in hi gh scgeg% (lf]?/al %?@ga{(gld%l ?tg%é %Fjobet &'Eé%é%so%ggg%ﬂe%ogﬁgg\h}}%s g%(ﬁgg

conput er andsteameanfilotli3dé wdlidcdaes nocfusytaineana shighdiog didol Cor@murdscoBAst¢iSer i al

At t ached ), which is. i ntaine the ILnternational Commttee for
o e S i hrE By R oot BBttt flen T30 RSt e Baei ey of ocol
i nvol Vi ngohBect6R IR iﬁélu&jéiitiﬁ oh® 0P cbhAMBt&AIRUBAL. BLOLRARsIBYICeS such as

hard drives and tape drives. SAS uses the standard SCSI conmand set and
i nvol ves giowul eandugorsdiBh? ispositminep befvseminsulated srudurtore A3knawhshagddimni - SAS

cpecilth odi o CoRySRLo RGPS S G ATY Rl lthFedf sp-

i nternal pgpkixedtthOSulafd CBndsctdbMBEY ofSAScetikoragsenbl i es, utilize
i ndi vi dual tw nax pairs, each pair_ having its own acconpanying drain wre,
and in sone cd8addifign teipignal Wiresedrainwiees, g gionad Pigs.sux Ief Biccilesed not onl y

nmust each. i . g i i

ar ai v a0 LS PuEEE nERACMEC BE nffe RRRRUATLARE, RRLT o R R TR G 0P AR g
These comuepdst dofihed: i rascr. pAhdss addi@iohal prieal Wiicamiangedkantplabé adg@atoundl e
that is pr aced within a 20l oose quter brai.d that contains the pairs so that
t hey 1ean 1BEPPWRIEASIISGORREIOW PRFCE SAMPRETCatiph(c g st Hel 1T Yo HPRA BT Eeés
descri be i ik i i i i ere, for

exanpl e, Clg;k}fi[ ?{5?‘.5%,_0%51?@%%%%%%%%%1iﬁ\?{%gdt?xfég%ﬁgiﬁg@ eﬁ}ﬁgr surface of

t he paddlenugaurdcativee(eg. greafdr@an3dGaboer) Gilzg can be cefoded ouollpaively asktbon

cabl e, whi. V.. siom.l ar or. substantial.l]y identical .in configuration or
ayout tOHEN SSRGS e b RS I s DT SRR S E TS SR SRR o o
surface ajthdrRgmapsEnRREt. ofhd WRcPRAINi®bEA SrettPpibBKEA iftdir&h off indifeti - SAS
assenbly, having 4 transmt shielded pairs and 4 receive shiel ded pairs.
Thi s 28onfaleptnic comadtsviddbagh oyt dus inras[lepsi some easesibexmas npils shaeides irehzi ng

t he tw nax ﬁ)ag rs gfggbgn n\éuelnti 0 aalln cnablbe %n.rﬁart be ause fer r th%n one
drain wi ra"hePE i SERCHR 0 Aty SREOCE R RURIR §0é 0T BT W F 8 Reed t 0
be manageg sf@mdrer m nati on. However, the 30configuration utilizing the

stack of two four-pair ribbon cables retains the |[imtation that
Further information relating to exemplary shielded electrical cables and other

information can be found in U.S. Patent Application serial number 61/378,877,
25  “Connector Arrangements for Shielded Electrical Cable” (Attorney Docket 66887US002),

filed on even date herewith and incorporated herein by reference.

SECTION 2: HIGH DENSITY SHIELDED CABLES
We now provide further details regarding shiclded ribbon cables that can employ
30  high packing density of mutually shielded conductor sets. The design features of the
disclosed cables allow them to be manufactured in a format that allows very high density

of signal lines in a single ribbon cable. This can enable a high density mating interface
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two separate ribbons are needed to provide a 4x/4i assenbly, with the
concomtant WD 2012/ 030365PCT/ US2010/ 060625 requi renent to manage two

ri bbons, wodowwmesshe di sadvant ageous increased stiffnegsTaisdoms@wkhness of
two ribbons relative to only one ribbon. W have found that the

di scl osed shi el ded ri bbon cabl es can be nmade densely enough, i.e., with a
smal | enough wre-to-wire spacing, a small enough conductor set-to- 5
conduct orangedtrahireangectan andgior prneenshiglcrossisbuigplahempéh stendgdgomnssfares and

drain wr. i i (o) LSLi stal k or
st el i ng S e o Ao URERP ol 3B, 1RY BShRALBLLE S e SERTSI T 11 €
ri bbon caniresedacs topending sieffimgs of the aseitbéy of fuam (for crargplackedneanbhgur at i on,
to extend _along. a sjngle plane to te with a connector, This ribbon cable
or cabl ed1bhe) ogawéléieﬁﬂaibqné%@xorq ?ﬁsggﬂ}awtwaﬁaﬁs?dr%b@@@ &f lowgr densityngndi pl e
cableg 1 : in@6he'r g al GRS o1 nax

pai rs.% I %@%Igceg?(%%}gﬁl g&%@?ﬁ?&%l rrer?tr,i%gﬁgsi %&;ﬂ&éa 1?1:?%1%15% tgi '{ e n%%/k%ggbhéﬁesd, and

i f desired, tHencspageraial pailicstiorafor beleaswomd of thetdiselgsbdniesidod catdgsas isur f aces
of a connector or other term nation conponent, even_.though the ribbon cable
ext ends. AMEhTosh(YOLHE? BRAE boTKETCGIPPRG  AnIBEca O f YRR S Fufber of
ways, €. GherllRBoR s§REd. A plofitoVkitbid] asoAT USHRI AtteeHRd BT NEHMhi@Ps of the
15pl ane of the ribboh cable to contact one or the other major surface of

t he ter mimanfaoedbyrthoheeratiapal Comntiggenion tfpwmtion soheegyn®tpndardd i ze

conducti v ugh- hol e r vias that, connect one c ctiv at hway

port 118 SINGRET RSBy B icieh BPRLTREBS HasBRSa G AR SRH on on ¢ he
ot her maj@mpaitt kege dedicc€MRAPk Barddriveakid Gpt afives FNY iea fieatdndafii YPST
density cables, the ribbon cable also preferably contains fewer drain wres

than 20ccREWRANSCEEIdNVoINeHRABH- ARG ssBMereocell 1A emvenolbiiicasoRinéet s ar e
L nax. PAAS had heln dodtoedJor fér!ainotpr%?& c%ﬁﬂ%?&%?fit&ﬁ?ﬁl% PACHLHUADS onl y

one pair of Insulate ors, e nu rain wres is préferably
| ess than the Qunvbetiomaf twinkxialq tywiakx scabRedswhiigs fdranteurbeppliohticiisasuthwk r es
al l ows the w . dth the cable to be reduced since drain wires in a given
cabl &7ar énwéﬁéaﬂa% asppabligsafiice Hfdr%‘ﬁﬁjé‘&’ﬁlaétpﬁ’éf’ eaabwgr hydngitye W di mensi on

of the 25¢allgnyReddsinGird, RRd BUERR! caRfs oAl BinWiF&S Wh&ethiRlild LRA

manuf act ur ngﬁaﬁly reduci né 't he nurrbecra osf corllrngctli ons neeged1 bé %\eenat he

cabl e andablendtenby masticach menpedentductdrud cadhstovinaxduadi regmbimeed bbb eachof
needed for fabrica

Fur t hor msPen VB GEPAG FERRrar B Aoql e RHEGH 4P i eSSt T r emmi n can
be conventional twinax pairs are typically arranged in a loose bundle that is placed within a
20  loose outer braid that contains the pairs so that they can be routed together. In contrast,
the shielded ribbon cables described herein can if desired be used in configurations where,
for example, a first four-pair ribbon cable is mated to one major surface of the paddle card
(see e.g. FIG. 3d above) and a second four-pair ribbon cable, which may be similar or
substantially identical in configuration or layout to the first four-pair ribbon cable, is
25  mated to the other major surface at the same end of the paddle card to make a 4x or 41
mini-SAS assembly, having 4 transmit shielded pairs and 4 receive shielded pairs. This
configuration is advantageous relative to the construction utilizing the twinax pairs of a
conventional cable, in part because fewer than one drain wire per twinax pair can be used,
and thus fewer drain wires need to be managed for termination. However, the
30  configuration utilizing the stack of two four-pair ribbon cables retains the limitation that

two separate ribbons are needed to provide a 4x/4i assembly, with the concomitant
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positioned farther apart fromthe nearest signal wire than is normal so as
to make the 30 term nation process significantly easier with only a slight

i ncrease Wo 2mbizesetd dt h. For exanple, a given drain w r @Cra)82016/060625
characterized by a spacing al froma center of the drain wire to a center

of a nearest insulated wire of a nearest conductor set, and the nearest WO
2012/ 030365PCT/ US2010/ 060625 conduct or set be characterlzed by a

cent er - t ge@WrENt KyARIagg twp ribhers, amcéwthéhm@le%%ﬁ@tamouamcr%@ﬂ diffiespanday be

greater t tw nax cable has a drain wire
spaci ng 3Pﬁ8(% Zf“%§n§@e |%§%$%¥gﬁngoﬁ 3%?%r separation, plus the drain
w re di anmet er .wblhavefoan ke yhehdigliosdé sisicldyd eibbadtapbsstcan bt niadde ddmsegi osed

shi el ded el ectrical ribbon cables, the center-to-center spacing or pitch
bet ween tSREUEH] -GSt & WRASOBER PEC(RRTIERSTAFEEhtBal| enqugh ePREar 68T ow i n

connegt | %n hdedy & Lgacﬂ'@ AR vrh | h maf] ch@RRnuh@RE of HAM | QW ard! (gﬁﬁ wifd

preferably ess t tines, e center-to-center spacilng tween the
si gnal wispasngyiantiwithcateqee toss mlimrmdnermtm amtcafoi;smlk of gricldohgtobataefeasvidsnto

connection with FI 0a). Thi | at i .gnshi ich can be expressed
as E/a <48" aswgefi@ﬁnsab Sebirafia HSPR cr O thirsed SeEdy ol rabefiben gned
for interipalst:RRR édndichRfion, BRAtchdalorbadifdbpBse fasieRath 4 @nnsxberTal

applications. As explai ned el sewhere herein, we have denonstrated shiel ded

el ect ri caibbonlshlga oc afﬂﬁll@smw ¢dmtarn lat lepstéhnewtwaxx par&tgtal,aﬁmd nﬁaultm@: ablsspt abl e

Pom13"s ot i LRI TG SLEMRD Kinat Pl S P Gt v o a"0°

gi ven shighenéitbbgngle aidben tatrgand |b@$1§ed)fandl\lffeite§i&fd anRYsighl H4s wHnslICt or
sets of the cable have a pair of conductors in a tw nax configuration) is

by ref er dAeted tothplapgs0r &isgjor susfapestal @ COBRRFRIIOS PEch fermstig p@!@emenéonduct or
sets. Th%sve?%%g Eﬂ%%b%%h%hﬁ%%x{eﬁ&'t aﬁofgoﬁl 'oﬂeg AL TRe Id @g 8%“2@%‘?3{‘ Rd Juctor

conduct or st conduct or rest a secon
set, and iaaseabetof waysl akedp?ocandwe iralividhal icbediwegotsh lsogt otitasf thet | s

nearest the first conductor set. The center-tqQ- center_ separation of the
£ r st Sand Sk BRI Gableco camasicms o5 tietier ey Wrines of e HEFRA#OB onduct or

has an oylgfy oﬁém&sth%n%ausn gom 504t %9@%% cdubtr thfb%lgh %1@9 s v@agd the

second |nsulated conduct or has a out er nmensi on D2, dianeter if
its |nsuHhMKDnnainnmamybc@%awﬂbh@q&mﬂducmomeE@KESMi@EH@@mﬁhﬂanmeve
i nsul at ed ¢onduct or s, ich.case. D1 .= E%é$ case however, D1

and D2 meRpUBEAYROrHY e &}%W&fﬁceaﬁqrﬁxalalﬁ A SHRTHBE s ser ' of
D1 and DdygiferSRYEHSes, 'tlfe Ili_-%on c@gle alsBPRBRLR conkdinsTeWeér divi WHed thgn desi gn

characterlstlcs or shielded electrical ribbon cables di scussed herein, we
are aBl e condfcipyrsetsainecasesciihare borag of dt ol chndycomisets e tivinax aaiges- fseom 1. 7

L0 2 TR LR M AGPR LAY S TR SO B e T
need for rAniBen bl WIFBER peiferdbidd 1Bss than the number of twinax pairs. Reducing the
number of drain wires allows the width of the cable to be reduced since drain wires in a
given cable are typically spaced apart from each other along the width dimension of the
25  cable. Reducing the number of drain wires also simplifies manufacturing by reducing the
number of connections needed between the cable and the termination component, thus also
reducing the number of fabrication steps and reducing the time needed for fabrication.
Furthermore, by using fewer drain wires, the drain wire(s) that remain can be
positioned farther apart from the nearest signal wire than is normal so as to make the
30  termination process significantly casier with only a slight increase in cable width. For
example, a given drain wire may be characterized by a spacing o1 from a center of the

drain wire to a center of a nearest insulated wire of a nearest conductor set, and the nearest
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wires, or, stated differently, the ability to provide adequate shiel ding
for some or all of the connector sets in the cable using fewer than one
drai n wi rwoper2/msaisnect or set (and in some WO 2012/ 0303@6PTRLAIBARHOE 060625
cases fewer than one drain wire for every two, three, or four or nore
connector sets, for exanple, or only one or two drain wires for the entire
cable); the hlgh frequency signal isolating structures, e.g., shielding
filnms of confucielset mephecharactiazoddwrn eeajoatementerondciag 6f nswited copduciash at i vel y
smal | nu { n, 5 and
the. f or g 2prnpek gt SEDSS Ll BT WG, LR R RN MR, o The
i nsul at edirgiarndtcspatiag ofl 0 3i timow themsulaml @hd@ﬂt@h s@garfamcbﬂr@lusammdﬁe\slrso in a
way that provides uniformty along the Iength of the cable. The high
density dﬁﬁpgﬁﬁerlstlc can advantageously be provided in a cable capabl e of
bei ngsmass st rj; RREE ﬁ%ﬁh gﬁl eEﬂb!&ahﬁ&tst & the ?%91@%&1 s‘h@eﬁ&’eaﬁe’ e QO Hibbbpear
array. The mass strP ernlnatlon is tacilitated by 10separating
one, sone:,abkes th¢ tenderatbreentier qsacmg ar Ipeclc bétivectd tWImldJ hent twisdpatsi(whiahl osest
S|gnal i t he cIo est insul ated cIo conduct or
st by iR RN MBI ORI S 16 gac) R et e Tt ant

i nsul at equﬁ&n%tﬁs@fe%amyl 1ds§ thafi GNEHGE B oéﬁﬂer-t@é@u&rsﬁmﬁgmémea{ @Risfhal han 0.7
ti mes such spacing. By electrlcally connecting the drain wires to the

shi el di ngviirgs wighin gnelpr Hpleich yilstL@f:errﬁf@gfed Itxeb@hwen dormj:cmn wihdG. 16 as

b d d h'
oroville ddedfin b O PO RoeR R e oT AP 6 bet wublk HFIELRIE °"

conduct orfosgijsckctdttabRs digrdITst ht&ﬁal%b{;l@daﬁ@ﬁk hh@@@ﬁets@bdtﬁ@s Whighe®fry a
m ni rum nunber of drain wires. In exerrp ary enbodi nent s, 8| ven cabl e may

have onl yex{aieel @pliGatigns. eds pevenest clygvhere harginpwe IhéY,f‘a‘ﬂeé%PnéEra"é shieled each edge
of the c 20al re than
fwo. dr ai il Plibort s ARl R ps R RS A B0
t he cabl ehtddisg (dredstadit), chhb@weristiar im wikich Brs maanraafge ffoaquSrted on the paddle

card or other termnation co onent,, . and nponent. can us made
smal Ilér and/ orAR &HEraalS IRy HicARricazigadnc éfélﬁ%w glveﬁrﬁféelé%rlé se can

be made S(I%lakﬁéss ()?%E@%Fé&sy cﬁfiﬂe EsHauBRY ?et@ fing gy ﬁh%&lﬁ%ﬂhﬁ(@t Siifige

fewer draim wres are present to consune ess 25 bon wd e reduced
nunber oftwilraxi configureson)ss hy sifgmindd todmt ndaaest owsuliatedabhdwitarg of tveo aiij sechbsed

hi el ded cabl es t t ties t enti ona t
e e R T e e R e R
or di nary ﬁﬂstthl@ﬁﬂu&@tbsleﬁi% nebledf s QA CFaRELR) kortEtbPLetdd-eREos ASALRUK can be

i nportant measures of signal integrity or shielding in any electrical

cabl &0 i rﬂ@ndlmtwg)ftthfese@p cm@towﬁjn@rseamﬂth@efmt@osmg@nbl leescen@mrm ng
signal |ine % gatt Wie a| 8.9 0 (?t uct or. oser tt(fget her in
2 cabl e ASBCT FPAMgp S MRS g Sechry lﬂ%lsa? SondioRys B4R osst al k,

but the conductor has an outer dimension D1, e.g., the diameter of its 1nsulat10n, and the second
insulated conductor has an outer dimension D2, e.g. the diameter if its insulation. In many
cases the conductor sets use the same size insulated conductors, in which case D1 = D2.
25  Insome cases, however, D1 and D2 may be different. A parameter Dmin can be defined
as the lesser of D1 and D2. Of course, if D1 = D2, then Dmin = D1 =D2. Using the
design characteristics for shielded electrical ribbon cables discussed herein, we are able to
fabricate such cables for which S/Dmin is in a range from 1.7 to 2.
The close packing or high density can be achieved in part by virtue of one or more
30  of the following features of the disclosed cables: the need for a minimum number of drain
wires, or, stated differently, the ability to provide adequate shielding for some or all of the

connector sets in the cable using fewer than one drain wire per connector set (and in some
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cabl e designs and term nation designs disclosed herein can be used to
counteract this WO 2012/ 030365PCT/ US2010/ 060625 t endency. The subject of
crosst al kworrotdnsosmabl e and crosstal k within the connect ecTaseolb®c@dsir essed
separately, but several of these methods for crosstal k reduction can be
used together for enhanced crosstal k reduction. To increase high frequency
shi el ding and reduce crosstalk in the disclosed cables, it is desirable to
form as copgifever thaspnedrdinssiie fo5eRelyrigot thecce %@u&%mogeeqogwéorgsetss {firnax

Cai o) 1 PR AL SEE TS R BoL B Bl Ry P RR R Fllin) e "

cover porlsola)umg stiugtueEBigh ahllemrmg ﬁmtzsdfanitatﬂé g@brﬁeufyf, buﬁmbeﬁa&j aginv epnduotaduct or
set, e.g., | east 75% . or | east . 80, or 90% he peri peter of
t he condwetSo?hegélﬁtwaY sipall gpg, ero%\ﬂfiéWC@éeéﬁ P&%fs ﬂlée%nﬁhwb FIRENE g

el i m nat %d%‘é’fo%ﬂ% 5L N8 G Cthré?lSlﬁ‘Qéglj gblgﬁaée'n{ aﬁd‘co]n% £iBh 3efRd zones of

t he cabl e, and/or use a omllnpe rect el ectrical contact

bet ween tlhallatwbcmtdmeﬂoch dopid Wies asd shickisngolylndh, netdocs sotag tvagithat prsidasg, or

el ectrical .contact t h S S|n a conductive
adhesi ve WRER alopg t Flggtﬁ ﬁiefciaplﬁ"s KI%F% gg’e‘f? @aralc?eomg and "receive"

twi nax pajdkent@Ecot P B prBidedBing cqglfe'c'aﬁéfblé){)f%?@g?infaéses@n (115?:6 aﬁd%a\éﬁ&nﬁﬁﬁte@ or
system high frequéncy shielding may al so be enhanced in 15 the cable

and/ or attotatpeddle caidratoittsn lm@ammm ff hbyaagsr gtipping and ferminahion isr%ciéitﬁtftd by
conduct ors physi cal I next .t,0 .each and rou such ! recelve"
Comautot orEoRR G ttnh S B BPS abs SRRl PR o e e el &
t he ext eninepis shddiBscsi insitled samiRictor PeR tebbteondiifortse8BS Al dist§i@ l@ea@ér
conductors may al so be separated fromthe receive grotg of conductors by

&

one or noh# el tmeﬁ@@ll&%bwwad@c@n@m@#@é@%ﬁé@m@@ cRslygior prégand

el sewher separate ribbon cables, one for
transmt%c%%gggrgjregtegng (r?gﬁ?gsaﬁl%ﬁ Y@ conductors, nay be used, but the

t wo (or nor e) Rpdkeasicatyecopnedtiipakd &raafwaegg@dhé Shlddﬁig(fﬁmbyarﬁii p]lﬁperly

confi tion rat st acked, t hat advant a a single flexible
pl and of Pmﬁgﬁhecsgml@ng hmp 0 sebstaptigl fve%lrrovﬂi %fgs‘@i“g‘ﬂ%‘éf s¢hit dcabl es rmay
exhi bi t g hp@h 515@@&%rs1g¥v1u§9&&55%@#@&@@&;2&%%&& FfarigihakAdaseaguct or s

in a given conductor aracteri a crosstal at a specif
f r equencycondudorratsg md‘ WO mtﬂedtﬁtr@ﬂzhahtédfrﬂxboa cdbleeveh oglybl reinimngtdumbend nay

exhibit a/high fre |sola n bet ween t n con cto set. and an
ool moent ORARaGE LE RS Efin itble fhas S SRBH SedeB i naned
portion C{Bné Bﬁwﬁ@i@hﬂﬂy &h@éa@&f eﬁro'r Zlé‘éi cAvh &dgRrgTsiRd @a'blé) Gt @hlytdh% dsaRGifdied

frequency, and C2 is at |east 10 dB | ower 30t han Altérnatively or in
addi 200n,alsohwssiblee pdopdroghietvaedraairessis ehgoussg dlsd posalb:lﬂn By usimgfewer

R R S S Sl
conduct orcagérsoth &te@iifatdn dohﬁ)oh@tﬁeaﬂdeth&‘t@oﬂﬁ)baérﬁ%@@ GRRGE/mMI2 @ﬁﬁﬂ&%@&ﬁ
can support higher signal densities. The cable likewise can be made smaller (narrower)
and can have a higher signal density, since fewer drain wires are present to consume less
25  ribbon width. The reduced number of drain wires is a significant factor in allowing the
disclosed shielded cables to support higher densities than conventional discrete twinax
cables, ribbon cables composed of discrete twinax pairs, and ordinary ribbon cables.
Near-end crosstalk and/or far-end crosstalk can be important measures of signal
integrity or shielding in any electrical cable, including the disclosed cables and cable
30  assemblies. Grouping signal lines (e.g. twinax pairs or other conductor sets) closer
together in a cable and in a termination area tends to increase undesirable crosstalk, but the

cable designs and termination designs disclosed herein can be used to counteract this
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conductor sets) at one end of the cable, and the cunul ative signal strength
in all of the receive conductor sets (or in all of the transmt conductor
sets), aswomarusewsat the sanme end of the cable, is cal eglratsedo/odises
near-end crosstal k, conmputed as the ratio of the cunul ative signal strength
to the original signal strength, and expressed in decibels, is Spreferably
| ess than -26 dB. ~|If the cable ends are not properly shielded, the
crosst al KergeneheTlhambicceaigcrespialbatibasallp gpd erosdnk widvin thegopesstersgnibeat i on.

