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FLAT- TYPE COVMUNI CATI ON CABLE The present invention relates to
unshi el ded comuni cation cables and norg;, particularly to a flat-type
crescent shaped communi cation cabl e. Various types of unshi el ded

cabl es being ugjli ?%’on conputer systens contain 4 tw sted '
conductors. Thyocjgé Is restricted typically to 24 AWG condgﬁ s’{wﬁ“

maxi nrum of .0395" insulation, and an overall Average cable OD of 0.250".

Further, flame test requirene Tati% ' what type of
conpounds can be utilized wt m f Emﬂ“t@@%éﬁ@eﬁ ese restrictions,
twi sted pair cables are often bundled together into 4 pair groups. These
typically have no_spaci ng between the indivjdual tw sted pair uynits,
Therefore, reducti ai'e(ﬂfes RengeR '?lgtqsitﬁi‘{rﬁh'er‘gdt‘ﬁé“@'é'f“ﬁ onyrakies and mase o
tw st* | engths, where tighter twi sts wusually exhibit enhanced crosstalk
char act eri st i @artindarbntene flattype ¢resgent ghaped campupicatior palde. t ypical ly in
the range of .019" to .023" in dianeter. A problem exists where tighter
twi sted pair |ays WMagoas eypestafrunshieldedcdablesdieing stilized onttommyter systemge of f
for good crosstalk is made by accepting the poorer attenuation perfornmance
of tightly twicahtdin @agvisted pair conduttors. Thercablerie réstricted egpicalfy 1024 AWG

i nvention to provide a flat-type comrunication cable having a plurality of

spaced tw st eGoRaiEtorsd @axivilin W .0B05 Sins{ilatidh,Parl 4P oddrbP WveRigatdabhl BDESSY

instal lation by installers. It is another object of the present
i nvention to gy S¥hde Fhrfibe e o3t HiEHemieh atbd RSeithg S8 WA Witat ipé of 20Kt
havi ng an upper convex sufface, a |l ower concave surface and a parr o

Conductor pas Saps €6y WSyl el Bormuel B i RiclRel Go."

each passageway.hayi ng a ] ongitudinal lLy .extendin . W0, 98/ 11563
PCT/ US97/ 1674§¥"%ﬁé Maﬂé’aR“?F e ﬁ?ﬂé",‘&ﬁ%ﬁ@ﬂ? g i 4 R 8H?s-p53§%’gﬁﬁé‘§Pé'Y
not nore than one tw sted-pair conductor in_each _pas_sagiwg?/' and each
twisted pair SBMBRCSRAcingRAtYGen the individual twisted Peir MpLs-aTherelareoprdugtipR R
has an area | ess than an ar-ea of a cross-sectional envel ope of the
passageway i ncrpastalkiis limited e sheselection of suitable twist lengths, where tighter twists
usually exhibit enhanced crosstalk characteristics. Attenuation is limited to
conductor size, typically in the range of .019” to .023” in diameter. A problem
exists where tighter twisted pair lays degrade attenuation characteristics. Hence,
a trade off for good crosstalk is made by accepting the poorer attenuation
performance of tightly twisted pairs.
1t is therefore an object of this invention to provide a flat-type
communication cable having a plurality of spaced twisted pair cables and which is
flexible to allow relatively easy installation by installers.
It is another object of the present invention to provide a crescent shaped
' flat-type cable comprising a jacket having an upper convex surface, a lower
concave surface and a pair of arcuate sides, said jacket having a plurality of

longitudinally extending conductor passageways, said passageways being

positioned side-by-side, each passageway having a longitudinally extending



-1t is further an object of the present invention to provide a flat-type
cOmuni cation cable for carrying frequencies in excess of 4 Mz conprising
a plurality of longitudinally extending conductor passageways, said
passageways being positioned side-by-side, each passageway having a

| ongi tudi nal |l y extendi ng opening which opens to an adj acent y, a
tw sted pairv%ﬁﬁﬁﬂﬂpors | oosely located in said passagemaygm&ﬁ%%? nor e
than one twi sted pair conductor being in each passageway; each tw sted

pai r conduct or_havi. a, Cr 0SS- ctional envel h a
Cross-secti O?&ﬁ"'%{}"&ﬁﬂbﬁ”gﬁsea} ?ﬁe?fq’gteh?8??@8%&%%%71‘%\%%0{%%%?& %"s?'}aed pair
I's centained. . . ) Sumyary of, the l.nvention

The present TWistad-pancopdurterda each passageway, 3pg éaéhﬂ"'ﬁ}' RRLGPRAUStEN o5 cent
shaped flat-type cable having a jacket having an upper convex surface, a

| oner  concahRving pfesess-sactionalpisculasenyelppe mhich hesan gwgadessthastamarer of aat

| east four |ongitudinally extendi ng conductor passageways, said
passageways tressrgectional eiveiopk of the- passageisay incwhichdt istibeatedare t wo end

| ongi tudi nal passageways and a plurality of side-by-side internediate
passageways, eachitishsti@e an\objent iof théprdsenginventioratd proeideantlatgpepeni ng

whi ch forns an opening for adjacent passageways; not nore than one

twi st ed- pai r cgraRAiMidationi dabRAGR cByiRg FFatREncies fF dxdoss 8 AMRZ cbmpRSgC] OF
havi ng a cross-sectional circular envel ope which has an area less than an

