SHI ELDED ELECTRI CAL RI BBON CABLE W TH DI ELECTRI C SPACI NG TECHNI CAL FI ELD

[ 0001] The present disclosure relates generally to shielded el ectrical

cabl es f owvothe/dsomasm ssion of electrical signals, in pacriuseidnsosed
shi el ded el ectrical cables that can be mass-term nated and provide high
speed el ectrical properties. BACKGROUND [ 0002] Due to increasing data
transm ssi on speeds used in nodern electronic devices, there is a demand
for electrical cables that can effectively transmt high speed

el ectromagnetic signals (e.g., greater than 1 Gb/s). One type of cable used
for these [SHIELDED ELECTKRICAL RIBBONSCABLEWITH RIELECTRIGEBRACINGNCI| ude an
electrically conductive wire surrounded by an insulator. The wire and

i nsul ator are surrounded by a shield, and the wire, insulator, and shield
are surrounded by a jacket. AnotterHNYQPRLAEEDectrical cable is a shiel ded
el ectrical cable having one or nore insulated signal conductors surrounded
by a shielding | ayer fornmed, for exanple, by a netal foil. [0003] Both these
types of electrical cable may require the use of specifically designed
connectors for[00@&m nat iTire meﬂénadiecloéw@releneﬁ gentral lgod ehiélded tleetriaglecables
mass-ter tion techn| t he si.myl t aneo nnec

pluralit Obﬁeé@ﬁ%’éﬁﬁ?g thlﬁ%ill Sggnﬁhga’rn RAGHHFUH 108 twaﬁ ﬁ%ﬂ@%&%‘l @Btrical
cabl es hQ%ﬁnQﬁﬁ&nHEM&iQﬂﬁﬂn§ﬂemﬁﬂéﬂ%&%@m&ﬁﬁ%ﬁqﬂﬁ%ﬁ termination t echni ques,

these cables often have Iimtations in the abillity to mass-produce them in
the ability to prepare their termnation ends, in their flexibility, and in
their electrical perfornmance. BACKGROUND

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

[0003] Both these types of electrical cable may require the use of
specifically designed connectors for termination and are often not suitable for the use of
mass-termination techniques, e.g., the simultaneous connection of a plurality of
conductors to individual contact elements. Although electrical cables have been developed
to facilitate these mass-termination techniques, these cables often have limitations in the
ability to mass-produce them, in the ability to prepare their termination ends, in their

flexibility, and in their electrical performance.

SUMMARY

[0004] The present disclosure is directed to electrical ribbon cables. In one
embodiment, an electrical ribbon cable, comprises at least one conductor set comprising at
least two elongated conductors extending from end-to-end of the cable, wherein each of

the conductors are encompassed along a length of the cable by respective first dielectrics.
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SUMMARY [ 0004] The present disclosure is directed to electrical ribbon
cables. In one enbodi nent, an electrical ribbon cable, conprises at |east
one conduwwOap1288b36donpri sing at | east two el ongat ed conaattuseslomxisendi ng
fromend-to-end of the cable, wherein each of the conductors are
enconpassed along a length of the cable by respective first dielectrics.
The ribbon cable further conprises a first and second filmextending from
end-to-end of the cable and di sposed on opposite sides of the cable

wherei n t e réthen geble further somprisgs|ayfirsigumg seepnddilimextending frem endse-spdiof i | s

such that | 8k L0G:.LS: Bl I i I ctrics
of “the. cchGeBHELGNed BREH AL SilPOIE LAC PRIURRL Cifubibisie AP Ct o he
ri bbon cabohlpled tis thedirstendpesomdSilas Sechohat OiapkBEht $pacitlig Spmamthingd beitwednhe

spaci ng between. the first dielectrics of the wires of each cqnductor set.
[0005] I'n the e B@ﬁqcmwéﬁhee%g@ﬁtﬂréﬁf sach aduderiihalane fhedengte 0% @Blfprise an

air 9ap Uilish eRAS FGAR LOHBHELY Alont JiBRokERADB LI wR GAREnRS! ween
cl osest points of proximty between the first dielectrics of the conductors
of each dehukentthe fissetlicldctricany thefwirdsedeaentmduntensa, the first and second
filnms may co ' first_and second shjel.din ilms. .In such a case, the
first and ;egﬁhgﬁghieIdﬂH&“FFPﬁéwH@9e EOQ?FH g ﬁsgﬁﬁgﬁﬁ#?3?%nﬁypransverse
cross seclohhis®hin Ei'rf'%aﬁ gt Sxtedds dfﬁﬁﬁ]gou@ml&%gtﬁy tngth dfIhORYe Bawkéal |y

e

surrounded by a conbination of irst and second shielding filns. In any

of these demstingintael prasimitheetwedsl e dast dialeatmesrof demgnmidyetors aficagn wi re
di sposed a gngotfie fengihuple the.gaRhe Andiln.gheshiigal oommnlcarlon with
at | east One of The fir St "and Secon shlelélng RS ’BBB€Y|n ny  of these

enmbodi meningd se@indlsBREdin@fiBnOfIntshéh 4 tass! thafigst 26¢ 6rvdnfl khiBRlinEyInken oS or mabl y
shaped to, in transverse cross section of the cable, partially surround
each condii@nsed spdhat, ot tragsxprse eroshepcHon pktheicalle, o Aepsseesioadystors opkyy be in

conbinat gy i Bt SR B IR ARTBISLER AT RBERIACT e,
por tions lofany béthicse ainfignrhtioag ordeabld msy frathebeornmisplaattaihoged diggostdaloog m a
100071 1t o s Pl he el Sorgmppatora dh e 08 B hE Fe ebhduct or s
second shielding films
[0006] In any of these embodiments, at least one of the first and second
films may be conformably shaped to, in transverse cross section of the cable, partially
surround each conductor set. For example, both the first and second films may be in
combination conformably shaped to, in transverse cross section of the cable, substantially
surround each conductor set. In such case, flattened portions of the first and second films
may be coupled together to form a flattened cable portion on each side of at least one
conductor set.
[0007] In any of these embodiments, the first dielectrics of the conductors
may be bonded to the first and second films. In such a case, at least one of the first and
second films may comprise: a rigid dielectric layer; a shielding film fixably coupled to
the rigid dielectric layer; and a deformable dielectric adhesive layer that bonds the first
dielectrics of the conductors to the rigid dielectric layer.
[0008] In any of these embodiments, the cable may further comprise one or
more insulating supports fixably coupled between the first and second films along the

length of the cable. In such case, at least one of the insulating supports may be disposed



may be bonded to the first and second filnms. In such a case, at |east one
of the first and second filnms may conprise: arigid dielectric layer; a

shi el di ngwbi2brvd3d3eabl y coupled to the rigid dielectric Payarsoianceas

def ornmabl e di el ectric adhesive | ayer that bonds the first dielectrics of
the conductors to the rigid dielectric |layer. [0008]1n any of these

enbodi nents, the cable may further conprise one or nore insulating supports
fi xably coupl ed between the first and second filns along the | ength of the

cabl e. | rPebtram tyasd]acent cppductorsas. #1d arié lgaptme of thegnslgBier uBp oriyMiebe

di sposed 4; ' - | east one of the
insulatiﬁ%ggﬁ%%%$Wé&ﬁ%€gg%ﬁ§?%5%%@’%géﬁluﬁﬁh?ﬁggﬁoﬁ%%%?%? set and a

| ongi tudi nal gdo@]of thdnaabbéthefdQ0B}dimeanya ditlctineseneabodieefits, a

dielectrigc constant of the first dielectrics y be higher than. a
di el ect r i GelgSHEY BAY b%I‘lg&‘ﬁrethé‘%é gt erstapt of tﬂ%ﬁ%cenﬁi Hle fAlsp sy of

enbodi Menp&e chit®dfhent AR at P0Gt GRDUGEQ6r s%?fna?lg¥ a@ﬁ%fcﬂ%%ﬁ%ﬁ&h dg@xi mum dat a

transmssion rates of at lTeast 1 G/s. [0010]In a r enbodi ment of the
i nvent i orfranamissiogcates adt leasbbbib/scabl e, conprises a plurality of conductor

sets each co ising a differential .pair of wres extendi.ng from end-to-end
o Ther cnot o REEY 2 o dainShe Srab Rau o tle kb Bipaat SatHOA rbBR Lt o
di el ect riggpritéea slakiliey I)P'Jén?ﬁ{tﬁﬁ&@éaicﬁ 88mbtiifif a AMELr&RGOPSir Shivakdi ng fil ms

0

extending from end-to-end e cabl e and di Sposed on opposite sides of
t he cabl extepdimg/ione sndriecisbeictbel catde. tirerdin each ofribc waedmg chiompassedchy t hat a

consi st ently spaced Akl PRRBK RATS SONLIBUANSLY aLanodlisnghf of the
cabl e between closSest poi nts of proximty between e direleetrics of the

wires of &amldingffdeeadtd-ahd Pathe cabldend dissdsc@bal oppssandidsbbethdicatge f Thes are
conformably shaped to, in_conbination, substantially surround each
conduct orWigestar¢ horded e therfyat and sgeonddims such thatg erawsistenflyspacsddirgspt i ons of

e Lt SSAAD0 A0S B SRRSO 5D,

[ 0011] I n Hehisenahdéicleetrive of thentiresadf chdadiffemnéaalgfairt Ngheffirstsindancbndecond
shielding films are conformably shaped to, in combination, substantially surround each
conductor set in transverse cross section. Further, flattened portions of the first and
second shielding films are coupled together to form a flattened cable portion on each side
of each of the conductor sets.

[0011] In this other embodiment, at least one of the first and second
shielding films may comprise: a deformable dielectric adhesive layer bonded to the wires;
a rigid dielectric layer coupled to the deformable dielectric layer; and a shielding film
coupled to the rigid dielectric layer. Further, any of these other cable embodiments may
include at least one of the conductor sets that is adapted for maximum data transmission
rates of at least 1 Gb/s.

[0012] These and various other characteristics are pointed out with
particularity in the claims annexed hereto and form a part hereof. Reference should also be
made to the drawings which form a further part hereof, and to accompanying descriptive
matter, in which there are illustrated and described representative examples of systems,

apparatuses, and methods in accordance with embodiments of the invention.



shielding filns may conprise: a deformable dielectric adhesive |ayer bonded
to the wires; arigid dielectric |layer coupled to the defornmable dielectric
| ayer; amsloaostidededi ng filmcoupled to the rigid diel eccirask@poses2d-urt her,
any of these other cable enbodi nents may include at | east one of the
conductor sets that is adapted for nmaxi mum data transm ssion rates of at

| east 1 Gb/s. [0012] These and vari ous ot her characteristics are pointed out
with particularity in the clains annexed hereto and forma part hereof.

Ref erence shoul d al so bSRIBEOESSRIREIANLN AGE RRAMINGS m a further part
hereof, and to acconpanyi ng descriptive matter, in which there are
illustrated arf@0t¥dscri bekherippangise ms discnleedar apmieegonvithyst enbodimpptar at uses,

and nethags .in accordance w.th enbodi nents of the invention. BRIEF

DESCRI PTII%Wt@fﬁﬁ%‘T)%ﬂWHéﬂlfgﬁTﬂ The invention is described in connection
with the enbodpgra)ts il IRist 1 @tthdripebiie: fiohlo?wh BeribiRgiATBond A0I4L:FI G 1a
is a perspective view of an exanple cable construction; aEOOlS] FIG Ibis a

cross section [0 of tHIGeXbiiny @ossatstieorcinwtaf tst §xgmplsf cabjegonbtguction of
FIG. 1a;
[0016] FIGS. 2a-2¢ are a cross section views of example alternate cable
constructions;
[0017] FIG. 3a is a cross section of a portion of an example cable showing

dimensions of interest;

[0018] FIGS. 3b and 3c are block diagrams illustrating steps of an example
manufacturing procedure;

[0019] FIG. 4a is a graph illustrating results of analysis of example cable
constructions;

[0020] FIG. 4b is a cross section showing additional dimensions of interest

relative to the analysis of FIG. 4a;

[0021] FIGS. 5a-5c are perspective views illustrating an exemplary method
of making a shielded electrical cable;

[0022] FIGS. 6a-6¢ are front cross-sectional views illustrating a detail of an
exemplary method of making a shielded electrical cable;

[0023] FIGS. 7a and 7b are front cross-sectional detail views illustrating
another aspect of making an exemplary shielded electrical cable;

[0024] FIG. 8a is a front cross-sectional view of another exemplary
embodiment of a shielded electrical cable, and FIG. 8b is a corresponding detail view
thereof;

[0025] FIG. 9 is a front cross-sectional view of a portion of another
exemplary shielded electrical cable;

[0026] FIG. 10 is a front cross-sectional view of a portion of another
exemplary shielded electrical cable;

[0027] FIG. 11 is a front cross-sectional views of other portions of

exemplary shielded electrical cables;



[ 0016] FI GS. 2a-2c are a cross section views of exanple alternate cable
constructions; [0017]FIG 3a is a cross section of a portion of an exanple
cabl e showoregidiznssasi ons of interest; [0018] FI GS. 3b anaC3aisare/obicos k
diagranms illustrating steps of an exanple manufacturing procedure;
[0019]FIG 4a is a graph illustrating results of analysis of exanple cable
constructions; [0020]FIG 4b is a cross section show ng additional

di mensi ons of [io(r)lése]rest relative to the analysis of FIG 4a;

FIG. 12 is a graph comparing the electrical isolation performance of

an exemplary shielded electrical cable to that of a conventional electrical cable;

[0029] FIG. 13 is a front cross-sectional view of another exemplary
shielded electrical cable;

[0030] FIG. FIGS. 14a-14e¢ are front cross-sectional views of further
exemplary shielded electrical cables;

[0031] FIGS. 15a-15d are top views that illustrate different procedures of
an exemplary termination process of a shielded electrical cable to a termination
component; and

[0032] FIGS. 16a-16c¢ are front cross-scctional views of still further

exemplary shielded electrical cables.

[0033] In the figures, like reference numerals designate like elements.
DETAILED DESCRIPTION
[0034] In the following description, reference is made to the accompanying

drawings that form a part hereof, and in which is shown by way of illustration various
embodiments in which the invention may be practiced. It is to be understood that other
embodiments may be utilized, as structural and operational changes may be made without
departing from the scope of the present invention. The following detailed description,
therefore, is not to be taken in a limiting sense, and the scope of the invention is defined
by the appended claims.

[0035] A growing number of applications require high speed high signal
integrity connections. These applications may use twin axial (“twinax”) transmission lines
that include parallel pairs of differentially-driven conductors. Each pair of conductors may
be dedicated to a data transmission channel. The construction of choice for these purposes
is often a loose bundle of paired conductors that are jacketed/wrapped by a shield or other
covering. Applications are demanding more speed from these channels and more channels
per assembly. As a result, some applications are demanding cables with improved
termination signal integrity, termination cost, impedance/skew control, and cable cost over

current twinax transmission lines.



[ 0021] FI GS. 5a-5c are perspective views illustrating an exenplary nethod of
maki ng a shielded electrical cable; [0022] FIGS. 6a-6¢c are front

Cross- secwpanelo3visews illustrating a detail of an exenplParyuSaemioows2df
maki ng a shielded electrical cable; [0023]FIGS. 7a and 7b are front
cross-sectional detail views illustrating another aspect of naking an

exenpl ary shielded electrical cable; [0024] FIG 8a is a front
cross-sectional view of another exenplary enbodi mrent of a_shiel ded
el ectrical cadP®6land FI'the mesepsdisclowire swsaerdlly diredediona shidded Hegtae ;

gggﬁg} er ?ibé’%’fl igﬁtalg éﬂaé ?@Eatb?ﬁr fg)z ?ff@eg%ftfg;ﬁ{) Aivil EMdBEtoP RO Sl BTables BAPHPREE
precise dielectric gaps between conductors. These gaps, which may include air and/or
other diclectric materials, can decrease diclectric constant and loss, decrease cable
stiffness and thickness, and reduce crosstalk between adjacent signal lines. In addition,
due to the ribbon construction, the cable can readily be terminated to a printed circuit
board connector of similar pitch. Such a termination can provide very high termination
signal integrity.

[0037] The constructions disclosed herein may generally include parallel
insulated wires that are bonded to a substrate on one or both sides with specific placement
of gaps between conductors. The substrates may or may not contain a ground plane. Such
a cable may be used as an alternative to conventional bundled, e.g., differential pair, twin-

axial (twinax) constructions and is expected to have lower cable cost, termination cost,

skew, and termination parasitics.

SECTION 1: SHIELDED ELECTRICAL
CABLE DIELECTRIC CONFIGURATIONS

[0038] In reference now to FIGS. 1a and 1b, respective perspective and
cross sectional views shows a cable construction (or portions thereof) according to an
example embodiment of the invention. Generally, an electrical ribbon cable 102 includes
one or more conductor sets 104. Each conductor set 104 includes two or more conductors
(e.g., wires) 106 extending from end-to-end along the length of the cable 102. The
conductor sets 104 may be suitable for high speed transmission (e.g., single or
differentially driven at data rates of 1 Gb/sec or higher). Each of the conductors 106 is
encompassed by a first dielectric 108 along the length of the cable. The conductors 106
are affixed to first and second films 110, 112 that extend from end-to-end of the cable 102
and are disposed on opposite sides of the cable 102. A consistent spacing 114 is
maintained between the first dielectrics 108 of the conductors 106 of each conductor set
104 along the length of the cable 102. A second dielectric 116 is disposed within the
spacing 114. The dielectric 116 may include an air gap/void and/or some other material.

[0039] The spacing 114 between members of the conductor sets 104 can be

made consistent enough such that the cable 102 has equal or better electrical
6



[0026] FIG 10 is a front cross-sectional view of a portion of another
exenpl ary shielded electrical cable; [0027]FIG 11 is a front
cr oss- secwpanelo3visews of ot her portions of exenplary shiperdsdoieloemes i cal
cables; WD 2012/ 030364PCT/ US2010/ 060623 [0028]FIG 12 is a graph conparing
the electrical isolation performance of an exenplary shiel ded el ectrical
cable to that of a conventional electrical cable; [0029]FIG 13 is a
front cross-sectional view of another exenplary shjelded el ectrical cable;

characteristics than a standard wrapped twinax cable, along with improved ease of

termination and signal integrity of the termination. The films 110, 112 may include

shielding material such as metallic foil, and the films 110, 112 may be conformably

shaped to substantially surround the conductor sets 104. In the illustrated example, films

110, 112 are pinched together to form flat portions 118 extending lengthwise along the

cable 102 outside of and/or between conductor sets 104. In the flat portions 118, the films

110, 112 substantially surround the conductor sets 104, e.g., surround a perimeter of the

conductor sets 104 except where a small layer (e.g., of insulators and/or adhesives) the

films 110, 112 join each other. For example, cover portions of the shiclding films may

collectively encompass at least 75% or more of the perimeter of any given conductor set.

While the films 110, 112 may be shown here (and elsewhere herein) as separate pieces of

film, those of skill in the art will appreciate that the films 110, 112 may alternatively be

formed from a single sheet of film, ¢.g., folded around a longitudinal path/line to

encompass the conductor sets 104.

[0040] The cable 102 may also include additional features, such as one or
more ground/drain wires 120. The drain wires 120 may be electrically coupled to shielded
films 110, 112 continually or at discrete locations along the length of the cable 102. Or
the wires 120 may be connected to grounded connections at the ends of the cable 102.
Generally the drain wire 102 may provide convenient access at one or both ends of the
cable for electrically terminating (e.g., grounding) the shielding material. The
drain/ground wire 120 may also be configured to provide some level of DC coupling
between the films 110, 112, e.g., where both films 110, 112 include shielding material.

[0041] In reference now to FIGS. 2a-2c, cross-section diagrams illustrate
various alternate cable construction arrangements (or portions thereof), wherein the same
reference numbers may be used to indicate analogous components as in other figures. In
FIG. 2a, cable 202 may be of a similar construction as shown in FIGS. 1a-1b, however
only one film 110 is conformably shaped around the conductor sets to form pinched/flat
portions 204. The other film 112 is substantially planar on one side of the cable 202. This
cable 202 (as well as cables 212 and 222 in FIGS. 2b-2c¢) uses air in the gaps 114 as a
second dielectric between first dielectrics 108, therefore there is no explicit second

dielectric material 116 shown between closest points of proximity of the first dielectrics

108. For purposes of further discussion, the air gap 114 will be understood to represent
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[0030] FIG FIGS. 14a-14e are front cross-sectional views of further

exenpl ary shielded electrical cables; [0031]FIGS. 15a-15d are top views
that il | wsorat23mieiif erent procedures of an exenpl ary tePgirnstéloneedcess of
a shielded electrical cable to a term nation conmponent; and [0032] FI GS.

16a- 16¢c are front cross-sectional views of still further exenplary shiel ded
electrical cables. [0033]In the figures, |like reference nuneral s designate
| i ke el ements. DETAI LED DESCRI PTI ON [0034]In the foll ow ng description,

r ef er enceither apglcdr diplegthis o5 @ sligrantyidiciccdiaiategal. suey asiragteniad 19 seemigr eof , and

I n which gi&cS 4.1 [ yvar.l ' I n which the
inventio#hﬁgyyﬁgﬂbg%cﬁﬁ%%ﬁﬂafﬁgﬁgﬁégﬁggﬁﬂﬁ 8#§#§gﬁﬂﬁﬁ%%g§ g? enbodi nent s
may be utdrfang@dent§dustanuet ddapded anthchyde dadin/groaind ehiag ge disowgedelseveitiee Wi t hout
departing fromthe scope of the present invention. The follow ng detailed
descri pt it herefore, is not to be taken in a liniting sense, and the

scope of the i[ﬁﬁﬂ]t ion i Mgkl ﬂ%jndWC, Ehste Qﬂ?iﬂf‘g@ﬂl%ﬂts(?lléiafﬁ 222 may be of a
similar construction as those previously described, but here both films are configured to be
substantially planar along the outer surfaces of the cables 212, 222. In cable 212, there are
voids/gaps 214 between conductor sets 104. As shown here, these gaps 214 are larger
than gaps 114 between members of the sets 104, although this cable configuration need
not be so limited. In addition to this gap 214, cable 222 of FIG. 2¢ includes
supports/spacers 224 disposed in the gap 214 between conductor sets 104 and or outside of
the conductor sets 104 (e.g., between a conductor set 104 and a longitudinal edge of the
cable).

[0043] The supports 224 may be fixably attached (e.g., bonded) to films
110, 112 and assist in providing structural stiffness and/or adjusting electrical properties of
the cable 222. The supports 224 may include any combination of dielectric, insulating,
and/or shielding materials for tuning the mechanical and electrical properties of the cable
222 as desired. The supports 224 are shown here as circular in cross-section, but be
configured as having alternate cross sectional shapes such as ovular and rectangular. The
supports 224 may be formed separately and laid up with the conductor sets 104 during
cable construction. In other variations, the supports 224 may be formed as part of the
films 110, 112 and/or be assembled with the cable 222 in a liquid form (e.g., hot melt).