A potenti gl | ut.] j i I I: Nt structure
of "the. sHASRAG P Aot bl S EbARL SNSRI EGolfuk PRl Bk B8 T 07 e
i nsul at edoganduoi @hanclarastalloredadtionl Moainyresdertagh ft@ohepswdaigiandf i el ds

wi t hin 10t he condu torh%&f. Beyogd t.he cablg5 design detail s of the paddle

card or JeHEE FesikRthoRiselgsrdaRise: ibislesirab f@efo’ff%igf’ gprBRictes Thsleht ai n

adequat e : i i f ] i i .

ol oct el oAty (eicRRA R Al O MR HE R po bR R SR NI RN ¢ ne
ext ent passippbste edgy.of tler qubleatlt nghwndtbsirahit tonfprmitheshiddohgddmd wethothst
associated with these two sjgnal t s ag physically.far apart from each
other as b ST ¥F BOMERe 16 EeRBRanen b ATy Ryoind hoyeh Ricitigract Sduct or s
on separ af a8l 705, drAPRASIED, FRIRVOSH bf AEPinRicr bhcRBAGMForGRY. dit isMNLh can be
used to automatically route the signals on different planes or opposite

si des of aftes desicbletogaingnizahivchdmgepiniingtc) anytaaps betwicerathe sbighhngifimesinand

conductors | aterall f ar, .apar S possible to |aterall epar at e
Crandti ¢ G RS frnts e SERRab- RRu R Rac rhrthie B Aol e EREEME ¢

al so be ugegtednahe fif §H@link T i s LR &€ 6r folcitifg, Sorlch@aidd] ésntapade to
previously cited U. S. Patent Application serial nunber 61/378, 877,

" Connect dhrongh angenBAtesirrigr Vi @ wate Eradueiwadhesrg betwen the shisldimb ek et
66887U50 } n. . dat e. herewl .tk ] e in..by
referencgﬁmeEg%EQE ré@égﬁgs%%gﬁgﬁgﬁﬁge Eﬁﬁgﬁkpﬁgﬁgﬁégkﬁggggﬁggﬁndensity
ri bbon captefed foraqibinnablcawt syétth, pighl dicguary dsichfingmay eRd borahansedzd or
reduced sjze, as well as with a single plane of rjbbon 25capl e, both of
whi ¢ HSWBQL%P%N? 6@\@ 2 e terminptil cananRAnSRh YT RIaE alfpechy drgeit] gorﬁgﬁﬁormed
that the i ' j : FY @y i

R i D S S T T B S A R ol
under st oadhaduescporgeaddrany thertyansmitgrairs ytp ¢heodxteng possitee,iiothe daore rébbanpl e,

stanped netal .connectors nmay. i nclude |inear arrays aof one or.two ro of
Sont act s BBl JARGBESTS EE DSBS HY SRS RPN TEy &S HAICYBLE ¢ o
those of Qn@adets 8yt dr mobd ERinRi¥ePdrRhdr MR stidBtutdsRg AbscRibE@YSewhere
contacts. The sane staggered, alternati nlg‘eé and segregated term nation

r

st r at28gi derdinr It seenagiages beesrpertt Bbbanrmdblesrancrar iranmsiogpdweatssnd anc e

enpl oyed. WO 2012/ Q30365PCT/ US20104 060625 Los attenpati.on i s _anot her
o 3 ani"eLOreTHaP AP oY 51 Uiy tarects oS Eebles Rk SReb e ih o ca
| oss spedidd-gaside bod ffurdticalrathpedan ktatkedpsd haeddvamsagéssoftahaigld hexibrPlmehave a
| oss of less than -6dB at, for exanple, a frequency of 5 GHz. (In this
regard, tHaibben gehtle gin be ya@Eitadand that, for exanple, a loss of -5dB is

less than a | ofg RficifRdBhidkided cables may exhibit a high frequency isolation between

25  adjacent insulated conductors in a given conductor set characterized by a crosstalk C1 at a
specified frequency in a range from 3-15 GHz and for a 1 meter cable length, and may
exhibit a high frequency isolation between the given conductor set and an adjacent
conductor set (separated from the first conductor set by a pinched portion of the cable)
characterized by a crosstalk C2 at the specified frequency, and C2 is at least 10 dB lower

30  than CI1. Alternatively or in addition, the described shielded cables may satisfy a shielding
specification similar to or the same as that used in mini-SAS applications: a signal of a

given signal strength is coupled to one of the transmit conductor sets (or one of the receive
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5Such a specification places a limt on attenpting to mniaturize a cable
sinply by using thinner wires for the insulated conductors of the conductor
sets and/wo 20wo3v3ee drain wires. In general, wth other pCaatsess/obmseihg
equal, as the wires used in a cable are nmade thinner, cable | oss increases.
Al t hough plating of wire, e.g., silver plating, tin plating, or gold

pl ati ng, can have an inpact on cable |oss, in nany cases, wre sizes

smal | er teaducEeioGts) aboneeng £ the qeble. mudhe spmylatiye sigyalstrangtbin alhhethier of

solid cor r i } T a I 0, si ze
limt forrg%e?%enéﬂ d%&?rg%t%? glo%ggﬁgg F\ra@%%%a&ﬁ‘g%gg%f)r %a@?%strlllseﬂ%v\?evere,

smal | er windef sicz@bleyalvldaiasitel eat-endiérbetalkighpapded tixpatio oéithcons, and
advances in technol ogy can al so be expected to render snmaller_wre sizes
accept abl ¥Mugiivgiskgahdrngd teiths orlgar}ﬁv%@n%%rep r AneXPREsP 18ySERRIS1401 whi ch
i ncl udes I d, el rical ribbon cable 1402 in conbination with a
terni%atﬁgﬁ%g% %%gﬁt 1420 such as a paddle card or the like. The cable
1402, whi ch mdytheaabkleanys af nohprogedy snelfleditin evsstalkl actharcaldt end s4n cs shown

and two. ciEE e GEP B Do EUg DRSS o neLenR G i B Sk Dect fve

edge of tihe Gakken tHeaecoRNGIURE Hiclafls sy BREARS %@kﬂbyet@tﬁweﬂﬁmafi&i r, i.e.,
each 20i ncl udes only two insul ated conductors 1406, each conductor set

pr ef er ablppitseif tiry ingiildtod eehduotory, ameniotcoata anry steayeilacgromaghetisfedds wighia

si gnal.s. course, other nber.s pf. conduct se ot.her .nunber s  .of
oun B od e afRERE s e NE oGNS il RGNS bRy offoaF ou REfRiBEh o
drai n W r@spohént2aiy his6 88 tdiRdraeehahtalitadégede EkstilRestathgod hdystEhght
twi nax pairs are however of sone significance due to the existing

pr eval enc¥rasggigsdaepde elastesalbrsdsiinghsanspurandgecaiys Hetabyrom|cgplpathergto the
"channel s . of - | . I ] i nd
exaot 'y ahierF BRGNS, MimiEER0 hd AR SR W 0foct ERGIAA wRBrhe R0 ot e,
and its desisithaClypesmtphybisiliyctr apdrt fromidacli othbeay gasibley Orerdption iofoher wi se

mani pul at ed as sh%vm. whi | e mai ntai ni ng good hi gh frequency_shiel ding of the

conduet orl*BRPYC AHE HERTRIAIMNEI| IS SBSCDATHE SHiEHRIPOYN BRET HIrFFRT IS) i s
subst ant i alily LS %ﬁéﬁ%&'@%%@bﬁ@%gﬁ%@ﬁfgvnfﬁto% dﬁﬁarenfdm&wopg the

cable 1402 to have a substantially reduce t . Such a reduced width
may be r epppaedidsei thepaddeesrdivenahdrioptidn & to tevrieste dvkb2viaeseandpaced

relallve L0 L he Taatnet, SLanal sy neoresh, Looul aved conductr, 1406) by
set, SiNGEceNY WirkVaC SHhBinRtiMsoFShels Brdtbidiss QMDA TERREA fRTerthdF QI MRA.

20  (Reference in this regard is made to previously cited U.S. Patent Application serial number
61/378,877, “Connector Arrangements for Shielded Electrical Cable” (Attorney Docket
66887US002), filed on even date herewith and incorporated herein by reference.) These
strategies can be used with the disclosed high density ribbon cables in combination with
paddle cards of conventional size or reduced size, as well as with a single plane of ribbon

25  cable, both of which may provide significant system advantages.

The reader is reminded that the above discussion relating to paddle card
terminations, and discussion elsewhere herein directed to paddle cards, should also be
understood as encompassing any other type of termination. For example, stamped metal
connectors may include linear arrays of one or two rows of contacts to connect to a ribbon

30  cable. Such rows may be analogous to those of a paddle card, which may also include two
linear arrays of contacts. The same staggered, alternating, and segregated termination

strategies for the disclosed cables and termination components can be employed.
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The term nation conponent 1420 has a first end 1420a and an opposed second
end 1420b, and a first major surface 1420c and an opposed second nmj or
surface MDQd12/B@sAducti ve paths 1421 are provi ded, e.gPChyuspoionsicns or

ot her conventional deposition process(es) and/or etching process(es), on at
| east the first major surface 1420c of the conponent 1420. In this regard,
t he conductive paths are disposed on a suitable electrically insulating
substrate, whiledss psattapgpticr is pnethpr impertant egnsidergtiontyy manysirericehedde be

Pl T e N e

e conpone enbodi nent ,
t he i ndi Wabllddlavavh i@S ofifeds thandedB ax; &r@&arhble @:&bdmn&ylefzs OH. dletliyiegatl] vy

connected to respective ones of the conductlve For
si npl i ci tthe re@é@hwgl&meﬁsgangﬁfeﬂxnf% exaseple ey af»sgcrft— lé??d%ﬁ“ga faspaf $9BJdend of
the caenpapgepy sﬁ?&ﬁcé’t’{ thaL b Bhft diPath tfﬁ RS il uhE@a%%T@sﬁ’i?ﬂ gbyﬁkﬁl ace of

t he conponent ne cases, one re o e conduct'ive pat is may
ext end t Hhimoghwaeshiol &eonsdlatéda&oridnctbtﬂa)fshldascmda‘cter savs arfudr, fof te deaanpies, one

portion and one en f th th resides, on one urface nd anot her
bor ti on AECRHA- St HASE TG Detg BRRINYIBS RS Vs 10 RGBS goBatH B  sur f ace

of the suylpferadsGncrédse®. AltHo MRatGRSSTSyirsS . sAlerphing, flﬁ%la@ﬂﬁg &gpctors of

the cable can attach to conductive paths (e.g. contact pads) on one nmmj or
surface gflatirge c0zybon napect ontsible lesshemsanyfeasdsewik sigss smalles trrduwbober ¥ can

sur 1806 apOERE WD AR Fufrr RANET BRE o Pra BRI e Y ey e
acconpl i sbedsddy a pra@ticdllbwhidize IppnedbmiedaheirenthSsoafe Hiflespied € @pticeguct or s

upward towards one major surface, or_downward towards the other nmjor
surf ace. Howesmsmalsewire gizps @ﬁyméeaé@kdla@ﬁhe\v@labaeﬂ?ﬁ%d alicgipgsndidng to t he

signal w rd@énc%?ﬂptg/ otl(%/adaﬂ aYgio b%sexﬁéc]técn% rgllf'de? Isrqgﬁergilg ﬁzégaa%c%?abqé sposed on

one najor surface o ubstrate N sonme cases, east one of the
conducti ve path&nmgylob/etom@pbseﬁb @8 tlenea nrmleQSyssem fla@ewbichtidudaghast rat e, and

at | east her of con i ve paths may di sposed on an oppQsed
maj orlSSursg&g(iedc#e%@ shbt ¢ %{4 02in spRa! a%%yltﬁatte%a@ton&?@p&m@t 30

conduct | GPal N5adY YL 1LY The PRI 190D, Ahich by fkvoHRl OF iitdcRge Of the
substrate at the 30 first end, and a second portion on an opposed second

maj or surftaues ehd thwageidics sltcmvraandt@ecw@ﬁsdwhn@ hetain, spstvwa®dmye cight

alternatin nductor se of the sh ded nay,. at t ch t o conductive
at hson DUBGRPEAM AL T et 1 SRt Tsposeda of Red G
2012/ 0303@@?@%&@%@ %@4&@%1%5 ELbe cérﬁfu@io? @éthpghb@,faﬁﬁaneemwﬂéz 1911 cSehgtrate

t hereof has a wd . I'n exenpl ary enbodi nents, the wd of the cable
is ngd sug¢iud¢scmm ng llnamlgf@d comtqrhy% dedh mduﬁtonwépl@&rﬁdﬁénmgéalqrmt for

exanpl e, the ca need .no §$' ﬁ d ov bunch d t oget he i.ts end
noordor ©bEnREFuBrRERIhisRSoi S ECT BT ALebBRORR MRS EodhutdE oo o
and the cerdstabi Meniad SSinflated CodoRe e fthin d V&Dﬁﬁ’ldﬁ&&ﬁ&t windreyerbe slightly
greater t han w2, but still small enough so that the ends of the conductor
sets may I‘b]@lb@éﬂrﬂf drain wires (if any) can in general be used for the cable 1402. Eight twinax
pairs are however of some significance due to the existing prevalence of paddle cards
25  designed for use with four “lanes” or “channels”, each lane or channel having exactly one
transmit pair and exactly one receive pair. The generally flat or planar design of the cable,
and its design characteristics, allow it to be readily bent or otherwise manipulated as
shown while maintaining good high frequency shielding of the conductor sets and
acceptable losses. The number of drain wires (2) is substantially less than the number of
30  conductor sets (8), allowing the cable 1402 to have a substantially reduced width wl.

Such a reduced width may be realized even in cases where the drain wires 1412 are spaced

relative to the nearest signal wire (nearest insulated conductor 1406) by at least 0.7 times
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in the plane of the cable in a funnel-type fashion in order to connect to

t he associ ated conductor paths, while still preserving the generally planar
conf i gur avpani120f3036ke cabl e at and near the connecti on p@®CmusS2010/06@eE cases,
W may be equal to or |less than w2. 10Conventi onal four channel paddle
cards currently have a width of 15.6 mllinmeters, hence, it is desirable in
at | east sone applications for the shielded cable to have a wi dth of about
16 mm or thespacingrofaignak wires imhoncaress sonductor setRyimg, onf ptvgndrainswies(in Hont
Cross- sectnl1 Q)rag,llen\{ n\%flv %xerrpl ary shielded electrical cables, which
figures al e ararret ers useful in characterizing the den5|ty of the
15conduct or setl& tet‘ﬁﬁlhﬁ[cﬂﬁdﬂ)n@lﬁbﬁ 1430 Rad a6t ded 1420al svd sih opposed seandwad or
sets 1504a, 1504b,  and 1504%@ which are shielded fromeach other by virtue

of first 43APsandafirsimuier sitfage AR 0sanismPPpRssserdRaler EtceA42Mk cabl e,

w th thei of tion
Rl i ot R R e L e

t hr ee conpoctsges)sat/or tEbba, prd@Osibs), and 1d:60de ﬁrmhnagbr arfacs hidHlcaddhd r om each

other by 20virtu st an eco shi el f|| 1608. The conduct or
dere’ of” cainondtg st ol GRireae BF NI BF diohaiR e e et or s 3506,

with con@wﬁallgeﬁsumg@um\aw%%qs typRRAY Gl ETor $Rid BrQdd iRa¥Bgadhee, and

conductor set 1504c having two (for &a tw nax design). Conductor sets 1604a,
1604b, 16txblar Bachl dondﬁctmmpﬁﬁmmglhgwtemb\fm@ thexfarsttdng 1ddBa tsf the kecondsul at ed

cond tors h not , sho ch cable 25 1502,
1602 9 orbr Jar0p of e CPERER S ME P BB SESatmy 0T BEGTT BB “ror e)
drain w rd@ﬁdud%@beﬂ@t&aweaandMecdl&dn&sﬂtyvmﬁﬁleowdetompe&twemeﬁ bf e at or near
the edge(s) of the cable such as showmn in FIG 1 or FIG 14. In FIG

15 we seeosdubivaipadadi#dhs i dentified that relate to the nearest insul ated

duct f 0 dj t
conduct or st U5 ARSTRcn AR Sl kel UhRe T PR A E Y 2P s
t he set Idbfonciirnd20 besdbefrite tardstoti{dr banhd saendrasjppaafdcy ef tic cohpoterawimg)

|nsulated conduct or 1506 of set 504b i s nearest the set 1504a.. The
i nsullat edORG et e YAt thssey mweaﬁ%émaarexmnﬁéb@%mame oryda” in the

2012/ 0303GBE(1 &ﬁ%@tl%r%i%gﬁ %@p&ﬂ@n b Snd@tor 'tﬂ%‘alt@?&ﬂi& eh @H&BﬁjorOf set

1504b has an outer dinension D2.” The center-to- er separation of these
i nsul at educfacs and arcthérpoBian dnfd theotlief ¢mlenfahppathmsides obthaommesd¢dmajoesser of

D omin 1 SUeSo gty 197 S e bt RGN B oGP at M onduct or
set 1504RabR @flhAsND cERNRUGE Bhths &L g kBRMEt pads) on one major surface of the
20  substrate, while others of the wires and conductors can attach to conductive paths (e.g.
contact pads) on the opposite major surface of the substrate but at the same end of the
component. This may be accomplished by e.g. slightly bending the ends of the wires and
conductors upward towards one major surface, or downward towards the other major
surface. In some cases, all of the conductive paths corresponding to the signal wires
25  and/or drain wires of the shielded cable may be disposed on one major surface of the
substrate. In some cases, at least one of the conductive paths may be disposed on one
major surface of the substrate, and at least another of the conductive paths may be
disposed on an opposed major surface of the substrate. In some cases, at least one of the
conductive paths may have a first portion on a first major surface of the substrate at the
30  first end, and a second portion on an opposed second major surface of the substrate at the
second end. In some cases, alternating conductor sets of the shielded cable may attach to

conductive paths on opposite major surfaces of the substrate.
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The right-nost insulated conductor 1506 of set 1504b is nearest the set
1504c, and the left-nost insulated conductor 1506 of set 1504c i s nearest
t he set 1WO04b12/0Bbassri ght - nost i nsul at ed conductor 1506 @CTASR12H6WELS has an
outer dinmension D3, and the | eft-nost insul ated conductor 1506 of set 1504c
has an outer dinmension D4. The center-to-center 10 separation of these

i nsul ated conductors is S3. If we define a paraneter Dmn as the | esser of
D3 and D4, thebhaternpagtiamenopcitdd28 ogaibstptly thesealdys shidthdel Wabl e t hat
53/Dmin ig ] f / FILG .

ai menst orige iy PAPEFmeRR e e Tor g ginls Khel pyirkn LR R8T

a]gj acegt widthhwa oﬁ&iel’wmpﬁﬁﬁﬂlsc}t]m, feet:anifdé)4ire cabbdddad hepbefddud cmee(r)]rsgch set
of 15adjacent twi nax pairs,. The center-to-center spacjng, or pitch between
Chese t wolaERAIEEROTLbTts oo ineQrAFTele St e 4e TEecestRlY BRsEIONE Betdert B YdiiRici ng

bet ween Sjrgnalap¥ i ddtulidd Sul VAMAK fif Oh sSHk c4R94a 1&1%{ ﬁé&li‘%ﬁ ed as
gb I et ax

al. The center-to-center spacf({]lﬁa etween signal wres wthin

conduct orgreatr th&04D, g sel pmel sechighssodRat tioenda ofl drsehgugpacksdnshbebale d
cable, we speci hat ope qr, borh of .E/al and E/a2 j.s |less than 4, or
S0 ess 1 Moot stSingempdrvee hhigh i oder & Opfefeds® PR 170, we

see a t ORoUHEMOAhsS WHAC ytiﬂ;emegasﬁ%%é ¥&lcYal Bfplahat abi iRy MmNt/ Qb1 ch
i ncl udes a shielded electrical ribbon cablé 1702 in conbination with a

t er mi nat iaod neamtho pemectiqipppisiudh same gagsaddl magdedqesl to heleps then wkhe cabl e

1702,, .\whi ch have a of t desi gn features d acteristi,cs shown
and d0eer e A arBE e BithoBt pabdF SRR B b R ol 5 Rl BRegt o
1704 and it WQleSFaildinvit 1St sbieZappBedion®forwhd shcltisd elib&kPeIRde atvi@th of@Bsuta
respective edge of the cable. Each conductor set is substantially a tw nax

pai r, i.el6meriessneabges] ommornless. i nsul at ed conductors 1706, each

conduct or set f i i . S Lve hi gh
cpeed data i gngrs S SRLY6 SR btk SSndiditd AL BRCURLIAEEERUKE D) O
subst ant icabley, Wigsls fiptn@g alsh depivngesm etbrs I0cfabinctihataoterigigghd dnsitabf thei ng t he

cable 1702 to have a substantial ly reduced width refative to a cabl e having
one df t AP rsélgelf%éircagtﬁdé@&n&lu%é@t lepg thre § uét.org?f&HS‘ﬁ% da¥tted wi dth

may be regliiizfsk, QHEh 4D shRRES HILERh ks ﬂy%irﬂlevt@frfﬁé ahd 1cAH&NR d
relative to the WD 2012/ 030365PCT/ US20107 060625 near est si gnal re

(near est filnsuliS88 ed opprsita sides oflfho G3blbywidh theeasipeltive davaesortibis, pipabédig of

signal wires in the nearest.conductor set, .si I drain wires (in
Chis. enbat Rt ST RO GRUES SHPLY SRS T Sea SRUBEN Tiwee sl oo
end 17208ca0thrédcPRRASLEtSFEART1 6928, aki/Ridc, wiieh hiRGhIIRY fPord Yhdhath& by
substrate having a first major surface 1720c and an opposed second maj or

sur f &0e vI2oYof @shahdoretang shealding fitng 1608 Preopndedorostsanf chielad 02 pentdipr st
maj or surface 1720c of..the substrate, ch.conductive th typically
ot onds. 1 BreerbaRfrSer b RAELR 1R BB RIR S B PR SBomonent
The condughiv@onat IS04drRvERanRe! thdi doaluds seoMEethapadswaifobatinrards of the
conponent, in the figure the individual ) ) )
design). Conductor sets 1604a, 1604b, 1604c¢ are all of twinax design, having exactly two
of the insulated conductors 1606. Although not shown in FIGS. 15 and 16, each cable
25 1502, 1602 preferably also includes at least one and optionally two (or more) drain wires,
preferably sandwiched between the shielding films at or near the edge(s) of the cable such
as shown in FIG. 1 or FIG. 14.
In FIG. 15 we see some dimensions identified that relate to the nearest insulated
conductors of two adjacent conductor sets. Conductor set 1504a is adjacent conductor set
30  1504b. The insulated conductor 1506 of sct 1504a is nearest the sct 1504b, and the left-
most (from the perspective of the drawing) insulated conductor 1506 of set 1504b is

nearest the set 1504a. The insulated conductor of set 1504a has an outer dimension D1,

-50 -



10 wires and conductors of the cable 1702 are shown as being electrically
connected to respective ones of the conductive paths 1721 at the
correspomaiprgi2osnieact pad. Note that the variations di seasasdoielosesesher e
herei n regardi ng placenment, configuration, and arrangenent of the
conductive paths on the substrate, and placenent, configuration, and
arrangenment of the various wires and conductors of the cable and their

at t ached ang tmlsftgnost splatad endugier efeebS0drirag e suist dimpasioa . nkltd on

t i : .
oo or dea s B Pl LRERAC he RNl QuilEoE BT MO e st |0,
(see Fl GDrhhaswas ks of Dataad D2T tencabiney spdcifly Zech dénséleackadstleddeddaB2 gauge

(AWG) wires 20 arranged into eight twinax pairs for signal wires, and two
non- i nsulthtted /By BNEp rifecdond /dAged al ong the edges of the cable for

drainswres. 'i%ﬁls‘afseérﬁeﬂﬁ %5 gﬁgcéﬁ&@@r s 1588b %Zﬁﬁ’ac'@ﬁ‘t%oﬂdﬁ&léﬁ di gapRer core

with silver plating. e two in Wwres each a stranded construction
(7 strandshegathimanohsweted conducpdrdiS@6 of It d S04is isinabicetrthofettlf@4d, asdittet ed wi res

had a nomipal outer dianeter af 0.025_inches. The si n pnsul ated and two
non- - 251 L el SimiEr o PR 150He T eured s vur SO PR et i G
Sc, sandvhiaed BSIdwBRP 15080k B30WbNGs hh biRr dil@isRRIS, dhd ehefl bt Mosver e
substantially identical, and had the foll ow ng construction: a base |ayer

of pol yeshgatt@c@ring®r il flithelsset Bl )has amovthi dimeasion hdi. nithswsnicajeeentdr

al um,num (0. 00028. | nches thick s .di,spoesed n which a gontinyaus | ayer
o oD R O RS SdRRa P TOTE Bt ey BRI bt iRenSY cn.
The 30 shifedTidddD4,itheBweaias s@édigﬂ’oﬁﬁl dsnsely fdoRéd Ih@deedable th@Es3/Desn @fint he

films faced each other and faced the conductor sets. The process

t enper at W@Ng@EORoLt0 270 degrees F. The resulting cable made by this
D075/ 030365PCTT g0 0N erEIE SArRARL: e O el o chfisy Ae AIGIE |

shown i n dnkGet df8ldjactnt tiviex fpagsir €sndutBR4cts d684:5 16048 Foprdsvmtrvax secnguocf or

sets, and 1812 refers . to_fthe drain wres., . The resulting cahl e was
non- i'deal 2dgentity Mg PRIty TE%FR?é?{ttPTCEP"FS/SI@’FmtgH’é pieh F?}'WE%‘F g‘eﬁ%t“t%‘émfiﬂ%talf at ed

conduct Orsefé%"gxcﬂsr&g?& ggﬁze.SirE eéntw.tgfcgnte%\@aﬁ%fnggm%{&e%ﬁ,si%c(n_%r LAbOwRAMAREt ers and

5characteri sti cable co be neasured, taking into account
(corr ect itmpakaohdudier ssohéldans exptredsed asyc §. sBhrecenfepito-exaandpecing betwdemensi ons

D, dl, d2.(see.FlI G,k 2c re about 0.0 inches, 0.0015 inches, and 0.028

Cnches, *rUEREBIFYEIY T ke MEar PRI staRHD Brispiseskdis niter aektsell | ms had a
radi us ofpaekddvehididR @blcal¥ nRBi dplcid) Baborddist butish/8l ahde/2abI&s Bfanlsess t han
50 microns, in transverse cross section. The center-to-center spacl ng from

a 10g0veriesrthdm3,wir irea tapge iienhairtest insul ated wire of the nearest tw nax

conductor set M3IGS. 17a and 17b, we see a top view and side view respectively of a cable

system 1701 which includes a shielded electrical ribbon cable 1702 in combination with a
termination component 1720 such as a paddle card or the like. The cable 1702, which
may have any of the design features and characteristics shown and described elsewhere
25  herein, is shown to have eight conductor sets 1704 and two drain wires 1712, each of
which is disposed at or near a respective edge of the cable. Each conductor set is
substantially a twinax pair, i.e., each includes only two insulated conductors 1706, cach
conductor set preferably being tailored to transmit and/or receive high speed data signals.
Just as in FIG. 14, the number of drain wires (2) is substantially less than the number of
30  conductor sets (8), allowing the cable 1702 to have a substantially reduced width relative
to a cable having one or two drain wires per conductor set, for example. Such a reduced

width may be realized even in cases where the drain wires 1712 are spaced relative to the

-51 -



about 0.83 mm and the center-to-center spacing of the insulated wres

wi thin each conductor set (see e.g. paraneters al and a2 in FIG 16) was
about 0. 026 2mr0b3exs5(0. 64 nm). The center-to-center spaciPog/ustolacdpm@mesnt

tw nax conductor sets (see e.g. the paraneter Ein FIG 16) was about
0.0715 inches (1.8 nm. The spacing paraneter S (see 15Si and S3 in FIG
15) was about 0.0465 inches. The width of the cable, neasured fromedge to
edge, wadearssitismd witg (nqarest [spkatadesogducierdl 10peby plaleish §. THengietea shaserediai n

W res was.: i Ll I [ > . .