gr ea of a %&g@;ﬁ&%%&ﬂg&mﬁﬁwﬂ%ﬁdﬁs doRBubR? pAERWays, said passageways
bt Stod pay 1 boing Ao iRed Side it "ch neRasgeoky hAld B londi Uity Sesifing "

mul ti-conductor .flat-type cable refers to cabl es havjng referably four
~pairs of i nsPPHRY ﬂﬁge?’b"r?w a%%{ErPaﬁaﬁ'Q%aé'vn@f‘gﬁé%b '5°°'Ef§"5’6 er mi ned
di stance apart between adjacent conductor pairs and all of the pairs being
covered by aleos@liiesatedin-said PapFrgemaysiwithzhet mere than enestyvistedpaionduct or
pairs are |oosely within the jacket and are not.bonded to the jacket. Each
of the i nsutendusterbeing ineaghupassagewayin eagihtwistadopair condyctarhayingragross- -
insul ation for all of the insulated conductor pairs nay be the sane. -
However, it sectipnaf emvelope drad less thbe axrossiseationalenvelopelaseaaf thenduct or’
pairs.has -a non-fluorinated:polyner insulation. The insulated conductor
pai rs are prpassagbwaytinivwHicldl sgiditwisted gpairtioeontaimedng a common insul ati on
and the jacket is a crescent shaped solid or foamjacket with a

Summary of the invention

The present invention provides a flat-type cable and pfeferablv a crescent.
shaped flat-type cable having a jacket having an upper convex surface, a lower
concave surface and a bait of arcuate sides, said jacket having at least four
longitudinally extending conductor passageways, said passageways being
positioned side-by-side such that there are two end longitudinal passageways and
a plurality of side-by-side intermediate passageways, each passageway having a
longitudinally extending opening which forms an opening for adjacent
passageways; not more than one twisted-pair conductor in each passageway;
each twisted pair conductor havil.'.\g a cross-sectional circular envelope which has

an area less than an area of a cross-sectional envelope of the passageway.
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plurality of side-by-side |ongitudinal passageways. The present

i nvention and advantages thereof will becone nore apparent upon
consideration of the follow ng detail ed description when taken in
conjunction wth the acconpanyi ng draw ngs. )
Brief Descri ptﬁg@s?{ he Draw ngs Fig. 1is agl

perspective view of the flat-type cable of the present ﬁé’l?ﬁs\'?é”rl] f‘%n.
Fig. 2 is a cross-section taken along lines 2-2 of Fig. 1. _ _

Fig. 3is a pel’réle?éblv?m@{d&ﬁgt K& driing Yrall thitknéss and the twisted pair drfltucforkS 2N
enl arged cross-section of a bonded tW sted palr conductor use I'n the
present i nventy.Olnshi . Fig. 5 1s an enlarged cross-section view
of anot her bon('j’egn?vfnelgtegd pair conductor used in the present

i nventi on. . Det ai | ed Descr.i pti gn of the

| nvention The phrasﬁ‘\é""ﬂ?'é’?ﬁﬂ‘f“?'nﬂ@tﬁtt"PSﬁaé‘%dﬁfeé%? ﬁat?'?gi"a‘f'%e cabl e
with a jacket havi ) plurality of twi sted pair passageways -
usuatly four. Pf e@g’gh?%mam%u atpd canductors with each paie beingspagedied a

twi sted pair conductor. Each of the tw sted-pair conductors are
spaced from e&¢edetermined distanae apartcbetwieen atjacent/corslugtdr pairs endtall.of the pairs

| onger lay lengths enable the invention to utilize relatively thin
wal | foam i nsbemgiaavered by an appidpriate carnmshijaeket.h Eacie bf thetihsglated ¢difductor
created during the foam ng process. In the present invention, three

out of the si paipoars bbselg\eitiih ahk jseReibaritPireGivt boRdad ttHe jacket. Eacnacifrthfab' e
are inproved over the generally used cylindrical bundled four pair cable.

The flat -t ypejrfsakied ebndiRoPpHAEHYs émaﬁ‘ﬁ}%ﬁd&e *ﬁ?ﬁn&iow. dfﬂla i‘ﬂEﬂQﬁQH%PaiféP
e ay rom

i nches to about 0.360 inches and the tws pair engt hs range

about thb iglshﬁfébeéoﬂd?ﬁ%rf?g%é b B Samd N Bicdwivat S isp;?riefer%%ntg\%? e s

are arranged i n .
PCT/ US97/ 1674 el, sjide-by-side coafiguraii qn. Each, .
‘insul ated condaet gﬁggf %“eéac Bﬂi% J'i“f"edéi' °5r?85§1’18? ad&ﬂ"rﬁm@a&%ﬁfﬁmwwﬁﬂm
nore than 0.0.i‘.gSJ NehesS. ESC‘H of , ) . Lo _
R .. rhe msulated conductor pairs are preferably twisted pair conductors having a
- common insulation and the jacket is a crescent shaped solid or foam jacket witha -
. plurality of side-by-side longitudinal passageways.
The present invention and ad\)antages thereof will become more apparent

upon consideration of the following detailed description when taken in conjunction

with the accompanying drawings.