[0044] The cable constructions 102, 202, 212, 222 described above may
include other features not illustrated. For example, in addition to signal wires, drain wires,
and ground wires, the cable may include one or more additional isolated wires sometime
referred to as sideband. Sideband can be used to transmit power or any other signals of
interest. Sideband wires (as well as drain wires) may be enclosed within the films 110,
112 and/or may be disposed outside the films 110, 112, e.g., being sandwiched between
the films and an additional layer of material.

[0045] The variations described above may utilize various combinations of
materials and physical configurations based on the desired cost, signal integrity, and

mechanical properties of the resulting cable. One consideration is the choice of the second
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[ 0035] A growi ng nunber of applications require high speed high signal
integrity connections. These applications may use twn axial ("tw nax")

t ransm sswonoiZaiess4t hat i ncl ude parall el pairs of differemusadiopsdes ven
conductors. Each pair of conductors nay be dedicated to a data transm ssion
channel . The construction of choice for these purposes is often a | oose
bundl e of paired conductors that are jacketed/ wapped by a shield or other
covering. Applications are demandi ng nore speed fromthese channel s and
nor e charfhelpgripajateiiad dhppepitioned an thegigptl 14 betccasprduetariseind 04pesegBiandi ng
cabl es wigibel TPLOY RS ah BLIDOBMEANEAAAR YL B8 § iatoeeT FhRALIAR RORKric

i npedance/ skew control, and cabl e cost GverSCurrent fw Nax transm ssion

| i nes. Wn@A0iL4030R364RCh4ISIELO (H2GO62B tdrRBGhdIhé: pdEkenitiatpEc lacsaree | S

generally directed to a shielded electrical ribbon cable that suitable for
di f f er entgrandangang signglo ARYET Y cABYIBE e EHerEHIZedeatin F P2 ’ﬁﬁ%%‘i? e

di el ectrig. 9aPS 10GLWEEMICROAYRE lﬁfa§ resiER & 18RRI ChsBRY ad BLUES. AT

and/or other ‘dielectric materials; can decrease dielectric constant and

| oss, dearfease gaplllé¢ nstyidlioHeys othed advrintilgne ssch @ridwreeshubev vrigbstandl k bet ween
adjacent.signal IHngF..Hﬁyaggition due to the ribbgn conshruction, t he
cabl e card™E&8H C§Pp KB HY nHORE V¢ oPECISIONATRESURE B3y O° BB {QNWEES or of
simlar mohﬁﬁent%ﬁangofﬁﬂ’e%ﬂeﬂc!t&ﬁitlfh@_fbrﬁftﬁé’bﬁ'%aﬁ(ﬁf]}ﬂ Nbtha LB JTahd eplsi gnal
integrity. [0037] The constructions disclosed herein may generally include
paral | el insull@4d wi r ednir¢farcnag eohembKea Jaoa erosusestienal eicvnoioneondpctpot h

Si des wi Ly Sl {g. RLAFRIENL, O 08Rs, RELNGED CONIUCI NS, DR, sybstr ates
My or nmay not contarn a ground plane. uc capl e nmay pe used as an

al t er nat ibsewded oay@sE i100aGehatnidy, ek dielegtric Bhith@roEmild @ndR&brf set 1 94 AragXi al
(tw nax) constructions and is expected to have | ower cabl e cost,
t er mi nat ibsricepiye todhediclestiis maenglp hetvsan Brrcddescstinoints eErpKioNtyIbetspinethpED

ELECTRI CAbnductors of the set 104, as represented here by dimension 300. Therefore, a consistent
dielectric constant may be maintained by maintaining consistent thicknesses 302 of the
dielectric 108 and consistent size of gap 114 (which may be an air gap or filled with
another dielectric material such as dielectric 116 shown in FIG. 1a).

[0047] It may be desirable to tightly control geometry of coatings of both
the conductor 106 and the conductive film 110, 112 in order to ensure consistent electrical
properties along the length of the cable. For the wire coating, this may involve coating the
conductor 106 (e.g., solid wire) precisely with uniform thickness of insulator/dielectric
material 108 and ensuring the conductor 106 is well-centered within the coating 108. The
thickness of the coating 108 can be increased or decreased depending on the particular
properties desired for the cable. In some situations, a conductor with no coating may offer
optimal properties (e.g., diclectric constant, easier termination and geometry control), but
for some applications industry standards require that a primary insulation of a minimum
thickness is used. The coating 108 may also be beneficial because it may be able to bond
to the dielectric substrate material 110, 112 better than bare wire. Regardless, the various
embodiments described above may also include a construction with no insulation
thickness.

[0048] The dielectric 108 may be formed/coated over the conductors 106
using a different process/machinery than used to assemble the cable. As a result, during

final cable assembly, tight control over variation in the size of the gap 114 (e.g., the
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CABLE DI ELECTRI C CONFI GURATI ONS [0038]1n reference nowto FIGS. la and |b,
respective perspective and cross sectional views shows a cable construction
(or portiwo0tmseaaf) accordi ng to an exanpl e enbodi nentCafusthie/obseent i on.
General ly, an electrical ribbon cable 102 includes one or nore conductor
sets 104. Each conductor set 104 includes two or nore conductors (e.g.,
wires) 106 extending fromend-to-end along the Iength of the cable 102. The
conductor sets 104 may be suitable for high speed transm ssion (e.g.,

si ngl e orclesestinoind of PExiity ppinsan e delegrient XY nyty be afprigwagy eenosing®er ) . Each

f th th
Ioengtﬁ gf ?ﬁgwl Ia&pr%r%gﬁgon ?@?ggq%%t:}%b%ﬁ gg&ﬂ %%E%el rs)%g §§ gggonde
filnms 11Qppdrhistubad, ae)tmeardes‘uﬂmm}emmtdb}emhtmﬂlntghﬁ:eﬁ&blhre: di€2nardd4ar e

di sposed .on opposite sides of the cahle 102. A ¢ j sten g 114 is
o nt i N BEIVBRFOTHEOR T @1 G0k r1ESORBRCBI BHBISCBHEED S H0% of each
conduct or; 3t tHOst& cﬁaﬁe&h&m{eﬁmhho@t)f{h'a%oﬁélgk@r 188 cafbSHGANE L 8 ﬁeﬂ“ c
116 is disposed wthin the spacing 114. Fectrlc 116 may I ncl ude an
ai r gap/ woicdnastaiayrof slorkectio¢ theeknasst 3¥)2i adll around (e. g [oO@%}ITdm‘er o panduntprl04

bet ween ers. of .t conductor sets.104 ca e consj stent enough
ouch:t har B dsiae 1B° RO Eohe G tebrt el el Er e Al BefBrlt  cn t han
a st andardoesiaReashityWraeXcdnalbirs 1360 ehiWkdcls 30PERMRERASIE Ot 1881 MaPafel ON
and signal integrity of the termnation. The films 110, 112 nmay i ncl ude

shi el di ngirmfemsam pserd mityof adiagent idiclgciis, 108ndien hensistentgesutomay b may be
conformabl med’i eqlt ustggr%ﬁf% afl %Slgu&lrgo%@r%ﬁnhet cogdulct { sets 104. In the
i |l ustrat®e examﬂg i (nyi ar I nc P &t hér 'to formflat
portions 118 gBo49]di ng I'EHRGidHM ﬁ@eg@it}a(tggHﬂﬂ)e@@tiﬂe%n&@lzevﬁ}ﬁf&h@@or@fru@tﬁdl/ or

bet ween conductor sets 104. In the flat portions 118, the filnms 110, 112
subst ant Ty §otsubt dpend om Ehegwedtien/ spnsisinsy phalacmgdghe Signal condustors &4t i net er

of thec ul ators
and or adRatrs Bl biher i 47 FRbrcigh B P1eBB dho LANBLIORA M roafile [T1E 2\ oy
porti ons grburtdygamshiAd shomgl ihiFI@s3aydiyme 010 exd 1 Mehyludacspgaiss shitldiepatd 75% or
nore of t eperlrreter o] glLyv conductor set. Wile e filpms 110, 112
may be sHBWACHEIWPaiE: 2l i ffh?e%hﬁqi}@g EﬂYﬁs g‘i&mé%a%ﬁaé@egrw@dggnedfl thi5 £#C- t hose
of skill 4, sBlﬁghtaé o4 J)i* dlﬁEH&@ﬁ'B?ﬁ %oﬁ@f‘ﬁe Mg% Bf !h'g‘%aﬂ-l%%a ]b%%dmageo
alternativel formed froma single sheet , Tolded around a
| ongi tudllnalius paetmpilm dlmenmom&bbmaewnfohmgcthﬁmmrelatlsetcsb(ﬁh)ﬂle tbpedd] The cabl e
102 may l.. feat as one.or nore round/ drain
wires aogorgmaiaiei. B alhqig it poiE R Rty LGB s B Gdh P ar g
filmns 11Q»rraﬂlé8m@rﬁ§l(e' Au@eloy dferaft ditil&ti €8 B Ihdkatbisedsodtaaidbrtthaslienatin, of the
cabl e 102. the wwres 120 nay be connected to grounded connections at the
ends of t(ﬁ@n@aﬁthé fdmzllQ;éh%daersuyothh‘eetbﬁéle&rzomcrléyqdfzohay provi de conveni ent
access at one oth e f bl e l.e ting (e.qg.,
gr oundi ng) th S (ﬁel di nggﬁe (%qlallg ﬁ%h nu(ffc%rm ac%hlge&%%ho%n&lz%ﬂ I3gma]ygoe

confi gur ad tftgﬁtljaé(mttdﬂﬂls&(hﬁe3lE@H/o@eqDGal@ﬁLd@hdlﬁtgoﬁetg\fﬁmﬂ Iilah& (fistilﬂtﬁs)l 10, 112
e.g., where both films 110, 112 include shielding mater &0041]In
r ef er enceVifgnihe mselpted copducsers 106,098 asettached tﬂnth@ia%cwq @1& FH:E 1%af ous

al t er nat g.£abl € ,6ANS ng@%%‘ b%c%ad“%‘s?&ﬁﬁ‘hﬁls&& _aH%thgl S hB& BRlidentvner €i n
the sanme reference nunbers na ed to indicate ogous conponents as

i n ot her donhdurtesto gkasunﬁlp@neZhstambhEy%ZnMymbé d@tﬁn@nmnmfa&tare arcomslﬁrguot ion as
shown in FI r .one fi 1 onf or shaped

o ound | HE OGRS AT SErEvgoR obt Temele 4 Mﬁ%&b%m@y SRS ot her i1 m
112 is supgbantd al i PIANALILER aosfh?elélcg‘?aﬁf 3@8‘&1&&91%&11@@%@ 3o §s cabl e 202
(as well as cables 212 and 222 in FlI uses air ‘in the gaps 114 as
a second mewebety déscribat ween first dielectri cs 108, therefore there is no
explicit seco 116,  shown, bet est,. poi nts of

el ectr] terial clo
proximty of tﬁgﬂf}l rst elilegﬁf?ﬁuﬁesa %ISt%POW@SEE%mB?A %P? ASFOST scussi on,
the air gap. Hidanst Bl2 b&nuﬁ oG s3Ik filen T EPGRS @ Multilayer coated film as the base

(e.g., layers 308 and 310). A known and controlled thickness of deformable material 320
(e.g., a hot melt adhesive), is placed on the less deformable film base 308, 310. As the
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either and air dielectric or an alternate dielectric material, such as
material 116 seen in FIGS. |a and | b. Further, a drain/ground wire is not
shown i n wbhese/@abicer nat e arrangenents, but can be adapt @dTius20100b0sde

drai n/ground wires as discussed el sewhere herein. [0042]In FIGS. 2b and 2c,
cabl e arrangenents 212 and 222 may be of a simlar construction as those
previ ously described, but here both filnms are configured to be
substantially planar al ong the outer surfaces of the cables 212, 222. 1In
cabl e 212nsul fﬁ@cf witg 186, K88 pryassl iptoshe rfaserthe defermitde maggrial 33hdefagns hown

here, th‘%ﬁfﬁlﬁ%‘?ﬁ ir@ b %P?pie%eg%wmgg d@ﬁtﬂscoﬁ&not Q'E}ufilﬁwﬁ’l? e?énﬁag sets

104, al thoug I's cable“configuration nee e So |t|on
to this gﬁﬂeﬁﬂ@ZOg&bhelﬁﬂQ(DBcEh&bmﬁmﬂebﬁhmﬁﬁﬁb§uppDMI30$ﬁﬁyemﬁu&§%%0t

di sposed i he gap, 214 hetween con ctor. sets 1 4 r outside of the
conduct ormYetd algoeden @polyw%@ﬂn% OB RrAL Bhcisape 9 &r Y%fS%@%g’« 0udi nal

edge of tlﬁalfl&%bdl s@ﬂeldl[lg %%JI'IBIP eAl%éilRERR?rerS og%%dﬁﬁ%gnqg tifib 88! %atﬁitets @ﬁhﬁrq%s( €. g.

bonded) to assist “in providing structural sti ess
and/ or adh@stsulla@ded/m:ﬂ}ﬁ dﬁ$ npcb opdilti B @ coheolialleptie22. The supports 224

may include a nmbi nat.i on of lectr | atin an / r shielding
e e ol o Mos ot AR ot St BB e RF the aabl e
222 as degiw&4 thd BuIRKHERSBhAR #2406 1D SN MM MIAG ST tRd Editdbidors. This may
cross-section, but be configured as having alternate cross sectlonal shapes

such as dmuusaﬁul mmamkmdaﬁmhpﬁwnsmhdué@mmﬁ@sdlf@mnﬁa&pahfehlfeé,rbﬁé‘de@epar ately

and, L HRHEN 1 FROCHSA O SPLS A 00 905y SR E 4Pl S5

and/ or be laib‘éﬁzl?ébln%(ﬂouﬂdtdﬁdtsrg%apﬁﬁhﬁctal%anaylexanﬁlt ﬁﬂilldr b@lehts(:8.dgscribB@fornel t ) .
[ 0044] The cable constructions 102, 202, 212, 222 described above may
i ncl ude dh% difforengin|kinss, me+ thimeg sprsaueiion mloyﬁ%lﬁleétﬂq cangarti FopHve o si gnal

W res, dl WMol e eﬁ‘ﬁ'ﬁ %%Q‘llr‘@né%ﬂ M‘Seggﬁ@ i W 1D ngf‘ovgcll%ge { nore

addltlona I sol ate S soneti fery to as S|de and can be
used to tdoapismg andpthmforea tlanyer@bheructogthah sf the gamivercasit preSedepandling res (as

bo. i apodBaCQIstLt 5. IHET Fevf-7gd 100 copll) o, ebuish T Bt GREHUBEE e t he
films and,capeadfd birRRakal ﬁa)fﬁéonﬁﬁcteﬁsta@m@&losest line of approach between them, the
lower capacitance in this location contributes to the effective dielectric constant of the
construction.
[0053] In reference now to FIG. 4a, a graph 400 illustrates an analysis of
dielectric constants of cable constructions according to various embodiments. In FIG. 4b,
a block diagram includes geometric features of a conductor set according to an example of
the invention which will be referred to in discussing FIG. 4a. Generally, the graph 400
illustrates differing dielectric constants obtained for different cable pitch 304,
insulation/dielectric thickness 302, and cable thickness 402 (the latter which may exclude
thickness of outer shielding layer 308). This analysis assumes a 26 AWG differential pair
conductor set 104, 100 ohms impedance, and solid polyolefin used for insulator/diclectric
108 and dielectric layers 310. Points 404 and 406 are results for 8 mil thick insulation and
respective 56 and 40 mil cable thicknesses 402. Points 408 and 410 are results for 1 mil
thick insulation and respective 48 and 38 mil cable thicknesses 402. Point 412 is a result
for 4.5 mil thick insulation with a 42 mil cable thickness 402.
[0054] As seen in the graph 400, thinner insulation around wire tends to

lower the effective dielectric constant. If the insulation is very thin, a tighter pitch may
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[ 0045] The vari ations described above may utilize various conbi nations of
mat eri al s and physi cal configurations based on the desired cost, signal

i nt egri t Wwoantr/asesshani cal properties of the resulting cabrasS2@0m60623
consideration is the choice of the second dielectric material 116
positioned in the gap 114 between conductor sets 104 as seen in FIGS. la
and I b, and represented el sewhere by the gap 114 alone. This second
dielectric may be of interest in cases where the conductor sets include a
di f f er entthest tepém redygedthe d@legﬁrmsfaaube@ﬁl@egf ghealtigh Halds betweee theayings ng t Wo

i nterferipg: signgl & miR s W k]% %rié tfg'llchebrﬂos% rg?'%a#éﬁ? e Wifed

dielectric may result Ih C cons 6ss. e of an
air gap ladenalye dfovbdictcaidensany 8ot agesgnad liaés thst daﬁ\mtetfsﬂe witlomenei ght ,

and increased cable flexibility. Howeve preci si on_processjng my be
requi r ed @B%Qhéli}ﬁ AT gYhis A8 € Qtl‘éepfﬁ%tPngOBLmEtH@ 6ﬁ%nfettw§rqswal K BEW e he ai r

gaps 114 ghang @, Al@%ébt 8 sﬁ’ffﬁc%elﬂﬁ a - wire maz nbPOARIlBd B&@v%ér?ﬁ%ﬁal ey to FIG

3a, a cross section view of 'a conductor Set 104 identifies paraneters of
|nterest\ﬂﬂcmamnkbﬁmﬂh@maMnmmmgstent di el ectric constant between conductors

106. Cenerally e dielgctric constan e conduct or set 4 may be
sensitive to tlﬂﬁgﬂl el ectf}} c‘{'ﬂﬁ‘f HF | %Féﬂ%éﬂﬁé@’w GORRLaRY SHEL L TR} %(?Qsm?ﬁ%e
proxi mit %e&%%_?_@hé iBorpBRHLER bOLS oBfs Biee@ahe HitlatA%ohSRNSS ETHEEdN’I8 DY
di mensi on 300 herefore, a consistent dielectric constant may be

mai nt ai neticty theat mmumi)mglecs@mgpgdeém gt hidck Eyqetyoddm wpterihle) e endst ri c 108
and consi stent, si ze of ch ma n_air. ga illed with
Aot hors RhEl FH4ReRliaff ot ed b ehsaPY s T dlich Ao e chiS,

[0047] 1t H&meb@n@lﬁﬁy mblagoi 004 tegmwbec@eaﬁrobo@mﬁah faythahe E@Btrub@smsof bot h
t he conductor 106 and the conductive film 110, 112 in order to ensure
consi st erfles@ibsdhercimio ppvdepr P laMsngictertic) congant 2o lowier dielpstec lgssr t he

e SOt I TANKONNG PRl LB.ATE SRPMELEY 100 (0, sol w10

precisely w uni kness o tric material 108 and
ensuring the doostjct or 10PGoicstislebichefdterfising dhanrighicorddher gapatidngstdd®f The
t hi ckness_ of . t he 108 can be increased or dec eased dependi ng on the

parti cul afpara%ngﬁél;h%?&na%%wé@ ipgensisrat alope the qopduciore Omr SEVYQ?Héh ggent

conduct oreowi o906 Rakd %go @Qﬂatﬁing & tHRRfi 1O ic 9(51894?1( Eﬂael?rol()@gaﬁon dela§l ectric
constant, easier termnation and geometry control), for sone

appl i cat ivgnsh 1n¢ch§ls¢srs1£ewtaad dapdkmcfemnaltlentwah sahqusnhtlyn ﬂ@&mdapneom gdpsa

nlnlnun1t The c atl 108 al so nef|C| because
oy e 4R SR et iR e ie AB D bt ndOE oy SRS BE P o edifs por t or
t han bar Qo%ﬁs@sterﬁ@gﬁl"ep!zk@ﬁﬁl, petrﬁ@m)i@del Hl'éﬁldﬁ{gilﬁﬁjeﬂﬁ{&te Sskd@s sdngsbraldoy e nmay

al so include a construction with no insulation thickness. [0048]The

di el ect riigscIio® leay cise f or med/ coat ed over the conductors 106 using a
di fferent process/ machinery than used to assenble the cable. As a result,
during final cable assenbly, tight control over variation in the size of
the gap 114 (e.g., $BETION 2: ADDITIONAL SHIELDED ELECTRICAL CABLE
CONFIGURATIONS
[0057] In this section, additional features are shown and described that may
be applicable to the cables constructions described above. As with the previous
discussion, the inclusion of an air gap/diclectric in the figures and description is intended
to cover diclectrics made of both air and/or other materials.
[0058] In reference now to FIGS. 14a-14¢, the cross-sectional views of
these figures may represent various shielded electrical cables, or portions thereof.
Referring to FIG. 14a, shielded electrical cable 1402¢ has a single conductor set 1404c
which has two insulated conductors 1406c¢ separated by dielectric gap 114c. If desired, the

cable 1402¢ may be made to include multiple conductor sets 1404¢ spaced part across a
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cl osest point of proximty between the dielectrics 108) nay be of primary
concern to ensure nai ntaining constant dielectric constant. Dependi ng on

t he assemuDyoprisesss and apparatus used, a simlar resulPCTrsgolomctsasl by
controlling a centerline distance 304 between the conductors 106 (e.g.,
pitch). The consistency of this may depend on how tightly the outer

di anet er di nension 306 of the conductors 106 can be maintained, as well as
consi stency of dielectric thickness 302 all around (e. concentricity of

conduct orwiitheofithe pabke HQcaad exiendipg plongslengh of @é@&b@e%&h@l@c@mﬁ@ct@nsf ects
are stro t . t oxism . : G i f

i ckness 5baf artlBe BBl iy ORBR LTy My W SRRANTRRRGAIG 1)
of adj aceTiie tdirehdelt dableohfiuratibrest ElondUs tanbe used i & gdiffemyhtlabpabtiaduited duri ng
final assenbly by focusing on cantrolling the gap size 114. [ 0049] The
signal i riF@YEFHStEEIy singlysadeth v iraBgdN tof t he construction may not

onl.y depend onobdy pr ect LoRcARS! AhENUsOLRlB6latt fihosanal, gonduct or s

106 relative to each other, so in precision of placing the conductors
106 r el atdoududtor sat iflBandhplcalrie 140 igtlodes 4 covet ©Bgiddal41fi¢ hmbpihdigedangiond 2

i nclude respectiyve shieldin nd .dielectric | r.s, ,308,, 3 The, shi el di ng
| rer 505 HTRE lahe o3 Reyh B fog e GefRt ToGe B g TmR IR el T o Coof
di mensi onoddidy iR 400 tHae BBleh tHRfcohe &l £401RY IPBaRIUABR LRAS Qéson, the t hi S
exanpl e, dinmension 312 is shown being the same relative to both the top and

bot t om f idorer pr@ons1#P7c.an eowbightion, shbstynsigBy bireoundrthe panslucter satdAl4s Ino be
asymmet 1i 6. LARONEL AR PARTRMSebE: ipac YRS Rl ARG Nbs £lreL 88 Hilched 0

t hi cknessesf constants o or one s does

not have gogordi1@DeEb tdchlsadeast tidlénduftoP&@ ]I @z chal | enge in manufacturing a
cable as shown in FIG 3a may be to tightly control distance 312 (and/or

equi val ent corl80@or to 4t erfirhabadhsavaiayentlds magherdisnosed briweek ed
d . i i
conduct Orsﬁle%&lﬁ% gﬂﬁ?@g%?)gsh{e f‘e‘(f)lecckr(?c&i Q&l&?ﬂ%ﬁhﬂ& ihdihdBs bhfonat Founh“

ref erence now - C, lagrans 1l lTustrate an exanpl e of how
consi st endondwnelydd d2c similgr ougrounl @ndudostidh? dnt may ilbdudegrotad wads elur i ng

manuf actuye according to an enbodjinment of the invention. |[n this exanple a
fi l'm (whiCHPBY SRa rB‘F“‘L%_ﬂfB‘F@“i g1 JLEF gheRed DS From: ﬁ?‘_ii’?t?n4 Pcyuheiartially
shi el di ngpd @R 4iRQBoRAY iflLBIELLSHdGCbRYRINGS 1 oARIcRI Q¥ RWSL ¥ndgRGhA DEd.