Ferm nat P! et bR s SRR, B0 LAERNO A E0RE Buflis SA0KmenD: . e
spaci ng faromvbheddrain wire to the nearest 20signal wire was about 1.3
times the wire-to-wire spacing within each twi nax pair, thus, greater than
0.7 times the Wertgmigatignonyongnt]f20 hpga ﬁ%?@d h@%iwaagpawéé?coeﬁgn%s
about 52. 86a0h - FidindRddsPEultANG SutfHAHD v olatirdt mbf3R s RS 78MOMR ASHblcd
par anet er S? a'%n 11\}vas aboblt 1. gu Si .e., V?ir% aﬁle rpa]ngtsa ?rom 1.7 to Sd;i%t%e ratio
di / D (m rscoamh mgpasufaco h72(0d. t Gendoctiroheadhsplii2tl iaongrowidet e asleagltok figt f i | ns

di vi ded by .t he paxi aratjion hetween the cqver. 25porti of. the

hi el di ngTHPT e DA LR e ToBERE Lach CraugeRan GPsaTRRUBAGET 65 han
0.1; the f3tdnd 1920 (Kt BETHACAE RAEW QR BEhYERAL IR GRMEEIVRPaisARs of the
shielding filnms in a region between insul ated conductors divided by the

maxi num ssbpan 4 inshidespmeetpadh et ply endspdthd emepasent; fnethg higetedhaindivitlved) was
about, .1, i. e. reater than 0.3 te,al so that the wdth of the cable
(1 o10™ sbi e YRl PR ayd 170 R 8o SuBR e bR pleB e ohe B e B ot
Wire) wasedRssvd SRl of e cohdidiivebaths ¢PIVaNnhd ehadspdidihg Situdt PAEINale teabl e
outer nmolding termpation (typically 17.1 , and about the sanme as the

typi cal hev#iaspongdispyssedviieaihaciaaegrrding pecampnt, gordigsration. aiddt h t han t he

paddl e cay, P U i -1 0-

routing ??%ﬁg%ﬁgﬂggﬁ%%%ﬁé&%ﬁg%g%g8ﬁg&%§@g&§§gﬁ8%g%ﬁgfgfgﬁl j%%@h%ﬁf of the
Wi r e endsrnegeeeht oEten aribud Waccahl @ndectersifitighdable anddbeir itahed fveone or

term nation board or housing, the outer wire could be routed or bent

| at erlal | 9306%0%3@@%%11{%% Ogﬁlettﬁ%mi%tﬂ% @éﬂr@aa@sarafal%%tea%%ta.apﬁwg theal 1y
this cablggeamiovi de a doubl e density versus other ribbon 5 cables, can
be half as thick 1n an assenbly (since one |less ribbon is needed), and can
all ow for a tHiXAMPIdonnector than other common cabl es. The cabl e ends can

be term nated d ni pul ated .in suitabl e fashion t 0 with a
Permmat i an adas R cRe G Sl AT Sk S s St &R bets e pep
CABLES WHIH. QN RMANR I ™Rl JriAdU8kteen insula¥l ﬂog’é{lugé PAWES) st her

0

detail s regarding shielded ribbon cables that can enpl oy an on-demand drain
wi r e 20eatagfaaged into eight twinax pairs for signal wires, and two non-insulated 32 (AWG) wires

arranged along the edges of the cable for drain wires. Each of the sixteen signal wires
used had a solid copper core with silver plating. The two drain wires each had a stranded
construction (7 strands each) and were tin-plated. The insulation of the insulated wires
had a nominal outer diameter of 0.025 inches. The sixteen insulated and two non-

25  insulated wires were fed into a device similar to that shown in FIG. 5¢, sandwiched
between two shielding films. The shielding films were substantially identical, and had the
following construction: a base layer of polyester (0.00048 inches thick), on which a
continuous layer of aluminum (0.00028 inches thick) was disposed, on which a continuous
layer of electrically non-conductive adhesive (0.001 inches thick) was disposed. The

30  shielding films were oriented such that the metal coatings of the films faced each other and
faced the conductor sets. The process temperature was about 270 degrees F. The resulting

cable made by this process was photographed and is shown in top view in FIG. 18a, and
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In many of the disclosed shielded electrical cables, a drain wire that
makes direct or indirect electrical contact with one or both of the

shi el di ngwbi2breg3nmwkes such el ectrical 15contact over sulpstramstéialobos2s he
entire length of the cable. The drain wire nay then be tied to an external
ground connection at a termnation |location to provide a ground reference
to the shield so as to reduce (or "drain") (¥dstray signal s that can

produce cngbiigns kicamd theendee the eable whg\ﬁ@m EIG. A8k fiethedtarqsEMFO4. refens tohi s
section 0[5 B{%ﬁ )?831%‘11&%953?%%'1@11 ers‘(%etth@‘aga‘?%weky describe constructions
and net ho a

ovide électrica etween a 20 given drain wre
and a given shn&lrdsuhtglg‘ ¢dbin whs omeideil diptelack of edrednttickast bk sbhiécealh e,
rat her than, an entire _cable length. W sonetines refer to the
const r uctthoHsuly 0% %wseqﬁaqrél&q BEY éVdreﬁyN@ﬁ%“d@ll%tcmtela|pa%mﬂt%féfm%t t he

i sol atzed g&ﬁrpe@ que may

utili tzse t%é&g%ﬁgtﬂ%%étt ?e&s&ﬁescrl bgsg el sg el;m)I a%gﬁg;t In, ﬁ?]éeg)gmlet he cabl e

i's made trmnrcrmnbetmileclafclssheaﬁ)r exeende,athe dvmemsidiidd, ad2 sebFib. IoCwelediout cal

reS|stance drain w nd at | east one shi el di filmover all
or 2V BEBERSIRPOES Shfiuk § BrEBERE mbar e Pna BHGrHObT RN 1

w re. Sughe ﬁn@laﬁﬂgqnﬁﬁma@ﬁracﬁﬁ@éﬂ'&ﬂvme af Ay PHAPISEShE bwiGlBDFiALIBR Jfhe

on-demand techni que, as an untreated cabl e The untreated cabl e can then be

treated ilpssghan ﬁh@tcr@trsenstpmmrs@cmmlci@eﬂ htee@ntﬁm twem@@acms from a

SOsu tant| al%)f{ reduc§ t he %éstancef% t electrical contact
(V\/net er R Pt oV RNy 8%?? SRl 8 & W%ﬁan Y58 SR ¥ ng
film(s) iadbott sl aedland etk deﬁgar@@cexﬂf&esp@@ng%th%tlﬁs%@aeed wirtthwithdcath zed regi on
may for exarrpl e be less than 10 ohns, | ess than 2 ohns, or substantially

zer o ohngeonductor sphecgpgr RApBeCELH| aéldrﬁe?wnuFAGI [devastabpuids92 oimehasrBiod wire, at

| east | | ud t

east ondihs Aok afkiabicThiel Btctl of SRLer? RFrER ONELAL b AL A"S) et s

FIG 19 imrandtedhin EIGI6) s/embomnalmw ﬁmhesf(laamm;.erfhb spacirgfpaedraac £{wect ri cal
bl e 1902 whi ¢ch ntreat ed cahl e, .al though virtuall

ot her! Sshi S 8> Hai6- LRovi HPuELedey Bekshdiemiddiss e @Bl meguied TG cabl e

1902 i ncldy g@%ﬂi&%&%&%ﬁ%‘%Rflﬁﬁilﬁné?e%%n 42Q8Reind B4%Een Woideln SRR a1l ude

one or ated conductors, the ca aving six drain wres
1912a-f V\Hl rohlimeerss Ndwrrable veas kéadvigrdapabje of mps:sstaﬂmmatts)nt orclwadienmpths traat | on
purposes. The cable 1902 al so includes two shielding films 1908 di sposed on
opposi te ¥f%es of the cable and preferably having respective cover

portions, pinohegh tRQCaRRS we%@éithtaf g ishd ) RO tthOMRin Wik td Ak h¥arcd
nonconductl ve adhesive material or other conpliant non-conductive nateri al

separZdt essignatwird meds abowtrled fimgsrihervaraio-wue kpashigevdhinga¢h twisax mhe thilsai n wire,
the shieldi ar%gr tIlEIlI‘ll 6“7 %Pmes%ﬁ'e w1re-ef\o-w1re spacing; the cable density parameter X/c was about

2.86, 1.c., in the range from 2.5 to 3; the other cable density parameter S/Dmin was about
1.7, 1.e., in the range from 1.7 to 2; the ratio d;/D (minimum separation of the pinched
portions of the shielding films divided by the maximum separation between the cover
25  portions of the shielding films) was about 0.05, i.¢c., less than 0.25 and also less than 0.1;
the ratio do/D (minimum separation between the cover portions of the shielding films in a
region between insulated conductors divided by the maximum separation between the
cover portions of the shielding films) was about 1, i.e., greater than 0.33.
Note also that the width of the cable (i.e., about 16 mm edge-to-edge, and 15.0 mm
30  from drain wire to drain wire) was less than the width of a conventional mini-SAS internal
cable outer molding termination (typically 17.1 mm), and about the same as the typical

width of a mini-SAS paddle card (15.6 mm). A smaller width than the paddle card allows
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15non-conductive material therebetween are configured so that the shielding
filmcan be made to nake direct or indirect electrical contact with the
drai n wi rekoani2dsosmnd in a | ocalized or treated regi on. PhENsSaénes062H
suitable treatnent process is used to acconplish this selective electrical
contact between any of the depicted drain wires 1912a-f and the shielding
films 1908. 20FI GS. 20a, 20b, and 21 are front cross-sectional views of

shi el ded sté@blc@scde- Op@brqwtl@ﬁ dropmdesablco e naddserdraitlenajateraladiusent o§uch

treat ”e”tth@&?r%%ﬁﬁseﬁe &‘ ﬂ fal%adf’lb% »Pé%%]b@ﬂlyce&lg% t%?ﬁ ﬁ}gqgrgmﬁét?o tﬂoaf@%fecab' €

2002 i ncl udes op ose i nc
Conductlwﬁmmﬁg&he8&@8@nﬁ@duﬁlﬁ@ﬁMﬁ@ﬁﬂUﬁﬁﬂweaﬂﬁyﬁmeaﬁﬂﬁﬂﬂmTheh&hm&ﬁd|ng

filnms are ori ed so that e conductive | aye each shielding film
faces a f@&%@f&hmaég 28[1]3281% thin éa@f: Rt pr@md&ad{%}g efdensHy Y%Sl’éﬁtléﬂrﬁ@Lﬂ%t i ve
enbOd'SrrergableE r‘t?n 3Q 'ﬂa f%’ﬂg ﬁl' a\ﬁ sée‘?ﬁ/tﬁ% &s‘? cle'l%é&r %Bgﬁlsﬁwe@%g' 4 cfah laﬁ&wmay be

omtted. Signi |cant e 20 I nc es a non-conductive materia
(e.g. a dbea&nmﬁﬂcommmEnM&mynmﬁtﬁmhﬁmwebhstWhesﬂﬂ@hﬂmmgnbekmmn&&m&mand t hat
separates the dr wre 2 fromeach of the shielding filns 2008.

Some. casdBANIDHACHA b 485 65 RO SENRRE Sy T ESRERICE dheugd "

compl i antej@d/pesi negeipaterial . In sone cases, the material 2010 may be or
conprise a thernoplastic dielectric material such as pol yolefin at a

t hi ckness of less than 0.02 mm or sonme other suitable thickness. In sone

0158300 cuariitdo SHERREBLCARLEY Wi DOl aR Y BRAY WIREFEATURE! di ng

films prior toweablerownfigticttaild ResdMy hases rifta caBlbethaptan2@dfloyray be
inthe formof a thin insulation |ayer that covers the drain wire prior to

cabl e marfifacdappand da#n Wire fepferaunt r eat ed cabl e), in which case such materi al

may not extendifg Jrie. ALAGHAN ARG AR LIRCARLS WLk UKe e, sphpdi ment

shown in 5 FI bcali zed connec
conpr essioréndimicceearicd @bntaeavitiveye dreboaippf uhedhlwldhﬂg filngs thalestsech de@dcar zone

to force the shielding fijl 2008 in nent el ectrical contact with
t he dPai rFORIAFEOVED UDSERL llrlx ﬂ%ﬁnw 9n$tﬁpéﬁwgc”§ ﬁalaldéaruil &1“62@2130% cHed t he
way. The g |aﬁ'ghrehfé‘?kro%ﬁ&‘E@rﬁ{ecﬁ&Yatbdetegﬁlh%én BEatidﬁd[b ?&Ade @g@HH@yefg%ncet

characteri ze DC 10resistance 1n the localiz d trea reglion of |ess
t han 10 dhﬂﬁnddmohekmeﬂh&ﬂbﬁ“@hnﬁ)amysuwybgmahanMhypKdn&:mbmﬁdk@threated

port L ons ol LG e sl WIS 2002 Co e o e Py el scparated from
> 100 ohrhgre fBINF 8REriBE ccﬁ@’dﬁ@tﬁ)nfs Qhd hleddaatat pRAYdCI M 1N ESRAQBeRRIhiaons  of
the drain wire electrically connect to the shielding filmthrough the
treat2@d poyan dainsyiroind hgiven shielding film at one or more isolated areas of the cable,

rather than along the entire cable length. We sometimes refer to the constructions and

methods characterized by the electrical contact at the isolated area(s) as the on-demand

technique.

This on-demand technique may utilize the shielded cables described elsewhere
25  herein, wherein the cable is made to include at least one drain wire that has a high DC

electrical resistance between the drain wire and at least one shielding film over all of, or at

least over a substantial portion of, the length of the drain wire. Such a cable may be

referred to, for purposes of describing the on-demand technique, as an untreated cable.

The untreated cable can then be treated in at least one specific localized region in order to

30  substantially reduce the DC resistance and provide electrical contact (whether direct or

indirect) between the drain wire and the shielding film(s) in the localized region. The DC
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15drain wire.) The treatnent procedure can be repeated at different

i sol ated areas of the cable in subsequent steps, and/or can be perforned at
mul ti pl e weabhetwaear eas of the cable in any given singl ecstuspoiodbes2shi el ded
cable also preferably contains at | east one group of one ore nore insul ated
signal wires for high speed data communication. In FIG 21, for exanple,

shi el ded cable 2102 has a plurali t¥ of twi nax conductor sets 2104 with

shi el di ngesigapicdyithfdgcalized Fesorimay farickpmpigdess than alires, 21.53s thag Cudes
drain wirgs 2 (2112a, 2112b) are shown as being treated in
a single mp&l@bs&ﬁ‘@al%ﬁe‘f@blﬁ{% pressure, heat, radiation, and/or any other
sui t abl e agentTheusitiagtetl ba&énmglmmemsm&l&&n Wik at leesttona ghielimpofilent s
preferably have a | eng i mensi n al ong an axi s, perpendicular to the

pl ane of AA&t k?ﬁ%mnﬁg?n%r%ﬁeﬁ thaigpglpc S IR3ET WG mw@%cqnéﬁephsw%ﬁﬁer 25 cabl e
2102 such,thal bESRelsr PRG.A0 ib 3 RIS OFpaLRmhpiayt he | ength
of the cata)lf'g. %T}ﬁ%‘?%éeeatgﬁ)gnt& pro'cesls or on-d enﬁn]?g'rez‘;{:n Wre aQ%’act can be
per f or nechh(edx)edchlﬁfqtmrgtl cath £902awhich otayrserve(al an ahtreated ¢wblc abhaighs/itudlyt o

o ol an By e ked Rt SR srd it ey S O, YRR RSP o b

made i nt qn@Nd&akicd cashrR MR ls¥ts 1904k, 10¥41R DAL RBIND Qlch IRIWHC IR thodd
conmponents to both ends of the cable), or (e) any combi nati on of (a)

t hr ough (igdulated condutiees, theecableantio hamqgrsayvdldm woenl 912ad veiigr aneisbavn coat act

oEi T80 R R aoh SR B Rt eBhe PRldsRe 15 a0 20bA TR BRbel eS8 10/ Sooeas

carried Q;HIelcﬁhg ORI 908 ARt LbEoppdshe bildadiof the 8Ablé ek gretdnally agMag el y def orms
the material s and causes contact, or at elevated terrperatures at which, for

exanpl e, rasneﬁfévmpla@qrrlen&mv@h@dawora@n% pad fasaensiensmayitiellp g nedr e readi | y.
Tr eat nent_ I i

order to Tvake tf& é&éég%e{}é%gn%ﬁ)s (()Ml% h&g{)#ienté% ?ﬁ(@cg{r)%%%%ségraﬁsasb%te&ae?%ed by

t he use afraiaavietutdi\oac pﬁbbﬂh@hﬁMmg’lﬁhnsji"Eﬂeedir‘almlmrdfmlteeshhdidhng gipaltdndghd he

shi el d| ng filmand drain and/ or with aspef1 rovi ded on the drain
wi r e land/mon-confeqtiye Mpteral er@aeégeen?z%lc [guzeshyod %ﬁll?}ﬁ igrcag bshi el ded

el ectricah,£aB hﬁk@%ﬁ%&*ﬂdmcﬁ?&éae&h@wcma@d iRl BRUdMA “qm;ﬂ @HALIRRS 1 n which
one may choose to provi de on-demand 10contact between drain wres and

shi el di ndofalizeq e treatedl togion. flhgeatisr, a auisihietrchtder| peatess ailsed fodzoompladhl e 2202
i's connec ed at h en thereof to te ti o npane 20, .2222. The
tor m nat B CEBHBG RS L SeHeTorprch ank St EpRd GRTR TR T AR Wonduct 1 ve
pat hs pr ayidiee tiltgs esyy. for el ectrical connection to the respective wires
and conductors of the cable 2202. The cable 2202 incl udes several conductor
set s 28f i nsul dil6§. dmdletands ] al%ﬁfg@twr@&s -seolianakviewn dlighielded exbdesatapt ed f or

hi gh speed dat %%e Q arl'j[l(féatl on. I SQ. | ncl ude ral n Wres

22198 " 2 APHONS il Rlon g, 105 RTLE s RERaBha ol e ol B 2B

conduct i \@nmt Q= shﬁel@@féledtﬁédlbﬁlﬂé 2002 GeREeNEfosedleldingifmwi2008 cagieofl SO
positioned near (e.g. covered at least one shielding filmof the cable,

and pr ef e¥Bl payigclydes @qnéH@aveHéwéﬁﬂs% 4! seRmeandpeiveday s ROARD £ bhe exanpl e
th | li zed
e CLIRRGRERL 00BN AR O Fh AR 8P A0 BHERBEIY Ml £oal 200

2212125do draibh wiekH)1@laadttid athtr shavidiag filmi Than hiecrsdtivelctlibodithdédt nhs port any

poi nt along the Ien th of the nd this may be_ acconplishe y any
sui t abl e GPBAYIVE ] agfera & R3109%h ﬁequm Bs ke béw&li/t?fi? Fentficaptiy. ﬂberfaﬂ?gchni ques

descri be%o@h%ﬁ‘é{\(‘i&%% n'aﬁ %h&‘uct{ée DatdrBd (SEANG8OAE WRedid R 19 R IMLMhes and the
shielding films) in

shielding films 2008 and that separates the drain wire 2012 from each of the shielding
films 2008. In some cases, the material 2010 may be or comprise a non-conductive

30  compliant adhesive material. In some cases, the material 2010 may be or comprise a
thermoplastic dielectric material such as polyolefin at a thickness of less than 0.02 mm, or

some other suitable thickness. In some cases, the material 2010 may be in the form of a
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25 untreated areas may, for exanple, be greater than 100 ohnms. However, the
cable is preferably treated at sel ected zones or areas as descri bed above
to provi doebent3niscal contact between a given drain w r @Ca$2@ 0060625
shielding filnm(s). In FIG 22a, the cable 2202 has been treated in

| ocal i zed area 2213a to provide electrical contact between drain wre 2212a
and the shielding filnm(s), and it has also been treated in |ocalized areas
2213b, 3chidagy thay cpyrasy prreordiadie slipldbig flavaiet takeblgaapnudpcis. W pam@212b and

t he shi el Ok F . , j

treated |C(r%k h%les{%%%l%gg {nzagﬁe é%élgsfoﬁﬁggﬁg%@ ﬁ%%%i@ﬁls@g ggl%lt%e%‘{ag]f er ent
| ocal i zedvias péer t3218d maddfdaure R 20 2/ DBOXEH POIEUB2ORQh QREL0h material Not e
that in sone cases nultiple treated eas an be used for a ngl.e drain
wire for POURGIERIES iyP thed?mﬁ%eﬁé?gl%%%é%%gab ¢ pnlgerbs el glenbilpynans. ngl e
treatgd grem ?@ay,raezf gesed for a given drain wire. In sone cases, a first
treated area for a first drain wire nay be di sposed at a sane Iengthvm se
position as a Bemakda tqcelazzedctoam&aoﬁmonmr&enzerfdcdami/nr haat snay bEapp:h@i g. areas
2213a, 2213h of. Fl GS. 22b, and see al s rocedure sh in FIG
21. In soliglBadigyte et & gond aioed e SgHRec i 09 S ReP e RS e at a

di ff er enteohRBOW IMAIREIRASIitd mlztﬂ”jﬁéffe%n%lg%@ﬁhg%@ﬁlafe%l BNOLhebf Py W re -
see e.g. areas 223la and 2213c of FIG , Or areas 2213d and 2213e of

FIG 22b. Therﬁl@@ml @@m‘,@@ may herde@p‘eczr indiecet,fapd neryebechhaiagtonzedbyraPbe di sposed
at all engrt6h X elo %Zeﬁ{ ecab at Lot ifd] anotp 18 odr alhn w re | acks
any Igcal &%8“& g\]/ﬁl} He'¢h ‘I)l%ﬂl%& o 2)2 el e, g. area
2213c of sﬁb@antﬂaﬂ@zeﬂfolﬁlﬁsﬁé(lﬂl&éﬁéd 96rt1@ﬁ§@ft1?18 4gen Qfﬁrel‘_ﬂﬂ@ cédbwctobe FIG 23
is a top view of another shielded el ectrical cable assenmbly 2301, show ng

anot her d&lﬁﬁlicglbf seppgtedi fromyhecthicddiag by a@ﬁ%&l@ bachsrasiariged b2 degheld cont act
2 fte\é"fflnc g (E %S> pﬁ' %g's); 5%15:8901# éduﬁ(e%{ thg q’ac@ E%' %§t@§ ﬁoﬂmﬁ? bf Oged