t he | ongi tudi nal passageways have an internal |ongitudinal opening
extending the length of the cable jacket. The passageways restrict the
novenent of adjacent tw sted-pair conductors. The rel ative positions of
each twi sted-pair conductor remains within 0.9 tinmes X after the flat

cabl e has been bent in a sem -circle along the |ongitudinal axis around a
mandrel meaNPHYS 3 tines the width of the cable. X is tHfeN4fte

bet ween two adj acent tw sted pair conductor center |ines before the cable
is bent. The cable is generally used for digital or anal og

communi cation cables having frequencies fromabout 1.0 to 500 Mz and

hi gher and mai nly above 4 4 The passageways in the cable are
sufficiently |arge such as to2EfeHEIENDYOROII08 ENGWINGS ot ween t he

tw sted-pair conductor and the walls of the passageway. The tw sted-pair
conductors are | bgsd igiatsideperseectpesdenyafidhe f&ﬂvmtﬁ the presentcket .
Referring to Figs. 1 and 2 there is shown a flat crescent cable 20 of the
present invéwention. The flat crescent cable 20 shown has four generally
equi valent sized twi sted pair conductors 21, 22, 23, and 24 in a

si de- by-si de par Figl @l is acoo$s-gestioni taken dlbag fines2-2 vf Figed: pai r conductor 21
being on one side of the cable and the fourth tw sted pair conductor 24

bei ng on the oppgy. g;qsgimﬁgfe,ﬂg}ge@gmtﬁn oflig, zabl e is covered by a single.
conmon j acket 26. The jacket 26 is a Tlat-type jacket with a

general ly cr escepitgé ?gg%ﬁ‘%nﬁrgéeé Frosﬁ%ﬁ&fﬁ Vof g {gﬁnhéﬁ %is%ﬁig%%@%di S

di vided into four y- Sl ongi t udi

PCT/ US97/ 1674 ing. twi sted pair conductor passageways 27, 28, 29
and 31 that ?%Qlee%%é%ﬁre}g“eln“’[ohe | ength of the cable 20. Each passageway

opens into an adiacent passageway by |l ongi tudj nal ext in peni ngs 32,

33 and 34. Openi h'@ Pt aBrW'ﬁ% c 5@%&%% 'e%?{/\ml’é'oﬁ’%ﬁdgﬁt V‘f'g'ﬁgiﬂaﬁdi nal

passageways 27 and 28; _opening 33 provi des an openi ng between adj acent

| ongi t udi nacopductar used o tgs presaipt entigl openi ng 34 provi des an opening

bet ween adj acent |ongitudinal passageways 29 and 31. The passageways nay

be any shape desired - i.e. «cylindrical, non-cylindrical, a conbination of

these nulti-sided, etc. Figs. 1 and 2 show non-cylindrical passageways and

Fig. 3:shows cylindrical pasetaded\Descrintion of tliednvestian-d pairs 21, 22, 23

and 24 are loosely within the respective
The present invention provides a flat-type cable with a jacket havinga -

plurality of twisted pair passageways - usually four. In each passageway, there is
loosely contained a twisted pair conductor. Each of the twisted-pair conductors
are spaced from each other and can have a relatively long lay length. The longer
lay lengths enable the invention to utilize }elatively thin wall foam insulations
without crushing the cellular cavities created during the foaming process. In the
present invention, three out of the possible six possible crosstatk combinations in
a four pair cable are improved over the generally used cylindrical bundied four pair
cable.

The flat-type cable of the present invention has a width of about 0.250
inches to about 0.360 inches and the twisted pair lay lengths range from about

0.4 inches to about 4.0 inches. The twisted pair conductors are arranged in a
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passageways 27, 28, 29 and 31 and are not bonded to the passageways. The
‘end passageway 27 is sized such that when it contains tw sted pair
conductor 21 it has a volune of air greater than the volune of air of
passageway 28 containing tw sted pair conductor 22. The other end
passageway 3leeqpldicpi Ng twisted pair conductor 24 is sizedp&fu§ans
vol unme of air greater than the volune of air of passageway 29 contai ning
tw sted pair conductor 23. The volunme of air in passageway 27 with the

twisted pair Eﬁ?l‘a%!fiBgfallgﬂsiﬁébgfsgfgeéﬂhﬁrﬁon'. Gtueh insufatk %Bgduétﬁﬁoveééﬂm of

air of inter passagewa It contains twsted palr conductor

22.. 1 f necesgat t he e - . IS el Rcreased
by’ pr ovi di ng "Stem PO Pa fes b dfrieler BRAGAGHEH o o p3BR yichds” EdoRYr
passageways. .The air pockets may be forned by usi.ng.inrequ ar shaped_end
hassagovay wa nartudinl pagsasewhYs Bayesart el lopgiingl SPUnios rxtending the,
refers to two individual @ insulated conductors that are joined or separated
and are twi siengtaobthe eaklp jacket. The pessageways resirict the meyamentpfi adiaeent at ed
conductors has a suitable electrical conductor surrounded by a suitable