[0051] To hel p ensure a consistent conductor to ground plane distance (e.g.,
di st ance ®hductesi4iirc @hGe aBrhgtdww thitltheyli@gawedlyan mplancl ayer coated fil m as

t he base (e.qg. yers 308..and 310 A kno an traolled thickness of
et or mabi o a0 530 e G e fiat SRR T T ShpR R LS Re |ess
def or mablgpdrhdidh, PRSE:wRER th3 R er RittibMe1 4070 oPRBR1MhE BIAOIM08E0BeleSs R essed
into the surface, the deformable material 320 deforns until the wire 106,

108 pr esseiiniewscpasatiord dpitetwennttho pingbedayortipns 149Pe Rhhs shistdieefibrmabl e
mat eri al l:il%g%, a?rié |tl§e?§g§(fl r?llnlfrlng s%ﬁaraé‘cr)]n ledﬁg‘tg%%\lévrgetgtfhe rsrﬁlte éiﬁ%%%ﬁ%sf’l@ﬁﬁgét%eeg 08 may

i nclude a ho placed ‘on a poly ackin wheére the
ot her of thausulated@Bndwldtsilngddides a shielding material. Alternatively, or
in addition to this, tool features can press the insulated wire 106, 108

into the fil ml9982lat a (,lgrﬁlg}olé}aeadltféma}l@yer 1410c¢ 1s shown disposed between the
pinched portions 1409¢ of the shielding films 1408c¢ in the pinched regions 1418c of the

cable 102¢ and disposed between the cover portions 1407¢ of the shielding films 1408¢
and the insulated conductors 1406¢ in the cover region 1414c of the cable 1402¢. In this
arrangement, the adhesive layer 1410c bonds the pinched portions 1409¢ of the shielding
films 1408c together in the pinched regions 1418c¢ of the cable 1402c, and also bonds the
cover portions 1407¢ of the shielding films 1408c¢ to the insulated conductors 1406¢ in the
cover region 1414c of the cable 1402c.

[0063] Shielded cable 1402d of FIG. 14b is similar to cable 1402¢ of FIG.

14a, with similar elements identified by similar reference numerals, except that in cable
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[ 0052] I n sone enbodi nents descri bed above, an air gap 114 exi sts between
the i nsul ated conductors 106, 108 at the m d-plane of the conductors. This
may be uswbubizozozsany end applications, include betweenPdirfuserenticas pair

| i nes, between ground and signal |ines (GS) and/or between victimand
aggressor signal lines. An air gap 114 between ground and signal conductors
may exhibit simlar benefits as described for the differential lines, e.g.,

t hi nner construction and | ower dielectric constant. For two wires of a
di f f er enti44Rd i aptiopdadhesivegaper11#40¢ grnog effa@r&tbétwm th vt PP 6vi des

| ess coupjeyndgy g{lgmyfﬁﬁl?fl@ aqlgttFé M6 eﬁ%gﬁ(rh[clt&% '1&’616 dﬁ% ddvef J%gls : 31]911)4‘@r ¢ ”Ot

pr esent (prOV| nmor e f feower&od I'ess CroSsta
because aff thdebh. gh thhiks ai'rdlsgeh’[bat tm(acﬂlbsmetayeemm)he)odds‘ the mﬁmhedabomansr

Copant 1 andoBs ot Pr el Bas il An foechRr buhs Binched Bemse (1 e ¢l 167 s pat
constant b hieonamsd &H’@lt #&ﬂons{ %‘Elg]ok thelsBfcalif é;ﬁ?rnﬁ 94’(58%?0 HeGnsifed @ 9raph

400 illustrates an analys dielectric constants of cable constructions
accor di ngonductersildtee iarthoddver mgson 141 4Fbzhedbbled 402dck dlagranlincludes

geonetric feat of a duct or accordin 0 an exanple o

Dvent i o v JIOGR, ' oo HaPEEREN B FiG RS b s e B E P eDnaretib! ¢ e
graph 400Q,ié bpgtkigties eQch@lrdaBH: 1ot Sietilak tn m@RPEANCEs BRhGIHISHd QEctitdlf er ent
cable pitch 304, insulation/dielectric thickness 302, and cabl e thickness

402 (the dablet|d02abf CI. 4y (abld Lfi2etinrledon esendd canduigter sshil 404 that haayw 308).

Thi s anal mes & ene i, conduct or set 100
ohms i npe a%%%‘?con RS ‘%’%e pa“ﬁe‘ib%dlﬁgeé{ Cf%lgalllﬁ%lej g GH ?81"“%&?“ "Eos and

di el ectrithe b@y@mz%l@abl%omns nﬂt@‘be@xﬁuﬂlewﬁa\&r 1ulki Eelﬂohaudt@rr se® Moke tucek
i nsul ation and respective 56 and 40 m | cable thicknesses 402, Points 408

and 410 aartfiosyeach othgr aquﬁﬁ41WﬂCHh@ﬁth@r@@meéﬁp%awt@ég}ge%@m%lezlgthaﬁd 38 mil
ble th 0 | at
wn a agfisPReERA B bort otk SR Mt eyl  Rilegiae EFL 00,

i nsul at i aabkraotangenadnt ewheeleisinkdatedwenductoes MG@GWiSvermihébmhtdthﬁ andnstant. |f
the insulation is very. t ter pitch may then tend to reduce the

i
d|eIectrﬁ%“@6ﬁ§F§ﬁU€E§EQE§@‘@ let]ﬁgg‘ﬁlgh fields between the wires. If the

insulation is phshk, NOVRYEE, 14&‘&109&&@151@%@'efeEtl?lchfc%ledﬁ@zmra% Ridq tREound
the wires and Iomers the effective dielectric constant. For tmo si gnal

| i nes t has alsansiniibir @ fogngraspedts tmrthe sineldbdelectring cable 1gApc 0KF1&n 144.fleabld ve

| S 2aut 11 crigat oty Bud s Rareh B BRR A Sy B RER ol lent 14ddies ™ Wnleh
woul d 1 esdtkdnding acr&fgta I%ﬁg%h'ﬂﬁ%e &9&51511)1{1 Qvith @Jp%@lhé ionduRes BAAg iakeed by ©

constant seen in @g 400 may be r educed by the incorporation of air gaps
bet ween tdap LilAg uT@t lecldwaﬁwmbg matth ¢o hasguatliible conduater setvdd@4gsgecd s on t he

same ordey aﬁ(t Froth &ge g%er acr ofﬁ? [ WE)(RL%? %f Qlerﬁgffr an%ue]xaetnﬁisnﬁ a{ilon belgﬁétﬁ o Yl ed a

conventloﬁ? COI’]S I'UC ron at uses a 1 oane WI es.

Foamed prdabRriyoRNsnsubitéddondif8osanoef &0 abienges dfcttivetpii alqv;adl @blewi t h t he
constructions described herein to provide an even |ower_dielectric constant
and | owerar@nggraeity ecrplpsigsulajed sondycory 244G mepyir énascrat ifwissarguiedypach other

partial I y,sQfsuldtld %onkif@BRI406f extend along a length of the cable 1402f.

[0066] Further embodiments of shielded electrical cables may include a
plurality of spaced apart conductor sets 1404, 1404e, or 1404f, or combinations thereof,
arranged generally in a single plane. Optionally, the shielded electrical cables may include
a plurality of ground conductors 1412 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 generally in a single plane.

FIG. 14e¢ illustrates an exemplary embodiment of such a shielded electrical cable.
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[ 0056] A potential benefit of using the engineered air gap 114 instead of
foamng is that foam ng can be inconsistent along the conductor 106 or

bet ween dwbf2eraéist3eaonduct ors 106 | eading to vari ati ons iPaTiUseo1dioeleeEt ri C
constant and propagati on del ay which increases skew and i npedance
variation. Wth solid insulation 108 and precise gaps 114, the effective
dielectric constant may be nore readily controlled and, in turn, leading to
consi stency in electrical perfornmance, includiqg i npedan skew,

ce
attenuation | d8867li nser tRafprrmgde Flat lde, shixidgdoplectricahomh iy ¢ msiudes DED
ELECTRI g?@hﬁ I I i di fianal features
are sho&ﬁﬁghd egggyggﬁ%ﬁﬁgkﬂﬁggL%g§g%%pﬁ§§%%gﬁ§%a?ﬁgﬂggﬁﬂé%h%bnstructions
descri bedCatlovter séks 1 404ighindlhée psieylic onssiladédemgactor) but ey bthehwise be farfedn ai r
gap/dielectric in the figures d description is jntended to cover
G ol ect r INBIHYE Wgw?weaﬂ‘fo“ai“gmge FRdrcahseliFilabss ﬁf;@%@ﬂuﬁem@ﬁl@nce now
to FICS. ctdrddhaulibs 191995p36RHANRN bhNorRistiaeS el 0GHALS: IERY sibEpses et

vari ous I el ded el ectrical bl es, or portions thereof. Referring to FIG

14a, shi elddedofshmtdadicddetrichbitée 14022c has a singl e conductor set 1404c which
has two i nsul conduct.ors 1406c, separ ated ielectri ap 1l4c. If
dosi red, the dMfU" 9020 Rh b Rt E e RO SR PR CoR e i
1404c spagresk adld 1 ACLARES art arMinSédsthat RErr&RBESe dbGP%cand texépndiqnagal ong a
| ength of the cable. Insul ated conductors 1406c are arranged generally in a

si ngl e pliadledesrrgveregions Vé&ldandmpinchedirezisal428 o hif thggpaariregionsThe4takithe axi al
cabte <oLbRUEAL B, 1 o EREM G IRE L g 06 Bl bl o1
section substantially surround each conductor set 1404, 1404c. Pinched portions 1419 of
the first and second shielding films 1408 form the pinched regions 1418 on two sides of
each conductor set 1404, 1404c.

[0069] The shielding films 1408 are disposed around ground conductors
1412. An optional adhesive layer 1410 is disposed between shielding films 1408 and
bonds the pinched portions 1419 of the shielding films 1408 to each other in the pinched
regions 1428 on both sides of each conductor set 1404, 1404c. Shielded electrical cable
1402g includes a combination of coaxial cable arrangements (conductor sets 1404g) and a
twinaxial cable arrangement (conductor set 1404) and may therefore be referred to as a
hybrid cable arrangement.

[0070] One, two, or more of the shielded electrical cables may be
terminated to a termination component such as a printed circuit board, paddle card, or the
like. Because the insulated conductors and ground conductors can be arranged generally
in a single plane, the disclosed shiclded electrical cables are well suited for mass-stripping,
1.¢., 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 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

15



[ 0059] Two shielding filnms 1408c are di sposed on opposite sides of conductor
set 1404c. The cabl e 1402c includes a cover region 1414c and pi nched

regi ons M0O2o012/3m36he cover region 1414c of the cabl e 1#02ajS2¢l0@6@h3 el di ng
films 1408c include cover portions 1407c that cover the conductor set

1404c. In transverse cross section, the cover portions 1407c, in

conbi nation, substantially surround the conductor set 1404c. In the pinched
regi ons 1418c of the cable 1402c, the shielding filnms 1408c include pinched
porti ons AgYcopAuEasinasi kfepningted to yhtiveble isdividyalgeatact gomontaal ¢pt i onal
adhesi ve . . Lsposed I i I .
ShieldedE%ﬁé%%F%%é%%ggg¥39§£gg§8?E%fﬁggh%ﬁgﬁﬁgggggg%sgﬁéé&€§%é%%%gonductors
1412c sim | ar [007dr ound IadMAECt Xr B5dlahlX cinphiry rapinanoh petecgr dshidldsdr es or
drain wires. Gound conductors 1412c are spaced apart from and extend in
subst ant ieiﬁrqtrycaﬂ bl AsHE tgier sk gtiO?WﬁM@Gé&@%%@&C@F@O&%éélf Bonduct or
set 1404¢paRd ghRUBGhiRARM %&r@ oL ma &k RRInALEARBELs 30d IRl det BRYstdps®
generally 1n a plane. [0061] As |IIustrate§ in the cross section of FIG

14a, t herdd sirippamgebkistrated se pEE it liSerl SbDalipengeidinstrdied indiér 1poy 4nidons 1407c¢ of

bi nched porE et (HSSECaM FIfe Tor-oh AR I Tt SHBRERctEe cehler a7 St ri mum
separ at i QRlay fenbial WRE hetBen hhd) 68 th8 cddléThoWAQBE/ 0P 8EMEBEY hdk8ini e ul at ed
conductors 1406c. [0062]1n FIG "14a, adhesive |layer 1410c is shown di sposed

bet ween tat@ngémenied coutuciosnets 1400d Sota (theelatier havengriiele¢tripgan 488D, i n t he

pi nched r.egigns 1418c 0 he cabl e, 102c an hSpose et ween t er
Por ¢ 1 ons T el GE8uf BB AP ISR RS TR B8 e o <
1406c i n thebEDMiRhed ©GhO BrrdfpbARNnOdf doAticEEbinentd 46P&on piintbdcBodf bangenment ,

t he adhesive | ayer 1410c bonds the pinched portions 1409c of the shielding
films 1408d4:whishpould ¢inpigatesny skaticapignarpulanaef the cadporgigps of shirdded  and
al so bon g i : C he. shielding filns 1408c to the
insulategﬁ%%% 6g?%?25@3@%%%9%g%ﬁg&é%3%?ﬁgﬁﬁﬁbn 1414c of the cable 1402c.

[ 0063] Shi el ded0ezt)| e 140AdhedtefHlGstrdtddin BIGil fa,laarent pottivl 16084 062iddinkl G
Ha, Wt e TSb8 s Smoved: Any Siable metiod thay ba used, stch s, S pe mochameal o1 xCePt

stripping or laser stripping. This step exposes an end portion of insulated conductors 1506

and ground conductors 1512. In one aspect, mass-stripping of end portion 1508a of
shielding films 1508 is possible because they form an integrally connected layer that is
separate from the insulation of insulated conductors 1506. Removing shielding films 1508
from insulated conductors 1506 allows protection against electrical shorting at these
locations and also provides independent movement of the exposed end portions of
insulated conductors 1506 and ground conductors 1512. In the step illustrated in FIG.

15b, an end portion 1506a of the insulation of insulated conductors 1506 is removed. Any
suitable method may be used, such as, e.g., mechanical stripping or laser stripping. This
step exposes an end portion of the conductor of insulated conductors 1506. In the step
illustrated in FIG. 15¢, shielded electrical cable 1502 is aligned with printed circuit board
1514 such that the end portions of the conductors of insulated conductors 1506 and the end
portions of ground conductors 1512 of shielded electrical cable 1502 are aligned with
contact elements 1516 on printed circuit board 1514. In the step illustrated in FIG. 15d,
the end portions of the conductors of insulated conductors 1506 and the end portions of
ground conductors 1512 of shielded electrical cable 1502 are terminated to contact

elements 1516 on printed circuit board 1514. Examples of suitable termination methods
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1402d the optional adhesive |ayer 1410d is not present between the cover
portions 1407c of the shielding filnms 1408c and the insul ated conductors
1406c i n wbheormsess4r egi on 1414c of the cable. In this aPcarugenssic2s he
adhesive | ayer 1410d bonds the pinched portions 1409c of the shielding
films 1408c together in the pinched regions 1418c of the cable, but does
not bond the cover portions 1407c of the shielding filns 1408c to the

i nsul ated conductors 1406c¢c in the cover region 1414c of the cable 1402d.

[ 0064] ReftB#trpagbausad inslydegoldenpg, Wldiggecrimping meehapiah/@epingrads- sect i onal
vi ew of I: J ble 1402e simlar in many respects to the
shieIded%gﬁg%ﬁﬁgggTﬁ%§g§é&ﬁggf%gof FIG 14a. Cable 1402e includes a single
conduct or set [0d1}e t hatInRamecicuges,)ths disaloed shigidiidcdables cddibEmadeainatuge by
dielectric gap 114e extending along a |.ength of the cable 1402e. Cable
1402e nmayPnee" etie 0G0 Sith o Spldf direpise bsbyesn g @t%fﬁﬁféeér%%%lﬂtts from

each ot hef,a6L 933 t@sélﬂa&tt{ingfv(ij&ﬁ? C%ﬁf%ﬁ)r 1402@ 280491088 tg?&ﬁidh%fé}h@féﬁéﬁ drength

of the cabl'e 1402e. I'nsul ated conductors 1406e are ranged effectively in
a twi st ecshpddad cehlsl themby amyeasergtat lasbtathe byeranfaxlititiotbfdoncibde. oFlss ikP6e t wi st

around each other an ten | o a. length of the cable 1402e. [0065]1n
o S e F Py B aR et eRE s og BBl it e i Fuv LacEi et o b o
simlar ijRckeeny JtesReModirh&htd, BSItS S dgh@l 86 b§ IcdharaRih&viQLs BiltipleG
1l4a. Cabl'e 1402f includes a single Cconductor set 1404f that has four

i nsul at ecropdwiercictrand p1oaid cordenters ndoaraniginghe spging affcondustarapbisend 402f
w t h opposing conductors. bein epar.at ed 114f .~ The.cabl e .1402f may
e made (oA ERMGH ol B B ASPALELER Jef A8 il ot 0Tt on ot no

across a dablt Moahaihtagh tiakp&idA&2donandoesetsemdighdindl dAgudors Mgt 1basebnd he cabl e
1402f. Insul ated conductors 1406f are arranged effectively in a _quad cable

ar r ange e PoiikEralisyshicdad) ectiirat exdusa srte maniem mas-teimingion@paliliiysthear ound
each ot h%@g&@ﬁﬁ 'e%ﬁggﬁs? BAYGE 93¢k F&éﬁé&ipggé%ﬁgg cAIoNg, Sﬂclggllggg vQkohfag cabl e

1402f. [ er enbodi nents o e ectrica may 1 ncl ude
a pl ur al iihyheoshidgaodettagad cable asidgahpsuitbicsamdhiod, suddil e g., dascil dddihg oor

conbi nati ons thereof, arranged.generally in a single plane. Optionally, the
shi el ded RPERPE] Bsieal gbPEE RERPIHANEH e lan%rltsiﬂ%ﬂ? ﬁﬂﬁ&dﬁhﬁa%ﬁ% BRELR or s

1412 Spaqg)gnﬁgéﬁ{ayfbé AN (R4 SIN-BIhIRRE LRIl AibidCsuSRAE i rRfidd on as,
the insul ated conductors of the conductor sets. In sonme configurations, the

conduct ore.setosnanabegt astdhe brmlaldteartslityar theecabte: anged generally in a single

plane. FIG 14601 ustrafes, an exefipl ary eqbogiment of sych,a shirgl dgd
variety of configurations and be made in a variety of ways. In some cases, one or more
shielding films may include a conductive layer and a non-conductive polymeric layer.
The conductive layer may include any suitable conductive material, including but not
limited to copper, silver, aluminum, gold, and alloys thereof. The non-conductive
polymeric layer may include any suitable polymeric material, including but not limited to
polyester, polyimide, polyamide-imide, polytetrafluoroethylene, polypropylene,
polyethylene, polyphenylene sulfide, polyethylene naphthalate, polycarbonate, silicone
rubber, ethylene 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 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
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WD 2012/ 030364PCT/ US2010/ 060623 [0067] Referring to FIG 14e, shiel ded

el ectrical cable 1402g includes a plurality of spaced apart conductor sets
1404, 14040 20rvsozped generally in plane. Conductor setsPCZ0#%got0/06l6azle a
single insulated conductor, but nmay otherwi se be forned simlarly to
conductor set 1404. Shielded electrical cable 1402g further includes

opti onal ground conductors 1412 di sposed between conductor sets 1404, 1404g
and at both sides or edges of shielded electrical cable 1402g. [0068]Fir st
and secorfét QPRPEICANHGT $¥IETQY SYHE hatlds gubsiasiady Bon-episiysiite thy teddigg filme cabl e
1402g an - ol v ; L on, abl e
14029 | oo AL AR B R AT R Ay Ll B Ve,
regi ons Il cafest foe ecabple, the ovretuctios durfans mh4g ¥aceahe tdirlutior sdts afidsserdnd
shielding filns 1408 in trapsverse cross section. substantially surround
each condtiesondgEeunglapics. UHASOMS;CAKNERF MU EIHE VeI agE mEK ACItRAE and

second shisg| h&g&fhﬂ&ﬁmé§@§eﬁ&5ﬁh&ﬁﬁ.Hhﬂ@%ﬁﬂmkﬁgthﬁ s LR1QBf MR Bl des of
each conductor set 1404, 1404c. [006§]The shieldin ?I|HB 1408 are di sposed
around grtbefithncoaybe voeged 4. thAnhoptandnetiveathfesisviecd eyl pthed a8l ¢ash dacsposed
bet ween shielding filns 1408 and bonds th i nched portigns 1419 of the

hi el di ng"t FOTRCA b (15 GRERY BEer TP b EEd FEOIBAECE458 o bot

si des of @aghtKeREMELS Facs @hchldfids and4QdE facShcedod8tkts REtdnl Gaburakir&, 44029

i ncl udes a conbi nation of coaxial cable arrangenments (conductor sets 1404Q)
and a t withewxinay be apewicdsuchribatteneonduetirduotiaec efeaane Shoklingifin faggs theer ef ore be

referred &R %orase%yatr)lrdl d u%%%i?es?r LAPGRTRAL 'onggc(t%izl%]s%gcie JF ofREr srfrltl)eﬁ(%ngf the
shi el ded electrical ¢ es hay’ be termnate 0 a termnation conponent

such as dilpf fabésedn@iidtSikcts 4ddiclindpaias feors dicbth&@Tsidehst thd kadle. Because t he
i nsul ated conductors and ground conductors can be arranged enetalhr in a
singl e pl ane, PABIdi scl Jasams pssh i deas) euerafithshidl dmp ddms pays|ar inglpdeed f or

Mass- Stri aos[?%ﬂagaloﬁ%&mdu&n% fﬁhﬁ%éha%]%oc%ﬁ}pﬁtaﬁﬂ;ﬁgieQﬁ)lé)Rte{a'i' Foif MR! GGG diioh mt; hg“ d

insulation fromthe 1 nsulated conductors, mass-termnation, i.e.,
si mul t anedulse shéelding diling ghagfbetshiectst bagedet semasbepbf tisden psahatsdutaricfmt or s

and ground conductors, .which allows, a_nore autonated cabl e assenbly
process. ﬂgwgenggawlacav%tsa a5 f-Catl KDALY, defiEcaPeHiEdced8sed shi el ded

el ectric aéonﬁgﬁjaﬁén of A€ sHikide Qﬁgtrﬁgp&_bféf(tsﬁﬂlséé! @%? gre@%g URY Watgner 9r ound
conductors y, for exanple, be termnated to contact conductive paths or

ot her el egreurtdsconductonsy.i Intsecheqiasasutht shihhng filnoy mex hawgl . infegrably Hermaglases, t he
stripped cons ?uc%]:)n.i I?lssgrlng'tcgéjes,c RS L%(e:i[dlollrgsﬁl%l%dmay have a thickness in the range of 0.01

mm to 0.05 mm. The shielding films desirably provide isolation, shiclding, and precise

spacing between the conductor sets, and allow for a more automated and lower cost cable

manufacturing process. In addition, the shielding films prevent a phenomenon known as

“signal suck-out” or resonance, whereby high signal attenuation occurs at a particular

frequency range. This phenomenon typically occurs in conventional shielded electrical

cables where a conductive shield is wrapped around a conductor set.