I'S connec ereo
t er m nat |dmnc;ﬂrq)ﬂa@ﬂteﬁly2cbaﬂect 23®2 shithkng ﬁrmrtIﬂamghOthe aoapod pertioa(sgatthcconpri se
a substra e with individual conductive paths provided thereon f

el ectlPi céfra@dﬁﬁgct e e chRroPeliseean hﬁeremt@satééhféer%ﬁm}@%ﬁ@awfo Re cable

2302. They,ephl @1,1%%@%:11& fepy %&/oﬁ&\ﬁ%fderﬁﬂﬁgdlgttlﬁumg%tl%l%d LRsybAhedaple

conductors, suc tw nax conductor sets adapte hi gh speed dat a
conmmuni cahiaoyn givEheingkistep. Zﬂﬁzhwﬂ@d c2bleiatsol prcfembieccmtahs drledshon gresp gB812a-d.
The drain wres have .en

t t d t h f
T o kS Bar s e Sieh RS FPEREh s R S as I B P o
covered hyhmple, igaRtd 8dfe Qfﬂﬁﬁag 'a@ﬂlutfahﬂyrﬂf@\‘gvlﬂag %oﬁ&m&set@'ﬂiﬂﬁﬁv@th%hﬁt&ﬂg are

posi ti oned between two such fil hown for exanple in
cr os$0seqrrpoded by shaoldingffilms £08. 1§h%1¢ﬁll>1€22)16(12 Eslgdgstdraiprvir Qsddllz,zt@/@ afr eat ed

be d bed. 25D he .d
23120, 2300 pd 1Ak R bers hOT FLAR SRR Yot kBB RGN <)

any poi ntpralseRghddigadiefié, An@br tkieothabiuetablaagerdt Nissngidating campomatd Hized by
any suitable neans e.g. by enploying any of the electrical |solation
t echni quekhedecating prEP@Ica s HeieEbhehaT s, lcpRtine @W&l@&ﬁ@@g@ét&men t hese drain

o eator TREN 100 DL Yl SO arp SRR SRAF oB B8 B ok g™ & B
sel e@ed cabkRed 02 sudrthathagcaded ﬁergndaﬂd sanitwly shanllptompiactel te Itlm:lbngth@lf tleont act

bet ween these drain wires and_a given ielding film the figure, the
cabl 6 2308bRs ThfimentpEosruior of dieﬂlar@g%ﬂllil y g %%336{} 91 de

el ectri Caciurl‘ﬁg RLBRE thanufacture, (b) after the cable is cut to length for termination process, (c)
during the termination process (even simultancously when the cable is terminated), (d)
after the cable has been made into an cable assembly (e.g. by attachment of termination

30  components to both ends of the cable), or (¢) any combination of (a) through (d).
The treatment to provide localized electrical contact between the drain wire and

one or both shielding films may in some cases utilize compression. The treatment may be
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WO 2012/ 030365PCT/ US2010/ 060625 between drain wire 2312a and the shiel ding
film's), and is also shown to be treated in |ocalized areas 2313b, 2313c to
provi de eveabrimedsscont act between drain wire 2312d andPprChasshioebaehg
films). One or both of the drain wires 2313b, 2312c may be of the type
that are suitable for localized treatnment, or one or both may be made in a
nore standard 5manner in which they nake el ectrical contact with the

shi el di ngafiqdrgus pt r@paﬁgm@eur@mramﬁhaigfylwﬁémceébﬁt seeerelidgfiorme thei mgendbl e

manuf act I §1XA First,

t wo substth aﬁtclaa %@h%’%ﬁ?l caﬁé%gg %?reg?gﬁrgg Fﬁ’ﬁ%%dﬁg Pﬂtﬁe& % rltggﬁdrpl?%gon cabl es

wer e rradenw:mzh aBldﬁ;cﬁ@BdbabnﬂaEbﬂﬂy Raevd neod fdadilly. aTeatn @it magradhmhdndes ets and

drain wnregr e shiel ded caple sho in FIG 21. Each cabl e was made
By

usi ng twd tragnin ek tPiths e H1e1 ﬁtf’ﬁ%a@élﬁ%c%]&%tf\lﬁé’ﬁ feeatingphse
| ayer sof g&g@ﬁfa fbe(a@hgwt%l : ) %én&ugh%(%amgl@s #h %@ @%&%&tbﬂﬁ%ﬁﬁgus rof

al um num 002 I Spos a conti ayer
of eIectnh@dhﬂgnmﬁﬂnlaﬁhbmduﬁuiumWadWﬁhmmen@esm@&khd©hch@mkﬁwMasmﬂbeosed.
The ei ght ed conductors used in each cable to make the four tw nax
conduct orSh’seé‘flgg e 30 gauge (AWG), solid core, silver plated copper wire.

The ei ght draimGy pESaddsed £0fopaashs SIS Qc3AcAIKES alLMBly 24010- pl at ed,
7-stranded wires. The settings used for the manufacturing process wer e

adj ust ed @owtmltematlﬁe nonfgyleartms eswhichane 1@y eheessrie pervede af-derandadhesi ve

chi a1t ngORE RS Gl e SATp R BB ECH PRDP B dlle R PRGN cat ea

cabl es. Tidoh\eebleNROEAIREN&MY 8 Do BREdOIEdterinthaBioh e@pbncats 2aout 1
nmeter, and were mass stripped at one end. A first one of these

unt r eat ec22AbITAS teERENHAN CPRPPYCIEERICh GOMBIithet WDRiHE With ladﬂyld@ﬁl ¢MEUEHFEI n
W res Wer %tﬂsg)gé?\lﬁé?& fhb&8h G2 é‘éc%%al %}ﬁﬁécﬁé& J&e[p f%géc@f[%e %J%feﬁ %dfu' of This
was do 0

connecting a m cro- ri ppe e cable
to all 28hep®e&ﬁ¢ 2202. Clirluiabi@t2202 $nobddck wov ekl @bmdustorests oThsalatdaiH@sdmcemnt S

yi el ded no measur abl e DC resi sfance for any of the conbinations - i.e., all
conbilAat i YA 2HMEBRICEHApRIOT 36t %({aaWéégr Righ ppesd dataremmyHigat 1°1thﬁe C%% adj acent

drai n W rggp .8 ifeRi&t e dwn RilSs 22ia, 981 B tTIRALSH wlees%ge éﬁcﬁahat%ﬁﬁ&w de

| ocal i zed areas of contact between those drain w res and
30shi el d|tngesp|:¢trm comdmitlhepatﬁmvof athagenbatnaiompanergs The dgam wurhealtewbsoadj acent
wi res | abel

Sams. ey TN EISHGH i S1e0Re ERe ke FAPHETE 1S TUBSOAE bTea b LapY essi ng a
portion ofic pbietisRRIBtWIch fwd sh@OfiIntshBh¥@# for example in the cross-sectional views
20  of FIGS. 19 and 20a. Except for localized treated arcas or zones that will be described
below, the drain wires 2212a, 2212b do not make electrical contact with the shielding
film(s) at any point along the length of the cable, and this may be accomplished by any
suitable means ¢.g. by employing any of the electrical isolation techniques described
elsewhere herein. A DC resistance between the drain wires and the shielding film(s) in the
25  untreated arcas may, for example, be greater than 100 ohms. However, the cable is
preferably treated at selected zones or arcas as described above to provide electrical
contact between a given drain wire and a given shielding film(s). In FIG. 22a, the cable
2202 has been treated in localized area 2213a to provide electrical contact between drain
wire 2212a and the shielding film(s), and it has also been treated in localized arcas 2213b,
30  2213c to provide electrical contact between drain wire 2212b and the shielding film(s). In
FIG. 22b, the cable 2202 is shown as being treated in the same localized areas 2213a and
2213b, but also in different localized arcas 2213d, 2213e.
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WO 2012/ 030365PCT/ US2010/ 060625 about 0.25 inches |ong and 0.05 inches

w de, the tool width covering two adjacent drain wires at one | engthw se
posi ti on wb 2bte3ambl e. Each treated portion was about 3ecrTfusermoses2gnd of
the cable. In this first exanple, the tool tenperature was 220 degrees C,
and a force of about 75-150 pounds was applied for 10 seconds for each
treatnment. The tool was 5 then renoved and the cable allowed to cool. The
m cr o- ohmet erNef@ashat HespneorasescnBliipla treaksl asens con be Hecdclabk singlspligingerg he
treated I 1 ble . c i | . i N re again
teoted. ThoreClMiugy by & oBREpliBkSs HBIAPLLE PRl Sl HEALE S P00 Fha
measur ed wed forh gvuisdraiandrd. hie sbRicrcasdssi Anc acatd alch fatd st dambiviratiagivs of

two drain wires (neasured at the end of the ca%le opposite the treated end)
was not rEHROSFEA) sameilengthwise Posaionyey 4 seagust traades ko a second dyg WEzond one
&Pk

of the untgeat 8d,c2N3§538 AFSQS | Myt Q?d,'a%{dg rSiel Et'éewnLJFﬁ@y of

. @‘é%l
the drain vm%es were In electrical contact wt eltﬁer 0 shi el di ng
filnms. THils Inasmagadcs adoratcdmreafonoec tiangwae mayrbe-ddponet @ra dafferehie stri pped

end of the cable ta.al| 28 possible combinati.ons of two drai i res, and

The neasUFEABRISE PSHPH &1 et diro T UL MBS VB s oot e 14l SRy of ¢ he
conbi nat i93c of FKB 224 rlar&QED1 SRAAPCTE 38 bPHIUG 8D HDEn QA 8480 GaRaW dreover 100
ohnms. Then, two adjacent drain wires, as depicted in FIG 21, were treated

in a firdorerepanovips oay de dispesidiag e dengtloase pdsitcomidbe cabde steench mgkerdr ai n

W res,and, t.he .t shi el di i . This treat,ment s~.do with the sane
Foor 308 il e M 1ty b MBeq SR e A IR R e 418 (AT - St Sty T 20y
end of th@18abfEIG.PNaardeeaS2q8adr bfc@ 2R IR MGeP2b.t he sane two drain wires
were treated under the same conditions as the first step, but at a position

3 cmfrom a sddbnd3 srdtopfvievhel anathes skiglded iclestricalecaplor asserably 239h showiigr d
abel ed 2rges oA BR BT LR i Aoy Codroliohu iR AUAREbMILED
t he fir stdrsibegresagaishicBlirgnilii(e)mn hasschibl g 230HNd shikldet elecatrheribdon @abfeour t h

treatnment_step, the same two, drain wires treated in 25step.3 were treated
underl >t he23§§hse0%ﬁﬁfﬂf geh ewﬁ%{?oféott?rgale%@ﬁtwm@ea@%?m, 23% Ut t he second

end of theGals: an?bohE'ﬁt? ;écﬁfl%ﬁﬂ)rﬁé 3UBbBratc0fh RN d# @&%Aﬁ%% Fah@s 210

degrees C, and a force of about 75-150 pounds was applie or- 10 seconds
f or each rrogdtdrthateos tfeqrlecthenl tomicctiasto the respentive edreandd toreluctiod ef thé | owed t o

cool. The m =0 t.er s. then connected at one..end of the cabl e, and
MERPT B RSV HEIEE pali e R R W R g S
average Q@t%ﬁﬁk%bﬁ&&%r%ts@dﬁatéﬂ‘f& hY¥RSspERSd 4 %&%ﬁicﬁﬂid&? Tlfe_ dBR mmaiseat i ons
(all five of these conbinations involving the four drain wires having

treat2@d aneudys scwgral draibevires23d 2amde d'hefdrain vEreshaee owls thes genrestitoas f or t he
remai ni ng, corrtbi nat idor][. WO épl%/ 0%0t365P [ US2010/ 0t6 25 i.nvaol vi ng 1t he four
drain wi r&3 R FIRYESPAHS OF SAL CHRDNE PRIOLPN, e Sl Wit aFso

conbi nat iRRBiIcasd Ao (&g ajoRerotl bepatiest 503 shidamdfealifehe ¢abks, andvp@forall, over
100 ohns. . FIG 24a is a photograph of one of the shielded electrical
cabl es t H&¢ PRWEOTCH HETRR O sHeh filmss sBowp forrepampledn shptrass-seponal Vswsl i zed

treated ac{f%’l‘és.‘:?é‘axﬁiezo'%.e?}ic%@fﬁ 108?‘1%8 Frefid 204 B A %%Lﬁzgl b@fesBrib@f L1 on of

FIG 24a, showing two o ocal1’Zed treated areas.
25  below, at least the drain wires 2312a, 2312d do not make clectrical contact with the

shielding film(s) at any point along the length of the cable, and this may be accomplished
by any suitable means ¢.g. by employing any of the electrical isolation techniques
described elsewhere herein. A DC resistance between these drain wires and the shielding
film(s) in the untreated areas may, for example, be greater than 100 ohms. However, the
30  cable is preferably treated at selected zones or areas as described above to provide
electrical contact between these drain wires and a given shielding film(s). In the figure,

the cable 2302 is shown to be treated in localized area 2313a to provide electrical contact

- 58 -



24c is a schematic representation of a front el evational view of the front
cross-sectional layout of the cable of FIG 24a. SECTION 4. SHI ELDED CABLES
W TH MULTWOL2E12DR¢d6Bl W RES 10We now provi de further det aiPC3/usegaineicns

shi el ded ri bbon cables that can enploy nmultiple drain wires, and uni que
conbi nations of such cables with one or nore term nation conponents at one
or two ends of the cable. Conventional coaxial or tw nax cable uses

mul tipl e tehurspetidantirgdddpendthashickding hpts).wind is albreshovanin bartegrisdiires to

Kk b A
advant agaoiZaL BEE A3y EERR oot s BB U ABps AR R PR RS
can incl uﬂesldelamrg ﬁ/lm(gs One onbbthi ¢fltke dratawiranz3 13b; 231Pkenty s thd t’ylpe tthat e as

was shown e. 19. Any given dr wire can be di rectl (DO
connect eoﬁr% niehle fehf igeditreamaaa o1 anoegwﬁe&yw TeCRG TP i‘Ildow

i rrped ( I gﬁepﬁﬂﬂﬁ%fl 31{%%1&%&1?901{?%‘? "deéh tRE sHOfi Hﬁ@ta &e%asﬁlbﬁhﬁtl the

shi eI AC | npeda Because t rain w re are 20 ongat e
conduct ortbeir tiitey laath Mtgmdbbeymmﬂadtﬂre. shi el ded cabl e and nmake connection
to the ground term nation of a mating connector. An advantage of the

di scl osed cables is that in general fewer drain wires can be used in sone
applications six&®ifih el ectrical shields provided by the shielding filns
are conmon for the entire cable structure. W have found that one can use
t he di scl osed B exateplecab pessentod adthirscetipmo USitsy t@6srliantiel ln ideatitdt y of

di ff rent |nW| nfl t|on t hat rconnect (el ectrically
hr oughn (R alfelaF ERBweEt tioh e’ SReafbat I BiSGAMEREMeSt &t ea”si hpi v,
any of thenflpseliesetconi@brats Salreis Wity o fied dhatedat cabRapbwa ih FIGt21and
second drain wire. The first and second drain wires may extend al ong the

| engt h ofFacheaklapias madaasingy™eepeesed shiclding féflnedwrvi@ettbelsmﬁ @é.’é‘ﬁu%lqﬁera at

| east as

first shlbgfé ﬁ?{&]# I)I%EKGQT%%@S %F@Jﬂﬁgg{l J)Ipvr¥§|cﬁe Ohﬁ ous %&?8?%}5\9}% rst

t er m nat |(0@00M1@n@nhﬁ:kﬁtvaﬁdlfspcsseﬂ a@nehiok atcbetiramink ﬁyﬁlﬂ@f devericullymone second

R AN SRR R NI NI TN o TS

2012/ 0303@%5@&9{%%9%%&@9@6%% %ﬁaQEoﬂH‘HEﬁr §deE Sord R éHugé‘kA r%C%IRPc%%‘t s but

may not electrically connect to the one or nore second term nation
conponentsslver platsd vepeases, Tthlaelghedmmdwmeauwdvfbrr@chayblemm 33 gaigey connect

ERUL AT R IR RN ST R U

were adjusted so that a thin layer (less than 10 micrometers) of the adhesive material (a

20  polyolefin) remained between each drain wire and each shielding film to prevent electrical
contact therebetween in the untreated cables. The two untreated cables were each cut to a
length of about 1 meter, and were mass stripped at one end.

A first one of these untreated cables was initially tested to determine if any of the

drain wires were in electrical contact with either of the shielding films. This was done by

25  connecting a micro-ohmmeter at the stripped end of the cable to all 28 possible
combinations of two drain wires. These measurements yielded no measurable DC
resistance for any of the combinations — i.¢., all combinations produced DC resistances
well over 100 ohms. Then, two adjacent drain wires, as depicted in FIG. 21, were treated
in one step to provide localized areas of contact between those drain wires and the two

30  shielding films. Another two adjacent drain wires, e.g., the two adjacent wires labeled
2112 at the left side of FIG. 21, were also treated in the same way in a second step. Each

treatment was accomplished by compressing a portion of the cable with a tool that was
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5The first and second drain wires may be nenbers of a plurality of drain

w res extending along the Iength of the cable, and a nunber nl of the drain
W res naywoanr#asidéso the one or nore first term nati on ecrFusa@osls2and a
nunber n2 of the drain wires may connect to the one or nore second

term nation conponents. The nunber nl may not be equal to n2. Furthernore,

the one or nore first termnation co;&onents may collectively 10 have a

nunber niabgpt 2% Hchesdpng pnd 085 mféaﬁw nths toelyd dtheoveres Bo shtesnsdeitng

term nati 0

o et O GRTRENGNS GRS U8 1N S PHONER R Ry SRfEny

cases, r’doné eihd of thessable. (I@&ﬁﬁﬁrsﬂtxamp‘r@, thd fa)osﬁﬂ‘@)efaaﬁeSwas R0 degrles € rundane

cases, and n2> 1. Arrangenents _such as t?ese provi des t he albl lity to
?

connect (fﬁ’é’ed’nfé t\XPrIéOtp@u & WEAPPHER Er 105R¢Rads fipaghicatmsat. o teel Wsr e
ot her sdr Zcré'h Wfofed &%%Qﬁ%faﬁgw%ﬂovcobp ’rﬁ%@&&%ﬁ&&%&&rﬁ,tb&h&{ B0Med at

effectlv y tying a themto the external ground vant ageously,
not all dhaeml wﬁthesahlﬂoppmﬂcdtﬂzltfeawd@ddimldmblrﬂﬁqu&bletammHmmtmns; ef twal drginound

structure,. whi ch can be used I|f t he.connect.i on requi.ring fewer
at i g cORIBC DAL AL Ko 1H e EROT T ARER IR PR 1T AR AGUEE t hat
r edundanty &0RERGEd a§aN FHhPEndBLEDE fesiinge bhaNo@BecHhbihifond bR tWo Walif 1S
connected to the external ground and to the shield. In such cases, one may

fail to rake (waw@d attthe eteoighé edtde oppasiie thextaarodand ywesimet dastreane, idr.ai n
W re, ,but Sstle| 1 gﬁ@ ﬁful |y make el ectrical contact between the external
grounlg and” Vﬁé ‘f'nr 1?Lulpough the other drain wwre. Further, if the cable

assenbly has anfeesec@wtoxﬁ@ﬂf[heguft@me@reabmb%@al@o ﬁﬂt@algfﬁést&f ot deeormak i ahyp
connected to one external connector 25(m = and conmon ground, and the

ot her endfithe diggwires weretn plegtricarhioatacoygh eﬁlmewf the shiqhding fismer TRisAvsct i ons

1 tipl
(n1) oo REnTRAE R oh I FOTRES AR HEEH (R ot B (e
provi de heedbictcombimationssf tolo dreidudied, atinté melaweraads agdn grtdedwober of

contact pads required at the term natiaqgns.. 30ln mapy of  these arra genents,
the dJri q%eqswgkéaﬁ%ﬁ%@&t%e %ItWé’Tél?e b ipgtiony wepéﬁ comPEFgANS Medessiel di ng

Filn(s), e ouidalc0b o BUESROHhmsOTHR ec%»)@ra% A 85 véH-eg' AP AL FIG,

el ectrical contact wth the shieiding , 1S use inmplify the
term nat |21nw3tertu®1taairia a\ﬂmmm%mwﬁmﬂa@bﬁ&ﬁﬁ% batm:benatmspldmm de a

tight ti itech., One st htf d di ment i
uhere o SHS AL B et eI GaBLTgHT Spetah BBl redeedhd. mul ti pl o

drain w r&gm P%ﬁ%ﬁ&ﬁ&%&%d%ﬂhﬁi@aﬁ%ﬁtﬁ&n%ﬁl £ARPesd 8 thatagact £nd, and
fewer than a the drain wires are term nated at each end, but each

dr ai R0wi rseccmirtmaﬁa@édteat th@rs@m@tmo flegimgpvges wererttaatedaadert the Sf!fh@CQﬂdlﬁean@ﬁd The
drain W|r a,[tg re ot ter nat d are st|II int |ned (Fntlal
S

since théj° 5“% %%Stltl“i/ oF it &nré%‘ioln cpf gl Jefle Slin eﬂﬁe P&t e

enmbodi merh a thine step, etnbﬂleﬂfv% 8dj¥dchESralfByirs ec‘gommmcexﬂj @denORReLIAB:1bdIR 1 120t
connect ed éei ther intentionall in error) at the other end. Again in

this situhthedait sidsef §IGud Vore fistash i (hesae Nenpride Hag Stepnggads3 émefr@ﬁal n
mre s C‘tﬂé‘ﬂﬁ%ﬁ&’ ofthe BAR0 ffirouldl (RO £ite eth@&ﬁﬁ'e lnr@f?ég udai ifr ai n

10wire(s) attac one end are not t arre as t raln wre t hat
are abt ached atretthvatodtunder thodamAcaidigns, Mﬂrasa apatafent ]kobaldn83 cle ot 'Ehfd in FIG
25 Int hs%éonfdl enﬂ ?the ca%f‘blhei\ thaig ge%ggcli >e/xample the tool temperature was 210 degrees C,

and a force of about 75-150 pounds was applied for 10 seconds for each treatment step.