i nsul ati on. Fvigted-paiaconductorshefhea reldtiverpositionsrafleadh itivisted-par eonductoy pes  of
joined insulated conductor used to forma tw sted pair conductor. .
It is desirabkérnaing vithie 0= cimes§ X after teflatnchhiehasibesrbbentin acsethidircialbng e
about 80 to 95% and preferably about 87%to 93% of each of the tw sted-pair
cylindrical eRyRInQRAEdIABI Hiié Bfound aMEndrel MBASUIN 0.3 EMES B RARhvTIRa GaBRYS
28 and 29 between the end passageways 27 and 31 encl ose about 60 to 90% of

the tw stedypgithe Hbtah Betioen toPadjacint Rivistdd §£i9 cBrdctdhEerRBAl Ay s

27 and 31 preferably do not enclose |l ess than 33% of the tw sted-pair
cylindrical e and the inner or internedi ate passageways 28 and
29 preferabl §ﬁ%§§ﬁl§£ b%ﬁ(’:l ose less than 75% of the tw sted-pair cylindrical

envel ope 36. Angt her way, of considering this is to.take a :
per pendi cul ar crod8e §gé)|?i'%ﬂe"?'ﬁlpyoﬂﬁﬁf{]%é9%{ﬂh Pﬂﬁ?#“&%F"@H‘&ﬂ'ﬁ?ﬁ%’“ﬁ*ﬂ'&ﬁ ch
shows a circle having 360[err circunfere Thus, . each, of _openi ngs 32,
35 and 34 woliRvng frepensies o b’ T Hito o MHesgrut Biahei pnd ey Gbevis
preferably between about 25[err] to about 47[err] of the circular
envel ope.” MHz. | n another enbodi ment, the width or height of each opening
Is less than 75% of the dianmeter of one of the conductors of a twisted
pai r conduct or i nThépassagewayeimthe ¢able are syfticiently lasgdsucheasitd presteedi at e
passageways, the opening is less than 75% of the dianeter of the small est
si ngl e condupbcketsfof taircbettwieen ¢hle pwisted-pair conductor and the walls of the

passageway. The twisted-pair conductors are loose within each passageway —

not bonded to the jacket.

Referring to Figs. 1 and 2 there is shown a flat crescent cable 20 of the
present invention. The flat crescent cable 20 shown has four generally equivalent
sized twisted pair conductors 21, 22, 23, and 24 in a side-by-side parallel
configuration. The first twisted-pair conductor 21 being on one side of the cable
and the fourth twisted pair conductor 24 being on the opposite side of the cable.
The cable is covered by a single common jacket 26.

The jacket 26 is a flat-type jacket with a generally crescent shaped cross-

section. The interior of the jacket is divided into four side-by-side iongitudinally
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in either of the two adjacent passageways. That is, referring to Fig. 5 for
il lustrative purposes, if the dianeter 42A of the single conductor 42 is
0.04 inches, the opening will be 0.03 inches or |ess. WO 98/ 11563
PCT/ US97/ 16748 Each of the longitudinal tw sted-pair conductor

passageways_27. 28, 29 and 31 has a cross-sectional profile area that is
| ar ger than“f%"ﬂ?‘i}ss-sectional profile area of the tw stgﬁrﬁﬁﬂanﬁnductor
cylindrical envelope 36 to provide air pockets between the twi sted pair

conductors Jheir. ' f ergd to Fig, 3
each of t hegg%éé{ﬁﬁég'%g‘? Bg\f;«;éﬁgu%? 6%%%@%&5 5;7 ' gsbglgfansoﬁ ﬂ%ﬁ@&?"ggme
projections 37 and 38,that extend.the | ength of the jacket,L and project

P vardl y. " centie fin of tomcae 20, cepchpassodiviay o intarun SSIpRERE | ol o <
allow ng the tw sted-pair conductor in one |ongitudinal passageway passing .
t hrough to msawatbmlonmwgtrtanui%ﬂ%@mmgz-ﬁ%a%% dorening32shown i s
a triangular-type cross section with a md thickness 39 of the projections
37 and 38 dwravides lanp apeningdetwes0 Edipceat iongitudinaltjassagewsdysclst and 28 t he

tw st ed-pair conductor insulation 42. The separate | ongitudi nal
passageway opgeninge38 [provided anl opening betwieert adjacert longitudinal passagewalye 28paci ng
and keeping the twi sted pair conductors separated from one another. Each

t wi st ed- pai dndc29dsi5d Opering 3895Tblides af opeHngEttwess adjaost 16Rgitsdidal i n its

own space or |ongitudi nal passageway. This restriction of novenent between

adj acent. 't \haasEGeWayd 20 W P, Ohe pBSSHEBIEYS Aiayl BE hn® uAiNddditel e, Detween

active to passive tw st pai r conductors.” Wthout the projection, the

o o oo RIS S S P RSl P 510

cha et o1 8k WGBS O

COnL L IOUS Ot e e el 08 A S PA SOE B She 35 2, 9 2

8 ' passageways 27, 28, 29 and 31 and are not bonded to the passageways. The:
end passageway 27 is sized such that when it contains twisted pair conductor 21-.
it has a volume of air greater than the volume of air of passageway 28 containing - =
twisted pair conductor 22. The other end passageway 31 containing twisted pair
conductor 24 is sized to ﬁave a volume of air greater than the volume of air of
passageway 29 containing twisted pair conductor 23. The volume of air in
passageway 27 with the twisted pair conductor 21 is preferably at least 1.2 times
the volume of air of intermediate passagewai« 28 when it contains twisted pair
conductor 22. |If necessary, the volume of the end passageways 27 and 31 is
increased by providing a longitudinal open pocket in the walis of the end.
passageways. The air pockets may be formed by using irregular shaped end
passageway walls.