[0076] As discussed elsewhere herein, adhesive material may 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 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
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ground conductors may be term nated to any suitable individual contact

el ements of any suitable term nation device, such as, e.g., electrical

cont act s wb 2are/8b3at ri cal connector. [ 0071] I n FI GBCTAB2010H6062h
exenplary term nation process of shielded electrical cable 1502 to a
printed circuit board or other term nation conponent 1514 is shown. This
termnation process can be a nass-term nation process and includes the
steps of stripping (illustrated in FIGS. 15a-15b), aligning (illustrated in
FI G 15c)f}1man‘§ givep pHkest e ayarinrgyuselpde eycleeripally ingWayve aghenive. epdiney shi el ded

| tri . . 2 i i k th
cabl s sHignCoAn BN e BTN 4B ARREREYIE Eublbe FhRien Besle ('

e-arrangenent of nductor sets
1504, 150dgermdyproatit e isalatingbolidebeewtdn at/lgaporksdBhicldimsfilrat @d iaansdudt or s
1506, and ground conductors 1512 of shiel ded el ectrical cable 02 may be
mat ched tEONIHIO OF ARG SHA Or&il q]fél?*ﬁ edugPetingad bersepp st ﬁfl%atl Si‘il?%@‘ﬂgt
board 15 I i A WaloUWpH ] i the end
portions%ﬁgmgﬁygﬁ%gﬁH%ﬁggﬁygkg?g%g%?gmg%%gk%gféﬁg g??gﬁﬁgﬂgﬂggvggrnination.
[ 0072] | n adhesiwt leperithdyumtiude edl clentriehly carlactiaradbngvg and nory pt&08aa of
shielding filns 1508 is repoved.  Any. suitabl e nethod may, be used, such as,
o g o CRAMNURF BEEY PHBieRG M TSR TUFET BARAGmOTh P Pe P G TR end
portion gfolins HlcahR™tiCOPGHICE @K Senld 0hsoHd ATsRMInE AREATIS, dorde or AlMoPNeE
aspect, nmss-stripping of end gortlon 1508a of shielding filnms 1508 is
possi bl e theemyse convgtorpifhamn. Shittalde endycituradbesiech inelyde candaetivos separ at e

fromthe insul ati on.of..i ul d.conduct or 1506, Renovi. shi.elding filns
1508 11 orr Ry RrBekia s iR Tkl GHRAP The SottuetRIPALAR S @, L

shorti ng th¢ tylpbesepdrocad &lﬁfbﬁtl?ﬂge(ﬁklm A8 IsPNdreks Slakexd eRBNEIBBE, abdvsiRPiorof the
exposed end portions of insulated conductors 1506 and ?round conductors
G

1512. | n athes pattisle shapess tihet aepyi be splidor sdstangpllesplidgurtilarsughasearbon t he
| nsul at i ff, Qf cdHSHEBLE hiGRIIHEIA! ik Wakd cgﬁm res WP UbAERORR! hod ey
ch as, e.g mec S or 1a

be used, su 2 ani ca ripprn sef stripplng. is step
exposes anctelrcbaparpol ymerdiberd)er othndsintilar cafductiveuaati cbek. Clirskicdnnstivk506. | n

the step illystrated in FIG 15c, shielded electrical cable 1502 is aligned
with pri rﬁaétéPlff‘cgi qaefwtm%is drogp glsgtiicalliensylatine pasrialsdhal gra plaisd opeoaterbwith a

conduct or g @fcrivR i@t £ 4 GORMCLOLRmINAR, AOGL I En kR RS LiEONEnOhe@f-ound
conductors 1512 of shielded electrical cable 1502 are aligned wth contact

el enent s cbbtt6 immlaving matetiad carcbd sublseatadlyllsdldw parti¢clhesuwhep holldw gtasat ed i n

FIG 15d, the end portians gf the conduct f jnsul ated. t 1506
and. te. SRR Bbrt MBRECBP TGy ST EBHAOoR & dipt Bk S Bl BRI T 1 el "cabi e

1502 are dogfidtRapeslictd ntBbcasit the bRIFE BE Sevdl Rn9Bf RiidrBhL@ nahéhbtef sipeard 1514.
Exanpl es of suitable term nation nethods that may be used incl ude

sol der i ngnatgglslpurl, as spibepinaeptubgsc IParklla cordugtpd adhesipdmaypleginedude dondi ng,
to nane Q}f&ﬁ%gL%QF Inrﬁaﬂg‘cases, t he di scl osed shi el ded cabl es can be

made to ifc ere
[0077] When used in a given cable construction, an adhesive layer is
preferably substantially conformable in shape relative to other elements of the cable, and
conformable with regard to bending motions of the cable. In some cases, a given adhesive
layer may be substantially continuous, ¢.g., extending along substantially the entire length
and width of a given major surface of a given shielding film. In some cases, the adhesive
layer may include be substantially discontinuous. For example, the adhesive layer may be
present only in some portions along the length or width of a given shielding film. A
discontinuous adhesive layer may for example include a plurality of longitudinal adhesive
stripes that are disposed, e.g., between the pinched portions of the shielding films on both
sides of each conductor set and between the shielding films beside the ground conductors

(if any). A given adhesive material may be or include at least one of a pressure sensitive
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one or nore longitudinal slits or other splits di sposed between conductor

sets. The splits may be used to separate individual conductor sets at | east

al ong a peotnn3afest he | engt h of shi el ded cabl e, therebpCrrusc@assiegs at

| east the lateral flexibility of the cable. This may allow, for exanple,

the shielded cable to be placed nore easily into a curvilinear outer

jacket. I n other enbodinents, splits may be placed so as to separate

i ndi vidual or nultiple conduct or sets and ground conductors. To maintain

the spaciad§cdye. edativett shessiesa disameich amesesminde arable afhostvs. depadpesive

di sconti l i ntain

t he spacﬂ%%yéng%n nh?&thgﬁggg% ]gggﬁnﬁﬁggﬁhuct gﬁ%ﬂﬁgﬁkﬁﬂmgﬁno e end

portion ofroagshheal deshddceetan analor et tsslatadsohduatai antlahgshigldmgtidmel nat i on
the splits may not extend into or both _end portions of the

capabi | i e

cabl e. rﬁﬂ%mavpe a6fi5 O £ PRBBPIORT R SclEiion Qe gt fAIEREI s ng any
suitabl e ﬂ@ﬁtﬁ@% oﬁH&'&dﬁésiveecoﬂﬁ HaASLls 6 Ulbh Mk Hiel g%@% bd Ralgpd of or in
conmbi nati on wth |ongitudinal %% l1ts, other suita shapes of openi ngs may
be f or medtiippablediatn sl iogsatiwhifehaddedi@dctonsalln o&i@t e@es,saucakihasve leyg. ,

hol es, e. 0 i.ncrease at,least, .the |late of the cable
100741 Tha BTG T AE DT Yeleeh b Due fEnt Hhetic R iR have
variety qhoe@mul e &nldaetdr ARChE ShibRIAS, filhsadhMaikd Qlb¥tadfialWPMall) Br&RIEA£ASES,
one or nore shielding filnms may include a conductive |ayer and a

non- condLﬂsitVilHIégquf thivadhesiveaspafiguratien sdhefie imelateéyaendms ialnc,aml@meény

sui tabl e 1R nducth elga hl%‘l ’V\flllerlllCI dl A &Fmé‘ E]axgneldtl{loc&n%PrBCeu nlsI | ver,

al um num goy d nﬁo S thereo e fon- con Vet pot Ymeri e Tayer may

i ncl ude ayt, $1us hl@&b@fo@@kt}ﬁﬁ%fa&ﬁe ﬁﬁ)&f@ﬂhb@ a,ndltmbf@eb ﬂ&@uctustthdwlﬂtehhbm bed to
polyester E%nylnlde pol yam de-i m de, (gﬁ yt et raf | uor oet hyl ene,
E

pol ypr opyiueklang ¢fghg éltlﬁlgllr@r@mSp§prie hondsiecngths fayebe Ghapspdiangd ente
napht hal q{lﬁnd&pﬁﬁ@}{tﬁﬁn 34§ rn? kldo€ ANR ARG adﬁ%sl?\yel ‘59 | L8R A W8N
rubber, yuret'hane, acry sil1cones, natura er, epoxies, and

ynthet|ahmhmﬁebfhﬂﬁémnubmuvmérnmmJnemdnphnm&MmmhmmﬁsnhehdyEWemayrhM£lude
one or dditi s and/or fi IIers to provide properties suitable for the
|ntendede§H§P@§P¢ s thap aboh)- at | east one of the shielding filns
may include a jphgygnatingy @%ﬁ%ﬂﬂe&e@x}% il RARER BEENERIALNEd ARERHEL Ve

| ayer and the non conductlve polymeric layer. For shielding filns that have
a conductandeldcayet peifcsmas@dclmracmmowQfdhe:j&lutldvceelbetylezﬂ cable. ﬁhatxmmervm se

have one erior sur . is,electric ductive .and an
oppasi t o TapdliesBR 1G G SliboRR Lo bnfiini<E véivheb i PiaidiyS RIR Banib Ry

shi el di nGohithdidmRY, RBichIEQERSS at1esht tHatiGetNBcRibilR) SLthe GRRIR dicAbis evsfsal
different orientations as desired. In some cases, for exampl e, the

conduct i veaystlivathe shigldetlgellctinbe pk@n@iﬂ@p@reasex mtof cimvdineat @dendhekss kind
ground w r nd jve sur hose
conponent SEI ca& Sl adh\%ﬁ\erfr? }aay?fs 1%?1%% %PH)Q Qo c"fi%lt* n a?eas 1max%%ﬁaateqa 35%] agefng tﬁSI des

of the c aieheuct@ﬂ‘setsfanu REbst@ialle comfoan Tt@dlefctiﬁdiudtchc'i&btst mtsrm@pﬁﬂtmd the surfaces
face each other and each face the_ conductor sets and ground wires, or they
may be orNeshewgalsiensthisnd chahls formicorudinEyshans efabiclding Slmewdhesst her and
each fac d such
That the TEonauaET SR S Re BSACHH IhERy ol Ao N N St e
and groundd thd cabk,. Intadtieioh hthismoay loddm dumbintegn ﬂmrﬁoaman(aﬁd sheeintdfehe shi el di ng

filn1faces uctor sets and ground.w res fromthe qgth s|de he
cable. st atﬁg FIRTSTGHEVE iR Hlafdl%é s e e Lol Qb phie dg? e may
be or i nglueenf %s%ﬁ% ﬂlo?@&m@&ﬁ%&ﬁieﬁé(&e fahli Rip i Gighsl 1ﬁtegﬁf§mﬂtﬁ§§hl&ﬂed

fl exi ble netal ? . The construction of the shielding may be

sel ect ed dshksed on a nunber of deslgn par anet ers sU|tabIe for the intended
appl i cation, |caI

configurationﬁgﬁﬁyhe shﬁgﬂgg gﬁ?‘@lﬁ% P“gggﬁéstﬁg 39@ .ggpal'}%%%nce and

| ocat i on @pletelyemRIANEEH Q@nShe sHiBldSRMENGEAS 8%as bdtecshi@Idditagsdtd, Iergs ifmy have
an integrally formed construction. In sone cases, the shleldlng Il ns may

have a t Hiiedésegions affiec Wﬂfge%ﬁ regulo thershielding, foms may dmn@hlmoatanbeaﬁhl s
desi rabl y, o1 QY 'th%‘§e %r%% Whlc nay 7 Hefladl 9 e%{}i’c gléﬁ%dr%%@eoo%‘%h@&b?eetl‘ﬁ%ﬁ&et he
conduct or set’s, a nore au ower ¢ost ‘cab

manuf act uri ng process In addltlon thgoshleldlng films prevent a
phenonenon known as "signal suck-out" or resonance, whereby high signal
attenuation occurs at a particular frequency range. This phenonenon
typically occurs in conventional shielded electrical cables where a
conductive shield is wapped around a conductor set. [0076] As di scussed
elsemhere hereln adhe5|ve naterlal may be used |n the cabl e constructlon
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film A given adhesive |layer may include an electrically insulative

adhesi ve, and may provide an insulative bond between two shielding fil ns.
Fur t her nowe,20e/i3036en adhesi ve | ayer may provi de an i nsulparivseoloonm2bet ween
at | east one of shielding filnms and insul ated conductors of one, sone, or
all of the conductor sets, and between at |east one of shielding filnms and
one, sone, or all of the ground conductors (if any). Alternatively, a given
adhesive layer may include an electrically conductive adhesive, and may
provi de Fasdntuedhicvize bysamee corferm towffeghivelydicmgrtiallyps completderaerved a gi ven
adhesi ve V] - [ t I ng, .of
shieldin&k?%%ﬁg'an (%%é#ﬁgﬁﬁggggg%%%%%g%E@%&“@?éﬁﬁﬁﬂggﬁdégggé%ﬂ%| any) .

Sui t abl e grondiuwhdvaoBdadigsilvescdllydoutiet 4dedticnd ofshjpldihg filesinttbegpragsasde t he
flow of electrical current. The conductive particles can be any of the
types of ‘PAFt mayéacrease fherleqricis erforsrine aisths splife§ven ngess, Whasgs thig ypes,
aor pROUSyflor GIREHRANAInE bavSBRRAS:s: BRCY IRVIgIE Hal il £LivsHRRhARL al |y
solid particles such as carbon bl ack, carbon fibers, nicKel Spheres, nickel
coat ed coppéuctephgreatss orethalgrandtcotdwrirdesy, ek tireughahethipadhesive lfyicher s, or

other simlar. conductiye particles. These conductive particles can be nade
from el g?f’re? 8@?%%?'0%"(%8?7&% afrH’tt@}dieg'l s that are plated or coated with a

conductive matgog@! suchnasGsileserec Aé HEkNRiond] G1ells of Pircé BeinkpThrtyl - OXi de.
The metal -coated insulating nmaterial can be substantlallg hol I'ow particles

such as Hbidldnd odgctrsenl sainess whichgHusiepie complissd theoplaebnmat ef grabed such as gl ass

beads or ekl @t #85nicllg FORMUELIYS, PO LheLes o TR B8 LR IP.BIET ©f
several tens Of "m crons t0 nanofreter "si zed nmaterial’s such as carbon
nanot ubesrofatigkabldthgCaniliigHi¢ 1Y Landdbers proaadiiB Yabs focoRPlivee i aGRAMKEST Ve
polynmeric matrix. [0077] Wien used in a given cable construction,

an
adhesi ve Wajeln pangfaspe ABYS Souk condpepr ancdestiarabiyisratastnt dqsipncraditha i ve to

ot her el . I 1 r I tions
of the" caning Bl UEn iR sfoundiy GORNERTRINE Bhdllidr S8R ol RRAHABAEY |
cont i nuoim @.fgms. &xtleadrougd abwhgtos ulst At beadefeyretihe aent'dmm wWweeigt h and w dt h

of a given majqr surface of a given shieldijng film |n sonme cases, the
adhesi ve ¥ agi@?ﬁﬁaw?trh?r\ﬁ?f@ s Bed e andthe a#oge%ﬁ?q%mg}aym exanpl e, the

adhesi ve dnayefe By, P& rdsRREMowDEYediHaRQTE  PRIDC RRAR1ALOBMIcEd Rat 8MGAMS,OT
wi dth of a given shielding film A discontrnuous adhesive |ayer may for
exanpl e iardé¢ssdena gliny, at bt substantidho ohrds. nll soadtresdsye goen igpewd tchaductre
di sposed, e.g.,,between th i nched rtioons of the shielding fi.l on both
ai dosof RIS TE LoLaT B DEvaaamey HE el R HEr O Pekini he
ground coRplGbAituctibh RN inddeBddel tadiRgby ® dMBtsalthib ifdyidRg cBhtaétnCl ude at

| east one of a pressure sensitive "adhesive, a hot nelt adhesive, a

t her nos eteleraens oF gy, suafabllederaninatisinecomhoasityaich Ap cagiheeinductiveyiath omgthere

confi gured rovi.d hond .bet no shielding fil hat &s.,substantially
ctronger CRR QBT EEERe BIL AR B RO ghRk, SRrShERbAL

shi el di ngohdhdid. mdhiiso bayeflecdaohk avieebune wdre”. Iy FEROIcapin &letphal elgitided of

t he adhesi ve formul ation. An advantage of this adhesive configurationis to
al | ow t hecleghiiey gatreyistillpsigatadgn pehichegrgimd canduptopaase positignpditerpal dQuthst i on of

i nsul ate S 0 e [ i gur ed
o pr ovi db e A IS NP iy R S R RB R s kPl (R IE 081 0TS

i nsul at edcoadindars oy paaittbntdhbetskece thai shplding fikmg, had maydesndisdanhitiad | y equal |y

strong. An advantage of this adhesive configuration is that the. jnsulated
conduct orONAWEOTHE HARREF Bk Ead %dgﬁp@ﬁmyg@e 1?1?%4&1.1 afp e tallegpsitioged

el ectri caly&ali&HiakiMbng Rirss, GeRARIch Ul dhlding ARG Lor aldBbipkibRWELo@!r |1ttle

rel ative novenent and therefore reduces the likelihood of buckling of the
shi el di ng fil rf80813ui t ablRefromg te FHengahs smeldebecahodanblod$62k mrludhea

i ntended application. | o) cases, . a cqonfor |l e ad ive.l ayer be
Loed s rarsTRAE SOt B RO SRS e ddoua BT CaRE PR oy T
enbodi mented4a hixewaddhasatye® corieforBs06ai & Nbriekasst ifduldt@s SorldnaBrsadfat&d 05 nm
[ 0078] A i;ven adhesive | ayer may conformto achi eve desired nechani cal and

el ectri caly Peleetor saméedt Hagtde 1 €2agndyche mpda tdiags malltidel caldaetor el 6Qdabl e.
For examl t esl . r thi r twee e
i et af ngrRot RSl P UEENEXIGE R B TR R bR RoPE DY e
the lateral flexibility of the shieldedjcable. This may allow the shiel ded
cable to be placed nore easily into a curvilinear outer jacket. In sone
cases, an adhesive layer may conformto be thicker in areas i mediately

adj acent the conductor sets and substantially conformto the conductor

sets. This may increase the nechanical strength and enable formng a
curvilinear shape of shielding filns in these areas, which may increase the
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cases, an adhesive layer may conformto effectively be partially or
conpletely renoved between at | east one of the shielding filnms and the
ground cowmowret20m38364As a result, the ground conductors nrgTAISeeNs@aS | y
contact at | east one of shielding filnms in these areas, which nmay increase
the electrical performance of the cable. Even in cases where a thin |ayer
of adhesive renmains between at | east one of shielding filnms and a given
ground conductor, asperities on the ground conductor may break through the
t hi n adheB¢ ¢ale. alwe shiglding flms K98e dispescd ealoppeitesides g€ therpplsdedudq 0080] I n
FI GS. 163 e Cf, i LEWS;: i el ded
electricgp%ggﬁ g%?]&ﬁ?%hﬁﬁﬁ%ﬁ§$§%?é&3%§ﬁgig%n%ggﬁﬁ%ﬁg@%%%%%%? of ground
conduct orenibindtioa, sibstehtitely satreciid ¢@auctoakdt 8604AM msasial afhesive hiyet ded

el ectrical cable is proper groundi ng of the shield, and such groundi ng can
be acconphﬁlﬁ%*dhms O IoR DBf eSO 60 g shislding %Welﬁoé%é‘ﬂ gonds
conduct OfshEAlin@ liffl 16681 YachQh AT Rih LB S BRGuc: Lhesealll sl f1 ! ms such
t hat groundi ng”the given ground conductor also grounds the shielding film
or fil ns.coBdwdttora 100 amecrmogaigmnorallyray a aingle eneraafleficetiva pinastvandxdalai n
wire". Ele ricgl contact between.the ﬁhie@gﬂng:filn1and Ehe ﬁrqug.
conduct or°@R&yFOBESYRLILTREean e ISEd ing Finglg epded oy irrpes gt et g fiisrentia - 5
DC resi stancrchft alr8SsentdR@NTAO IR c18dtrit2 2ablt N80 2ruath8BinclRlesXd plurality
substantially O ohns. In sonme cases, a given ground conductors may not

el ect ri calfiggoundrronducterhd 6 bhpesitdoned ckickns fo Hueldimgyilise 16084 faioundiual el enent
n the caplg canskidction-hRal, | sidndanendantiy. enminated 1@ any suitabl e
i ndi vi dual’ contact ef'edent o any Suitabl et erm hation corrfponent, such as,
e.g., a mgptdman'y,\fcﬁe Pl 1 602a6hdIedes PRt @ble fRINGMBD0 si@fouddigithé stdeldinzdiins
board, paddl e board, or other device. Such alground conductor may al so be

rfaf erred o§8agndigrogpdenndugiorelt]2| Rrateetiverfdms 1830 elisiagtestycdpyrsd 021 d
cxternal T8 P Rdrahab R T PrRlne Pt ES ST ST AT RIRRE o, o

i 11 ustratgdurndcontiuctbrstlioe2 gkloarngtivebn duietdargsfilatsel G085 atd groand batduewns 161€

shielding films, an y be incluyded ip. the conductor set.. e.or nore

ground coR¥UR %’F@uﬁg%i{m ealb‘P%{%fecd’nHW“é{Wﬂ’é’H’] ts‘éogll %> p8s PEPHHICEYE pnd gt he

shi el di ngytdilifRyatRENREMNNbNG S €l ding films, or a conbination of both.
to"'FI G

[ 0081] Referring 16a, a shielded electrical cable 1602a includes a
si ngl e conduct[098Het 160udctringtto EX elfbisa shioldgd elcttengltdablef160Rk inchllcea 1602a.