The tool was then removed and the cable allowed to cool. The micro-ohmmeter was then

connected at one end of the cable, and all 28 possible combinations of two drain wires

30  were attain tested. An average DC resistance of 0.6 ohms was measured for five of the
combinations (all five of these combinations involving the four drain wires having treated

arcas), and a DC resistance of 21.5 ohms was measured as for the remaining combination
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2501 includes a shielded electrical cable 2502 connected at one end to a
term nati on conponent 2520 and connected at the other end to a term nation
conponentw@282/031366 cabl e 2502 may be virtually any shi ecaas2@abbes2shown or
described herein, so long as it 15includes a first drain wire 2512a and a
second drain wire 2512b that are both electrically connected to at |east
one shielding film As shown, the drain wire 2512b connects to conponent
2520 but invelving teaipybait Wirshavinggeatedaraasy The DG 1owtanspabell sthep conponent
2522 but e i d her
controllé%ﬁhn28mﬁggfg&“ﬂﬁgﬁg%% 2§ﬁgﬁﬁm%ﬂgmgﬁayg %ﬁ?ggn g?éukﬂggﬁgb and the
shi el di ng f| | 1ok 2412h$ aqehbtograhQd oy oﬂﬂtélshielt&d@lectrlftai cabiastthal wasl feleddategial
connections, the sane otentlal is majntained in the structure due to the
conmon  grigdirisg fornbese examplopofautleralizadreaipd asanemdittssensbl. 298 35anc oy d
advantag SHE% | S
condu%tlgﬁﬂﬁéxhﬂﬁA nore con%fEC£Q%%og?ﬁg%ggﬁ(ﬁgﬁg?pg%kgge%%gggﬁgepﬁ%iques
i s shown 24a 1§Feh EBemdb2 apr@6htatibmot hert dievgtioed viav ehihelfidatcroshietiasdenbl y
2601 has a f ut conf r t|on The assenbly 2601 includes a shiel ded
electrlchythBgﬁclgﬁpé gg dconnected at a first end to a termnation
conponent 2620, and connected at a second end (which is split into three
separate fan-out sections) to term nation conponents 2622, 2624, 2626. As
best seen in tﬁ@CHH@§h4s%HHﬂdh&D($$BME&ﬁNfﬂHEﬂUWﬂﬂPLEdW&ADﬁﬂMHﬁESines

26b- % 602 incl

o8 en condteAeRordUfie MEBRD ISP G Bata e MR flitRE cSRE G O SRRy ot

drain w rrﬁ@lugﬁlcﬁanmlreih@dat@tgte @hibiiihtiohs 85sueh @alsikd with 86¢ bf @dtd y connect ed
to at | east one, and preferably two shleldlgﬁefllns in the cable 2602. The

coaxi al CBFRINEIB CORPONEHH ARRCOTHHO cBdTRiihe F .component 2626, one tw nax
conductor set €ORAGE <§n%1 @&xt F’Wﬂ%& M EQD A 1e %ﬁ%ﬁemd@ﬂtd B{ﬁfs QLRSS tw nax
conduct or set connec ermnatli on conpone o} hree
conduct OreasleWStthHﬂﬂ@\Qﬁ dtain tvives teemhak@blahcanppnestwamAle aible el ther st end

of the cabl e. eight of the drain wres connected to th
t er mlAat i @Wﬂ&@tﬁ&&mﬁ Mg JV fég%léam%ﬁéﬁ%ﬁhltlﬁég sec?es riged q*eml%tSﬁﬁ% res
2612a, 26§2Peandhdudddidfm \m%é(s 19%919?!%98&%911& fﬁr(ﬂ%mf)&ptﬁé S Ermandueds slﬁSwHat hs on

term nati o conponent 2626, and ain wres 2612d and 2612e may be
connect eck.g.on EfpriGpramt gvcmdndur:wlrvearp‘m tiscotly (D€ m)mwctedrto dmmbwﬂrént 2624,

Dot hs. on YHFHOAG SREaRDsHERS TSR Tor GG goBu T ARG PO ALt han
e
and 2612trlengetedivongucieyssbénepncurimmddregend e alpip%@fincaldt: en mﬁb@@@ﬂn@@thmtphs on
i res. 26308 bg ARG arRET o e sEURERT 580 IRE GRS "
assenbl y id6@derhiSfewtingthinfwieeh @nbe L&t ineamel appHeati¥Bs sinédthe %}@@ﬁ%hEshlélﬁtﬁ drain

W res 2612d and 2612e adequately tie the
prov1ded by the shielding films are common for the entire cable structure.

We have found that one can use the disclosed shielded cables to advantageously
25  provide a variety of different drain wire configurations that can interconnect electrically
through the conductive shield of the shiclded ribbon cable. Stated simply, any of the
disclosed shielded cables may include at least a first and second drain wire. The first and
second drain wires may extend along the length of the cable, and may be electrically
connected to each other at least as a result of both of them being in electrical contact with
30  afirst shielding film. This cable may be combined with one or more first termination
components at a first end of the cable and one or more second termination components at a

second end of the cable. In some cases, the first drain wire may electrically connect to the
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conductive paths to ground potential (or another desired potential) even

t hough neither of themis physically connected to the term nation conponent
2620. WO 2Wad3036egard to the paraneters nl, n2, nl, amdTn®2adiosecnsssed
above, the cable assenbly 2601 has nl1 =2, n2 =8, nm =1, and n2 = 3.
20Anot her fan-out shielded cable assenbly 2701 is shown in FIGS. 27a-b. The
assenbly 2701 includes a shielded electrical ribbon cable 2702 connected at
a first emgoroze fiest Frmatation cemnprméenut 2ry 0ot glsetricelbnecnee tatheongedond end

whi ch f t t
componenttS8 e SibMEZRPRAGEL S Sl her” BE b ARTU R ALY P of
FI G 27b,clécakeailyaboimgt td the sn@@bmaitseodndHbfmintien cdnlynead bet Rb2#62 i ncl udes

t hree conductor sets of |nsul ated cfonductors, one coaxial type and two
tw nax t rlcaélpmong@h{o 4 QNHOLIPES IStAPBRNAUONTEIPANERS- drain wires are al |

el ectiically Cﬂ{%’}ﬁ%aﬁﬁ swmﬂtdr%lﬁ%}egmbearﬂgnp&%ﬁa pﬁmltgwdﬁm ing films

in the cabl e 2702. The coaxi al conductor set conne term nation
conponentexBngdtg abore theiangsh afdhdcabtigrnd emumbanelcofsthe draiewiresnaky conmestionent

2724, and t he ot her tw nax conductor set connects 10.30 term.nation
corrponent ho gue,0r mQl§ fI%II“l LR PRIOT COMAREY “Erg’ﬁhﬂéf’f%ﬁ dr{B Yk M&at i on

conponentcodd & tdthe RS of iosd sc8Bith @FminBBore @(Qhﬁoneﬁsx TAE ntifd® etk 181&1@% Whi'iRs may be

connected to the term nation conponents at the second end of the cable,
i.e., draqoaltpomés Fathainosa dhanmexyn2ero 308 65POTHIB20IMO0S0S2BY 231X tivelsy be

connected to a opria nducti ve paths. on rmnation co nent 2726,
a0 il » B SRS B BBl SoB B RS dnd B bR BB SRBT e conduct t ve
pat hs on tt@fifkticat dodipoBoney aiag tbllectid4ly HRRE ahuaiber M2 ot Scodhd 2rmamdiod 7129 may be
connected to appr Oﬁ]::l ate conductive paths on term nati on conponent 2722.

None of ta98YeNeglty Hrsone 3seh pes ndr edoBAraet el Y09 gescs: BT halll ¥ onponent

2720 on the.l hiistn8ndh Ofmd NR.CHH At lBeTLLstmpad gly dhbe cabl e, the

ot her two raln wres, 1. drain wres areé connected to
appropriate condmgbm&tsmaﬂhss thesctprevidanheonkitity @ cd8nedBynodiairt witrg td & m nati on
connecti ons b t ween .t he @g ain wires 2712b-g. and term nati on _conponent 2720,
and Het wesH éP?PWlP%a BI§ ORR QT PGP a&qlraﬁl%??&&rf@ﬁfle%dz@y het ween

drain 10 i, u ure of the
ooty SHTHER Bt RS OB CaTmINGHo RIS BRILEREL U E,

par arret eraslvmtagamﬁslqut a]alraidamﬂvmbs sic thsseblc abod/®, conhectahtol the azstsmabgrpumjml has
t her, enbodi rgn%nts are possi bl e,

but in ge*ﬁfsf%fre “frg C@a%nr?é ua%%{.{’ﬂrﬁelaa@%ﬁ/af%mf%t&m PY FAUERE TSNS t he cabl e

to conne %nﬁé’&oﬁ@ﬂaeh@&&mgét@id nﬂn&tﬁ&rﬁ%ﬂtﬁ[‘ SdviaaRBE UCh R Sdurldasedntictsi@nensur e
that the grounding is conplete and at |east one ground is connected to each

t er m2f@at itsrmadso Amophthar oeaehthe dehinfvinchecaraistted taihd exisrral gmlndtam@tq the a

f Th h d d
Lo cach Cal ke EnCRAF At ARy Rkl SRR e S B o "y

end, thenyithenc@ainesiré, Ot still SRS sROKeakkedddttri@NEot£3 Setfcen ﬁlet éitefrﬁaﬂ ure.

ground and the shield through the other drain wire. Further, if the cable assembly has a
fan-out configuration, wherein one end of the cable is connected to one external connector

25  (ml = 1) and common ground, and the other end is tied to multiple connectors (m2 > 1),
then fewer connections (nl) can be made on the common end than are used (n2) for the
multiple connector ends. The simplified grounding offered by such configurations may
provide benefits in terms of reduced complexity and reduced number of contact pads
required at the terminations.

30 In many of these arrangements, the unique interconnected nature of the drain wires
through the shielding film(s), provided of course all of the drain wires at issue are in

electrical contact with the shielding film(s), is used to simplify the termination structure
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SECTI ON 5: SHI ELDED CABLES W TH M XED CONDUCTOR SETS W now provide
further details regarding shielded ribbon cables that can enpl oy m xed
conduct orweaebr/o3aeies§., a conductor set adapted for high speas2daenc2s

transm ssion and 25 anot her conductor set adapted for power transm ssion or
| ow speed data transm ssion. Conductor sets adapted for power transm ssion
or | ow speed data transm ssion can be referred to as a si deband. Sone

i Nt er conrf@Echb A VEleR HBTeT{BY TRV AN eRngstigropitah; (Inesatedtfervyid cmbpdieamt Bsi on
"l owf : Iy ror . | o
al 1 ow Orwlgegé Q sﬁ'eﬁigd %90%% g}a@ g%g%]e% b\}rgggééegéisc%h&?ct&psre%vdngEﬂgﬁ%lrg Ssi,reﬁﬁ Cv)&%l#s Hax or

coax wre arrangenen or power con of which
requi re itasuihatd anba chdsao 008 doraicotos at oh exdipt ecvadr thdn €l ofsthe HenirSAGes

standard whi ch defines high speed pairs and."sidebands” included in its
i 1 - SAS A7 TRIEIEH R N0 W A AT ETminatasiel 0Bf sprimalpovgsminated at

2012/ Q303A5RGT{ LS Gﬁg/(ggge@gﬁesitmg@ﬁ&%erﬁhﬁﬁ&%@ sHi %%t%iﬁe&’b!ttls té'ntti%1 scope

and vendor-specific, a common sideband use Is a SGPI O (Seri al ner a
Pur pose |snpetthdurrpaksd dbasly @sndiesdyitisd do grounddlnst rejatshenbddimant, ome G-F- 8485.

SGPI O has, a,clock rate of only 100 kHz, and does npf .requjre high .

per 1 or e dSHT SITBLRPF TSR 3 QUi PR o e reubiobienGor g 5 of
cabl es t haforpdt@hd &thédrRd ARid MaARs RthatRAL theRrélhdsREeE Sis Gahainddds loay speed
signals (or power transm ssion), including cable configuration, term nation

to a |i neaonedraimpircas eepectadhat ¢akle cndr b anathicorelgodpobedimepie thy. drpiaddl e car d)

configuratign. | eneral,  the i el ded el ect.ronic .rihbbon-|ike | es

i scuBscav i it 8hEin i fop e Suls eRbuh Pt R lae G TR

Speci fi cajthdt.eniha giinplelvesesh stthilislechidoe abies 26am bRt frg@iie,fé esbld Sstmslyude
insulated wires in the construction that are suitable for | ow speed signal

transm sA9h inghedeg grshigldgd clgstrical eabimR02tqonnegiedsationn end o agaNiNalAN t o t he
duct ' . i S dth
et/ or oniolleh 2320 B FoRREALTH B bl O BRGRML ARG LARBEN AR THED, e

i ncl ude afable@#92 niayhesettsalBfanyRBidldt edbleish@sn bihddscdbad herdhgodbsg whiose dat a
rates are significant]y different. O course, in 15the case of a. power
conduet orNClps 3 ﬁrﬁfedrawe\glr%ﬂ%wé ARGV wzanﬁaam ip 6@6@“{%&}&1 nation
conponent ginhhod 8% KATRIRaMTRMNHBR_SPSEA(] o dagedis b PhARHncables i

whi ch conductive paths for the Tow speed conductors are re-routed between
opposi t e engenaft 26R@ buteratitmedmpmeo2f2@nant dram. wgir 2 Hi2aweencdhi® doerponerdt i on

end and nector matin . 20Stated differently, a shielded electrica
cabl o eyt 2L & RO 25205 STEG AL s BeEatd ey o BlrSUHT o RY {1 m
The pl ur gt fatePim&RNHE Atk Wik 25y 28K Bt ONeldehd MROsMhOtatibesE@ak) e and
be spaced apart fromeach other along a width of the cable, each conductor

set i2fc| uditwgolgheir srutyad clscirigslugoanedions ribieisanes potertiab isfrpgigtainsditethdi ng il m
may inclu

D T e
di sposed 302 pbuldhddaiidolifi $e afadt BRake&tTh@&rower) by eliminating the unused
conduction path.
A more complex embodiment demonstrating these techniques is shown in FIGS.
25  26a-26b. In those figures, a shielded cable assembly 2601 has a fan-out configuration.
The assembly 2601 includes a shielded electrical ribbon cable 2602 connected at a first
end to a termination component 2620, and connected at a second end (which is split into
three separate fan-out sections) to termination components 2622, 2624, 2626. As best
seen in the cross-sectional view of FIG. 26b, taken along lines 26b-26b of FIG. 26a, the
30  cable 2602 includes three conductor sets of insulated conductors, one coaxial type and two
twinax types, and eight drain wires 2612a-h. The eight drain wires are all electrically

connected to at least one, and preferably two shielding films in the cable 2602. The
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on each side of each conductor set. The plurality of conductor sets may

i ncl ude one or nore first conductor sets adapted for high speed data
transm ssworoendossse or nore second conductor sets adaptret/usesoponses

transm ssion or | ow speed data transm ssion. The electrical cable may al so
i nclude a second shielding fil mdisposed on an 30opposite side of the cable
fromthe first shielding film The cable may include a first drain wire in
el ect ri caoagightaadictaf 1o comecyite rmitation pmpomdnt 202 anafvesaxsansheionsetal ong

the |engt nf?{ctst J&"te@ﬁﬁét?on cbihoRAG 2354 Eﬂtlé bﬁlgﬁ?ﬁ&[}f h&gt?15§E Zorlfi3d tcS‘C' ude a

first con or seé risirng a plura I'nsu uctors
havi ng a temmha[ont@nqmmlﬁr%spmldmg thifee abndu&rtd séiheommet rtherer@irkeoond

conductor sets i ncl ude nd conduct.or onprising a plurality of
second .ﬁ@mp&fl@al\émahf@?%f%eﬂi@f% Cébléeﬁt]e?lglttd’f réﬁn%lﬁ%scm%g of a2, and al

TRy b6 918 Shod Bl AfinElen LATHbRL R BRAUGHALA Plnd AFIONE, B! TR it

5conductor sets may a e arra in a single plane
| ai d fl at261Zar26h2bande2612hmaphe comnem@deo alanomiatcomtimcumpeskﬂm may i nclude a

second caonductor set havi a r.ali.t ul at ed conduc ars in a
ctacked: aPTRYGHTERREN 2006 elbumvute B1nd 14 20T GRAFRERT o
conduct Ogﬁﬁpﬁa@%}bm@&tﬁ@?%@@nf‘c&fmﬁ@ PMRpeAdA ztszmﬁaruﬁaﬁﬁ Qikc§ A6 EX a0l at

| east 1 ps (i.e., abou GHz), up to e.g. 25 Gops (about 12.5 10 GHz)

or nore, 262¢ orayderarigeios toiagpabridte equdietiye pithaion tesagtation Gpinporfent 2632anpl e,

and t.he o econd con uct.or. t .be.ada t.ed for i.;um dat a
Frandle  GRlalRLS, REFON ERIBETH R LA Eo R B R OB & e B L 2o
0.5 Gops te@biastion’b y&ﬁﬂﬁt 26206t @x@Rlead 0Pthelcablea Iiveei iR, Shndhinfwigguency of
|l ess than 1 GHz or , for exanple. The one or nore first nmay be

adapt ed fX612#and %ﬁ%hiﬁi@ ahqwra%ﬁsbwrﬁqqyﬁeqft@d wsappropgiatq @adectye st e thabout 1.5
Suc i gal f i on

component i TPepgl 2§20, Bopfife et FRRRLREL MLt Ao hlifhincCabARE

conponen tand’&@imlmidudﬁn@oﬁub Q62 @ittke madufactpteusfahd ﬁs}genﬁbly@!ﬁﬂd icimyé fipd hilds

thereon t he ality of cond ctlve pat hs having respective first

t er nilRat .sgﬁarage‘a({ ar ¢t %@é{%ﬂe f dredn Wérﬁﬂzéfz‘itaﬁlé Z%il%%e ety then 20

CO”ponenan&R%végbﬁkQ?%oﬁﬁ@ﬁH%ﬁﬂﬂ%mQEoﬂﬁ?d&h%ﬁ?o%ﬂﬂa @&Qﬂﬂoﬁﬁﬂﬂﬁﬁépé sets

may connect to respect es of the first te nlnat on pads at the first
end of thhmhﬁsﬁbmkehﬂnmamcmdt@dﬂﬂﬂﬂﬁm&umnm&moomdéﬁém arrangenent t hat

mat ches an arr enen t he shi el nduct or.s in e ca The
plurality of ‘@H86@¥¥%E”%8 ﬂ&g ?@ %EEF?9§C§§E APVre ﬁFﬁﬁFlon pads
arranged Q&nwbl$ 260NFasaNd= 0fnXhg kil =St ah@kM N3t i on conponent that are in a
25di fferent arrangenent than that of the first ternmination pads on the

first20end. TheArwuherden-ont %leethesi)cah@a@se@@blyaﬂﬂbtméown iaRE . S9h-dn Tded/ or | ower

speed data tr n ndi Vi i.nsu ted

o mduct oS 2 RisRRRTR Yuted HiSrBRGHREn Bhote Aot SR PR AP BLer . oo
not necess@irhinitidreeithfchcASER0] @ldednesetsl akcshdadnd (WhiddSs sEiihtaregot need
to have a specified inpedance. The benefit of 30 incorporating them

t oget her SePATACCAbPE! $ENHY IEGRINHRIBEPRIQGRBIS 238312924 2 ZﬁalASth%t)ﬁe@IhW be
al i gned %HQCJo%‘ Qﬁ%aﬁ%éwo 956 RakehMiSh %’Mefs%ﬁ 2%% fQaNGL Rk cabl es,

whi ch reqU|re sev ral" " wre grou autohatlc allgnnent
to a2paddi7e2 (Ilaﬂl(tties fthl’ée conductor sets of 1nsulated conductors, one coax1al type and two

twinax types, and eight drain wires 2712a-h. The eight drain wires are all electrically
connected to at least one, and preferably two shielding films in the cable 2702. The
coaxial conductor set connects to termination component 2726, one twinax conductor set
connects to termination component 2724, and the other twinax conductor set connects to
30  termination component 2722, and all three conductor sets connect to the termination
component 2720 at the first end of the cable. Six of the drain wires may be connected to

the termination components at the second end of the cable, i.e., drain wires 2712b and
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WD 2012/ 030365PCT/ US2010/ 060625 exanpl e. The sinul taneous stri pping and
termnation process (to a |linear array on a single paddle card or |inear
array of wonveeai3sdesf or both the | ow speed signhals and t reThisgiospmses
signals is particularly advantageous, as is the m xed signal wire cable
itself FIGS. 28a-d are front cross-sectional views of exenplary shiel ded

el ectrical cables 52802a, 2802b, 2802c, and 2802d that can incorporate the
m xed si GTARC wiay befcernagicd. to EappBite chrdusHoDIthee rpimation semponcrt? (e t wo
opposed shi | fi j r rein,. W I e cover
portions ar}allﬁzilr%{llnc eééb%)%dr ??doinj’sl?gg?lageogcf%ﬁ%h%g@ggg%%ﬁgﬁ%%g V%ﬁ%thggﬁ into
conduct orteis@ihstichdapip@ieit@724) gld dyieedrd 272 dand IR S K9 e CBRE:cadnduct or sets

2804a), and sone shi el ded conductors, grouped into conductor sets adapted 10
for | ow SIPBEWTGecRNEVCivE RrES OB ACTBYNGSIOREPMIPPEGIE 4/ 8k JAnq SdBoamtdidilor set s

2804by 28\%‘4&) e Eﬂ&% RIROGH TERinRIoALoRIpBhET 2R oh Bt HHEGH AU PLab DT £ dT i N
W res 2812. The |gf'| speeg conI(]*Juctor é)ets 2804a are shown as tw nax pairs,
but ot herthe Grst egriofathe ostde,aheothbsiovapdrsmi wires, as., diascwusse2l/ 12hsedR@t2h, her ei n.
The | ower speed, i nsul at.ed condl,fl.ct ors are shown as t}ﬁ ng smaller (having a
sal | o1 ORMEHHOGPPIPHASAPAETNF Rehs PO RRURERS T HYSBUEIE nsul at ed

15conductighinatidnt@fnédi@nd BENREN ARIIMEAHAFS 278Yh-Bhd RE8EhABn RBMPBoRergONt rol | ed
i npedance. In alternative enbodinments it may be necessary or advant ageous

to have 27R8rapdrbebwesnldadinoyire 2112k ped scraneting componanh2E3fe eud bamger tdiars

cpacdUis bt At P RRR e TR 2t M E R B B SR a0

t hi cknesssirafliséPdrld sdcaissd. bl e. Note also that wire gauge and plating may
be 20different for the | ow speed |ines conpared to the high speed lines in

a gi ven cabl e. With regaghto thgpagmeaien hinghmd paulgma discpssod ahesdthe sakle at ed
conduct or se%?tﬁ%%ﬁl Srlﬁrgggqug6q?§@plaﬁdm2ag§. In such configurations, it
nta 1 1 '

can be adva eous to group nultiplé lowspeed insulated conductors
t oget her in a Mamgbtheis@hbodadeits agiadsiblicpbutse perdBdl4bcantte admambgdons &s smal | a

cable width as possible. 25Wen grouping the | ow speed .i nsul ated conductors
i nto lSet §J,tﬂl@ﬁéhec§rfi%e{ @P sable SICUBEHROIF RIS GEPUNA CRRRRSLIPYS (cRRAUS,

geonmet ri GalotRl- a0 Endult MGOME l%?&fnd 3s g@ﬁéll%tgeta&graﬁe%t%n% %riékéﬂﬁef’t'eéﬂﬁr

configuratTon. Shielded cable 29 9, tor example, utilizes | ow

speed i nsutlateedinaond ik oosatshele kietof thg edtieranid mage tanpwo tforspfaneuttcablicor m

conductorset 2904b, the cable 2902 al sp including, hi speed .conduct or
cets 200X ST b graE Rik R 1oh AT 0N EgaReer LI A b G TEGHUREPBPG. | n
thi s mannemdReihBs oRE MR8 iCQMRaGEd andlyRad e SakbEndMidh ik mie may not

provi de the advantage of having the conductors lined up in an orderly

| i ne@P f astungdant(dndrcsymronegowitiic.a | i near array of contacts on a termnation
WO 2012/ 030365PCT/ US2010/ 060625 conponent) after mass term nation. The
cabl e 2902 al so includes opposed shielding filns

SECTION 5: SHIELDED CABLES WITH MIXED CONDUCTOR SETS
We now provide further details regarding shielded ribbon cables that can employ
mixed conductor sets, e.g., a conductor set adapted for high speed data transmission and
25  another conductor set adapted for power transmission or low speed data transmission.
Conductor sets adapted for power transmission or low speed data transmission can be
referred to as a sideband.
Some interconnections and defined standards for high speed signal transmission
allow for both high speed signal transmission (provided ¢.g. by twinax or coax wire
30 arrangements) and low speed or power conductors, both of which require insulation on the
conductors. An example of this is the SAS standard which defines high speed pairs and