The term twisted pair conductor as used herein refers to two individual

insulated conductbrs that are joined or separated and are twisted about each
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WD 98/ 11563 -
*PCT/ US97/ 16748 separating the two inner or internedi ate passageways. The
jacket 26 is prepared from suitable foaned or unfoamed pol yners and one of
the preferred materials is a jacket material, such as polyvinyl chloride,

whi ch may be ﬂar,?h y foamed with 10% 15% voi ds. The w dt h’é‘ﬁﬁﬁtﬂl&m
cable 26 is abou .25 to 0.36 inches. The thickness or height 47 of
the cable 20 is in the range .of 0.10 inches to about 0.16 inches and

preferably betnietaph dfith® inkitvili@al Grstfatbd eBRductors has a Slitabidbiekieas of the
j acket 26 not counting the projections, varies between about 0.010 inches

to about 0. 040 4RRESroFRRAY £ ¥R PeulalnlBRS] A°HPLS 3 rRRGAAY | e

| ar'gest t hi ckness ac e center portion j acket

The s acket naerieribsfis MEotBR &iimet TheilaiEa ReRBloshl o} &hoa Alige”

concave portion is less than the thickness of the wupper convex portion and
greater thanPRREOREURIORess of the sides 48 and 49. The ratio of the upper
-to the bottomthickness is in the range of between about 1.1 to 2 and
preferably about Itipdesirable to lyane eachtafithe Awelensspassagewinsn2 ded 3Hoenaless ude
the length of the projections is about the sane size as the dianeter of a
si ngl e i nsul abeut 80 tel 369 and pneferably abmntdE 7%ty 939% fof mach iob the twiss®l-pair about
0. 040 inches. The thickness 52 of the sides 48 and 49 will be from about

0. 010 to abouylirdridal enuelope 36 {Figs. 3 ahdet)} THectwa inderniatiiate passatiewrlys(28
enhances flexibility of the cable and preserves twi sted pair |ocation.

This shape cahg2® Bdtveenthe eha ;fau_éégemfaarz#saﬂd 81 eficloRE aBBiE0RE B0% berRIEs Ng
force is applied to the cable. This effect increases the bend radius at

least 2 fol dyyfassy ﬁamaaoﬁg é 86Caha g?efé’lfabfyyﬁ gfﬁhﬁ.a?rhd%ah%sada%ystﬁ‘

mnor axis is less than t hat conpar abl e desi gns. dithtonally, -this
9 . s .
Pory uso7s 167900 31 Bfefably dornot enclass less than 833 o the twistadpgic eyligricel
reduci ng the_possi biLit f .pair .crossgver as seen Width ventiqgnal, flat
Configurati oRPEAGREAE and the ifibriox itaTedie paRadevave s dod 2 Besli s o
advant age. The curl effect _zai ned by the crescent shape is further .
. enhanced by .Petereieselgss than 4B kef theitwisted-pair;cylindrical eRyelore, 36+ | ons of 't he
cable 26. Wth the increased center  thickness, the jacket is able to hold
its shape. :Due t oAppthes Nayeofgonsidering this is ttake a perpendicular cross-section’
through the cylindrical envelope 36 which shows a circle having 360°
circumference. Thus, each of openings 32, 33 and 34 would only expose an arc’
of about 18° to about 70° and preferably between about 25° to about 47° of
the circular envelope.
in another embodiment, the width or height of each opening is less than
75% of the diameter of one of the condpctors of a twisted pair conductor in the
passageway. If the opening is between intermediate passageways, the opening is
less than 75% of the diameter of the smallest single conductor of the twisted-pair
in either of the two adjacent passageways. That is, referring to Fig. 5 for

illustrative purposes, if the diameter 42A of the single conductor 42 is 0.04

inches, the opening will be 0.03 inches or less.
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of the passageways 27, 28, 29 and 31 have walls with varying thickness.
The radius 50 of the convex surface 42 is about 0.08 inches to 1.05 inches
and preferably about 0.22 inches. The radi us 50A of the concave surface 43
is about 0.15 inches to 1.1 inches and preferably about 0.32 inches.

The tw sted ductors have an arc 51 A passing throu

poi nts of tﬁgsPé?éggd pair conductors. The arc 51A has a rgﬂpﬁgs3§
curvature of fromabout 0.08 inches to 1.05 inches and preferably about