Conduct or . set 1604a h i nsul ag d 6061 €. , ir of
noul at e i aEEPs < dpiF u R aluEadih Shin e Baey hantaEea may be
made to hawah R diodhsul S0 doitdulors B0H, L60GR MASRRsdRaT tordueteaghrather

across a width of the cable and extending along a | ength of the cable. Two
shi el di ngpyfdiclaeiric gaBa6H). spade HoWGh nppesinade i hgae myttinlp eonshisios s¢thddQUthe cover
portions 1607a. | ransgver I 0SS.. 1QN...t.h OVEY. ions, 1607a, in
onoi nat 1B oanak el AR e BEORT AEEhIE a3y SRR Akl BT bl oF

adhesi ve thaysic. 16d:03hicklith Spaskedsbatvdisidvsed ac bEsbsPpesidePshd 64al it he
shielding filnms 1608a, and bonds shielding films 1608a to each ot her on

bot h si deddncledsrpyes partigres 1608b4 i transyensa £508s sasHadhosey et pogions E6Qbr Bnged
general ly. i R:a.si : i hA, & Worre
configuré??gwﬂ?%ggg%gﬁﬂ%ggﬁgggg?ﬁ&gﬁgyﬁg%%Mg% édA%p?CU|%ggP%ggé Yent or a
di f f er entli6dDb padisposed bativterapinainglgroetdns 1502b shihelshiettied flots 160&b aadbbeds1602a

furth i I I [ it f duct 1612 it d t |
o shi el dheahAA e B8 s halldioa RoBh e L EaoCar oo BB OB Grclar
and on_bofgosidiffundtd GOSN Hhlc HARAMI GRIHONRN ¥ vinlitiafalift 8042

i ncl udes protective fi 620 surrounding the shielding filnms 1608a and

ground cqndueablerasrapgdaent PRbichtet iclestrdal eablcl BRAD ifmthandecladeprgptweliiyvd | ayer

1621 and an hesi ve | r 1622 hondin tectiv y 16 to shielding
s 160aaangrendBS he et B Rl fhs Bl Sl T Qe BGRT ) e
1608a and:ogieuerd 16 0NEidGhATGedLif EéndRYorkEt F0UHONAARE JPYhAdto@it &ndG&BEUCt | ve
shield, such as, e.g., a conductive braid, and an outer insul ative jacket
(not show$)2 afopecydrwperfrann gondycror &t 1084b. a shi el ded el ectrical cable 1602b
i ncludes a single conductor set 1604b that extends along a |length of cable
1602b. Conductor set 1604b has two insul ated conductors 1606, i.e., one
pair of insulated conductors, separatedrby dielectric gap 1630. Cable 1602b
may be made to have nultiple conductor sets 1604b spaced apart from each

ot her across a wdth of the cable and extending along the | ength of the
cable. Two shielding filnms 1608b are di sposed on opposite sides of the
cabl e 1602b and include cover portions 1607b. In transverse cross section,

t he cover portions 1607b, in conbination, substantially surround conductor
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WO 2012/ 030364PCT/ US2010/ 060623 [ 0083] Referring to FIG 16c, a shiel ded
el ectrical cable 1602c includes a single conductor set 1604c that extends
al ong a Iwogbte/sb3eaabl e 1602c. Conductor set 1604c has ®Pao/USPEINI0aIREH
conductors 1606, i.e., one pair of insulated conductors, separated by
dielectric gap 1630. Cable 1602c nmay be nmade to have nultiple conductor
sets 1604c spaced apart from each other across a wwdth of the cable and
extending along the length of the cable. Two shielding filns 1608c are

di sposed on ofdP88ilt e si diaferingtpEIG kces sBoided alaefricHcablgd 60 @eludey ¢ i ons
1607c r

conblnatE%#ﬂ@&ﬁﬁgggﬁgﬁéﬁﬁés@%ﬁ%%%ﬁg Egag%Y ugfgﬂﬁig?EEGg%Z&uxgqutlona
adhesi ve leg¢ehaslitbldasulscd capasok t(ﬁl6y\eceno1m pabhefdngudatéd o:nﬁiudxfsfkiasepefatetdﬁe
shieldin | ms 1608 nd shielding films 1608c to each oth on both
si des of gqyocixeiaeflergaei@jﬁééaﬁ 9 QR et RS & e o ponslig on st A

general | y, w%d%/%h%%h?aﬁh%ﬂ%r%&%dﬁi&%ﬁEbYﬁkabEaﬁd%%kﬂ&ﬁgﬁbngmxﬂbﬁtﬁb?nt'a
pair cab 8 arrgngenent. Shi el ded el ectrical cable 1602c further cludes a
pluralit yhc)f:abgfr oliwd shie}rdmg:fﬁlmssl 61)8Q2repbalo's¢cbmmobpmettmées crﬂthtetaiﬂmlﬁ@nl e
1608c. 40 IH% roun ctﬁ{s 1612 are included in t%e pg)ctor set
1604c. T\/Ek‘j1 ofct 003 LanpEqse §o3s $55HeH- et EbPYTet ot 78686 ar e
arranged &,ﬁﬂﬁﬁaebhysulbgtaﬁhailyrwheum MBQonductor sel HH34] AR pbsa |a@§@éijvesllé'j'&| ded
cables can, if desired, bé connected to a circuit board or other

terni nat i 1&10@ @rﬁymﬂt bqﬁw@igpled@dmortmé 6e9xefthe elal:lldylgcf&iﬁddé@wenctlxmde
clips. e? 1ngP1 dns (?()SSC I eI (%he%lo% E?I:d‘ll sclges o(:[acpnc?uctor%e£ P(ﬁ)l4 ?ns lart)edur ality of

spaced aﬁh} or “sety arrange eneralTy 1h a S|ng 'ane, and each
conduct orcog@tlicto@y 60@@ﬂela(ﬂ@n%éﬁ)%dn6§1ubaﬁ @@m@&l’ldalfetdhﬁsefﬂeb@\telﬁﬁi eeﬁdn@hmg a
| ength of the cable. Two s

ding filnms may di sposed on_opposite sides
of the cabffercaid pajrgable aHanegncat.c @e@e@e@ﬁ%‘ﬁl cablmsﬁ%aﬁfurmer {pckiges sund each

of the CWE%YO&@(?%%C ﬁ‘d&@gj 369[ g&l{'@ﬁéd%t ébﬁ%ﬂ%ﬂh fithEJ0M &1 BF frRched to

an end por ctrical suc at at 1east one of
shi el di ngrd)mﬂdrm)ndhcaoﬁsrlmahfe;andodﬁdamtthe tdreluctabbe 1604@. T\iFdnef thalgk@mdl ip my be
configured for te JO roun ef erence,, such

r n} na a gl
conduct i venfiyciers 1612 grdyigsu e‘e cqpquciqrs areﬁﬂan%?ﬂ.aﬁfleaﬂx i & 8ing ew&%@d to
establish a grigygy conneﬁ{e'cgg&l&eamefaeéem&sdeq ff'deﬁ%erd' S@éoﬁeaket@@d the

ground reference The cable clip may be termnated to the ground reference
usi ng anwm;ult bepider wtch saiminatioh udmp@@louss:leg pmyor metedilevgicatly icopdusgye

hani cal d, adhes t
Cer m nat ad it RECc B BpIe S A b el S Rmid WATG 4 Dot B DB Re ons of
t he condugphRlkdndictdrletsianantAtRGRPALE AES pPinct iR &lbh ebsiRdiRk&Ghsy cal cable
to contact elenents of a term nation point, such as, e.g., contact elenents

on pri nt daclode s msyatad aondmeremaéw@ui dpeg ]rqng‘éq of ¢hab ﬁnaIiW(D pliFldeng one or
more  graynd rﬁayrbd Ugit s%d &?o;?po%ﬁ 19& ﬁﬁé Sat{fe L svgrsgg 08 %% by, cont act
the cable ¢ im adorts on or> th

0 of Pead e shi el di ng
films. [ Q@Bﬁhﬂtmlﬁsﬁomﬁiaea&}n of&peeﬁﬁdiwdr Bt hso&&)l@éhmky B@ clampbd et ded
el ectrical cable are illustrated. cifically, these figures illustrate an
exenpl ar wtlﬁet’vhsedtttw eﬁféﬂ%@n%ﬁ@ﬁp’épﬁ%@ saeéisffirenlq,cmcab@?&leeschélﬂatﬁh aﬂﬁame

f eat ures hl%gﬁrllfﬁln%r @%&éﬁ%&?%/yc ﬁﬂg he &dbid agansfﬁ%%abfebc:lj@trﬁréﬂgedcg%ﬁgﬂe

i nsul at ed conductors or using any suita
e.g., extfousimimation teed goon@mfwmm proth\a'sdneg., a bosluk it etaccan duet omsta&OG nay be

formed of any suitable |.en Insul conductors .506 ma e
provi ded ﬁ‘éen%wﬁeﬁ a&ﬂn&ﬁcntcagi?oerésforeé i ggwun%%waﬂ%hﬁwe Ib%hgglg%g (see

FIG SC) dimyrile o4 IRAMARFL AU R cARde | ThlcadidRihaf 88 r@hated to the ground
reference using any suitable method, including soldering, welding, crimping, mechanical
clamping, and adhesively bonding, to name a few. When terminated, the cable clip may
facilitate termination of end portions of the conductors of the insulated conductors of the
shielded electrical cable to contact elements of a termination point, such as, e.g., contact

elements on printed circuit board. The shielded electrical cable may include one or more

23



[0086]In the step illustrated in FIG 5b, shielding filns 508 are fornmed. A
single layer or multilayer web nmay be forned using any suitable nethod,
such as, wWO@012/0303%i nuous W de web processing. Shi el di ngCfriuses10560B23ay be
formed of any suitable length. Shielding filnms 508 may then be provided as
such or cut to a desired length and/or width. Shielding filnms 508 may be
pre-fornmed to have transverse partial folds to increase flexibility in the
| ongi tudi nal direction. One or both of the shielding filnms may include a
conf or matreunsieaductars|agdescrigadhergp; that may clparicdbyrrontashthe gablg ﬁﬁ@ i ng films
508 usin [ 8.9 am nating or sputtering.

[ 0087] I n%tdﬁg%gﬁglg} ﬁweg%tgf%tpg t?%éj(ﬁjl}&@ (e:ljam% f%)l Ur al | ty of insulated

conduct ors 5040088jound damiGSt $u-5c, 2idmplandmsthoéd ofi makihg b 8Bichidd ckteical

provi ded. forming togl 524 is proyided, Form ng tool 524 includes a pair
of form rfgokecrs useisd S@Q@E??Cﬂé}viﬂﬁ@e §g§%5318%tﬁra@§fsﬁﬁaliaﬁgmﬁ%w ofEeKngd

Cr 0SS~ SChidNAl o SHARL clfc IAFmb R N1RGhAIoFLARE, SLEGhIIY CRby EaRl o (iepi ch may
i ncl ude provisions for formng dielectric/gap 530) , he‘?orm ng tool also
i ncl udi ngllasthitddenF28. 54, mssul attdeabnduridsG06 rase HOBed gsiogimdy ootablechehed, 512, and

shielding filnms 508 ar.e arranged accordi.n ot configuration,of the
Gost T on SHEb PR daniuon 2 f BRSSP RS b2whEE SRS BV BEecr | ped
herein, aBEn@PSH dnlyQOREb1E Ibngﬂl](é))ihmlété’d thduetom 1% rﬁ%}t {h$n B BroviRAGR sudf drer

which they are concurrently fed into bite 528 of Tormn ol I's 526a, 526b

!
and di sposeth héasiwed leniztr: rimeyng erdacopeal2 (BEBIG. Thrmap berdarget eod paadedor ms
shi el di nqnf is%nqﬁ go%iéinr ound conductor sets 504, 504a (the latter having

di el ectri c/agap 8 63 and ground conductor 512 and bonds shielding filnms 508

to each other [0@8d)ot h sildeise 9ép BREHat6ORMORIC. 66, hedldinl4ilandogneUbthapmluct or s
512. Heat may be applied to facilitate bonding. Alt ouglg inthis
enbodi merfingl¢ By orgnwhiaypayvelymey badorspd usinguny seiahderedod, sishas.50, and

ground c I i i j § on both
i dos.of SHEAE v 2n B Tt pGl a3 b D el SR SR " PRl e
oper at i origngth. Shikklingefiioodi 08eniysthe he pvidcdps sudyoranctora dasirse pageht aad/or
operations. [0Q88]]n subsequent fabrication operations, longitudinal splits
may i f qe‘glitheoSqBﬁ_‘sldlﬁlgr 5§§%&_ﬁ W%@%H&%B?‘@r“@é‘(??e ST Teh 12 TR be
formed i rﬂéxﬂﬁlit?hh%quggiﬁﬁi%ﬁ dHSLRE. TR BoiAR Be FBLIDAY. 18N HhyAReluge §- -

| aser cutting or punching. In another optional fabrication operation, the
shi el ded whérmablealdhesats leyaredy 0behich ity d el fermgdhan the shikbimy filnes ¥8need
regions multi aut er conductive shield may be

l.e ti i bundl. e, . d
provi ded a&?’&ﬁﬁ@% ﬂ%m?)ﬁi %lg %B??n%ﬁgm&%tlﬂggéﬁ@a}g?ﬂflgabl e method. An outer

jacket may al 5908 proviidest asPURGAtBEinOrRIGE S c CONdrEty ¥BinSAEH GotdRicidgs any
sui tabl e nethod, such as, e.g., extrusion. In other ‘enbodi nents, the outer

conduct i Vé6sgioendicongyctoss D, ankshieldmetiies §08 erc pravided. Adgrmbag pradvedied by
itsel f arQun f ol i.el.ded cabl e. . [ IL.n,Fl.GS. - 6¢C,
actai | s drned D el sPHRO A0S il temingp e el HRV R o B
el ect ri cajorregfondingltd aplasitddcibRrsectidi@b shape gfithe Finidhkd shickite clomican@by nor e
adhesi ve | ayers nay be confornably shaé),ed duri n% t he form ng and bondi ng of
t he shi el (@/ihﬁ.‘él may wglude provisions for forming dielectric/gap 530) , the forming tool also

including a bite 528. Insulated conductors 506, ground conductors 512, and shielding

films 508 are arranged according to the configuration of the desired shielded cable, such as

any of the cables shown and/or described herein, and positioned in proximity to forming

rolls 526a, 526b, after which they are concurrently fed into bite 528 of forming rolls 526a,

526b and disposed between forming rolls 526a, 526b. The forming tool 524 forms

shielding films 508 around conductor sets 504, 504a (the latter having dielectric/gap 530)

and ground conductor 512 and bonds shielding films 508 to each other on both sides of

cach conductor set 504 and ground conductors 512. Heat may be applied to facilitate

bonding. Although in this embodiment, forming shielding films 508 around conductor
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[0090]In the step illustrated in FIG 6a, an insulated conductor 606, a
ground conduct or 612 spaced apart fromthe insul ated conductor 606, and two
shi el di ngwDi2b1e#36838 are provi ded. Shielding filns 608 each/uspelOcEs2in

conf ormabl e adhesive | ayer 610. In the steps illustrated in FIGS. 6b-6c,
shielding filns 608 are forned around insul ated conductor 606 and ground
conductor 612 and bonded to each other. Initially, as illustrated in FIG

6b, the adhesive layers 610 still have thelr original thickness. As
form ng 2t 4sad gved cerdustatidlg apd pardisgsh U@éﬁt@ 508 fie cagditnsagra b|0ébyer s

610 f |
O 3 RS BT b0 o LR
[ 0091] As dthdreatbodinethtd, thest GepHmiay ackue i sepatagy@yesathhd. conform to be thi nner

bet ween shielding filnms 608 on botqasldes of lns Iatedléfgguctor. 06 and
ground conduct/808812; a IBsHbsCARCISfabAAYR QRTINS QNG YN SHITHERY away from
these ar e(f%§1red:l5’é' Fo%éd bé’c@z‘%ﬁ?{h\é oh&)/c%rsse@l@u&?ml% Mal Be Bl KR shidla@r eas

i mredi at el y adj acent 1 nsul at conductor 606 ‘and gfound conductor 612, and
substantuabhywmgnmgmumMMEnmﬁ@ﬂaneuaeanﬂdaummmmﬁgoapdm@muuddaodmductor 612;

a portion of esive |layers 610, di t hese e ur.t her,
Sahesi ve wlyef TG Tet T PSR Dot JETgea) S e BV B8 ‘BUrABBRTR of di ng
films 60&1&{@%@@9@9@& gﬂﬂ@ﬁmﬁpléﬂi&es 16 addhas] #R andiRirTofdRRtide sakace away
fromthese areas such round conductor 612 electrically contacts

shi el di ngndy baproguigd around the[fbbw]bundlsmesg alty switedlenbpethdét Ainjositeggacksthown
pertainin i.nch n d r|n acture of npl.aky

b1 e ded Bt EbPAE kTR AR TR R S G R aBHER RS |

made usi ng, & wWoesRis&indiln@tiek lelmiso&'lﬁ&n@ndlelonﬁdrueﬁﬁloﬁv@smabe@hyr&gdrmﬂe& a8d ( see
FIG 7b) wher ei n shielding filnms 708 may be substantlallé parall el .

Shi el di ngh¢ prtesiagkeg m%zrdqelm@wde%shtt%frﬁm@td 1he folded vhaelded ¢alear 708b, a
conducti ve Iaﬁgg&ﬂ08a dqﬁgqégd Ogsﬁgﬁ/ggﬁﬂﬂﬁﬁe%ﬁl b&g&&bgg§§% d%98b and

a stop | ayer di spose con uctlve ayer con ornable
adhesi ve rhayieg a §Hi6lded cidtsipalsatconn phoipulas yiesse T@Bﬁbs 1llﬁlsnatm&1d>w @ga @moaott 8

i ncl udes | ongi t udi nal ground congduct.o sposed |eId|ng

Films 708 dhaFYCRYERaTSHhear] q%laa‘?wﬁ%p rlﬁ&%&%ﬂflw@é‘pﬁg PBERICt he gr ound
conduct orgidi i gf:pund conductor 712 nmakes indirect electrical contact with
t he conductlve | ayers 708a of shielding filnms 708. This indirect electrical
contact is endb0¥y by alnmmiﬁq}ﬂbuﬂae®awﬁmi6mﬂmhanMdmc®uh@K*éQ@m/708a and

ground conduct or .7 rovid .a 0 cases the stop
oo 7oaHow, e P e s Bt o RidhghEe e TR Es Sagihonn T
the figurfss 6BB aRXHBYABY. PRISRISHY BlInfsSBR abiGinciAlk alcdnfde@blt AdRspgIa@nduct i ve
| ayers 708a together and force the adhesive |layers 710 to conform around

t he grourfdOcdn s ithuspra(er LGF1Gh ) 6b-®e sligkling ﬂi}l@lss&()@@rﬁt foyeed 7080d does not
conf orm gf, | 88pLoGEE b0 SATE, PLASKSSL RS> SRNGILLERS LR epents, dl rect

electric con roun con condu ayer

708a of tilestskddeih HIQQY6H, itﬂle"rﬁdhzﬁse ldyuits 6cA0RtiRKase lhlﬁilohgﬁial glickatss. al theont act .
The t hi ckness and dielectric prgpertles of stop |l ayer 708d may be sel ected
t o achi evierminggud pandjeg ofxhieldwr dilas 688 procgeds, @P@éb@si\@alﬁyeé@ﬁ%%qn M ten

i et KRS alihs AR ATACARAL Feat NECENAIACH B RHLG CE mRRER DGR

bet ween the groun con uctor an m may be [ess t
ohms, or diesscal barle 80D(HIE, 66)or exanpl e, but greater than 0 ohnms, to achieve

t he desired | ct electrical co ct. I.n sone ca , 1f 1s de irable to
ke i recr elIHF car conibeteebRbEnGg a&F?/SéYF 1@}/%%53 oA fobe ichne. or
two shi elyldGnfshldiEn ﬂﬂﬁ@@Mﬂ&ﬂh&ﬂ%uﬁ%%fﬁéﬂé&é@&ﬂhﬁﬁk%@éBné%ﬁﬁn@rOund
conductor and such S%Ie l'ding film(s) may be substantially ohnms. [0093]In
exenpl ar yoediael MEnt portiohef advaiverlagronk) dsplades ashy dlodedicse arcas. Further,
adhesive layers 610 conform to be thicker in areas immediately adjacent insulated
conductor 606 and ground conductor 612, and substantially conform to insulated

conductor 606 and ground conductor 612; a portion of adhesive layers 610 displaces into

these arcas. Further, adhesive layers 610 conform to effectively be removed between
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el ectrical cable include concentric regions and transition regions
positioned on one or both sides of a given conductor set. Portions of a
gi ven shiwbanreg3biskm i n t he concentric regi ons are ref ePCedSL@0A60623
concentric portions of the shielding film and portions of the shielding
filmin the transition regions are referred to as transition portions of
the shielding film The transition regions can be configured to provide
hi gh nanufacturablllt% and strain and stress relief of the shielded
i

el ect ri cahicddipg Elmye0ind gipwryl eandutprpisy: theoilhedys ngrs &0 displass ey i al |y
const ant f?&gftﬁegyal%aé h(tl'la{?%lrck{ﬁlpegn $1%613 e%ééfrh:aﬁ? oo?&§ ﬁlgél'gﬁf‘geﬁnggga%

content, an radlus cur ong the Teng
el ectrical caljp@92taey hellp FIGS. Bhiml e dctelleat rsh@&lh pe@dihiag t@a baxked region
requency

substantially uniformelectrical properties, s, .e.0., high
i sol at i orflUringReIRAREaCtuTeal AN CHEBPIRTY 1@6695616%@ ééﬁ?oﬁhleﬁjﬁétﬁpe&g“r%[ersi on,
eye openifgic mqsae'ftlt;eﬁ &%%éhﬁreg't&b%@ﬂ b filkdd R bl e ad; ﬂBﬁ@%t esuch

as, e.g., enbodinents ereint conduct or set includes two'insu
conduct orrsgiphdil 8 ésct &id. Ai)ovigran blenlgity folinst 108 mameesufoktantldly@aaallebnged

general | y_,i. ffectively. as t Wi naxi cabl e .t at can be
Sonneat eoohidldBe e afs tfud a mrconfidtnf bl B aDs Aot R A he
transiti ofgR@lshbRA dAtnoR-HBSURB HoRIM i cANS 7888, 60 AfstdPpUhpdri708d éisﬁd%%dfoﬁe
| ength of the shielded el ectrical "cabl e can benef|C|aIIy provi de

subst ant ith¢ Fgndupieveslayier 7@B@cﬁr®nﬁgﬁ@bie@dh¢se\redaﬂ@v7lQtls diﬁpcrspd)  atopileiesal
concentr '7?)8§1a§?nc[18 rebPotnh7 18904 é[soa{_}gnél dlna? taon %&tl ctor Thuse’d eft reeelilul
cont rol he coh uration o FansPtion por |on a ong the Tength of

t he shi elsrddigt 66hg vwl Afalrhe sitadingoilhisi dptoecddaodigeradyimattageusad el ectri cal
performance and characteristics of the cable. FIGS. 8a through 10

i Il ust ratc‘@n%ﬁt@rod@ gevmoadyctemplgdnrenindiprt elearipaicgaigetey g theicopductizp| e

t hat I
bot h si doa ey PR shichlind BEhON. ouit BBjril Rt Pepulp R RBRATFA 201 € 302,
which is c&)hﬂmlrhed smpxmansmoﬁmﬁuctnzel laydrI7G% aiRbgramed &nductoc? Lheevaled bngtop

conduct or, set 4 that extends along | ength of the cable. The cable 802
may be mH#¥TY 8§<ﬁalﬁesomﬂqaﬁeﬁr e gtndad 08 ErY bgon ORFPAUEt S each

other al Cig%{‘ﬁeﬂﬁ i, As hbn GRHGIRARY, %Eﬁ%hﬂgfe%h%e@ﬁ@@g}ﬁu@éd {Ohepcabl e.