“sidebands” included in its mini-SAS 41 interconnection scheme. While the SAS standard
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2908 and drain wres 2912, as shown. In alternative enbodi nents invol ving
di fferent nunbers of | ow speed insul ated conductors, stacking arrangenents
for the Iwa2spasdBesnsul at ed conduct ors such as shown i nPseS2Q904w25h of
FIG 29a may al so be used. 5Anot her aspect of m xed signal wre shiel ded
cable relates to term nation conponents used with the cables. In

particul ar, conductor paths on a substrate of the term nation conponent can
be confi godiegfes deband ypass is eyisislp ds dcapegnd vendarshedhe aoraneessehandbsone end
of the tgg %@Ibgge&?@%%&%%u BsImpht Ok H%a;tﬁg,'a%e&%%e&’fn#H“(?su%ﬁb' €) to a

di fferent arrang ment on an o posite end he "conponen e’g. a mating
end for apddficoioneSHIo84R5. BGPI0I Hak arctork rate odoggmdotk Hmynd dsesevarggliee conpri se
a different order of oqt acts or of conductor paths on one end relative to
anot her &igh B qrﬂ’én?%frchh? feA V6% component. The arrangement on the

term gation enghiolectbe (f:AIBRTGAeIBY pfic 8F LA GINAQRIER IO F Rl bofll
arrangement of conductors in the cabl , wWhile the arrangenent on an

opposi t e legldspetd sigeals ang vesitecdrangnide (drgiower edndnosyiant)cinchidoigraablet board or
connector 1lharran grrent differl.ent fromthat of .the cable. The r?-routi ng
may be accé’BEr%‘t‘r Eﬁg CIBYNAHON 1P 2 MgV AN S 3 b %éﬂml%ﬂ%é’}l “PRPPET Ng&i n

exenpl ar y,,a8iRaidROASetHidH) 1828n@4hI, THRIBicYlA%IdcofRHYLBAUKE Rabted fisdusscd
mul ti-layer circuit board construction to transition a given conductive
pat h f r oralsewhieredterdimpan be vsedtwithedight modéisameh. | Speerficaly.tthedigelpsedetictdadc ui t

b d. th i onally. itionjng b he. 20, f.i : .S
exarmPes AP SMunmeRTEH A Pl et B e c o oLt &€ iy, 7™
30a, a cabWepasiseshll taddddon B&Iﬂwﬁﬁghagééaﬂ B¢ fhain€isdi 6, Grhd dieéd © tBO02

connected to a term nation conponent 3020 such as_a paddle card or circuit
board, ha&Pnaester sstsgbatrasg edanted feokigh spodelapratansmission) end thy deingroupdét act

pads) for & tﬁﬁ%épﬁso J&%Cﬁl g%?gg@%erlh%%%geg@a%g@g lllrg‘:th?d’e at ?eta§t t’\)iz%os%ﬁi’oofﬁ g. in

the formof twnax pairs, a I g S ata comruni ca The
cabl e 300Zsudtsdwinas thadesryasignaichhowd daciptes ardwgrficatiguiffatnts € f @Uk4bin

adapted for | ow speed data and/or power transnjssion, the conductor set
30040 ShaVihgsF obF ppwgméalfiéﬁ%ééﬁﬂm@wé nPhhatVﬁiaQaE’rfB@diW%HIFSQ daFlost the cabl e
3002 has ta%ﬁﬁaﬁ@ﬁ%n{&wm%qge c&ﬁﬁna%qﬂgﬁ gge%g%wfs d‘éﬁfe!c%ﬁ%aﬁl@@ﬁfmt or sets
have conductor ends ‘that are connected ( . by soldering) to respective

ends (e. gvhicloporalmttiyeapshs fof tlteHew3pee:doumddwitbmarqmaHbatedt’met\vwmoppminaand@n
conponent 3020, at .a first end 3020a of, K the conmponent. The contact pads or
ot hor " ond¥ 165 CiBeiGhERBRGEL faRevgsn s GORGHG, T5l 41He CrBGUEA AL | ho
cabl e arepyabel ed 3019a, 3019b, 3019c, 3019d, and they are arranged in WO
2012/ 030365PCT/ US2010/ 060625 that order fromtop to bottom of the

t er mi2lati on covplehditcranloa shirldad alghtrioalvaplegomt metudpadduraliy ob cprdustdrwi t h

O Specd et TR A BE S EhESBARLAGRE 2
pads 30196k cabld Gl tRY spasddiprt Gidhy e Reshionglalwidinoftthecdblguaen utilize
vias and/c%ildl?cttgresret including one or more insulated conductors. The first shielding film may
include cover portions and pinched portions arranged such that the cover portions cover
25  the conductor sets and the pinched portions are disposed at pinched portions of the cable
on cach side of each conductor set. The plurality of conductor sets may include one or
more first conductor sets adapted for high speed data transmission and one or more second
conductor sets adapted for power transmission or low speed data transmission.
The electrical cable may also include a second shielding film disposed on an
30  opposite side of the cable from the first shielding film. The cable may include a first drain

wire in electrical contact with the first shielding film and also extending along the length

of the cable. The one or more first conductor sets may include a first conductor set
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5 patterned | ayers of the conponent 3020 as needed to connect contact pad
3019a to contact pad 3021a on the second end 3020b of the conponent, and to
connect owotacto3pmwd 3019b to contact pad 3021b on the secons$2@nde®@20b of

t he conponent, and to connect contact pad 3019c to contact pad 3021c on the
second end 3020b of the conponent, and to connect contact pad 3019d to
contact pad 3021d on the second end 3020b of the 10 conponent. In this way,
conduct orcopirismgarplumghitn efrfrstiasulged eondvsiventavine etdriteneeeiar sngcingof out e | ow
speed si gna r c 4 : r -b-c-d) on
one end 2 %led %]’re%?]ﬁ ép{}%?emé e(ralélil(? g(;r?dggtrgrf) gertlgeﬁ?g]tl%ﬂgd% %e? %%ggngﬁag?téngsneg enent

(d- a- c- b)coatprising aqppaltyt & secuwhdI0AMrcdEoridnetoedimpanententdritéce@Obspatiag®fa t op
vi ew of an aJ%ernative cabl e assenbly SOO&b, nd simlar 15reference

nuner al s & 804, b1y beiggratarithap ¢hel edppnlgied spnpuctors ofdhe gne pimpiedinstaop, t he
cabl e 30 HSct 4 | haked.aqd, son £ ap 1 134;9R conponent 3022
whichsisqépﬁ?igﬁéﬁn %%g}g% tog?grngﬁag?g% gaﬂ%%né%§&%%§olggﬁp|e. 30a. Like
c onponentFuB2tnore othp one ot maf22comicdondestocseis may inphds acecaidhendenotsscof
conductive paths carrespondi ng to the sideband of the cable 3002,  t.he

cont Aot HRIBEHTHG PATaTeaSsBY £ondsorD i Syagked SabEan o e e HBlF A e
arranged (g flaRaThObstesr rhéRMrbtARnE Rt UetsamayPbe ddagtc FhmmBakidndagmponent 3022
(al though ot her contact pads, associated with high speed conductors of the

cabl e, artenpmissiontratapolvas least] BdPe (icct .fbowti G bdivd, uponteas 25 §aas (dhout hd5f i r st

end 22 f. the co nent 3022). The conductivye or_the si and
ont 3022 b S55e8 AP S M R AR e kRO L Ko PEGRR, fof e s ™ ey
utilize wWnd%oraivilé Sdcofd bedupt b&k RRE bk aygited ffr n2Rithhie dReNReReINsiondeis as
needed to connect contact pad 3023a to contact pad 3025a on the second end

3022b of thiferelsapdaehtGbrshtboub0 Sdidek or leerthar p.Sfakpsdnzmb 26Q Midn: 8t pad
3025b : t pad
S0530 to CaTPREEORN s T uaRGerRl ntdEEPIPRAGLY L S Y FENS fr RERPRT B2F

connect clrtaetor pade 882 ddythe adagttd ir npadmdmdac wamstligidaarndf arldasB822b of

the caonponent. In this way, 30 conductor paths on the term nati on conponent
are donf i GRS IO Halt e | ow speed signals from conductor set 3004b from

one arrangenen;cfan el Qb1LRGy B BoraDiaawath alfi€ MMhination component
2012/ 030365PCT/ US2010/ 060625 term nati on conponent to a different

ar r angenehspofed @ -adfirst) endrof ttlwecabjp dBictfestgmonid i@ bcapipanbet mgnpohidat. The
cabl e assepblies of FIGS. 30a.and 30 re simlar to each.other jnsofar as,
P bot - CBaEE A plarTTHaf FOHCE bigame ety Dol B SRS eaiuct | ve

pat hs f orpak R rSRREEN OfisORAhMafeH AR aRhREId FONAHEEAVET tRAHRS tdrRinadibher | ow
speed signals, but not across any conductive paths for high speed signals.

In tB0s reegwodsnti {The shigklgd koydugtsrs elletdi fiagland sesond gerducionsep ws conegsal s

across a high eed signal th.in order t intain, a.high quality high
speed si gRAFPeTRESRRORTE friterritaion radiayls IRLRFOpSFE: Mg ng (e g. a
many | ayejonfpohéitiih al 6rfcebdadtthn aetaei a8 nsdtdheh dh Bgal @URABHS the bhisldody be
acconplished with limted signal 10degradation in the high speed signal
path as <98dretors irthg cable. Thp phusality of gpndugbrre Ratescmpy baye redIsreveasegond whi ch

has been - r 1 ef nj ' . The
e s R L R I SR Y
adapted fdiffedenhghirasgeachtdbdrathatoofithinficatarminatidh padsadal the Bitdd2ndl so i ncl udes a

si deband conprj_si ng,a conduct or t 3104b adapt.ed for | ow spe data and/ or
power transm sEieEiRRdygir B PRIADISH TorBEer Somem SHa PROCIRS T HEEGH gi‘téd

conduct ore4nGmidiod nBIBAALAR Bloup &bt 8F indR8d&ADh &1 oS ors that do not

necessarily need to be shielded from one another, do not necessarily require associated

ground or drain wires, and may not need to have a specified impedance. The benefit of
30  incorporating them together in a cable having high speed signal pairs is that they can be

aligned and terminated in one step. This differs from conventional cables, which require

handling several wire groups without the automatic alignment to a paddle card, for
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been mass term nated, the conductors of the various conductor sets have
conductor ends that are connected (e.g. by soldering) to respective ends
(e.g. conwaabizpmaxy of the conductive paths on the termpoattiseononsrspdnent
3120, at a first end 3120a of the conponent. The contact pad or other end
of the conductive path corresponding to the 20si deband of the cable is

| abel ed 3119a, and it is arranged i nmedi ately above (fromthe perspective
of FIG Fxpmplsn{Ehetsipulincewy st pringhrticemipasonprocess (Oonlieet oirawset &5i8264a.

The cond ' . f e Sl t : hGh s wn only
schemat i é{%ﬁ{ﬂ\é%ﬁﬁﬁgrﬂge?ﬁr agr%aS' e",f%ﬁﬁ'f‘a‘?fegg’é ngﬁa@g g)r\]ngpgre ¢ %%ﬁ%? a%\é;{ht%gl ' éﬁhe%)%F(gyer s of
t he conpaigiats ispaficalarinaddathgeous aninetd mixadtsagial wad c3dd Kaclf.o cont act pad

3121a on the secaond end 3120b of the 25 conponent. In -tpig vvaty conduct or
paths on t he tidFRi A% 8 fEisEmrenectional vews plytrcawlary shiglded glegtrigal GReg peed

si gnals frﬁ@h?,%ﬂﬁ}ﬁoz&%d%ﬁf@tﬁaf QJHOi%EG;—RQJaE@tggﬁH%H si%r}al \iadieley pappve the

m ddl e one of conductor sets 3104a) e end 3120a the termnation
conponentofitiee @anbbdifments ptefanblgngdndmtwo oppoedi shicddiyg idhows dibaisewint act pads

f t he m ddl .of cond ts .31043) . he it d 3120b of
the conpaisiierede i wu LIoglidiovEi aah R AL Te Bt PREdRy SaBF aRER ng ¢ he
general  d@aiEoRlor&ipll thid 8GERicion stk Glapf@PfoRBhiBed dd Rshsnfiish@w in FI G

28a, the cable included four high speed twi nax conductor sets and one |ow
speed cormuduaer sstst28@#a)p asksbmashi¢ldech¢adhetorsferounsdydo conductor sets adapted

2012/.030365PCT/ US 0/ 060625 bl e. h bl d i 0 AWG
o Py e g SRS B S TR R (VR Rl Rtor Rl Mot 0400 o o)
sets, andia3f cedYEEndANIG) pidfétabllyah@eddsione sr ke diat ww ZIged hsingiadpevd re in

the | ow speed conductor set. The outside dianmeter (OD) of the insulation
used for GORGUGPIGIISAFAAY atg shewnya &Viape priry bobwherronbsuratiens argalsopossible he
5i nsul ati . f 1 0 i rain
i re was STLETRM PREAAE PN, SRIE . G5e M ROREh Rudd By HERRR bl 5
The cabl emudisr (lassigsitshigbipediamated of tralisveide dimatision) thadshengple sissel desueded o
correspondi ng cont act n a mni-SAS conpatible paddle card. In this
enbodﬁnerfp}ld%thsc%mdﬁ? ?%eb%&wgcteﬁ Pt o haye g %V%l?qddmpégawom t he

cabl e end,@f,.tihe rﬂﬁ&ﬁln%nﬁﬁﬁf 1%21 Be E%sé&?}p%d&vgntgg&ﬁﬁ &EhAM)a 187Mr Wish 1RO 10

crossing each other, such that the contact pad configuration was the sanme
on bot h ehbkneh atdued paddivespeat chndéctptsaoogredho dic liple speed gbnduseprs arthe nat ed
cabl e assenblé isﬁshown in FIG 32.. Unless atherw se hngi C%%%dﬁp al.l nunbers
expr essi NGTGTANET HOMSVCERETBRBHOTST 4 8 BIOHER: {13 USUgHY ¥ P P akEed i n
the specithé GRblaQSn HIcknelsAHsThallla8 pbRitkle. NBReIlSS B0 RS ghgicndd pRinkingd doy t he
term "about". Accordingly, unless indicated to the contrary, theé nunerical

par arét erdfferent foprhcHowmpedddingp eeinpiredta da haghosperdlings inpaivwprablei dat i ons

t hat can Y ~&le ding on the.desired pr rties sought tao be .obtai ned by
those. okifisu2RETRE bR sl P PR SbiFEn FUAREF Rl ERR ah s R0
appl i cat isple Mlahe.ak sath aérfRRdtions, it ¢4 He ddventagiohub eagrom migé Idvspedact ri ne

of equivalents to the scope of the clainms, each nunerical paraneter should
at | east ipelatethendyelgrs teeethefH aginglheet g ibepndyetor sy 38R} te mywithin@snt di git s

and by appl.yi L@ ¢ ﬂggsypgsg{w%di ng techni ques. Notw t hstanding that the
nunerical ranges and paraneters setting forth the broad scope of the

i nverysi on ar e Whi geoupiaiitionew dpocd msulext ephdwainyts tuoedts,ahd commlutess meé set
forth in nSoFt) gg idfs{o(():se )fl? g}Palcﬁfl tl(ljeessa(r:nrei gbegglepn%g Ii)lgfle fnhoef’(yier%lg thre %g‘t())lre tt(? getgg a
generally planar configuration. Shielded cable 2902 of FIG. 29, for example, utilizes low
speed insulated conductors stacked together in a compact space to form conductor set
2904b, the cable 2902 also including high speed conductor sets 2904a and 2904c.
30  Stacking the low speed insulated conductors in this manner helps provide a compact and
narrow cable width, but may not provide the advantage of having the conductors lined up

in an orderly linear fashion (for mating with a linear array of contacts on a termination
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25preci sely as reasonably possible. Any nunerical value, however, may well
contain errors associated with testing or neasurenent limtations. Various
nodi f i catwonsi2zsmeal t erations of this invention will bePappse@otocdses t hose
skilled in the art without departing fromthe spirit and scope of this
invention, and it should be understood that this invention is not limted
to the illustrative enbodi nents set 30forth herein. For exanple, the reader
shoul d asoumenemhefteragasy fenlmtiopndhelrade d4BddlenmsHidaeerposethshagldinghdmappl i ed

to all ot i SGI i S . i i.ndj . shoul d

b so be vaonk el EUPRAL, P90 NS M ER0 R ARSRiAG DRI Higpdne

2012/ 030 3tniety 31336 kpéddanan e vdm ductid, orasking adamichentsgot tetlowBpeadon- pat ent
docunent s r?ferred to herein are | nco(r}gorate ,Ftié reference, to the extent

they do riBYEhEPUYFOr YRk 25 HaagbintgisdP8td-8< 29a may also bqpseds o) | owi ng
| tems 3."” e exenpl Ay agﬁg%?g{]%{éh%ig%fal AP Shitkl LA A0 £ RAfihaRgement
according to aspects of the present 1nvention. ['tem 1l is a shielded

el ect ri calompobiunusdblig) the eatpes. sinmpgrticlgy] emadhétbypashs aomsibstrae of dtes

extendi ng | engt hwi se al on he cabl e, and bei spaced rt from each ot her
S ong & AR Gompongscan ba fov i Baranie (T SEEd SR OBhe or or e

i nsul at ed,-&AREHET @h Dne Lhe oflie e el Rk c%ﬁfpénéﬂﬁ@é.%.ﬂﬂ RmRafidd &ld SARdOr set

adj acent a sécond conductor set; and a first and second shielding fil'm
di sposed ton dofigrosti arangérdes opfantopposstatsing of theecofipogentded. smeangicifd fons

i ncl ydi ng._cover . parti.ons and pinched rtions,arranged ch that, .in
tr andler SornsSir P Rt BTt ARG S B R o b T F RIS o na 111 s
in combi nahiaeR o3 YbssMtioabhiis S bhOEHITcRAGH (& aitihie el of Bl terdfiflatidae pi nched
portions of the first and second filns in 15conbi nati on form pi nched

por ti ons @MPEReNtc dBF errarecaehos fhedemringinnrrnd o dhecropposent maghes @ilered hen t he
cable is r%uaﬂ%lﬂtﬁelo?aer ot ahhlﬁ%hle;n%#éo hﬁ&oﬁgﬂ%‘?&a%fe gfhﬂé 0 ahgém&ﬁgﬂ% tor set
S uct or , an e uc

i'S neare e second co se a seconhd i nsula con or of

t he secongpositedindiodthes@impomcmanayelsd tatlved fid matchcosiduittboardsetcon@eebrt he fir st
and second insul ated conductors_have a center-to-center spacing S; and
wher éPn taﬁ@ng?m%nctdifg%‘%tgf%t%ﬁﬁ%t%l?le-has 20 an outer dinension D1 and the

second i nsul at €9BHHRLALY BAR AR AR BN AY PRbIERLIBRL ShctuBhOM n 1 S

inarange from1l.7 to 2, ere nis ser of D ltem
2 i s the icabtmploafy ¢nhleriirhentwhengione eanbrepaay ingbmbdjadior mithcomditickager sets i n
the plur allLy 10f, ONUSLOL (SBLR A% AW JUANHLEN SN SSRNAAIG, 49 § Rk 1
a second layer in the printed circuit board, and then optionally transitioning back to the
20  first layer. Some examples are shown in the top views of FIGS. 30a and 30b.
In FIG. 30a, a cable assembly 3001a includes a shielded electrical cable 3002
connected to a termination component 3020 such as a paddle card or circuit board, having
a substrate and conductive paths (including e.g. contact pads) formed thereon. The cable
3002 includes conductor sets 3004a, ¢.g. in the form of twinax pairs, adapted for high
25  speed data communication. The cable 3002 also includes a sideband comprising a
conductor set 3004b adapted for low speed data and/or power transmission, the conductor
set 3004b having four insulated conductors in this embodiment. After the cable 3002 has
been mass terminated, the conductors of the various conductor sets have conductor ends
that are connected (e.g. by soldering) to respective ends (e.g. contact pads) of the
30  conductive paths on the termination component 3020, at a first end 3020a of the

component. The contact pads or other ends of the conductive paths corresponding to the

sideband of the cable are labeled 3019a, 3019b, 3019¢, 3019d, and they are arranged in
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25ltem 3 is the cable of item 1, wherein each of the plurality of conductor
sets has only one pair of insulated conductors, and wherein a

cent er -t owoent2moxpaci ng of the pair of insulated conduecons2dionedshe first

conductor set is al and a center-to-center spacing of the first and second
conductor sets is E, and wherein Efa 1 is in a range from2.5 to 3. Item4
is a shielded electrical ribbon cable, conprising: a plurality of conductor

30 sets dhataridirdepm wpge haited dlthigrrainatienesinepaagat W20 kglthayak etheaprtectf r om
each oth I . i . of incl: udi one or
nore ins aggeag&%lc?n ﬂ%ﬁ% Elsg% P %Jgiecé) %ﬁ%&g Sb%gggﬁsgﬁirhﬁg?%%l{dn%&(gw # 1|{%rgsl(k%%(%ng%duct or
set ad] acentacep=ieoanitt Genelidc3020a % €The dondudtivieplatha ol the sidbbhndandtact gidsset s
each hav%gg only one pgir oflinsulate conductors; and. a first and WO

2012/ 030383 PE; BEIY Y He0eey |k sdeAytishivendhnbetr Hitr ypssee obAthebposi t e
51 des sof. HemEaR!rs it Lt RncAlhIBEE ABGCH'to EBnrlc Bl MED B ZAMOR (P O8NS and

pi nched portions-arrange In transverse cross section, the cover
porti ons pafl 30Rka 6n thetseamd cnd 302eb 6f thawompowamtizind a¢ camestudomtaanpada3diPb

surround each con r set, and t jnched portions qf the firs nd
Second it aemas T giB et Fsrreriit 0 BMES 58 BB Rronflie s ioptnelaan
side of qRARIEMNRUGHALt SREI02M6h el becoMBMdtINR 06 PR dompbadd, dddab. a
center-to-center spacing of the pair of insulated conductors for the first

conduct orcogegct cgntadt pah d0 B9 dwrmoetact padcd3i d ondipassicon ofd 3028bfof thst and second
condﬂgtor sets ks E,. .and wherein Efal %ﬁ %p a ﬁange frog}Z.S Lo 3. {ten15
i's the caBMPOBF Y {LHi% Y VurQPAFTRHR Brnt HEmEBHAUEYBPOLEt FeRLIRHAFY one
pair 10 ab-rbits Whwatsddcnndlatdh SondoRF eétI300.4e freashiclRhg&Rém (£6ld-@cdn vel y
have an average center-tocenter spacing of the pair of insulated conductors

of aavg 1§ caéPPAA ofthe (ermiption gompeoak o diffcent ppangsmeat (dshed) Ay thef

adj acent ctqr f d wherein Eavg/aavg is in a range from
2.5to Sfﬁggg%(%83P?@%§ggF§8¥%8n%£ble of either item1 or item4, wherein

t he cover por tHIGN30Ww§hdwse tbp vidw diSandtcsetion datdbbgkaibhgd00ilbnand simdenbi nat i on

substantially surround each conductor set by enconpassin t |east 75% of a
per i pRer yeBFenss BHMEBHUIE Hexd t@é@e.ntl%yt%e Samfi@ﬁ?lmlragp%% 185685% the; qaﬁa@r item 1

or item %(?jog@%ﬁésﬂe&hﬁa%& hd cGRREAYE IS ted@inahas cemgéa&ﬁgt 30RVERE Ys giﬁﬁléat ion

bet ween a ent insulated conductors characteriz y a crosstalk at a
speci f i ednfdegguenteyminatiean camgmehir 320D F5C Gda. dnkk ¢ampaetit 320econgzinkest 20

| engt h, ein hi gh freque i sol ati on between the first and second
conduct orVgegacts ol Poaitis RS0 B  pllrER e taireriudipde A o
frequencysidcaagh Yhae shtle 8802, $heAdontRBSdds HRindBat PMEI02830235028h, 3023¢, 30288EM 8 'S
the cable of either item1 or item4, wherein each shielding filmincludes

a corfuctandéhdyzye prrangsgd os dut ordenfraingpe &a bottons abide termenatipy comppgent §02he
cabLe O Aotk SR SRR P Bl bt 5 e
films.  present above and below the sideband contact pads on the first end 3022a of the
component 3022). The conductive paths for the sideband contact pads 3023a-d are again
shown only schematically in the figure. They utilize vias and/or other patterned layers of
25  the component 3022 as needed to connect contact pad 3023a to contact pad 3025a on the
second end 3022b of the component, and to connect contact pad 3023b to contact pad
3025b on the second end 3022b of the component, and to connect contact pad 3023¢ to
contact pad 3025¢ on the second end 3022b of the component, and to connect contact pad
3023d to contact pad 3025d on the second end 3022b of the component. In this way,
30  conductor paths on the termination component are configured to re-route low speed

signals from conductor set 3004b from one arrangement (a-b-c-d) on one end 3022a of the
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Item 10 is the cable of item9, wherein the first drain wire is spaced
apart fromthe plurality of conductor sets along the width of the cable.
Item 11 iwothe/cadsse of item 9, wherein, in transverse ECT4AS26006060F,
second cover 30portions of the first and second shielding filnms in

conbi nati on substantially surround the first drain wire. WO

2012/ 030365PCT/ US2010/ 060625 Item 12 is the cable of item9, wherein
the fi rstte@paptipngompongntdn g daféerentapmpgeiyend (aedrd o the oppastta ged3W2hief a
near est %ﬂ@&#ﬁﬁﬁ%m ire of a nearest conductor set, and wherein the nearest
conductor se S characterized by a center-to-center spacing of insulated
conduct ors of Hi cablediswneries of BIGY.8Da hed g0leateimildiran cichioth&lih@ifarks, ins t he
cable of item9, wherein the cable includes no drain wire other than the
first dreiofh Gispe the terminatigragaippneat physicalipycaroyes icprreyve piby &rdow peecd

pl ur alsi tysi@alscaﬁf&k'g{hl%f oSHiiuStiv tl’(r)k?i%?o@lte I Bl H&ls,%ﬁ?gb’t gfs\slﬁl%; s_and each

conduct or Set has only one pal I nsul ated conductors, an erein the
wi dt h of dohduat@blpethss sormoglyspead eignélhaim thé nepardhie s dshellycadsldesirabld @irdutel at .