0. 22 i nches. rggqspaced
above the side mﬂt%pgmlgﬂﬁﬁg%ﬁﬁﬁgﬁgﬁgﬁéﬁcgﬁ@ﬂgﬁ}8#%m§@w@9§ﬁ%32§ 29
transverse cen line 5 thro e crqass-sectional connecting
boi nts of t ABY Siiches fFpRseRtiptH PR At e slowsh S5 Hacerast Fentobal oo
center line %é is dr mn t hrough { he ross- sectiona rT,E’!gectlng pai nts of
the inner t&F l'%&feﬁ 0 the Jwigted-pay con H?FB" owindricgl enye to;grayide@ien t he
two center lines within the jacket is fromabout 0.020 to about 0.060

i nches. pocketn betweaen, theotwisteyl pair/consdugtoars and theitiraspective pagseaeivays.
material, solid or strands, of copper, netal coated substrate, silver,

ni ckel , al um nunRefetrireg o Bibl 8y sacioof thecapehingst32)r83 amad 84fis fdimedjb\ehquairr ic
may be suitable material used in the insulation of cables such as

pol yvi nyl Chbﬂbpﬂ@hrtepﬂo?@hbﬁé 87cand 38 Wt%mwén%th of the jacket and project
10 fl uoro-copolynmers (such as TEFLON, whi is a registered

trademark ofnvilt8RNtBach sfroja&aohu@ kiR6d O hitwAde/a Stineds PR Fesisth GllowiHythe!f t he

I nsul ations may contain a flane retardant. The thickness of the insul ation

or diel ectrhgid 44 Pirt i gﬁ@ ﬁ%"@% out
0. 0150 i nchesl &-Beir n{iéctb ' &‘@ gE‘ nﬂzftafsat east ongom?&%_qﬁﬁ é\?
tw st ed-pair tars n [ 0 ulat S
breferred t ﬁwﬁgﬁﬁ‘ﬁw&%{a%ﬁzai%m\fai THEEOARAPRAT R 5o Fharietdvms i o
t he non- quorlnated @ nmer gat|q$§ €ﬂ$ t he 8 ﬁgest t hj ckness.
The gr eat er SURSFISeEHPR Mjtha "39 ghtheserpincages, FE?WF YPh the
enbodi nent shown i n Fiags. 1 and 2 the non-fluori nat ed twisted _pair
conductor s 688t 0Bk gegatersthap the shigknass4l; of the tyistednairandystor 2'23%!9“23 in
passageways 28 and 29 respectively. The present construction of the cable
“all ows -the @2e of twi sted-pair conductors having cellular insulation. :
Longer lay lengths can be used with the twi sted pair conductors to greatly
reduce t he .. conpThe separateiongitudinalqassagesehysi foheachytwisted-pais tardductor. aid |, £
short lay lengths. This allows the benefit of thin wall foam di el ectri cs
whi ch i npr oiteinetdagingothespacingl ahd keeping the twisted pair conductors separated from
one another. ' Each twisted-pair conductor has restricted movement and tends to
stay in its own space or longitudinal passageway. This restriction of movement
between adjacent twisted-pair conductors reduces crosstalk susceptibility
between active to passive twisted-pair conductors. Without the projection, the
twisted-pair conductors would be fres to move amongst one another during
manufacture and/or installation which ultimately degrades the electrical
characteristics of the installed cable 20.
When referring to Fig. 2, the jacket 26 for our twisted-pair conductors has a

relatively continuous outer surface with central curved convex outer surface 42

and a curved concave bottom surface 43 which have réepective arcs 45 and 44

8



reduci ng material usage. Additionally, reduction in insulation usage
through foamng allows for nore types of materials to be utilized while
mai ntaining flanme and electrical characteristics. Further, foam ng reduces
overall size of insulated singles, which is advantageous with respect to
fitting in stgpdghfkes Ndustry connectors and to realizing a W)‘lkﬁgi bl e
construction. Fig. 4 shows one type of joined tw sted-palr
conductor 60 that can be wused. The twi sted-pair conductor has two solid,

stranded or h%&ag{yi@rﬁgn Sd,)ﬁ,ﬁe, éOnteliRded BHfsfagé‘rﬁlagf.e The 'iééig@%% ’prcgpared

plurality of an appropriate ass conductor,

| ayered metal 3 Mie%gmyﬁr?ﬁggﬂet? ng&g}eg% Pl%' 8}19 of fth Teg?rf%dnvﬂa%rials il?z_

surrounded by a respective C rrca FTc or Ins ayer

Each of the conductors. 40 is dispose ntrally.wthin and S .
Subet ant i al |y PERELIERSiSh SHeDPo b atH SBEKha e ey, pa epiily o Emeg with
conductors 40 may, _if desired, adhere +to any degree against the inner

wal |'s of the YR¥n28% veidsnJihewidthda fihe sable 26 isabaitOmMbatr 0.38 inches, by
bondi ng, by heat or adhesives to prevent relative rotation between the
conduct or 40 and iThauthickness apheight 47 of the: cable 204s iin thesangs of &HB inghes tbot h
conductors 40 as shown in Fig. 4 where the insulations 42 are integral

wi th each ot habouai@l16&imchesiandprefacabiy betwsemabout (0212 to Ontd inches. any

sui tabl e manner. As shown, the joining neans is a solid integral web which
extends the.| engt T thitkeless ohtheciacket {260t Counting thé projections, valeshetiveen
I nsulation. The width 62 of the web is in the range of fromabout 0.00025

to about 0. Olgfdut BEHEE incHes th RbSKIE DA Pihchds.t Ne web is also in the range
of from about 0.00025 to about 0.0150 inches. The web thickness is