Al t hough one i nsul ated conductor 806 is shown in FIG 8a, nul
i nsul at ecress r@dnmtoows layays 1982 topethedent! forcdt the adipsdedayers Bk to@0nfor ad@mdr ed,

and may f rt her (i nc e i tr clair the It|

ol et ot b ORLEEF 8o iR 28] MiaGriicun® SRR TGRE SR fots nOErAR R Set ¢ na
i's posit 'l%@gndb@ﬂ{ees%hletﬁ?o&sﬁhgg&ﬁﬂtl&ﬁgit ?fbv@ﬁtstdtl@ct(é@&lt@cal %&&@%bﬁi\%ﬁ%é 0 be
an end conductor of the conductor set. The conductor set 804, as shown, has

a si ngl e groend eonductehiduandoondesive dayer 7984 of the sucldmediions J8hdue pehicwisnce | t

'Czblogs;gf)'j_%?ect Ql%gtgf%gltco%%c{ hﬁl@&hlcﬁ eescsi ang gle?ect C pI‘OSGI‘tlES oef s%o | ﬁy&%Sgl egtrical

be selected to achieve a low target DC resistance, i.c., electrical contact of an indirect type.
In some embodiments, the characteristic DC resistance between the ground conductor and
the shielding film may be less than 10 ohms, or less than 5 ohms, for example, but greater
than 0 ohms, to achieve the desired indirect clectrical contact. In some cases, it is
desirable to make direct electrical contact between a given ground conductor and one or
two shielding films, whereupon the DC resistance between such ground conductor and
such shielding film(s) may be substantially 0 ohms.

[0093] In exemplary embodiments, the cover regions of the shiclded
electrical cable 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
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WO 2012/ 030364PCT/ US2010/ 060623 [ 0097] First and second shielding filnms 808
are di sposed on opposite sides of the cable and include cover portions 807.
I n transweoe1203e368 secti on, the cover portions 807 subgrCanisea@lologo6ssir r ound
conductor set 804. An optional adhesive |ayer 810 is di sposed between the
pi nched portions 809 of the shielding filnms 808, and bonds shielding filns
808 to each other in the pinched regions 818 of the cable 802 on both sides
of conductor set 804, The optional adhesive |ayer 810 nay extend partially
or fully fHeyisdhe rasitioniegioppaneireisrrgd o atrangision poeicas eftheishieidiggglme g |

fromthe f f the
conducto(ﬁgg%mggﬁﬁg%i@ﬁgmgggcﬁﬂ%égg%?ﬁgﬁ%ggg hlhé e gﬁ}e |ngs%%ﬂh1 08 on
t he ot herstrej;sdeheﬁofttlliesmaﬂmlab@ﬁceﬂe’abl8OMau[lt@ihG}@thasaha‘ﬁ@dregmﬁduci or 806 is

effectively arranged as a coaxi al .cabl.e which y be used in a S|ngle ended
circuit avby @ﬁﬁﬁpnsteﬁwevﬁw@ﬂ% (iRgdu @eamgslsg@ﬁ 45 8a SEEHARS: COECRt ayer

808a and a@gqu}u§m&'&itﬁr%?a1§{%%%{é%ﬂg%h baweshRRRA- elelcﬁlcﬁpé'%lﬁr“gfﬁﬁgﬁg o eI di ng

illustrated by FIGS. 8a an , the conductive [ayer 808
filns fachsldddeldotrseal aetbédtodmrvdtsabswmﬂll}b\hmémma@lmmw,prcbﬂwtletsr swhtagtd.on of the

conductive | ayers of opne ar th of shieldin 808 be reversed, as
o oones ot BiGisBr Bl En Ampougs S o g Fast e TERm, MOTS G ncon | i o
portion tfha P&ﬁngqgg @eiially concentric with the end conductor 806 of the

conduct or “se The shi el ded electrical cable 802 includes transition
regi ons 836. H89%4lons ofAd@eOWemeﬁglnfthﬁdm@w suehhas, GgaﬁmbpiilmﬁntSegl on

836 of the cable 80 ons f e shiel din s
808. In Soneerelgt cC n%lu& Lse | e de éfula{erdlcgg uctor %atg%gnc?hl P%allen%th fl

transiti ahe eg oat &3 arr@@gddtgeﬁaeny ana biagke ant @ﬁsctafelg e eancidtcablesiel: 804,
and in some_enbodi nents a transition region 836 may be positioned on only
one si de @hbe @ﬁmﬁ@teérmwﬂffeemal PO OPFURt HFISEMEN. PEHIURYSEBBIsEIef | ned by

shi el di nq)ofrﬁcgt{@[ a%ggstgrﬂgally constant configuration along the length of the shielded electrical
cable can beneficially provide substantially the same electromagnetic field deviation from
an ideal concentric case for both conductors in the conductor set. Thus, careful control of
the configuration of this transition portion along the length of the shielded electrical cable
can contribute to the advantageous electrical performance and characteristics of the cable.
FIGS. 8a through 10 illustrate various exemplary embodiments of a shielded electrical
cable that include transition regions of the shielding films disposed on one or both sides of
the conductor set.

[0095] The shielded electrical cable 802, which is shown in cross section in
FIGS. 8a and 8b, includes a single conductor set 804 that extends along a length of the
cable. The cable 802 may be made to have multiple conductor sets 804 spaced apart from
cach other along a width of the cable and extending along a length of the cable. Although
only one insulated conductor 806 is shown in FIG. 8a, multiple insulated conductors may
be included in the conductor set 804 if desired, and may further include a dielectric/air gap
separating the multiple insulated conductors.

[0096] The insulated conductor of a conductor set that is positioned nearest
to a pinched region of the cable is considered to be an end conductor of the conductor set.
The conductor set 804, as shown, has a single insulated conductor 806, and it is also an
end conductor since it is positioned nearest to the pinched region 818 of the shielded

electrical cable 802.
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conductor set 804. The transition portions 834 of the shielding filns 808
in the transition regions 836 provide a gradual transition between
concent riwoporzd3esss 811 and pi nched portions 809 of thePshitsk@iorgels | s
808. As opposed to a sharp transition, such as, e.g., a right-angle
transition or a transition point (as opposed to a transition portion), a
gradual or snooth transition, such as, e.g., a substantially signoidal
transition, provides strain and stress relief for shielding filns 808 in

transition redP8hd 836 diitst prespspirdshielfmgdilme 88%pee disneged oI aRPOSTSSHREN
hi el ded gl ' : is i N iall
bondi ne- EFGHER AR SRR phTiohJad® i finhorsd GR sLAIGH oy Mgl | ¥
}‘ract u g gésmmuténanﬁugtsiéwa%ddmduc?&%t _&(md{ At oﬂ‘e@m8 gdihelgivbeiygg?m safighosdd \d/e I
avyer a an onconaucti ve nmeri a I . n a I T1Lan, raaua
tr )a/msi t] dor?t‘ﬁ?e@&gﬁp@clae&r%‘@%sﬁgrﬂﬁhleoﬁh?f‘ddlfl% %A%S gg% angd bﬁﬁ%ﬁh&é@ﬂ% iﬁﬁag of

shi el ded gjgq6 EééhccﬁherQF}l&{e‘;[)iﬁﬁ%d 0O ER IFB thWCIUIG02 G Bbth sEAGHIMAEUQ

shearing of conductive | ayer 808a and/ or non-conductive polyneric {){ayer
808b. Usesen$04 hehedipsiohdsidtesi vealagértsil0 mayegitadpagmllyrne faty bwods thé desr of one,

some, or all o cqnduyct S in shj el de | ectrical . ri bhon.cabl e
b esendriotelt SHHGkLER S0Ret SndpTobepachuiarior AT onbe MM
e.g., a tHpi SW ot SRR ofaROESHduVRESRI804 8o SRIpRlHed oBiBRBVALY heGRIMdingIOUS] Y
di sposed around a single insulated conductor, or a typical conventional

t wi naxi alfillgad8eor the wiice bide o thieepaiductorseintl4nuous! y di sposed around a pair of
| nsul ated condyghgrs. A0AHIN-LORSE, GORYSRHLANAL 150 ek dl 1 SRl gpr ati ons
may provide el ‘el ectromagneti c profites, suc ypro%ldes may Aot be
necessar ywitioh ankibe ueckidcapidadbeicalactit beaigopicapestitlahg fimd 808 Vel
application. [0103] According to one aspect of at |east sonme of the

di scl osednghdet srnlusineciayrddBa aadp aen-cordispyapplzmerie et $ib. Jrepeeti es can
be achi ev I I ré.C i C i td regi on,
oo by enERCAE bR LFIFREL" 448l AR on ek A0 LUl LTy

cont r ol | ishgldihg fibnnfacguthainsatutalf contectdrsamdictiaonelyetc oncathtomgof the | engt h of
the shielded electric cable. Reducjng.the size of the transition region
reduces t%@gwﬁaiw @%&La@igﬁh i Bl PHeDG Eyest &Sgaawée et veen
mul ti pl e gQUIMLIREcisets, thereby reducing the conductor set pitch and/or
increasing the electrical isolation between conductor sets. Careful control
of the confi guf&@ilon of Shhgdingdrimis 80®mchelgiacienadndngpaorien itheh gt substhntiadhly

shiel ded el ectric cabl e contribuyt t o _gbtaini pr.edi.ct.ab l.egtrical
behavi or SHELunSEEBrRY CRr TPl T SraBrOh T AOL LB AR AP SEREn | T es
so that elprtyonGadluddtansiatn ReidMISsr ebitrRk ¥f theaRRMitd B 86RILhHel control
of the configuration of the transition region along the [ength of the

shi el ded tensitioniregadn BHoeletht satde P pgrtraasitiphporioned &t oft the shielding filsn porti on
appr oachegea 1 SRS ¢ bﬁéﬁm'e' {0 &g 1[19(1184&@&1%5@15%6& SRl a%hﬁru%ﬁéi%ﬁ MG ddat i s
often considered 1S e Char et eri stic I mpedance ot“The T Hansmsssi on i ne.
Any i npedaigenchanbeh salco Bfthcendwngtsbt &4, and hawaid dficdiméritne tramytigrause
power to be reflected back to the source instead of bheing transmtted to

t he t ar g&egionddamay bepraitionedahends oapside gEcefidurtons&fd0to i npedance vari ation
along its len but , i i g[?ag!, |4 I iations up
to 5- 10% nanggﬁzzlccept g@?@ﬁgﬁgﬁgﬁ%g %11(:6{%6 iﬁga cﬂggg%:nggﬁrl?lg? Pg\étﬁ at is

of t en conendertedet 804. Vil eatxdnaitioa pbottems a4 b theahicldihg §ilnay §08ein)thd Barskenw or

el SN SRR Py LI SISTLSEL OB LRSS ) SRR o o
di f fer enticaior @R ulcAnReI AN §BYIeAbERRL tohhafiPaRRidiellchah adlp back to

the source, reduces the transmtted signal strength, creat
el ect r onatghtahgle tradsinon ong tramdiaaroigr(anepriosed foy travsitwapertidng, dgradeal oor

rate, in particular jitter. ldeally, . air o ransm ssion lines will have
o Skev:, B GsEing MSTGH: Tt PHiRiRAR S Rlenlrh SR i ffe i e

S- par anmetsgkssePIfoPshiSHALAIMRIR08 i freRitesieREiong 8 3d1en dhtf @it £dinhalt6 0 commbn
node conversion fromone end of the transmssion line to the other) of |ess
t han - 25 shieldiggfifims 808 whemslieldeflidpetsicad fcabla 887 ésin use.feth, wien lategplly & GHz, may
be acceptagble. ter i . . r 0t ti onmgpj.n and
compar od o1 be B MRt Elebyr LR BT ERRMC TR Hbf o O
application, values of |ess than about,20 picoseconds/ nmeter (ps/m and
preferably | ess than about 10 ps/m nmay be acceptable. [0105] Referring again
to FIGS. 8a and 8b, in part to help achieve



acceptabl e electrical properties, transition regions 836 of shiel ded

el ectrical cable 802 may each include a cross-sectional transition area
836a. ThewoOnraregizvican area 836a is preferably small er thaoTaSerodssssect i onal
area 806a of conductor 806. As best shown in FIG 8b, cross-sectional
transition area 836a of transition region 836 is defined by transition

poi nts 834" and 834". [0106] The transition points 834" occur where the
shielding filns deviate from being substantially concentric with the end

i nsul at ecoBdvdye tvier Bo i/ ardebershnpatypenseandpgive layes 8P8asnd #aon poi nt s
834' are ' - ' .1 he [ ] 11 ich the
curvat ur ectogguc?ﬁ]lg %Es)ﬁ?jgﬁtng i l%lr ? ?$Br'rsoﬂ8a gglt%) Ah 8‘23 Siliq{gaﬁgtl% H%)%%%%F@%g%t h

r ef er enceahiotdifg GlmS8RO8 inhearciiacr@ing & shfcldddelacppeat cabiid 802 iwhgcH mhyrindQfic,
transitions fraom concave doﬁv)\g;) rd. t? con&ﬁave pward at the inflection point
which is et-%xecrﬁl‘ﬂ%’é% Of Y544 9 \I,\llg‘tb‘itWF 55 8053 NOPQRECYR RO 1€ of
the | owergoghl ehdhnheldidelBsEPRalddiolcionSn bhOB CARSRLSOHRIALId. Or PRFAYE
downward at the inflection point whrch is the lower transition point 834
in the fitgacendudioesas e shiclderbéleétopal pibbot sal88kpraventsr dapatuae osepar at i on

bet ween t he pinched, portjions .809 of the shielding fil 808 exceeds,t he
i rum <SOPATETE PR SRl EHaN A RS ot § BRICBE ) Hpr BT B AT RS
factor, @escHerall} céntin%ouﬁg%s bQUQFddna 1§ iRMlatc@SRdENKGNSE 4 Hypltapr €a 836a may
include a void area 836D. 8b[d areas 836b on either side of the conductor
set 804 reeyvisiosalgeinarial aablg in whicharshicldrigrcphiaruouslyivkspiosas draymwta paoofray have
a thickness Tac at, the cponcentric portion 811 of the.shielding film 808,
2nd o nioAAEE bl RORERD e BORhBhd e Bind REEMEH G A piovRlesos
that is ghed electrbrangretit plkaTRES sdGroMchhlagmbybe ActagaV® dches a&bftabRy have
a thickness Tap between the pinched portions 809 of the shielding filns
808, and %edfmigat RiPEEicain ¢ pver ppHiEtPHN portion 834 of the shielding film
808 that is gr r than I.G ss T i : g sent at
east 25% of CJUR! (oot el e fer AIAEL orhifthe BAIOTRVTAREEGRCS Ve
| ayer 81C:léotridat astdes harpabkal&Bt@] propepi@s tarchd avhiatd by réduckigabscliettatali s
greater than tQi ckness. Tac .or thickness T&p, .co(%t i butes to the q?t rengt h of
the cabl d™98% 9N FRIStoaHERIPR-dhe r BYTSGHCIBBE!C 1451 éljrlft_%?%ftlﬂn TERARABYObf t he
manuf act Wafé?ﬂllfé&ﬁr%ﬁﬁlaﬂﬁg cérﬂfgu%fo%rdf e t?aﬁﬁftﬁﬁtrggibé bloh§ R leﬁé’:ﬁ of B! OUS

el ements of shielded electrical cable 802 nmay reduce variations in void

ar ea 836xhmhdbdtdhettidal cdde sRedicingaht sizerabthe tadiigsn vagidnagduce8Hi®E i n transi ti on
region 836, which , may.in turn reduce variations in the capagitance of

cr oss- sectPaiancy dctitio o Milet TS G rdien B e R oy G PORGEIE 852 " rmy

i ncl ude tth@BBY Fddaeink @H QRJIBAEr ROPitdH HARH iRGcANE; AE cRetkRaSkseSoPbetieaAUCT OF
set 804 that 1ncludes a cross-sectional transition area 836a that is

subst ant ic@hilyctepgtsl Gascfol cantrel plethe corfrgugationgd shesansitmargign elongtisn of
conduct or .o 2ni el | ectrical I 2 i nel a transition

Fegi on 838 T PR ahishRE RS REL L AR R SO o M ne BELUIBLC BBER, hay

i ncl udes w@heviessrds@atisenal, whidngblidenfoahth P@htridatissich [sidhsd anti al 'y the
sane al o(nﬁzethe | engt h of conductor 806. For exanple, cross-sectional

For
transiti gicchiwhdgagan hajovaioliablydunsmiied 5 6oschuecongol of fhg sprbrunatiopogthe
Shi el ded tri NG [ Lhen: regl itioned
on bot b < feoh rfifin B8, oA RE YIRS IoCAaL B 108 B3tPER
t ransi ti ahe aaesdtjonyetien apprbechsuariosfer sizosisrisect i onal areas 834a i s

substantially the sanme al ong the | ength of condyctor 806. For exanple, the
sum of cr oss-s[éyf‘ﬂonal d#%glgctggﬁlgh teyigiqthpis @ lﬁﬁ?flsgg‘%dd\?étﬂea l ength of 1

m  Shi el dgdraelEctid i&@ha&%mf Sh B3P sARYidnNFHeY %Xtiﬁf%@ééﬁc'b @Rargkd ial%ﬁé 1136
positioned on both sides of conductor set 804 that each include a
cr oss- sedtigihaf a trramsigioprohnamen c886 apweherbei mfl¢died lack$s thessoticomestead of

transitiqn.areas 8 re substantially the sane. Shi.el ded.el ectrical cable
805y | TGS AP AT bl B Db iosRaEs ‘G st RO LhesEhis

conduct oryagigtioBfdng WO RHEINbEDN BefchdNE iohitRNink @b BSH | B3orR K Eri KRS Tu%% bal 'y
identical. Insulated conductor 806 has an insulation thickness Ti, and
transiti o ey ba agptabley Aeptkerelichicat eharpcsertptin that is oftan qossifersd in han

i nsul atiqp.thi S, T T cen | conduct or i | at uctor 806
s o di dHT SIS gl e A P R DOk b D BB B B gt L
that is less than the dianmeter Dc. Thepyarious configurations described
above may provide a characteristic inpedance that remains within a desired
range, such as, e.g., within 5-10%



of a target inpedance value, such as, e.g., 50 Chns, over a given |ength,
such as, e.g., 1 neter. [0109] Factors that can influence the configuration
of transiwpDamzmgisan 836 al ong the | ength of shiel ded elpettuse@aloswabl e 802
i ncl ude the manufacturing process, the thickness of conductive |ayers 808a
and non-conductive polyneric |ayers 808b, adhesive |ayer 810, and the bond
strength between insul ated conductor 806 and shielding filnms 808, to nane a
few In one aspect, conductor set 804, shielding filns 808, and transition
regi on 83BMEMIsSIR lpsbpls Al Yeng atclewt pgarted af thanlepghe Skpvw dredBeY ol | i ng

rel ati onshi AN . i i I t or
et 804, Opy Aot HRHHAEEG ki lod el Al BB EAN G, KIRLiRI G OT
conf i gur eble saure ptduots thb eandnairtad bighalStreegth npedand ect@imdghetisadatidedind

el ectrical cable, [0110]In FIG 9, an exenplary shielded elecfrical cable
902 i s sHEMIAMRicAln NGERSEhe H<aros sate:ip Rafiqaker Jiffer Jg%@ilw BT A ul at ed

conduct oS, LA;a: E T O o N hVi : I ; nduct or s
B O B A g U

di el ect r iaffaientiag) SppBddcteTRODS hioe SADAG vhluertepeBentargghe ddroged!-oncanpposi t e
sides of the cable 9 and in, ¢ i nati.on substanti al | rround. co ctor
Sot 904, TSR HNian Tamoass VB faPeite et e pat n i o o 30
portions D% ofa frbfichly 6t iAtcaest fsubiss, 398 AOHZ AR sdtbpthblicN A 1fetdaf& 1908 t o

each other on both sides of conductor set 904 in the pinched regions 918 of
t he cabl ekevreubanwdsuehaibe tms doBican wapuedkngadqyedepetifigation. a si ngl e
pl ane and effectively. in . a twnaxial cable configuratian. The,tw naxi al
Cabl e contirsti el iheinl el AT E Yo GRTy QeI E R0 ok b BEN e ven

or in a S(bgrgi)an@pﬁe&amiyn@ssitﬁanadbbammépmmtmaﬂﬂ gcehtitgef i | ms 908 may include a
conductive layer 908a and a non-conductive polgnﬁric | ayer 908b, or may

include the cdAltive IRsferingagaindp FHobtSaiand Shom-ragriadieliagkicyel ymeri ¢
layer 90 8@%5}5@ Ql%ct@i:c%,tﬂggp rﬁ&etr&?s'?t‘fldhc%gléﬁs g%%( &f sh%?&efad Qbctfiaf RasPisgh ﬂlﬁgg film

i s shown I I nsu %onductors In alternative enbodi nts,
one or baiabh oichidee csdusabdiongl fradsitonraga $8Hae Tac tendtisearea BB @nis ptdfembly

[0111] The cover portion 907 of at ] east one of the shielding filns 908
i ncl udes sg_&i'e@ﬁw AETEPESoRE! 535 0 CoPEeEIRYE oo LM ORBRRENE Fe with
correspo r@bﬁ%e&ﬁﬁla?ﬁ?%ﬂﬁﬁﬂﬁ@a S 7 ftraﬁﬁﬁor?fé%ﬂﬂlog%ris 8&_%6%%3- tra!n@itib? 8ints

transition regions of the cable 902, transition portion 934 of
shi el di ng3# hmk8BI0OB are between the concentric portions 911 and the pinched

portions 909 e shiel.ding films. 908, ,Transi,tion portjons 934 are
Posi 1 oned on BHA"s! deal B shab SPET: St S69H Vs e BeR LRIt
i ncl udes fayrk bOHE substAiial 1P B8hcchirRNGikH iHeRnd iRl % dnddN6: &6Bfhe conductor
cross-sectional transition areas 934a is preferably substantially the sane

al ong t heset &HgtFhegfansibind peindy $340 08> thEFppingsefnpilection joé thephickding fibes 8 Wealt | onal

areas 934W iR Mle\/c:%{'\)étlllrg%§tl{[ehsﬁpel(ggg iRYE gO@cﬂagge%ts?ganFo% e%rnple, with reference
to FIG. 8b, the curvature of the upper shielding film 808 transitions from concave
downward to concave upward at the inflection point which is the upper transition point
834’ in the figure. The curvature of the lower shielding film 808 transitions from concave
upward to concave downward at the inflection point which is the lower transition point
834’ in the figure. The other transition points 834’ occur where a separation between the
pinched portions 809 of the shielding films 808 exceeds the minimum separation d1 of the
pinched portions 809 by a predetermined factor, e.g., 1.5, 2, etc.