10ltem 15 is the.cable of item 9,  further conprising: .a second drai ire
Soneed adab Rt RuEt A Yo S a R S i e S el ot
the cabl %ﬁéé&?shgﬁamain Jdae AFMhRlnb, H(f)wgsiefr,f\@i'ﬂ?ﬁﬁob@ﬂl shﬁ)é@iih% (&5 ﬁ'm%mag&d

between the first and second drain wires. tem 16 i S the cable of
i tem 15, osettépardtand adedviats shinddingléryerso thits anay bwi aceoroplidied whtirlimitesl fignradt and

seco drain wi.res.,l15ltem 17.is,t cabl e of .|t wher.ei,n, t.he .

o ur at; ¢y RsmotirERng e SPe i b SRR S Hardb U sy each
conduct orcabRt31025wkibh Yaseen Pddsk tediidabel b@inRets 6O B etsiiitidn camgondneB €201 t he

wi dth of the cable is no greater than 16 mmwhen the cable is laid flat.

Item 18 ikhergablecdB? enchydes Condarctar seirnd 104, cig bnihg forhelrtafingx Fags. asigptgd for

conduct ory.: 1]0 firs: fj . round
Che.conduugfivecd i EBRfunRAbY 20 Gloid M2 il R P Rica LowiRsiRLR] O
porti on aonéaddr ssi H4bfadbpred Caridwchesd daet and/or powel tremndiSsiong thd@ndattbe of

item 18, wherein the gaps are filled with a material that bonds the first
and decordt :qu4hg‘af’6‘§é¥lﬁé‘}su§t‘edt‘f?é‘d¥‘?t% lﬂléf*ﬂéﬁﬂ@ggr%e%o {leihs cable 3102 F%Sem 20 is

the cabl &.0f 1Rl fifhinklc! éc At ibfihe WBGEE don8RGS: sﬁ%ﬁﬁ%%&{d & chdlc! udes a

first conductor surrounded by a first insulation and a second conduct or
sur r oundeblathiye epnnected (e.g. by soldering) to respective ends (e.g. contact pads) of the

conductive paths on the termination component 3120, at a first end 3120a of the
component. The contact pad or other end of the conductive path corresponding to the

20  sideband of the cable is labeled 3119a, and it is arranged immediately above (from the
perspective of FIG. 31) contact pads for the middle one of the conductor sets 3104a. The
conductive path for the sideband contact pad 3119a, which is shown only schematically in
the figure, utilizes vias and/or other patterned layers of the component 3120 as needed to
connect contact pad 3119a to contact pad 3121a on the second end 3120b of the

25  component. In this way, conductor paths on the termination component are configured to
re-route a low speed signal from conductor set 3104b from one arrangement (immediately
above the middle one of conductor sets 3104a) on one end 3120a of the termination
component to a different arrangement (immediately below the contact pads for the middle
one of conductor sets 3104a) on the opposite end 3120b of the component.

30 A mixed signal wire shielded electrical cable having the general design of cable
2802a in FIG. 28a was fabricated. As shown in FIG. 28a, the cable included four high

speed twinax conductor sets and one low speed conductor set disposed in the middle of the
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25 second insul ation, and wherein, for each conductor set, the cover
portions of the first shielding filminclude a first portion concentric

wi t h t he worst2/eesduct or and a second portion concentri @CEUSkoioeoss®cond
conduct or. I[tem 21 is the cable of either item1 or item4 in
conbination with a substrate having a plurality of conductive paths thereon
each extendinﬁjfronla first end to a second 30end of the substrate, wherein

i ndi vi duaiableorldacele svapimadpasingS01caveAWhd sdysrdated wings fardhs kighspesgh t o

cubst  at & UUE SRS 8608 NS S 17 BB Bhe MW Sy ERE R B0 1 nati on
of Item Adw spberwgmal alide inthetlbe spo¢d @mpoctdi sy Tharduside denpadrii®Dyog tii sposed
on one nwj or surfagﬁﬁof t he substrate. l[tem 23 is the %Pnbination of

i tem 21, WHEREINASGR fordbashich seecvirsavasabpudporinaescaidie DR e hat hs i s
di spoged ;00,1 906 J¥Bd Rir &1%%@&@&%&@%%&b@&gmﬁeg &tdrdimﬁ%é; waalher of S

t he correspondi ng conduct paths I's di sposed on an opposed maj or surface
of the subdtidakadong cach edgd efth? datils ag shewaanthilGal§aonhefcablcems2iass wimpped.n at

| east one qf t.he conductjve paths has a first portion on a.first major
sur T ace groimEvGuBE TRtk dtert ROy B odraro il Sl PO on an
opposed SQaERHAHLIHAdIc Shdl 3k ei®EmbOBNSHO Sl tatRicale pABs SLaRM d@BEardkPdtem 25
is the conbination of item 21, wherein alternating ones of the conductor

set s att aohted droooihd eble eed pathhpaddic eprdde itheeonpapits (counrctos bendofithdwe

substrrate. ltem 26 is th onbination of item 21, rein th ubstrate
conpr Vaedra i fLolS o0 GaTRS kot SRR i S difod HRE 67

conpri si ngé padddd eurel hgjhoﬂfgrz%hﬁﬁlﬂﬁé REulsifg &rﬁlﬁ%demiem@s@mEgs shoharigt h of the
cabl e and bei ng spaced apart from each other along a width of the cable,
each condiét 82 set including one or nore insulated conductors; a first
shielding filmincluding cover portions and pinched portions arranged such
that the cover portions cover the conductor sets and the pinched portions
are di sposed dinlpisntiwedipandicand abfnubtberscabtessiop qeatiics inkasakmeacdt
conductor set; and a %;rst ragn Wi i.n electrical 20contact with the

[
fi rstloshiRPRATHE: 119 1A HE WPSH (% PRATHIAYORMBhEIHE? Kt dsTsiqaders baisice;
wher el hefifitd 6atneaeM aftouP! ANBrdiddI9ufllsRifiithdoliRe (difraly iRt Shi el ding

filmis localized at at least a first”"treated area.

numerical parameters set forth in the specification and claims are approximations that can
vary depending on the desired properties sought to be obtained by those skilled in the art
utilizing the teachings of the present application. Not as an attempt to limit the application

20  of the doctrine of equivalents to the scope of the claims, each numerical parameter should
at least be construed in light of the number of reported significant digits and by applying
ordinary rounding techniques. Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approximations, to the extent any
numerical values are set forth in specific examples described herein, they are reported as

25  precisely as reasonably possible. Any numerical value, however, may well contain errors
associated with testing or measurement limitations.

Various modifications and alterations of this invention will be apparent to those
skilled in the art without departing from the spirit and scope of this invention, and it
should be understood that this invention is not limited to the illustrative embodiments set

30  forth herein. For example, the reader should assume that features of one disclosed
embodiment can also be applied to all other disclosed embodiments unless otherwise

indicated. It should also be understood that all U.S. patents, patent application
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Item 28 is the cable of item 27, wherein the electrical contact of the
first drain wire to the first shielding filmat the first treated area
i s characwenoradolsy a DC resi stance of |ess 25 than 2 olrog/US2010/06062% em 29
is the cable of item 28, wherein the first shielding filmcovers the first
drain wire at the first treated area and at a second area, the second area
being at least as long as the first treated area, and wherein a DC

resi st andélbbéfttw@érﬁnﬂh’g‘@ff pRisnt endgion-natané degvanankrarcfaricd to Berewl e ng filmi s

great er tiH%&g&gﬁggﬁfe%ﬁlcé q? tI?eeeg(I?&lq ggeg%'no‘?’%ﬁgﬂ}c%%ei f%}rftrggﬁl%ccﬁ&ll(%u ef. i tem

29, wherein ric material s rates I'rst alm wre fromthe
first shielding filmat the second area, and at the first treated area

there is little or no. separation of the first drain wire fromthe first
shielding fil rﬁ*ﬁﬁﬂ%lﬁ&il M Pl cmpod 'tsz@f%?l/%%f@wé US2010/ 060625
| tem 31 idrappemeBreordingite aspeaty of tisgvescht iBVaKioni cal contact of the first
drain wire to the first shielding filmis also |localized at a second
treated area dpacéd agacltied eloctritd eibbon séble reeatpedingr @ pluadlopgf tdreluttengt h of

the cable. Item32.is the cable of jtem 27, further conprising: second
drain w rESRSIELASY 5085 el P s sRodePerTientiash ofi APnER endi ng
al ong t heyidan@tthe 41d,hRd cadl @ndadsr *PaRARIIAPGHtor @ BidsORtdd doptiu@bB] theW T €;
wherein electrical contact of the second drain wire to the first shielding

fil ml0s |copdidtoresdtsancladingedie condutterdehadacent a second tendu®r Be; arkdea Giesbl e of

item 32, er ej he,.segpnd. treated area is di.spos t di f.f erent

ot oo HOSEE R AR bR FionRO ot PERRCAER, B e St SRl 54 1
t he cabl &ilafs ihdl@ding 2ovetpeitRinD ah dpinsReiqgieEtidisediafGeddueh thas, i iapeRed cadss a

| engt hwi se position of the cable at which the first drain wire | acks any

| ocal i zedeefiass thei et Rashensc tha fint endescpondstilngtin spabingtien pyhstantizhy 35 i s the
cable of sh}rSHﬁc?Zachfcpﬁ&&%r 66 IR 1% pihed §&ﬁ898f@£%§tﬂh&? cfoh{i @i‘hﬁ% o
fre poP fie

i ncl udi ng cover portions and pinc ions, erein irst and second
shi elldi ngohibindtior famepidcsposedosrofoppedid @ sicerlicof cidheconatdter «nd ar r anged

such that, in transyerse ¢ross.secfion, the coyer partions of the first and
second fi'Yhgeipnw %h%‘? aRlp enlaid fipds st g}wlgtegﬁpv%wmi Ogéltﬁ‘rﬁféb?ﬂ?&&?telf se¢&t . and

the pi nched AL 5QR5d @bndudfr bt Sid Aados@mRRdichid Hﬁucit& SFADIRGd on form the
pi nched portions of the cable on each side of each conductor set. Item 36
i s the cabhduadr sct BmedSst thhBrse condukr ety &td the dirst and sezond imbikedi n el ectri cal
conductors have a center-to-center spacing S; and wherein the first insulated conductor has
20  an outer dimension D1 and the second insulated conductor has an outer dimension D2; and
wherein S/Dmin is in a range from 1.7 to 2, where Dmin is the lesser of D1 and D2.
Item 2 is the cable of item 1, wherein each pair of adjacent conductor sets in the
plurality of conductor sets has a quantity corresponding to S/Dmin in the range from 1.7 to
2.
25 Item 3 is the cable of item 1, wherein each of the plurality of conductor sets has
only one pair of insulated conductors, and wherein a center-to-center spacing of the pair of
insulated conductors for the first conductor set is o1 and a center-to-center spacing of the
first and second conductor sets is X, and wherein X/c1 is in a range from 2.5 to 3.
Item 4 is a shielded electrical ribbon cable, comprising: a plurality of conductor
30  sets extending lengthwise along the cable and being spaced apart from each other along a
width of the cable, each conductor set including one or more insulated conductors, the
conductor sets including a first conductor set adjacent a second conductor set, the first and

second conductor sets each having only one pair of insulated conductors; and a first and
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20contact with the second shielding filmin a | ocalized fashion at the
first treated area. Item 37 is the cable of item 35, wherein the
cover porwpanr/m3b3cshe first and second shielding filns iPoTASRN0OGIRDN
substantially surround each conductor set by enconpassing at |east 75% of a
peri phery of each conductor set. Item38 is the cable of item 35, wherein,
for each conductor set, the cover portions 250of the first and second

shi el di ngegondrabicdding Hlm disprecdsrmnpesiss sidestof dhacepte, therfirgiagnd saexddilased wi t h
t he pinc apl rid ' 0 h tar ltem 39
0%t hecaBuERp 5y RoblO AT ERES FhHG b 0 FRAME Blndenerai a  than
bonds t heettidgns theasosleisretimg dfithairst agkdebetd flimst ih@ombaiatiemegbseatibley porti ons.
Item 40 is a nethod of making shi el ded el ectrical cable, nprising:
provi di ngUHOBREeAsh SoRdietorisal p %@:pnachsq? ptiions 9f e %é%ﬁa é?%?iﬂg g‘lém% ext endi ng

| | . i |
al ongsa | @ndhiah (SAEp ARl ANt AHAGCARAGEA AR, LIATIARRIoAher al ong a

w dth of t uctor set I ng one or nore insulated
conduct orwheraingdwherf the sgbls I lelddilatgp ¢antamtorehtadipaging of dre pordfiicugtahd pi nched
portions arranged such that the cave rtions cover the conductor - 77 -
et s and PHEHAIHILE Bet Epie ot g TPt sBLbue ST pravoie B OIS QS b “tche cabl o
on each skelshdUon8@GH: GRNENCILRS wh&bin 280 isdnfihSde F6ALT 4y € extendi ng al ong
the length of the cable; and selectively treating the cable at a first

treated area tlen deuthe gablpof dersd, wihersst edsh jof headopduatorcsats has pnlyamephirt he
first drain wire, to the first.shielding filmin.the.first treated area.
5 t orkt Bran S acPbitSrsy whisin s Sofhfons Risib T et it ' b Et Sl i
first drajehtewsgRingnd thdyguif 6 i8§ulsbd edub@rd off FAvatnd belldctiv sl hhveat sdrafkea i s
greater than 100 ohns before the selectively treating and is |less than 2

ohns af t enichéo-ganeePrypg gf adizsant spgductor sety ¢frvg2andswhaiein gy algavois ineem 40,
inerel D g Spled ey, LLearino el udes select vely applying force 1o (he
wher ei n t he sdiecbtivihk yalile eatitheg itemcl oidesn § eviatinvkd yoveeporitiogs divde €iadll e at
the f1i5r Stantdrsgc?otn%%hlae{d%?g films in combination substantially surround each conductor set by
encompassing at least 75% of a periphery of each conductor set.
Item 7 is the cable of cither item 1 or item 4, wherein the first conductor sect has a
high frequency isolation between adjacent insulated conductors characterized by a
crosstalk C1 at a specified frequency in a range from 3-15 GHz and for a 1 meter cable
20  length, wherein a high frequency isolation between the first and second conductor sets is
characterized by a crosstalk C2 at the specified frequency, and wherein C2 is at least 10
dB lower than CI1.
Item 8 is the cable of either item 1 or item 4, wherein each shielding film includes
a conductive layer disposed on a dielectric substrate.
25 Item 9 is the cable of either item 1 or item 4, further comprising: a first drain wire
in electrical contact with at least one of the first and second shielding films.
Item 10 is the cable of item 9, wherein the first drain wire is spaced apart from the
plurality of conductor sets along the width of the cable.
Item 11 is the cable of item 9, wherein, in transverse cross section, second cover

30  portions of the first and second shielding films in combination substantially surround the

first drain wire.
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ltem44 is the nethod of item 40, wherein the cable also includes a second
drain wire extending along the I ength of the cable but spaced apart from
the firstwonraim3wese, and wherein the sel ectively treat iPog/uso@Es/ onwRS
substantially increase or establish electrical 15contact of the second
drain wire to the first shielding film I[tem 45 is the nethod of item
40, wherein the cable further includes a second shielding filmalso

conpri si ng cov&m pdistthe aeblanbiten Scwbercindhe fiswh drain warefis eharacigitzed d¥ @nd
shi el di ntqirgl!nlﬂf &'sat'aﬁ'c% odlI anr?e?ipesp %51?9‘338 %\}1{6 of n%gtserstoéonh{i'&o&ael? ! d?xﬂwgre?’tﬁ ranged

such tha ransverse cross sec ions’o rst and
second f ith¢rBedrest comductvatetan clzOsudrsicd rbt;:ma;hhw&ucamurs@mag bf meuidigdt or set,
and the pin hedprtla@ﬁs of the first and second filns in conbination form

the pi ncHEBIIPPLOAS hecip gh{a2 ipRrealse hagilde of each conductor set, and
wher e'g” the fifsi18faho céMlé §f itSn 91 %H&%&%Q@{]M%ﬁf& &d@?n& Hfa?ﬁ wﬁ@%ﬂ%‘?%ﬂd

shielding fil ns. tem 46 wherein the
sel ecti vehg/ﬁtsndainn wyeal so I ocal I y 25| ncreases or est abI [ shes el ectrical

t act of th t d shi el di fil t he f t
SO neh o on i 12} 86 Ble BHiSa b whiEi B BhF s e af cokirer e Ry, | 5

treated area.

plurali tylee%fte%ﬁﬂéﬂﬁ%&&%&d@é&l@@&ldﬂ&o@k&ﬂﬁs énl {y%@ﬁa&r%ﬂﬂsﬁﬁte‘ﬁ%h@u@&g bei ng
spaced apart from each other along a width he cable, each conductor set

i ncl udi ngndrveherain ﬂm\@idiln@ﬁihat@de tsodurestortan 26 fiim she@dwstiableds fagd flath m

i ncl udi de b0 ]
por ilins coverThe: buunafiop Bl & BB He A b T RaR SHE i peedfuca 2t

pi nched pRarh eNsuefitt dfaliFabheal paire alohg Hedeidef oftBe batondUGhAthSHuialignd first
and second drain wires extendi ng al ong the length of the cable, the first
\

and secorfd diffaprfiahippissarp dispgsed bty eanche figst oy segend raEREEECT/ US2010/ 060625
ted t
ol octri oal  conniOi e ctie bERR 1SS Rb Rt borf indRHEL K GRIET PR o

item 47, thefitdneid eoopd dsimgirea second shielding film aI so including cover
portigns and pi nched rti Onﬂt V\/neregn the fir t and second shi eI di ng

5fil e are di slﬁ%%éalsciﬁg P8t fan dp dukeren thaplupaity ef earduelpt wtiyealidecH t hat ,
| N transvelsseichf QadusBridtOthd éabﬁc&ma@{or 9&%& B ?o‘ﬂE gﬁﬂ?%ffdsﬁl%‘éed%ﬁdé&&gnd

films in COITbI nation substantially surround nduct or set, and the
pi nched podtwhensn dfe widéh 6fi ths talde o r@egreater thad h@mrmwﬂ:emﬁlermb]eomlaicbﬂm t he

pinched porti citern % 18 tﬂe ca(lrb?e oF elﬁfér 1etg'r(r:1q osrll‘ge(ran Wheezlafgnq f%lc’) re]a(ljc Cc;[o?lgiuc%grts;et, the
cover portions of the first and second films surround the conductor set except for gaps
20  associated with the pinched cable portion on each side of the conductor set.
Item 19 is the cable of item 18, wherein the gaps are filled with a material that
bonds the first and second films together at the flattened cable portions.
Item 20 is the cable of either item 1 or item 4, wherein each conductor set includes
a first conductor surrounded by a first insulation and a second conductor surrounded by a
25  second insulation, and wherein, for each conductor set, the cover portions of the first
shielding film include a first portion concentric with the first conductor and a second
portion concentric with the second conductor.
Item 21 is the cable of either item 1 or item 4 in combination with a substrate
having a plurality of conductive paths thereon each extending from a first end to a second
30 end of the substrate, wherein individual conductors of the insulated conductors of the

cable attach to corresponding ones of the conductive paths at the first end of the substrate.
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and wherein the first and second drain wires are also electrically
connected with each 10other at least as a result of both of thembeing in
el ectri cavocortsaieswi th t he second shielding film PCIIUs2014060635 t he
cable of item 48, wherein a DC resistance between the first shielding film
and the first drain wire is |less than 10 ohns, and a DC resistance between
the second shielding filmand the first drain wire is |l ess than 10 ohns.

151tem 50 i s tlian g1 the gpmbinafemal itapm & H.evhereinall pethegssitsspand mgrendr@ivet he

fi hi eldi.ng,f.i £ i D Wi Le QS | han 2 ohns, and th
C 7 osi stBHEe Db B Rt B N e b G T he Tirat drain wi re s

DC resi stance be he se
| ess than 2 ohp®n 23 is the combinetivbdf itedn 2 hevigakihat Rhstiohewrf thé dorregoatiingat i on
with one or nore first term nation conpgnents at a first end of the cable
and one dPNtYC DA KdipRASH AMPROMAUCE MybHs R shetubsiraspead shigagt saoler ethe

cabl e | g Geshndife cGRIPHIAHANS AlspbleBhShorphRGh ol Dt fiheand second

drain wires are ne rs of a plurality of extendi ng al ong the
| engt h ofsubsteiteabl e, wherein a nunber nl of the drain wires connect to the

one or nore first_ termnatjon.co nents,, wherejn a nunher n f the drain
T es comect T b B b RO RGN Al e el na g B mobudite P
wher ei n hhs# ffdt-portion on 4 Hifhmaprissrfhderenfibb@dtt enthe ffirdt i 2ad o J4b8&Idei n the

one or nore first term nation conponents collectively have a nunber m of
first termerthen ¢roen eppopeshisnerd majed swifieoe @if thet substoneatghe mwoad sedond

term,nation ¢ onent.,s col]ectively have .a numher n?2 of second term nation
o dlant o SOFRRES DRt SSRGS Hort 2l B PR el Gles PERR ot &, " LG
e > m. sisemfaéibtol @pamvegmis Batobpokieimdjbesirfades oftties Qibbratt. = 1. Item 56 is
the conmbination of item5 wherein ml = nR. Item57 is the conbi nati on of

i tem 56, wher df9m Af is=hq com{ipatign of itrsn 3 bopETyingrob s e seBpiscs mpsgdles t he
conbinath:RLof item 53, wherein mM < nR.

Item 27 is a shielded electrical cable, comprising: a plurality of conductor sets

15  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; a first
shielding film including cover portions and pinched portions arranged such that the cover
portions cover the conductor sets and the pinched portions are disposed at pinched
portions of the cable on each side of each conductor set; and a first drain wire in electrical

20  contact with the first shielding film and also extending along the length of the cable;
wherein electrical contact of the first drain wire to the first shielding film is localized at at
least a first treated area.

Item 28 is the cable of item 27, wherein the electrical contact of the first drain wire

to the first shielding film at the first treated area is characterized by a DC resistance of less
25  than 2 ohms.

Item 29 is the cable of item 28, wherein the first shielding film covers the first
drain wire at the first treated area and at a second area, the second area being at least as
long as the first treated area, and wherein a DC resistance between the first drain wire and
the first shielding film is greater than 100 ohms at the second area.

30 Item 30 is the cable of item 29, wherein a dielectric material separates the first
drain wire from the first shielding film at the second area, and at the first treated area there
is little or no separation of the first drain wire from the first shielding film by the dielectric

material.
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I[tem 59 is the conbination of item53, wherein m > 1 and n2> 1.