preferably I<-:~ﬁ§11 | { Is | g\% { dt h
Is preferably %Hs@{hte%gﬁf ?ﬁ%ﬁw(ﬁﬁgélsﬁ%ﬁoﬁ ﬁihﬁﬁefdeegﬁ I C egfl-eg??h ket The
dual conducto rround | e | I FAKG)  form -
- tui ot od- pai PRHa GBS Paribh 4757 e lsRkL ik s BHES 42 el B Wrbat oo s
of adjacent copductors, hereinafter ferred tq.as.t center-to-.center -
di stances, - af?' _ eﬁ@ﬂ‘!ﬁ%?ﬁﬁ* ianc{.iPE{nes'as'é&J‘aé’Wl gsﬁﬂilest thicifiess.
center-to-center distance d at any one point al onrgt the tw sted pair cable
i s predet er ni Hgjthickness of the,bottom qonsaye, partion;is lags thamthe thickness of $riuct or
65 that is joined or bonded together substantially along its entire_|length.
- by. an appr opryrpes canveisporsiop@nd greateethendthethickaessofithe sides 48ipad 4% The '
di el ectrics can be bonded together by causing nmaterial contact while the
di el ectrics amtiomf the apperctd thehottom thicknesads inthe range of between about 1.1 to
12

2 and preferably about 1.2.

The center thickness 51 which does not include the length of the
_ projections is about the same size as the diameter of a single insulated conductor
and will generally be from about 0.030 to about 0.040 inches. The thickness 52
of the sides 48 and 49 will be from about 0.010 to about 0.020 inches.
The jacket and its crescent shape enhances flexibility of the cable and
preserves twisted pair location. This shape causes the cable to curl towards its
minor axis when a bending force is applied to the cable. This effect increases the

'bend radius at least 2 fold when compared to cables of typical fiat design since

the minor axis is less than half that of comparable designs. Additionally, this

9



WD 98/ 11563

PCT/ US97/ 16748 then cooling to provide a joined cable having no adhesi ve.
The non-adhesive bonding provides an integral common dielectric for the
two conductors 40. The flat-type cable of the present invention
preferably ha

| east one non- fluorinated pol ynmer insul
tw st ed- palr §Rﬂhi5§3 especially useful as a Category 5 cablﬁﬁ?’ﬂﬁ‘%h w | |
pass the UL 910 flane test. The foreg0| ng descrl ption is for

purposes of ilJust a S_not iyt the.scope.of

D ofectt o SUUBBATER 8kes Rtshe Ah e RlE ebpavEr. reppape hy bResiancote
nmeasured by the follow ng clainms, which should be.interpreted to gi ve us
the br oadesF’%‘SV%‘cﬁ sgen withiconwentinnal fiat eenfigurationdasianshut i on. )
The d ai ns A crescent shaped fl at-type cable conpri sing:

a jacket having &he wppemg mkefethldqmess also provides\an advantage: Ihe cudeftest a
pair of arcuate sides, said jacket having a plurality of

| ongi t udi nalglamedhyethm orgsméhapeols further egleseead bydyareasiog the jcketssageways
bei ng positioned side-by-side to forma plurality of pairs of

adj acent paghickweus)iR the center portions of the cable/@6!r With thedhcreaseti ¢ertenal | y
extendi ng openi ngs, each openi ng being between each different pair of

sai d pairs ehicRisaC BN jIRRESISEBIPIShold its sha Dug to the s shapdobwﬁﬂ ¢dle, Yach -
tw sted-pair conductors a different one o said plurality o

tw st ed- pal 'bf‘iﬁé‘gggésa%gﬁe %O%d 29t §1 'Habb Sl With Qéfy?ﬁ ﬁxg&?ﬁ%@é‘d' ng

conduct or ‘nof “nore than one of sai ed-pai r

cach twi St eh?pi??“sﬁﬁﬁﬁ%@w‘*‘ thoallbs purrara 59 15 PERARLPR inches CHgP e
o oa of a cABRETBAlLARPUL 82%,\5%:@5%# HOAGE A coep A aagB A e n

which is located said each tw sted-p conduct or ; two of

sai d pl ur al PPPuUEP.1Singhestr Aal Whe&?e#narefgfab%ehm%& 32inebg8cvays are end

- The twisted pair conductors have an arc 51A passing through the center .
‘points of the twisted pair conductors. The arc 51A has a radius of curvature of
- from about 0.08 inches to 1.05 inches and preferably about 0.22 inches.
~ The inner twisted-pair conductors 22 and 23 are spaced above the side
twisted-pair conductors 21 and 24. That is when a transverse center line 53 is
drawn through the cross-sectional connecting points of the side twisted-pair -
conductors 21 and 24 and a transverse center line 54 is drawn through the cross-
sectional connecting points of the inner twisted-pair conductors 22 and 23, the
distance 56 between the two center lines within the jacket is from about 0.020 to
about 0.060 inches.
The conductors 40 may be constructed of any suitable material, solid or
strands, of copper, metal coated substrate, silver, nickel, aluminum, steel, alloys
or a combination thereof. The dielectric may be suitable material used in the

insulation of cables such as polyvinylchloride, polyethylene, polypropylene or

10



| ongi tudi nal passageways and a plurality of said plurality of

Fongi tudi nal |y extendi ng passageways are side-by-side internediate
passageways; and the pair of arcuate sides of the jacket
having a wall thickness smaller than a wall t hi ckness center of the
upper convex s f the jacket. 2. The gap g”ﬂ Iai m
1 wherein at Iggsgt%ﬁgsﬁg of the plurality of .twi sted-pair con uch)rs S