[0107] In addition, each transition area 836a may include a void areca 836b.

Void areas 836b on cither side of the conductor set 804 may be substantially the same.
Further, adhesive layer 810 may have a thickness Tac at the concentric portion 811 of the

shielding film 808, and a thickness at the transition portion 834 of the shiclding film 808
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[0112] I n addition, the two cross-sectional transition areas 934a may be
substantially the sane and/or substantially identical. This configuration
of transiwpanmzmgisans contri butes to a characteristic i rpeEdsaee/0b@re3 each
conductor 906 (single-ended) and a differential inpedance that both remain
within a desired range, such as, e.g., within 5-10% of a target inpedance
val ue over a given length, such as, e.g., 1 m In addition, this
configuration of the transition regions nay M nim ze skew of the two
conduct ortBatgpereatchHgn dhickneas Tac Potkerlyradbesivpbayer § dmpunhaveeuthzkovedaphe

cabl e 1S deuah HOLALAShorRh AN SO Illi Bl ity s68GH Alnlhfssly LT N0 T11 e
may be characterizabl e in transverse cross sectlon a radius of curvature
t hat changasitiag pogna3viodthe dicldihg fitalB08 tiD2s grékter ﬂhialxtlmlmesﬂﬁapjs of
curvature of the shielding fl|ﬁ]928 ng¥ cur, for exanpl.e, éhe pi nched
porti on cgvefaysr 8 Hbmay rpscsertatieast 23R ST exomt- éfiC“BB?lﬁfan%lflofl B 8081 porti on
907 of t hﬁlerﬂiléstehc{mq{%lﬁé lag@ibg 19 in %tanﬁgéh hileh ﬂ%a{ ?ﬁ? 1blﬂa1F a{t%thﬁkne% tHaf€S€e
positions, the filmnmay be Substanti fl'at and the radius of curvature
may be subgteater ﬂalhltlyic]um‘sis ¢ er thibﬂ{eesmTrapmmtmlanh:sus tiof stenpthaifuhecabie 802e
shieldinq f|In19 @é ggg for exanple, at the transition portion 934 of
t he shielalmﬁu@p1 some enbodi ments, the radius of curvature of the

shi el ding filmaggjoss t F@rmﬂ&&tﬂsﬁ of he n@aﬁiﬁk@mrﬁlgq;mée@@&{d bk

m croneters, i.e., the radius of curvature does not have a nagnitude
smal | er tdharcsostigsf dhetasioys altem@ntﬁ op ehigtded cleagjicehwabig H2maf redhee cabl e,
bet ween the I%ellsl ngd t1rQae theI fhi iﬂess o%ngr?f%rmnaoqe adhefs%re la? %Ir (? g filns
that incl'GU& AT &RSi T T0n por ion, Therladrus o eir VAt

transi ti afnpioh ir@fio0834, ehighiney t taeh feldl1d vagiafibmd inakd yapa&ualneasf crahsout 50
m croneters, [0114]1n an unfol ded, planar COI’lfI(?UI’ ation, shielding filns

that i nclsgetéonal @w@mw% ar Shiskdesridecarioal sahde 89Hmap draludsriragpigion region
charact erdygahl & yq Il (BhicBor et édlﬁhﬁﬂﬂa‘ﬁ&ésq &o&r{]etcﬁ&ﬁ’l RL,

e

and/or a ragl%us o curva ure 09&% transition portilon

par amet ertgmnaitien iatdalgSta dtae s substhitlally@qhiano bhﬁnﬁ:ltdn ItleanaOc‘ZossLs&cmirpﬂear y
enbodi ne

R/rl is in range of. 2 t 0115]In FIG. .10 anot
exenpl ar Sgoéhpéméiw@r é@@ rglé‘ﬁ% ‘gallﬁFtélCild‘@ le]@ §1[%%MHC F & ey el
conduct orpS3ffon e 8196 émm HaLy &}tc%‘fld&&&ds‘é%(w t%atlﬂgl@dése@@r%%t &tiByal

dlelectrlc/alr gap 1 . I'n this enbodinment, the shielding filns 1008 have
an asymrstansmon@maf&SQmﬂm isombstotiatlly thdm\nga@omg'n@e fimgth: pforondfictoh®)6 rfansi ti on
portions relailveto§m1re érmetrlgenbodl %F’)b({asth o) IEIG 9. In
FIG 10, SAMBIGEESEPSRorY darSEghree Pobb rE L@ ﬁ%*ﬁ PY O c06" bt

shi el di ngnétkd. rﬁll@l@&BGlEBﬁEaﬂchﬁe'Sm daRliAA8dd tli‘@f{snlo"h r@élbﬂﬁgjéypc%ftfo%@@ ohbefh t he
pl ane of(ﬁglmretry of the insul ated conductors 10 As a result, the

transiti efrorkictbn8e &Qé\ﬂeataa@bmkmg@ cmS$~§@ttIOp@istratnsmn ared. wheieingbe at i on
relative t%(?ftcr%gsrs sg%gg]% argas OSI sta fia %tﬁ?ver Iﬁq ﬁ%?%%{?%fgo tucttope t wo

transition reg ToRe rica wi th

respect t80)6c®bf emmldwﬂgwm&ﬂl:r%ﬁ@bcﬁ@mlaﬁ‘da©884a11€igﬁvé@ 1ks tmmm%eswt to a
vertical plane between the conductors 1006), and that the confi guratl on of

transiti dangtegl by Jodded sleetricdrcghley 02 anriasindeltransising remions 8aypepitmed
shi el ded gligeh 51'(18 f &Sk &o d%%%znfh ShiR) R GhECELEGRI trsl?s%cﬁl FAP&can be

configured to sti provi accepta e electrical propert
wherein the cross-sectional transition areas 836a are substantially the same. Shlelded

electrical cable 802 may include transition regions 836 positioned on both sides of
conductor set 804, wherein the transition regions 836 are substantially identical. Insulated
conductor 806 has an insulation thickness Ti, and transition region 836 may have a lateral
length Lt that is less than insulation thickness Ti. The central conductor of insulated
conductor 806 has a diameter Dc, and transition region 836 may have a lateral length Lt
that is less than the diameter Dc¢. The various configurations described above may provide

a characteristic impedance that remains within a desired range, such as, ¢.g., within 5-10%
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[0116]In FIG 11, additional exenplary shielded electrical cables are
illustrated. These figures are used to further explain how a pinched

porti on oVothe/wedshe is configured to electrically isol aCe/ts2@oncises or set
of the shielded electrical cable. The conductor set may be electrically

i solated from an adjacent conductor set (e.g., to mnimze crosstalk

bet ween adj acent conductor sets) or fromthe external environnent of the
shielded el ectrical cable (e.g., to nminimze electromgnetic radiation
escape f rifmtanget lemeéwed/a@lee%tctl 2l 8- cHbPBMa MY Ch §ivigh 228, seely negnédt i ¢
interferegpge. fromexternal sources). In both cases, the pinched portion may
i ncl ude various nechanical structures to realize the el ectrical isolation.
Exanpl es i ncl yde0qy! ose raowirsnihtit/cadfinflingcs kieadodfiggrafion obtrarit@hn rdgieh 886 ri c

const ant rraterl et ween th shi ing fil ground, conductors that make
di rect ordl9hedhf @feetf*eq»fé telded ploctal sagtle 201 el t@dﬁ%ﬂl&%ﬁéu%g RRESSHhe) o ng
films, exhepaed oﬁbcﬁ%d%@t‘f&‘e RELAREE, é@&%%hd&&%?%ﬁ%er&% tﬁ(‘)‘&ﬁzh&l{’ésggr eaks

bet ween adj acent conductor”sets, Intermttent ct o hi el
filnms to leymlii10,tdmdrthedbmeicsttﬂeygteluehmenIlnﬂmga.tthcbmdadztbyE%OQ argindeddis e fiyms 808, bot h,

d duct i he t f 0117].1 n.Fl 1 el ded.
ol acert ods nang o T BoRabupitnaer SeEoLahelbng it 3os and nal U Rauct or
sets 1104m4 rﬁe%b @o@@@ﬁqvep%ﬂﬁ@ﬁé&ﬁsan%ﬁb@me@tmtt&ﬁngzetutﬁmatgg and ext endi ng

longi tudinally along a length of the cable. Each conductor set 1104a, 1104b
has two |lmadémcedommihu&tqtﬁf@n&mge@an&til%@nsie@er@t§a4 lﬁbleghpe filmy%08, Fok

o s R P OB R e oS ERR AP RO Bo BT i M LR B A 1 o
transverse Cross | on ver %9 t e1 3 ? dla 1108
substant|(ﬁ“ltﬂla/stﬁ¢mé(p¢1adnegg@duet or sets 1104a 1104b |n cover reg| ons 1114 of

the cable 1102. In pinched regions 1118 of the ca on both sides of the
conduct or set d01i4a, 110438G. 9.8 e@fﬁtne Jagy gelded ﬁlécttlttieabtﬁcﬂoadeslwmdﬁed

por 1 ons Jh0%r<d BoSEheIRflGhORE 68! inGARLc N0 1S BhAGASI PO ins 1109

of shi el ding [ nsu at e are arranged
gener al | yindinidaaly nghleterilcandnc\rdsm A06 bechoaddndinkl0éhg slehgthaf earadle W2dindr

unf ol ded arrangenent. Pinched rtions 1109 p03|t| oned i n between conduct or
sets 11045ParaiFady déﬁlet%hlrg@m)@g Twoéllllé%iﬁ% il RPSjacofigpescd GRANBYE set s

1104a, 119480k Hf%%ﬁf%%z%ﬁ% corﬂ’tﬁﬁéhcﬁ{ sruﬁﬁtgﬁt@al g{buﬁoﬂ&f‘&fnﬁh&%r Rliapar aApunf ol ded

arrangenent, as illustrated in FIG 11, frequency el ectrical
i sol ati omp@bnetltaelhém\reeltayarr?éﬂIlsdlepbscd)hdu@tmplnth@ialwrthnsm afdindshetldingset 1104a

| ati t d duct 1106 th duct t 1104
o e 4P STBO BRh AR SR Gh A e bS5 SRRENE Pa08) hoe
first congdugd@hcigle 61954@18r SRS Edbge. t Rst 1R S6ERIEbr & QTR IR arSfkedl 104D.
[0118] As illustrated in the cross section of FIG 11, the cable 1102 can be

char act ergezedllpyn asmeb@prhamaeégéfpetwebhln aDwntfeﬂ%@ebiemeﬁ@wém pldiet i ons 1107
of t .he S q}r_]il dllarl] at{l%%l }ﬁueeﬁa)’n c%ng: IuerE 1Efd§39rr g) alr. cgrcult Qﬁ&ﬁ"%ﬁt {or 1n%0ver

portions ara dl,

bet ween tst@leeﬁuétiedcmoaﬁa@eﬁleﬁﬂ%laﬁlntgtfﬂms 90 hdnyrigclﬁdd eﬂBonlﬂt@the lbyers ome
enbodi ment s, /IDis less than 0.25, or less than 0.1. In sone
enbodi rren‘)[0§a a@@ # pop-sorfusHy @ polymaric tygr908b, or may include the conductive layer

908a without the non-conductive polymeric layer 908b. In the figure, the conductive layer
908a of cach shielding film is shown facing insulated conductors 906, but in alternative
embodiments, one or both of the shiclding films may have a reversed orientation.

[0111] The cover portion 907 of at least one of the shielding films 908
includes concentric portions 911 that are substantially concentric with corresponding end
conductors 906 of the conductor set 904. In the transition regions of the cable 902,
transition portion 934 of the shielding films 908 are between the concentric portions 911
and the pinched portions 909 of the shielding films 908. Transition portions 934 are

positioned on both sides of conductor set 904, and each such portion includes a cross-
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[0119] An optional adhesive |ayer may be included as shown between the

pi nched portions 1109 of the shielding filnms 1108. The adhesive | ayer nmay
be conti neous120303itscont i nuous. I n some enbodi ments, thecadisesioweoskayer may
extend fully or partially in the cover region 1114 of the cable 1102, e.g.,
bet ween the cover portion 1107 of the shielding filns 1108 and the

i nsul at ed conductors 1106a, 1106b. The adhesive | ayer may be di sposed on
the cover portion 1107 of the shielding film 1108 and nay extend fully or
parti al | yestiong] EasitinreerePgo i shmpf gosepegtiopaldrnsition gefas P4 108 on one

i de of t ' td th
S, S I EBRANELA A A0SR JARLH 0 Er BLIGIGE ART opsdh B L1
[ 0120] TheushofedrelisigctionahmredsliBaeady ey thathas 5894 aedayhgeh sfaldinus  of

curvature, R, ross a width of the cable 1102 and/.aor by a radius of
curvature, rl ,lgﬁ#llt he trlaﬁgiht“PBﬁL%bW? FigRs-secional frapsition aicas 1 43gney bn and/ or

by a radis‘d?st%tiaﬂ?rtl‘{@éaﬂ{eeand&&1su95ftaﬁtﬁﬁ CRARENT Fihes JPRFi g{'u‘aﬂorg-gyflt}arﬁftiohhe
Tm [0121] In {

shi el di ng 0 the transition region 1136, the transition portion
1112 of trhgioshemitmbuics thial ambki@8stamizdammerfangget condystaPi0d ¢singlgreaded|
transition befween.the concentrijc ortiaop.1111 .of the shielding fjlm 1108
and the. PHGHARC RN BREEIG0MSY DO haTaHI e g P FHrnEGs PS4 aNEPH on
portion 1lig,Qff attdigetShipeificBSalut b%rlalgge@%hgmsi@chra@,r@. L, f b Sth allBRRa] thison
point 1121, which s the inflection point of the shielding film 1108 and
mar ks t hecogfiguration piethe ragsnen fegique maygninimire skevp ohths éwoenductons PG on poi nt
1122 mher? thq se ar%gion et eqlthe shielding filns exceeds the m ni num
alon 163.8?8, P(I)_l 1011 O ength.

separati on, e plﬁceg rtrions 1109 by a predeterm ned factor.

[0122] I n sone [en@di nentWheit the cablbli€inlahQfolaed, pibesr ednflg@asion 0daeh shitel di ng
filmthat has a radius of curvature, R, across the width of the cable that
i s at | eabicldipgfitmsmaybe chHaeteizablaia/ RS RE Gpssisaefianbyd @wdivsof syvatdiur e,

1, of t e, tdanst LhR PRidh 8Pt HRLoho! e AP fhh A% bUILAZ-Ip Rt | east

about 50 mcroreters. In sone e iments, eratio o m ni mum r adi us
of cur vatshieddiog fitth®08 angextur, forpeiamplenattthe pinehad puirtimn® 0%afi ths caflc 800, vat ur e
of the t "o tihte icgr?terp I?Ji}lg ot the gozvlell; Iz)L(’)rtiiorsl 9IO? of th s tel-c(())Ilduzct(grOca%lSe'set 904
illustrated in FIG. 9. At these positions, the film may be substantially flat and the radius
of curvature may be substantially infinite. The minimum radius of curvature of the
shielding film 908 may occur, for example, at the transition portion 934 of the shielding
film 908. In some embodiments, the radius of curvature of the shielding film across the
width of the cable is at least about50 micrometers, i.e., the radius of curvature does not
have a magnitude smaller than 50 micrometers at any point along the width of the cable,
between the edges of the cable. In some embodiments, for shielding films that include a
transition portion, the radius of curvature of the transition portion of the shielding film is
similarly at least about 50 micrometers.
[0114] In an unfolded, planar configuration, shielding films that include a
concentric portion and a transition portion are characterizable by a radius of curvature of
the concentric portion, R1, and/or a radius of curvature of the transition portion r1. These
parameters are illustrated in FIG. 9 for the cable 902. In exemplary embodiments, R1/r1 is
in arange of 2 to 15.
[0115] In FIG. 10 another exemplary shielded electrical cable 1002 is

shown which includes a conductor set having two insulated conductors 1006 separated by

dielectric/air gap 1014. In this embodiment, the shielding films 1008 have an asymmetric
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[0123] I n sone enbodi nents, the radius of curvature, R of the shielding
filmacross the wdth of the cable is at |east about 50 m croneters and/or
t he m ni mio2oedi3oss4of curvature in the transition porti @enTafS2elteeemhs el di ng
filmis at |least 50 m croneters. [0124] I n sone cases, the pinched
regions of any of the described shiel ded cables can be configured to be

| aterally bent at an angle a of at |east 30, for exanple. This |ateral
flexibility of the pinched regions can enable the shielded cable to be

f ol ded i rfoRAguIgton yH1eh @@ﬁg%gtg@ BPSItPN Olthie fragstionspeytionsgrelabine {QUMRAS on t hat

can be ugy gﬂnﬁéﬂné‘e&f}bﬁlgbﬁ&gﬂ ﬁasjt Hit 3 Ihg?‘@fﬁ% b heHiAU&S eﬁécéxfl Xhiak '1b62’ Of the

pi nched regions I's en that 1 nc two or
rel ati veIl;as phiched pattign L0 dfahlercﬁng fllonsne0OBadt lichie aiphine gltdt iyslizhtly bﬁ"sa
i ndi vi rs in particular under bending conditions E%IS preferred

d d
It Ralt V't hg%%GMQ%@éwm%q fahginsulpted sep ucwﬁ%@%c%ﬂr%%. ¥ or
exanpl e i8n&1 (86 g‘sﬁﬁbﬁﬁﬁﬁﬁeﬂ;os tﬁ)%sanﬁ Q@Hﬁgﬂ%ﬁ’t%n Igla%@e 'f[m)th@tnd% fda& bond

strength between individ | ayers may be at |east ) g/mm (1 Ibsllnch)
aft er t hemnrwidirexyo sHowsveuimy egupnothesihic hgo dransisen reglons 1011?@&1253]081&1011@3/ be
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set. Any dinensional changes or inbal ances may produce i mbal ances in

capaci t arftaasisind r¢giensctiidndecatioty comtwlleér@gmlg tb@‘ leng@ qfusmw@d crasyicehcablhi s in
turn my gayse. omedanee. dif Lelenpes,abons die.d s1ah ofiad fisRigehed region

and |npe ance ces jacen ast for
t hese r eas@nscal pptitek. of the spacing between the shielding films may be
desired. In sone cases, the pinched paortions of the shielding filnms in the

pi nched regi od81Hfl t he dadile: bh apditianalictemplsry shidldethelesttealsablendiy be spaced
apart wt; h{lw UtThg egr u§AR F@Itltk? rexpl[agl%%l ) Bm'éhéé p(;rgon b eas1c end
et ween

crosstal k iSOl
is configured to electrlcally isolate a conductor set of the shielded electrical cable. The

conductor set may be electrically isolated from an adjacent conductor set (e.g., to
minimize crosstalk between adjacent conductor sets) or from the external environment of
the shielded electrical cable (e.g., to minimize electromagnetic radiation escape from the
shielded electrical cable and minimize electromagnetic interference from external
sources). In both cases, the pinched portion may include various mechanical structures to
realize the electrical isolation. Examples include close proximity of the shielding films,
high dielectric constant material between the shielding films, ground conductors that make
direct or indirect electrical contact with at least one of the shielding films, extended
distance between adjacent conductor sets, physical breaks between adjacent conductor
sets, intermittent contact of the shielding films to each other directly either longitudinally,
transversely, or both, and conductive adhesive, to name a few.

[0117] In FIG. 11 a shielded clectrical cable 1102 is shown in cross section
that includes two conductor sets 1104a, 104b spaced apart across a width of the cable 102
and extending longitudinally along a length of the cable. Each conductor set 1104a, 1104b
has two insulated conductors 1106a, 1106b separated by gaps 1144. Two shielding films
1108 are disposed on opposite sides of the cable 1102. In transverse cross section, cover
portions 1107 of the shielding films 1108 substantially surround conductor sets 1104a,
1104b in cover regions 1114 of the cable 1102. In pinched regions 1118 of the cable, on
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adj acent conductor sets of a conventional electrical cable is shown,
wherein the conductor sets are conpletely isolated, i.e., have no comon
ground ( Sxopbe/mBdicsand bet ween two adj acent conductor seC3s/ustomioeosshi el ded
electrical cable 1102 illustrated in FIG 11 wherein the shielding fil ns
1108 are spaced apart by about 0.025 mm (Sanple 2), both having a cable

| ength of about 3 neters. The test nmethod for creating this data is well

known in the art. The data was gener at ed usi‘ngi,an Agi | ent 8720E5 50 MHz -
20 GHz S-to#h sides fthaeandseter sgial ar 1104p, thyshisklingbingll 08 dngledq pigchede f ar
end cros - ligb s ' ' - I - shi el ded
electric O?Jééz}gﬁé%l'lggﬁ%érlg%f?ﬁggg&\s{?%16113ng é&é @ﬁ%ﬁégﬁ@?gﬁgmﬁ%g? (#lﬁgl ce.