Item 60 is the conbination of item51, wherein the first drain wire

el ectri cavbyorosmssts to the one or nore first term natipom/useomposmsrs s but
does not electrically connect 5 to the one or nore second term nation
conponents. Item 61 is the conbination of item 60, wherein the second drain

wire electrically connects to the one or nore second term nation conmponents
but does not dieardtiscthe Fsbleahite 271 wherpia olaericst comsc of thedirstdspimivisg oon

conponent ' . shi ClrLl b 1.SiAg: ralit
of rrgonductﬁ%?l%stée sl(a%@l @Qﬁ 32‘[(}’:0 2%&22%61;48%&6%%9% %?%fdrﬁsé)%ggﬁ{ﬂgagﬁ%h E)Igel fglléys palc e)d/
apart framaedcicadlbgs thall@pth of the ditle.of the cabl e, each conductor set

i ncl udi ng one or npre. insulated cog@u tors; and a fi rat shielding film

i ncl udi ng covéefenhét t5tBRs2inal i5meH “E%fr‘toiﬁmﬁ@%ﬁ?é%’é deit WieHRt t he cover
porti @ns : I I i ed at
R T R IR L R e e R e

t he pl ur apiadey aphrt dendihetfost didis etise; whetairdelsctond contantorfehd sacetd dandwaotor sets

adapted for, high speed dat.a transm ssion and gne or nore second conductor
sets adaﬁf’é@ﬁlg?s_hﬂ)%&é‘g f&@dﬁ%@@%&ﬁaé?cﬂnﬂﬂe tﬁgéﬁsadat a transnission. Item63
is the cable qgferh 8810 the catfisIbt #RGH 38 ONREERItRGsccBn$ BEARFarcRilisHdied 4tid m al so
i ncl udi ng cover portions and pinched portions; wherein the first and second

shi el di ngliffofni lasgthwese gosipos etitherrablp ploai the figst thestedpireehe cabl e and arr anged
such ;t.hat, in transverse.cro segtion,. the cov ortions,.of the first and
socor i1 e e AR e it SE TR S P PP PAE e el ik B st et ' g
t he pi ncheghtpeist bediobf thbeale skhiRA ehSReoMdinf WirdFackarb,0obil ¥l cRBtricelr m t he

pi nched portions of the cable on each side of each conductor set. Item 64
i s the calonwcoyith therfirstshigldingfidm. conprising: a first drain wire in

el ectrical 25 1 . fi kst i i.ng: fi | i ng al ong
the |l ength of q?eﬁﬁeggg t}%e?xﬁ)lé Qﬁt&i}? Z‘mfugtgéfésoq%ﬁgmcga%?%e&g St|?1te %%%Mag%r ein a
DC r esi stiatlaéingebvegortidne ahd psichahpatiohs) gvhttdimhaisttang s¢dandtshidtdmgy Wi re is

| ess than. 10 ohns. Iltem 66 is the cable of ite 5, .wherein the DC

r esi dPanddmysfdisrPsehan pppesite sideeplithg gable ppd %m%paeﬁéucm 'g%tv IHFAISKeRE re i s

l'ess than,dsQbifRm &Qlcg%psp%zﬁ&ﬁ o 504 REord AMsER colBRabNsith@nfRg, OF

nore first conductor set
surround each conductor set, and the pinched portions of the first and second films in

combination form the pinched portions of the cable on each side of each conductor set.
Item 36 is the cable of item 35, wherein the first drain wire is also in ¢lectrical
20  contact with the second shielding film in a localized fashion at the first treated area.

Item 37 is the cable of item 35, wherein the cover portions of the first and second
shielding films in combination substantially surround each conductor set by encompassing
at least 75% of a periphery of each conductor set.

Item 38 is the cable of item 35, wherein, for each conductor set, the cover portions

25  of'the first and second shielding films surround the conductor set except for gaps
associated with the pinched cable portion on each side of the conductor set.

Item 39 is the cable of item 38, wherein the gaps are filled with a material that
bonds the first and second films together at the flattened cable portions.

Item 40 is a method of making a shiclded electrical cable, comprising: providing a
30  cable that includes: 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; and a first shielding film including cover
portions and pinched portions arranged such that the cover portions cover the conductor
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includes a first conductor set conprising a plurality of first insul ated
conductors having a center-to-center spacing of al, and wherein the one or
nore secowo 20mdesssor sets includes a second conductor PET/USAMPOEERIG a
plurality of second insul ated conductors having a center-to-center spacing
of a2, and wherein al > a2. WD 2012/ 030365PCT/ US2010/ 060625 Item 68 is the
cable of item 62, wherein the insulated conductors of the one or nore first
conduct orsctseing the ringhied partias geadipppsed &l Maghed poeinas whihs cebls opgptlesifeof aj d

flag ot cach tbérﬁi!ﬁbt@?s%?aﬂd@ﬁﬁﬁ@ﬂaﬁl Wire git@{ifdiﬁg alo\tﬂ/@@ﬁeelieﬂgthlib?tﬂlér&b]i%f arﬁprfe tSﬁcond
conduct or eLs I ncl uaes a ,secon condu or se avl n a plurall 0 e
nsul at ed koM fosws he St aick t@%ﬁt?iﬂamlﬁeal&deﬁm?% respplish égqt%?aa flat.
I tem 70 icontabeofahbliest dfain wirnt@he fivkteshédlding fiém Gm ehedfirstraecdfareést conduct or
set s qre adaptl?e%lzlﬂst Hthod q?’ttegli ,%vrlll%{gié gw ers%%agge lg)eftwgén tlhg 1§t d%aigb ps and
t he ofne or nore secon COI’]C?UCOt or setrs are a ap]ie or nmaxl num data

transm ssiigdandathe $irdt Rkl daerine ststht g tréatCh peea il @letitemhdd 106 ohine befdkd @ of
item 70, wherein the one or nore first conductor sets are adapted for
maxi mum datCat Y nHEHINEANG s feat ban grohgs afteptie saleetpyedy treating. | tem 72 is the

cable of item Wi i (e TRV, J -'Jiqf : ent di sposed
at a first en ﬁ%?h?ﬁﬁﬂ%ﬁ%ﬂ%ﬁ(ﬁ?@ﬁ?ﬁ%vﬁgﬁ%ﬂ%&géﬁ%@%é |%ﬁﬂg$8§?§%172, wherein
t he fi rstscleetivdlpapplgingdomrp ontheicailbaotipfirsesadsudast rate and a plurality of

condyctive paths thereon, the plurglity of conductive paths having

Fespddt i ve firlm PR R Page W&ﬁ&étathaﬁelgcwmtreegm BFU{He first
term nat i QR G RBRAL thalbIMehEfift IiBRSg! ded conductors of the first and
second conductor setsS connect to respective ones of the first term nation

pads at the filtan 4émdhommettod dfiitent 44, avhricnathicgable alpoondndesiarsceondatrdior ed
arrangenent that..mtche n arrangenent of 20t he i el.ded conductors . in the
capi oo wire SIREHERE e el R SIS o CrpoF bR e R B G Tty
of conduckhdt€inRiad fechiame tic@SREEdds Bt SBSQARGaltEhBicARt drBtaPiddhScl@tfiginged on a
second end of the first term nation conmponent in a different arrangenent

t han l8hatcoptact ¢fethe pgoond denimivirgto By fyaiobualding AEns j r st end.
Item 45 is the method of item 40, wherein the cable further includes a second

shielding film also comprising cover portions and pinched portions, the first and second
shielding films being disposed on opposite sides of the cable and arranged such that, in
transverse cross section, the cover portions of the first and second films in combination
20  substantially surround each conductor set, and the pinched portions of the first and second
films in combination form the pinched portions of the cable on each side of each
conductor set, and wherein the first drain wire is disposed between the first and second
shielding films.
Item 46 is the method of item 45, wherein the selectively treating also locally
25  increases or establishes electrical contact of the first drain wire to the second shielding
film in the first treated area.

Item 47is 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; a first
30  shielding film including cover portions and pinched portions arranged such that the cover
portions cover the conductor sets and the pinched portions are disposed at pinched
portions of the cable on each side of each conductor set; and first and second drain wires

extending along the length of the cable, the first and second drain wires being electrically
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25ltem 75 is the conbination of item 72, wherein the first term nation
conponent conprises a paddl e card. Item 76 is a nethod of term nating
a shi el destocatlsp3ssonpri si ng: providing the cabl e of cl acmus2910ammb25

si mul taneously stripping insulation material away fromthe insul ated
conductors of the one or nore first and second conductor sets on a first
end of 30t he cabl e. I[tem 77 is the nethod of item 76, further

conpri si rf§nngsieshiodrelyotbaeatdeashesrarcpylt ef batle phihgar bedne Beigsoitaheentaciayithdi ng
one or map&fifdt kskld tfates having a plurality of first WO

2012/ 030365PCT/ US2010/ 06Q625. conducti ye paths.thereon; and. attaching the
Str 1 ppod condUETBAINe CARC i HGH Jnr e iR & tons NGB G i 50 or 11 st
conduct i MgclR@hPRover gortionk Taﬁ%‘h%%hécﬁpérﬂ@nsﬁ%@% Bk irdt8MY §doonWhiRicRiif; t he

attaching is carried out such that the stripped conductors attach to the
pl ur abi t Viilofs afd disposcdauloppdsite siglas bthatcalilhend arratged sachothat, hetr§sadbe i n an

ordered arrangenent that t ches .an. arr ange of. the, shj.el ded, ¢ uctors
e 28 SOSBR neycP Ry B o B Sl ARG i 5OS G REFRECHRE
more fir Sshnb@ﬁd@d&ﬁ%b@dhcﬁﬁ@@@@@cﬂﬂﬁ ﬂimwg@moas bf tlhétﬁrﬁaﬁaik&oﬁa&i@ns It em 80 is
the nethod of item 77, further conprising: simnultaneousl Stl‘l&gl ng 10

i nsul at i cembaradion dprnxthepifchedpemions akilic selde or sadhuddopiscash conficiorsctor nor e

first an 0 ctor t.s 0 . . ite the
firet ond i ithn SRIRSChR Rk iSO PR BRE Ry BnF R RuBRRAEL  Per
conpriiosi ngherpr Rbtchis AGesulex fbbthatRerd ®eidgdn tREiMchladonaitt withpleseodisd | ncl udi ng

one or nore secqnd substrates having a plurality of second conductive paths
t her eon; SBK&BE {iH8hi ng the stripped conductors at the second 15end of the

cable to the pldy abidHe QébléSﬁ%}H 4808 %itélia\c’)l?C{?ﬁstiﬁ&ce_betwegnItﬁf\?sgﬁliélﬁin he

met hod of item 81, wherelin the attachi e stripped conductors at the
second endnmodndtthe ficshldtagn tvaretihkesgptham &0 ohys,oindsdd0 mebitord betweee thpatchend s

carried out such that t stripped. conductors attach to the plurality of
second co‘ﬁ%@flg Enﬁﬁ‘aﬂ?qgts“{rﬁlé‘ NS @fosht‘% cable in an ordered
arrangement t haly SRIGRE SaAN o AHER B9 EWRAEINAhe DSOS ARocknapp gt ors in the

cabl e.
shielding film and the first drain wire is less than 2 ohms, and the DC resistance between

the second shielding film and the first drain wire is less than 2 ohms.

Item 51 is the cable of item 47 in combination with one or more first termination

components at a first end of the cable and one or more second termination components at a
20  second end of the cable.

Item 52 is the combination of item 51, wherein the first and second drain wires are
members of a plurality of drain wires extending along the length of the cable, wherein a
number nl of the drain wires connect to the one or more first termination components,
wherein a number n2 of the drain wires connect to the one or more second termination

25  components, and wherein nl # n2.

Item 53 is the combination of item 52, wherein the one or more first termination
components collectively have a number m1 of first termination components, and wherein
the one or more second termination components collectively have a number m2 of second
termination components.

30 Item 54 is the combination of item 53, wherein n2 > nl, and m2 > ml.

Item 55 is the combination of item 54, wherein m1 = 1.

Item 56 is the combination of item 53, wherein m1 = m?2.

Item 57 is the combination of item 56, wherein m1 = 1.
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ltem 83 is the nethod of item 81, wherein the one or nore second

term nation conponents includes a second paddl e card. Although specific
enbodi mrenwe 2oevsoiseen il |l ustrated and descri bed herei n Por/R2punpwaes of
description of the preferred enbodinent, it will be appreciated by those of
ordinary skill in the art that a wde variety of alternate and/or

equi val ent inplenentations calculated to achieve the sane purposes may be
substituted fdfem hgisspeeombipaiggrmeldiced.svigignmanZdescri bed w t hout

departing fromdnhso £GP EoAbinkiléh HF iRFERS, wm&a&ﬁpﬂlaﬁbmwth skill in the
mechani cal , el ect [ chanj cal. d electri caI ts wll &gl J Y, appreci ate
30 that the priEEeAQ i thY EAmpPBAtioR: ﬁmlé%ﬂﬁ liShdralwme &N ety of

enbodi menfoanecthioshapid mmbned‘ﬁsﬂtsrrmmﬁtﬁmctmdmoﬁemebetrdmmylomjapméeﬂlly@bﬁn@lt
vari agl ons tl?ef Iltehogﬁr?%eec{ogl?gem?n %%I Cnﬁngg gl scussed herein. Therefore, it is

mani féstly inten nvent B 1inited only by the clainms and
t he equi val entleem hkisebé comb!@atz@mf/10@@@@W@T¢1msmo¢mgmm¢llemcally 1. A

shi el ded ghgchd ﬂoctﬁé oﬁé &Qﬁ&e%&inﬁ ter%ﬁﬁl%[dnsdo néﬁs BhitRb h&tYel&fm&afPl@dUCt or
sets extendin engt hw se ‘g t he cabl e and being spaced apart "from each

ot her al cﬁ‘?@n%?\%? @'FH’%P“E“F’?E@ féréb cgningtion efBPPEBduct or set incl udi ng one or

nore i nsul at edtego6 et Shﬁeﬂdedél@ctﬁ@d]@hﬂﬂb%(’;mﬁﬁ%sﬁlgf mglwﬂitgagfaoﬂdueﬁ)t s&onduct or
an 1S

t t d | di fil
o o 0 S g Rt RO R AR S TR B R PP Fo TSR e Bl o T
i ncl udi ngviddvefrthp catl¢, @ash emuiugbnmnatbhpbmg one raore amyédedscopidutthest and o
L ansyer S, Ceagns 0 hoE K SECROLA] ANEHRIpdk R kel SegoRd 111 o

in conblna ion su stantla oun each conduct or i nched
porti ons @vVerpstiensicoyerhe C@Qéi’slém sgth b thic pinchas PeraionHarcidisreses i ORsECHor t i ons

of the califoRbfeRChbR Hecach sRIBGR eé‘c‘h’t@ﬁé&c%r s%ﬁ‘twheiléﬁ\/ﬂﬁtr RiRlitpreBndiigorcabl e

is laid flat, a first insulated conducto h
aIS sets includes one or more l‘lrst conductor sets a(iap ed ftor ﬁlgL speed data transmission and

one or more second conductor sets adapted for power transmission or low speed data
transmission.

Item 63 is the cable of item 62, further comprising: a second shielding film also
including cover portions and pinched portions; wherein the first and second shielding

20  films are disposed on opposite sides of the cable and 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 the pinched portions of the cable on each side of each conductor set.

Item 64 is the cable of item 62, further comprising: a first drain wire in electrical

25  contact with the first shielding film and also extending along the length of the cable.

Item 65 is the cable of item 64, wherein a DC resistance between the first shielding
film and the first drain wire is less than 10 ohms.

Item 66 is the cable of item 65, wherein the DC resistance between the first
shielding film and the first drain wire is less than 2 ohms.

30 Item 67 is the cable of item 62, wherein the one or more first conductor sets
includes a first conductor set comprising a plurality of first insulated conductors having a
center-to-center spacing of 61, and wherein the one or more second conductor sets
includes a second conductor set comprising a plurality of second insulated conductors

having a center-to-center spacing of 62, and wherein o1 > 2.
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conductor set is nearest the second conductor set, and a second insul ated
conductor of the second conductor set is nearest the first conductor set,
and t he fwoab12zasdBésecond i nsul at ed conductors have a ceRCEMUSR@OO6IERRTr
spacing S; and wherein the first insulated conductor has an outer dinension
D1 and the second 20i nsul at ed conductor has an outer dinension D2; and
wherein S/Dmn is in a range from1.7 to 2, where Dmn is the lesser of D1
and D2. dtenTh® isthp Feblopf ikgra o/ wherpindheingulatgd sopductory pf thgjoae ent

conduct or i L.ur.al | > t ntd.ty
correspoﬁaéﬁgﬁgégg§@ﬁgﬁmﬁﬁﬁ%%%X¥§%§§%¥?gﬁg%}g&Fﬁ%%%ing?dﬁ%§q%ggkg of claim
1, wherein eadkendt9 idrle pabis af itdry 68f whasidubd oic @ahsreRacondrbydwng spai r  of

i nsul ated conductors, and mherﬁin a center-tq-center spacing of th fair of

i nsul at ed"elBAfhAceER FoBFuGtRRSE NPERS 8 BHERIEY 6f thedhsylaied,ponghgrors in a stacke
Ce”te%'tE?&Fg&ﬁ&u%ﬂ%ﬁ%ﬂgaﬁknk@ﬁdhh{St and 30second conductor sets is E, and
a

wherein isinarange from2.5 to 3. 4. A shielded electrical ribbon
cabl e, conpri dieng70 WOh 0dld¢ 68036 5LCThdISACHOOE@GRGredirgt condudterysefarc onduct or

sets extendi ng_.l engthw se al ong.the cabl nd being spaced apart from each
other *al GHGPE raRALIBA st KBTS RHGI oY o Beent HE T G She. or ot e
i nsul at ediceQIidRH RIS sctshPe cRPRUICHPMaRBifin UMG | tHdMBsiBn kit SthaCABRUE R 1Set
adj acent a second conductor set, the first and second conductor sets each

S5havi ng dabps. one pair of insulated conductors; and a first and second

shielding filmdisposed opposihe sides of the ca , the first and
secorld 101 et BB e80 PPBSR ronEtERan Soneoteud dbfteshfeupr hRsed S uch
that, in ddage@V@rrﬁ@iﬁmﬁls@at@@@ﬂshﬁmoﬂﬂa%s@)@uﬂeas@grabg;@ns of the first and
second filnms in conbinati on substantially surround each conductor set, and

t he pi nched 108t 72 #ribe egble pkitem H3 in gopabigatiamuith p (g termivasioni cOBPLBENT or m
pi nched Qﬂ§%%&ﬂﬁa/1sﬁ%81ﬁ%$4§mﬁp each side of each conductor set; wherein,
aid flat, '

when the cabre T a center-to-center spacing of the pair of

i nsul at ed conduei @3 & thotormbi@afiorn of iteho M2luchcdtin siet fidsSteahinatioh @éomponent
center-to-center spaci ng of the first and second_conduct or
sets [Ps EOTHRECUHBICETHC B plugality oS oy P P50 tp%p@.ral}ts of The cabl e of
claim 4, Wigl&ie s ha\%% gér% e&%%&tt%iﬁﬁol% eagtag 313{11)#% ORG MR dndr tnsul at ed

conductors, wherein the uctor sets col ave an aver age

cent er - t dirstentrenatspeginngnont, titewpeicm tbé shiclded etreldcoonditbe Grss and s@eng and
col lecti Vc%lngucr‘gcz)irvs%tsacr(])nggc I‘;oal%(sapective ones of the first termination pads at the first end of
the first termination component in an ordered arrangement that matches an arrangement of
20  the shielded conductors in the cable.

Item 74 is the combination of item 73, wherein the plurality of conductive paths
have respective second termination pads arranged on a second end of the first termination
component in a different arrangement than that of the first termination pads on the first
end.

25 Item 75 is the combination of item 72, wherein the first termination component
comprises a paddle card.

Item 76 is a method of terminating a shielded cable, comprising: providing the
cable of claim 62; and simultaneously stripping insulation material away from the
insulated conductors of the one or more first and second conductor sets on a first end of

30  the cable.

Item 77 is the method of item 76, further comprising: providing one or more first

termination components including one or more first substrates having a plurality of first

- 81 -



20 center-to-center spacing of adjacent conductor sets of Eavg, and wherein
Eavg/aavg is in a range from2.5 to 3. 6. The cable of either claim1 or
clai m 4, wbeneyasoiche cover portions of the first and seeomasstmebaehg fil ns
i n conbination substantially surround each conductor set by 25enconpassing

at | east 75% of a periphery of each conductor set. 7. The cable of either

claim1l or claim4, wherein the first conductor set has a high frequency

i sol at i orfopétcipe faddjteeeans apdaftachngdhe SrapR: wndueprarahthediptzad obghegcable

crosst al If cy in arange from3-15 GH and for a 1

nmet er call;tf)gﬁi@%@H,ﬁ&ﬁ%{dgﬁﬁué{é%ﬁfﬁgh frequency isol ation between the first

and second coricue 7®is thehretliogl ofliemalCh, ehiczdd thettactin®Bshaldd du swh thdtehe

speci fied frequency, and erei fat | east. 10 dB |%V\Bff t han . 8. The
r't thg Tyrpt

caibl e of SERORTUsIeR dtash te s RHATIOrl NGiongeRtp F Paiiing! e8¢ ofifhgi n wire
i n el 8ct Id6filin GRBIACI Pednllofbnd RSt GRS af hrbfinlcht 8F mBUMLcRIE QB Ehrll NG
59. e of C

films. he ca aim 8, erein the Tirst drain wre is
char act erthzedblby a drain wire distance al to a nearest insulated wire of a

near est conductor_set. an r.ei he nearest conductror set i.s

Char act er 1 ped g 25 B B SERior. Shs S one PhBSrGh S Lot or s of a2,
and wher eohpRéRidcfuddl &tRpaddl@Bad: 7. 1010. The cable of claim8, wherein
the plurality of conductor sets includes at |east eight conductor sets and

each conduct orlteseB0 fsethe owthpdaiétepal 7, fwther ngmpasing soonitncoenls strigpidgwher ei n
]E Ih:t \"YiogtSr}nglat}o%emaﬁgrl%a!ﬂ%wi@ ffotn glre%?stu?a{te& po%%ug’tgrsn(‘)qltl\{\@&pe (grrh?or% 1rét%nidsseclo%idd
conductor sets on a second end of the cable opposite the first end of the cable.
Item 81 is the method of item 80, further comprising: providing one or more
second termination components including one or more second substrates having a plurality
of second conductive paths thereon; and attaching the stripped conductors at the second
15  end of the cable to the plurality of second conductive paths.
Item 82 is the method of item 81, wherein the attaching of the stripped conductors
at the second end of the cable to the plurality of second conductive paths is carried out
such that the stripped conductors attach to the plurality of second conductive paths at the
second end of the cable in an ordered arrangement that matches an arrangement of the
20  shielded conductors in the cable.

Item &3 is the method of item 81, wherein the one or more second termination

components includes a second paddle card.

Although specific embodiments have been illustrated and described herein for
25  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
30  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
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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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CLAIMS

1. A shielded electrical ribbon cable, comprising:

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

a first and second shielding film 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;

wherein, when the cable is laid flat, a first insulated conductor of the first
conductor set is nearest the second conductor set, and a second insulated
conductor of the second conductor set is nearest the first conductor set, and the
first and second insulated conductors have a center-to-center spacing S; and

wherein the first insulated conductor has an outer dimension D1 and the second
insulated conductor has an outer dimension D2; and

wherein S/Dmin is in a range from 1.7 to 2, where Dmin is the lesser of D1 and

D2.

2. The cable of claim 1, wherein each pair of adjacent conductor sets in the plurality of

conductor sets has a quantity corresponding to S/Dmin in the range from 1.7 to 2.

3. The cable of claim 1, wherein each of the plurality of conductor sets has only one pair
of insulated conductors, and wherein a center-to-center spacing of the pair of insulated
conductors for the first conductor set is 61 and a center-to-center spacing of the first and

second conductor sets is X, and wherein /61 is in a range from 2.5 to 3.

4. A shielded electrical ribbon cable, comprising:
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a plurality of conductor sets extending lengthwise along the cable and being spaced
apart from each other along a width of the cable, each conductor set including
one or more insulated conductors, the conductor sets including a first conductor
set adjacent a second conductor set, the first and second conductor sets each
having only one pair of insulated conductors; and

a first and second shielding film 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;

wherein, when the cable is laid flat, a center-to-center spacing of the pair of
insulated conductors for the first conductor set is 61 and a center-to-center
spacing of the first and second conductor sets is X, and wherein X/c1 is in a

range from 2.5 to 3.

5. The cable of claim 4, wherein each of the conductor sets has only one pair of insulated
conductors, wherein the conductor sets collectively have an average center-to-center
spacing of the pair of insulated conductors of cavg and collectively have an average
center-to-center spacing of adjacent conductor sets of Zavg, and wherein Zavg/cavg is in a

range from 2.5 to 3.

6. The cable of either claim 1 or claim 4, wherein the cover portions of the first and
second shielding films in combination substantially surround each conductor set by

encompassing at least 75% of a periphery of each conductor set.

7. The cable of either claim 1 or claim 4, wherein the first conductor set has a high

frequency isolation between adjacent insulated conductors characterized by a crosstalk C1
at a specified frequency in a range from 3-15 GHz and for a 1 meter cable length, wherein
a high frequency isolation between the first and second conductor sets is characterized by

a crosstalk C2 at the specified frequency, and wherein C2 is at least 10 dB lower than C1.
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8. The cable of either claim 1 or claim 4, further comprising:
a first drain wire in electrical contact with at least one of the first and second

shielding films.

9. The cable of claim 8, wherein the first drain wire is characterized by a drain wire
distance ¢1 to a nearest insulated wire of a nearest conductor set, and wherein the nearest
conductor set is characterized by a center-to-center spacing of insulated conductors of 62,

and wherein 61/62 is greater than 0.7.
10. The cable of claim 8, wherein the plurality of conductor sets includes at least eight

conductor sets and each conductor set has only one pair of insulated conductors, and

wherein the width of the cable is no greater than 16 mm when the cable is laid flat.
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