Speci fi cdiling,1108 ahdingelardabhyucaas ¢ pdeactahahgdl deacrabindh € siagletpddde vafenl ess

t han about - Bis.suitable for t applications. It can be easily seen
from FI Gthﬂ?ﬁ%ngfléﬂnfﬁ n%foaﬁlfi(qwflgﬁiiwrfaég?r@a}t- botHet RertieBhy it i onal

el ectri cHosRRbeiARM S Bhdadoclrolie a1 088G RIOML AR AR SRC Or Y

el ectrical 1solation performance. The satisfactory electrical “i solation

per f or marnoediatorcsetsbli1fdd.i1d Q4o dakle othecr Wdsedrrstigedny b lgendralihplapaimched

portion due to,the ability.to spac t . the shielding fi.lps is. an

Davant agdtiGHIog) Ssgment it pr R IEE bt e BreGet e ctsd BRI TERB e over
convent i apakireiRGlafddc@hd AR B96a in the cohdib@flsbin 104 € FRhtdfMo eEDREbENt s
descri bed above, the shielded electrical cable includes two shielding filns
di sposed insl@ppewiduetosil Héd ioftha ennduetor eet 4 Li@tn it Nelstantinlly feantve thpehigh oss
section, FOVEl-PULLONT o?JtioB%ﬁth%hﬁret' Hn9ebi | ﬁldzﬁr&g{{b' DAk o orybstantially
surround ‘& grvean conducsi °dér [anad Surfound eacti 'of t he spaceH apart
conduct orcongliGor sadl M4dual | y. I n sone enbodi nents, however, the shiel ded

el ectrical cable may contajn on%¥ one shielding fil which i s disposed on

| . m
only one side [8118lhe capheillupmiedinghe sross sqcHenr QEFiy 1dnthy cablsilhd? eanshy el di ng
filmint I dnt i i WO
hi 6l d ng i aceed 6 Rl SHRRAIGRTDL Berd oL PRy SR 18 BB e 1
mechani cahididieg fibhd i 108, a menmiac sepragdion d3; bewrndn elas@veof pationplioTgf alnd

termnation, A single shielding filmnmay provide an acceptable | of
el ect r omayifding Hirmy et A B SSPAY AR ({}n%FtB‘Fe’éﬂEﬁ_ igshied prticuad ?@L and
my. 1 educ AdSiAGRY It 1641 BisbnihRiBRINARE 1FAS |N0usShATRbs &R URkIRN. FI G

13 illustrates one exanple of such a shiel ded el ectrical cable that
i ncl udes lorbye embodinmaaksddR/dp fsigreater thyd RB3L.2/ 030364 PCT/ US2010/ 060623 [0128] I n

FIG 13 a shi el ectrical cable 1302 is shown, having only one shiel ding
[ im 1308, 1 nabfBlled corifiorispe RIEvas b S LT R o B LI BF oot s
1304, eagfindml ipBaicaR YoPsrhPahibldafg filAsul198 edhe emdyRt Oiyer BRPM:RbAEhIYS

di el ectric/gaps 1314, although conductor sets having other nunbers of

i nsul at edPrelbwaniotiers hlsﬂomes@%@siéaerﬁ@rt@ arlhgpize ysomep axieng fEbyedt paghillzl ded

el ectri cal cabl.g 4307 1154300 1051 H81on LOUNA-Co0AURHALS 3L gl vari ous
exenpl ary l'ocations, but any ‘or all "of Fhém may Beomiltted it desited, or

addi t i onahictdiag fithhe orodugidahsingalated@ohdkdrd e tocal heoad: dheddbeyivtlal@msayl 312
extend in substantially the sane direction as insulated conductaors 1306 of

conduct orbesbiposabomthg savermertinns| k07 oh g hedldins AlngHil8F anchpray ickignd 30k éind a
carrier filay1346 Wi o t [.QR: [ ' L: e ground
cond:Jctorﬂalfggi%’ 'S Wﬁﬁ%‘gg%?ﬁ@ lpllbgc%ﬁg{ %gbe?%}lgﬁlﬁ?gggggﬁggﬁlg fhpg; figl mu
1308, andohtuee sgt blldd, tiddt ue thersnchdd poaioa 1108 biitedhichdiog&lmfl 10hen tenduct or

sets 1304., One, of. these three un onductors 1312 is positioned between
i nsul at e®RERHGAL hescop B@Olé??’éllg@‘ﬁ‘ellgq“%g film 1308, and two of the three
gr ound conducg[giﬁ)]wlz afiR RIJIARG G P10REcad BRLAab¥ricQr B ARATusWYrt h the
i nsul ated conductors 1306 of the conductor set. [0129]1n addition to signal
wires, draivtwirksicrand vgdbuddhagabés] 102rmpdefk by headlisof asedurcat]l, eSthean al so

i ncl ude aone or nore indgvi.dual.w.res, which are typically insul ated, for
oy par pagasBier PRatngy T4 o dPhickikE Rim AR BlaRA Fdy gt ah o
exanmpl e henagdeadadbon 011 POMEE shitRRSMiIRSI on or | ow speed conmuni cations
(e.g. less than 1 MHz) but not for high speed communications (e.g. greater

than 1 Go/sec)l01ZHn be rlafthe trangition regibn 416, kg amgion portdebhidd.of haddeband

W res nmay . t I 1 r signal refer i ar ot her
S gnal or g Bl 1 94 SRR LB SRR el SN RREG PN s L o
indirect electrical contact with each gther, but in at |east sone cases
they may not be shielded fromeach other. A sideband can include any nunber
of wires such as 2 or nore, or 3 or nore, or 5 or nore. [0130] Furt her
information relating to exenplary shielded el ectrical cables



can be found in U S. Patent Application serial nunber 61/378, 877,
"Connect or Arrangenents for Shielded Electrical Cable" (Attorney Docket
66887Us00&P,20f1d3ex4on even date herewi th and i ncor por at @dThESe@0060593
reference. Item1l is an electrical ribbon cable, conprising: at

| east one conductor set conprising at |east two el ongated conductors
extending fromend-to-end of the cable, wherein each of the conductors are
enconpassed al o | engt h of the cable by respective first dielectrics;

a first d?%“@bl:]dad)fﬁlilq shidding Admpld OF padiheriinched pagionrl 10 ef thewhisldingifiln s pos ed
on Oppos'1t1%85*rﬂ8§fa1?§1u$ﬂ§?rﬁ 12 %ﬁh@uﬁ &GP MACHPIEs Aofh 4 higab! v coupl ed

to the first and secon nNB suc consi stent spacing I's maintained
bet ween ttk@sﬁlbﬁ@bmdll e:kle&tlmlnis thl’f1nﬂbﬁlcﬁ1(pﬁdu@fdt655h&fldlﬁglfihnd0081Bﬁ:d oiarkset al ong
t he IengtE %Fg cabl e; a second dlelectrlc g osed within the
spaci ng BBt GRS hReotepic P@Fté?ne]cltlrlt O SPORHEHHRPOSY 14 HIEBHBuCt or set .

| tem 2 i Sefh &AM SerReGPmEALIdif ﬁmrex%ecmlﬁimmh&%egaﬁﬁm i ghgetric
conprises an alr gap that extends continuously along the’l'ength of the
cabl e betpaedwed pbo®es il 1fbbna predétepniogd factor. bet ween the first dielectrics of

t he conduct or each ond ctor set. | t S, a c bl e according to
O 1 el = . - T I e R ey e A

shi el di nqnfﬂ thBhas a radius bt &Ry ftuleSR 2a e @Rte RERPHAIHEGABIO tha RBt FeasthRLESM t he
first and second shielding fi I'ms are arranged so that, in a transverse

Cross s ecftllicmmféﬁs tahé/Otﬁllﬁlremlramm Irecdins ofonevaterdilcolothe ﬁrgn@hmypcpapn iL412 ¢f
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ltem5 is accordihg o any far cdnpr|5|ng a
drain W re tleb ﬁlﬁﬁﬁl@.ﬁl UL 8f hﬁt@aﬂu&ﬂ@ttfie @cfncbﬂitelc (f)@hidia ta gk thitbechdiug of
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[0123] In some embodiments, the radius of curvature, R, of the shielding
film across the width of the cable is at least about 50 micrometers and/or the minimum
radius of curvature in the transition portion of the shielding film is at least 50 micrometers.
[0124] In some cases, the pinched regions of any of the described shiclded
cables can be configured to be laterally bent at an angle o of at least 30°, for example.
This lateral flexibility of the pinched regions can enable the shielded cable to be folded in
any suitable configuration, such as, e.g., a configuration that can be used in a round cable.
In some cases, the lateral flexibility of the pinched regions is enabled by shielding films
that include two or more relatively thin individual layers. To warrant the integrity of these
individual layers in particular under bending conditions, it is preferred that the bonds
between them remain intact. The pinched regions may for example have a minimum
thickness of less than about 0.13 mm, and the bond strength between individual layers
may be at least 17.86 g/mm (1 1bs/inch) after thermal exposures during processing or use.
[0125] It may be beneficial to the electrical performance of any of the
disclosed shielded electrical cables for the pinched regions of the cable to have
approximately the same size and shape on both sides of a given conductor set. Any
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
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Item6 is a cable according to any of itens 1-5, wherein at |east one of
the first and second filnms is conformably shaped to, in transverse cross
section ovothe/sedshe, partially surround each conduct or PE&IUS2010/060623 t em 7
is a cable according to item 6 wherein both the first and second filns are
I n conbi nati on conformably shaped to, in transverse cross section of the
cabl e, substantially surround each conductor set. Iltem8 is a cable
according to itens 6 or 7, wherein flattened portions of the first and
second f ishipddiag Elrapmay ba dedigdt A poradCasey. iapinthadtnoréans oabicshipdding mdpn each

any of i (e TERERCTEBRTHE Sy Bl o igepof} PGP e Ra @ e fre ' °
bonded t owitlie aboutt05anch sfeactnothtt. | ns. Item 10 is a cable according

toitem9, wherein at |least one of the first and second filnms conprises: a
rigid dielect rlpﬁzﬁlayer; Ia KGi & drnigr £ad srosstalk pr X Ebisplagan PEYeRR ¢ gi d

di el ectr ia(a]jeﬂc@l%ecrohdm sets. of a cdnA&HOh M & Gl @A‘tﬁ@fsrshﬁvg@,dgﬁégiﬁglilé hetbpat

bonds the Tirst dielectrics of the conductors to t rigl electric
| ayer. sets ar¢ ¢caamplettlyi isolated aild. éhasic oo cdinngpntgrownaly(Sefplet Bnandibet@genftwot her

COMD 5120 o TS TS A 08, SYERr 2 (TP SPU S REL NSRS
the shielding films 1108 are spaced apart by about 0.025 mm (Sample 2), both having a
cable length of about 3 meters. The test method for creating this data is well known in the
art. The data was generated using an Agilent 8720ES 50 MHz — 20 GHz S-Parameter
Network Analyzer. It can be seen by comparing the far end crosstalk plots that the
conventional electrical cable and the shielded electrical cable 1102 provide a similar far
end crosstalk performance. Specifically, it is generally accepted that a far end crosstalk of
less than about -35 dB is suitable for most applications. It can be easily seen from FIG. 12
that for the configuration tested, both the conventional electrical cable and shielded
electrical cable 1102 provide satisfactory electrical isolation performance. The
satisfactory electrical isolation performance in combination with the increased strength of
the pinched portion due to the ability to space apart the shielding films is an advantage of
at least some of the disclosed shielded electrical cables over conventional electrical cables.

[0127] In exemplary embodiments described above, the shielded electrical
cable includes two shielding films disposed on opposite sides of the cable such that, in
transverse cross section, cover portions of the shielding films in combination substantially
surround a given conductor set, and surround each of the spaced apart conductor sets
individually. In some embodiments, however, the shielded electrical cable may contain
only one shielding film, which is disposed on only one side of the cable. Advantages of
including only a single shielding film in the shielded cable, compared to shielded cables
having two shielding films, include a decrease in material cost and an increase in
mechanical flexibility, manufacturability, and ease of stripping and termination. A single
shielding film may provide an acceptable level of electromagnetic interference (EMI)
isolation for a given application, and may reduce the proximity effect thereby decreasing
signal attenuation. FIG. 13 illustrates one example of such a shielded electrical cable that

includes only one shielding film.
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Item 12 is a cable according to item 11, wherein at | east one of the

i nsul ati ng supports is disposed between two adj acent conductor sets.
Item 13 iwoaoralhms4according to itens 11 or 12, wherei nPatr/useastwewnar of the
i nsul ating supports is disposed between the conductor set and a

| ongi t udi nal edge of the cable. Item 14 is a cable of any of itens
1-13, wherein a dielectric constant of the first dielectrics i s higher than
a dielectric constant of the second dielectric. em 15 is the cable

according to dA}2¥f itend FIG1H3 a whelded ﬁleﬁ‘lﬁléalaﬁableelé% 1%@“@6%%t%ﬂy set is
adapted fQof. ¢ I%Hlng% tﬁﬁﬂ&t@h%@ﬁcﬁf&t&?iﬁ% £t aﬁ&q%ﬂqﬁ% t%o@?ﬂcﬁxctd 16 is

an el ectrica on cabl'e, conprising 'ty of con or sets
each conmﬁogjm@hawdn@bemﬁmhmahoﬁamub&ﬁxmndasmexﬁgmdemgyﬂmﬂmnﬁmg¢$OSBQd of
t he cable, wherein each of the gnres are enc ssed by re pectbgﬁgnn

di el ect r idhough condugtpr sofs hayingQthenmbisrerfdn atF quéiu@tﬁfse% 137455
end- t o- engle 8o tHReh gﬂa{e% %wel&iédse@&%ﬁ&l LRL1ORPESis kRowh Qﬁacﬁhe LRRngabl e,

wherein the wres a bonded to the first and second filns~“such that a
consi st erohgucpadtl ai vargap cxecnn@agdocions, bubars) gr adll ertkgena ma@fﬁzgtdmwwd tthe

cabl e between, cl o oi nt oXi m.t the ctric f the
e o SR B TGS Bigind sPta RIS e T 8§03 1 2econd
shi el di n@xtdnd® s@ds@neiay AeaRk irsfamad 1ﬁ@1atéd‘ccﬁﬁﬁ&bﬁalt3|0@ 'E')f cmaoa@éts al ly
surround each conductor” set in transverse cross section, and wherein

flattened 3|Qérat141 argpositionpbdtiveen shagldingddond 08 ang Iactalmyr fﬂmd@%w@@a@m ed

t oget her t m a_ fl.att 39 or Qn f each t he
conduct or" ?f ﬁonasasmﬁmm?én?ﬁ (3g§u%a e“g@ﬁg? lsnl R0 |teﬁpfgh erein at

| east onqao(atﬁoﬂ 1BO9fdfishic] duielfiBe CO0R] asditetdioand cdﬂaact@ﬁsrrmas@émcmdé@ﬁmﬂmbl e
di el ectric adhesive | ayer bonded to the wres;
of the conductor sets 1304. One of these three ground conductors 1312 is positioned
between insulated conductors 1306 and shielding film 1308, and two of the three ground
conductors 1312 are arranged to be generally co-planar with the insulated conductors 1306
of the conductor set.

[0129] In addition to signal wires, drain wires, and ground wires, any of the
disclosed cables can also include one or more individual wires, which are typically
insulated, for any purpose defined by a user. These additional wires, which may for
example be adequate for power transmission or low speed communications (e.g. less than
1 MHz) but not for high speed communications (e.g. greater than 1 Gb/sec), can be
referred to collectively as a sideband. Sideband wires may be used to transmit power
signals, reference signals or any other signal of interest. The wires in a sideband are
typically not in direct or indirect electrical contact with each other, but in at least some
cases they may not be shielded from each other. A sideband can include any number of
wires such as 2 or more, or 3 or more, or 5 or more.

[0130] Further information relating to exemplary shielded electrical cables
can be found in 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.

Item 1 is an electrical ribbon cable, comprising:

38



arigiddielectric layer coupled to the defornmable dielectric layer; and a
shielding filmcoupled to the rigid dielectric |ayer. Iltem 18 is a
cabl e acowodnreg3vm4any of itens 16-17, wherein at | east PomaSed10i0bws23
conductor sets is adapted for maxi numdata transmi ssion rates of at least 1
@/ s. [0131] The foregoing description of the exanple enbodi nents has
been presented for the purposes of illustration and description. It is not
intended to be exhaustive or to limt the invention to the precise form

di scl osed. Marfy la#pldinei cOBEY GRSl BN 2t lwstwﬁowé@i éuqtﬂrswﬁjnthngf t he

above teag %h@ﬂd -td- Enc}if(}h@%@d?g%e&&ﬁ‘teaéblﬂ?t %uQ rstal}geh&) gearahe a:'.m ted

not with t det al descr’i ption, deter m ne cl ai ns
appended lagitiebdthe cWiA‘Bylr&p&tAlel\fEa di8ectrits; An eI ectrical ri bbon cabl e,

conpri si ng: | east .one conductor set c risi g at | east, two
el ongat ed concmfé:%%rgi LRkt (R KAl pdera "Pthﬂ?é I€aBy disPQitsdr®i n each

of the copAlGlalds oAb RIRASIANELORGcRbrl SBIRANATcch iRy 6Bl Gimiespect | ve

first dielectrics rst and second fil Ing fromend-to-end
of the casbtcmdefddlsduslp‘dnse:dcwlsoqmpqmag is rmtmtaloéd bettweciatblleéirst\m@ccmws athe

conductors are, fjxab led t h d fil h t hat
Comalet orihe Bt e PR e b Bl b Pl PSR Erd o T e of that @
conduct ors of ae@edshop&el@u@mﬁsp%@éd WitRhd fpacing BetWteRthd M8t gidlRteics anthe a

second dielectric disposed within the spacing between the first dielectrics
of the wiwies dfcadnemdygaosatt or set. 2. A cable accordlng to claimi,

wherein the secon dlel ctrlc co ises an .ai a xtends
conti nuously g?é%glﬁ% ea“?ﬁh%ﬁgpke cab (ﬂmﬂéﬁmgéﬁn% okgsccggu>ses%

proxi m t yaib@ipwearextdgs écbxftﬁlho@blyehl@ﬁg tHedsng@h of e caBle busi@h $Id3Est patis gonduct or
set. proximity between the first dielectrics of the conductors of each conductor set.

Item 3 is a cable according to items 1 or 2, wherein the first and second films
comprise first and second shielding films.

Item 4 is a cable according to item 3, wherein the first and second shielding films
are arranged so that, in a transverse cross section of the cable, at least one conductor is
only partially surrounded by a combination of the first and second shielding films.

Item 5 is a cable according to any of items 3 or 4, further comprising a drain wire
disposed along the length of the cable and in electrical communication with at least one of
the first and second shielding films.

Item 6 is a cable according to any of items 1-5, wherein at least one of the first and
second films is conformably shaped to, in transverse cross section of the cable, partially
surround each conductor set.

Item 7 is a cable according to item 6 wherein both the first and second films are in
combination conformably shaped to, in transverse cross section of the cable, substantially
surround each conductor set.

Item 8 is a cable according to items 6 or 7, wherein flattened portions of the first
and second films are coupled together to form a flattened cable portion on each side of at
least one conductor set.

Item 9 is a cable according to any of items 1-8, wherein the first dielectrics of the

conductors are bonded to the first and second films.
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3. A cable according to clains 1 or 2, wherein the first and second fil ns
conprise first and second shielding filnms. 4. A cable according to claim
3, wher eiwothe/fBdisgt and second shielding filns are arr aogas2260/066623, in a
transverse cross section of the cable, at |east one conductor is only
partially surrounded by a conbination of the first and second shi el di ng
films. 5. A cable according to any of clains 1-4, wherein at |east one of
the first and second filnms is conformably shaped to, in transverse cross
section of thdt@ah s a ghtaicsprdingtorticauhdvhoadin ata’@h%!@@t: of thedirst ang segondap| e
accordlngihgcﬁ%@hg%S wherein flattened portions of the first and second
films are coup ogether to forma flattened cable portion on each side
of at |east orerigiddiblietioslaset. WO 2012/ 030364PCT/ US2010/ 060623 7. A cable

according to a f. cl rein t rst dielectrics of the
conductors arél%ﬁg leqgﬁébFPPEkg e§é%§ﬁﬁ‘*?¥hgym'%l A cabl e according
to claim 7, V"fhed:e%;nﬂla@le d@l%éthc%ﬁes?\fe 15&@ tﬁdt f58h sﬂﬁ@'ﬁ%ﬁ%ﬂk&tﬁds‘dﬁhem”p” ses. a

rigid diel ectric ayer; a shielding fil |xa |y coupled to the rigid
di el ect r icontlayers to tedigid dielectric layer.

Item 11 is a cable according to any of items 1-10, further comprising one or more
insulating supports fixably coupled between the first and second films along the length of
the cable.

Item 12 is a cable according to item 11, wherein at least one of the insulating
supports is disposed between two adjacent conductor sets.

Item 13 is a cable according to items 11 or 12, wherein at least one of the
insulating supports is disposed between the conductor set and a longitudinal edge of the
cable.

Item 14 is a cable of any of items 1-13, wherein a dielectric constant of the first
dielectrics is higher than a dielectric constant of the second dielectric.

Item 15 is the cable according to any of items 1-14, wherein the at least one
conductor set is adapted for maximum data transmission rates of at least 1 Gb/s.

Item 16 is an electrical ribbon cable, comprising:

a plurality of conductor sets each comprising a differential pair of wires extending
from end-to-end of the cable, wherein each of the wires are encompassed by respective
dielectrics;

first and second shielding films extending from end-to-end of the cable and
disposed on opposite sides of the cable, wherein the wires are bonded to the first and
second films such that a consistently spaced air gap extends continuously along a length of
the cable between closest points of proximity between the dielectrics of the wires of each
differential pair; and

wherein the first and second shielding films are conformably shaped to, in
combination, substantially surround each conductor set in transverse cross section, and
wherein flattened portions of the first and second shielding films are coupled together to

form a flattened cable portion on each side of each of the conductor sets.
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a deformabl e dielectric adhesive |ayer that bonds the first dielectrics of
the conductors to the rigid dielectric layer. 9. A cable according to any
of cl ai mrew@-2812/d3086ther conpri sing one or nore insul ati n@CIASp@0socks xabl y
coupl ed between the first and second filns along the I ength of the cable.
10. A cable of any of clains 1-9, wherein a dielectric constant of the
first dielectrics is higher than a dielectric constant of the second
di el ectric. , . : ,

Item 17 is a cable according to item 16 wherein at least one of the first and second

shielding films comprises:

a deformable dielectric adhesive layer bonded to the wires;

a rigid dielectric layer coupled to the deformable dielectric layer; and

a shielding film coupled to the rigid dielectric layer.

Item 18 is a cable according to any of items 16-17, wherein at least one of the

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

[0131] The foregoing description of the example embodiments has been presented
for the purposes of illustration and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed. Many modifications and variations are
possible in light of the above teaching. It is intended that the scope of the invention be
limited not with this detailed description, but rather determined by the claims appended

hereto.
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WHAT IS CLAIMED IS:

1. An electrical ribbon cable, comprising:

at least one conductor set comprising at least two elongated conductors extending
from end-to-end of the cable, wherein each of the conductors are encompassed along a
length of the cable by respective first dielectrics;

a first and second film extending from end-to-end of the cable and disposed on
opposite sides of the cable, wherein the conductors are fixably coupled to the first and
second films such that a consistent spacing is maintained between the first dielectrics of
the conductors of each conductor set along the length of the cable; and

a second dielectric disposed within the spacing between the first dielectrics of the

wires of each conductor set.

2. A cable according to claim 1, wherein the second dielectric comprises an air gap
that extends continuously along the length of the cable between closest points of proximity

between the first diclectrics of the conductors of each conductor set.

3. A cable according to claims 1 or 2, wherein the first and second films comprise

first and second shielding films.

4. A cable according to claim 3, wherein the first and second shielding films are
arranged so that, in a transverse cross section of the cable, at least one conductor is only

partially surrounded by a combination of the first and second shielding films.

5. A cable according to any of claims 1-4, wherein at least one of the first and second
films is conformably shaped to, in transverse cross section of the cable, partially surround

each conductor set.
6. A cable according to claim 5, wherein flattened portions of the first and second

films are coupled together to form a flattened cable portion on each side of at least one

conductor set.
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7. A cable according to any of claims 1-6, wherein the first dielectrics of the

conductors are bonded to the first and second films.

8. A cable according to claim 7, wherein at least one of the first and second films
comprises:

a rigid dielectric layer;

a shielding film fixably coupled to the rigid dielectric layer; and

a deformable dielectric adhesive layer that bonds the first dielectrics of the

conductors to the rigid dielectric layer.

9. A cable according to any of claims 1-8, further comprising one or more insulating

supports fixably coupled between the first and second films along the length of the cable.

10. A cable of any of claims 1-9, wherein a dielectric constant of the first dielectrics is

higher than a dielectric constant of the second dielectric.
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