insulated with a non-fluorinated pol yner insulation.
-14- ¢

nﬁeﬁs f@g e : L&) jd

I nternmedi ate pé"s°§%§8®a"’ gsucmkg. be‘r?{?ﬁccl)ﬁlgad ;JStwga tf'ddg %ﬁfgf BFP&%,

tw sted-pair r [ ei e

of said inter n‘%ﬁ%ﬁﬁﬁgg SS‘A%R%(Q; '?’Hg eg(h @%@HV\%%‘@QSHI%PF? g?aé'ntfmgﬁ'gsa of
said plurality,of t S nductors.i s, dj spos encl ose | east
2bout 2600 er e {efardant e e esamﬁﬁswuwwefaﬁf el imyer e in o

tw sted-pair conductors disposed in each of said internedi ate passageways.
4. . The cabi"angs of frapnaboutiPEOAS5 aa @hout 0HIBY ippbesassageways has a

di fferent one of said plurality of tw sted-pair conductors di sposed
therein; and It is preferred thatateast arwiof the dwisted-pgiz wandudtarsimescinench of
said different ones of said tw sted-pair conductors is disposed encl oses

at | east aboutfiud@ibpted golgrhet insulasion.n diris préferred tivatl thep paséageavzysafontainiflg the
different tw sted-pair conductors disposed in each of said end

passageways. twisted pair conductor witlethendrefledriratéd polyméb fistlatioAthay8dhé one of
said plurality of tw sted-pair conductors is joined along its |length by

an insul ation g?@é?&?@mial? tﬁéﬁﬁb&ﬁ%r@ ePBva‘ilathiékﬁ&ss actk @8 A€ s y&?é?\t.

pair. The ca aim2 whereln the passage I'n

whi ch the nonfle umttﬁg oAb Bl B ahi S S P o AR R ed ©

di sposed has th| géway o

| ongl tudi nal | %aﬁxéo% gé:t% Guld Be Ve‘ﬁ“er or both of twisted pair conductors 22 and 23 in

. passageways 28 and 29 respectively. The present construction of the cable
allows the use of twisted-pair conductors having cellular insulation. Longer lay =

| lengths can be used with the twisted pair conductors to greatly reduce the

- compression forces encountered with tightly twisted - i.e., short lay lengths. This
~ allows the benefit of thin wall foam dielectrics which improve attenuation while:

. reducing material usage. Additionally, reduction in insulation usage through
foaming allows for more types of materials to be utilized while maintaining flame
and electrical characteristics. Further, foaming reduces overall size of insulated

~ singles, which is advantageous with respect to fitting ins standard industry
connectors and to realizing a truly flexible construction.

. Fig. 4 shows one type of joined twisted-pair conductor 60 that can be
used. The twisted-pair conductor has two solid, stranded or hollow conductors °
40. The conductors are solid metal, a plurality of metal strands, an appropriate

fiber glass conductor, a layered metal or combination thereof. Each conductor 40
-
11
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7. The cable of claim3 wherein a different one of said plurality of

tW st ed-pair conductors is disposed in each of said end passageways and
each of said end passageways in which each different one of said

tw sted-pair conductors is disposed

- 15- encl oses at | east about 305[err] of the cy i

envel ope of VOIS f er ent tvm sted-pair conductor di sposedl’wgég@@%f sai d
end passagevays. The cable of claim7 wherein said
plurality o | t r b

tw st ed- pai Es %oni‘&@ggg’gé gﬁgﬁf sal 8"#% afal?cvq\fugtﬂgd%hga{t@}l '?:onduct%{)acz'l ‘gﬁw ng
two insul ated congduct or each tw sted ro sald of four. has a
center Ilneehe con “°t°'§@'§t§ eglqegtrglhg 'ﬁ‘ @@%‘é{%‘?ﬁﬁ'ﬁ%“%&ﬂwﬁw} nes of
adj acent twi sted-pair conductors fromsaid group of four tw sted-pair

conduct or s, With thegosrespendipg inmustian 2. Thacopdyctams4® mayy if fesiredadhese) ¢ i s

strai ght; each insul ated conductor of each tw sted-pair conductor
from sai d gteapy gegieeagainstithe innep walls of tiwr taspeetiveigsylation gty any  not
greater than 0.0395 inches; each tw sted-pair conductor of said
group of fosuvitable matkspslixch ao byl bonding, by heat ort adhesivds pa previeat relativet h of
fromabout 0.4 to about 4.0 inches; the relative position.of each

tw st ed- pai fotatiol BetweerwtheSeariiugtar 40 and frdulatibhig®. ed- pair conductors
remains within 0.9 tines X when the cable has been bent in a sem-circle

al ong a | ongi tud*rn@knsmtﬁnqiz fé"@oﬁ%h?oﬁﬁ@!ﬁ%rﬂu&ﬁ?ﬁﬁ@'asrmﬂim 043 times
the wwdth of the cable; wherein each | ongl tud| nal |y ext endi ng

openi ng of %ﬂ{eg? %éjinﬁg atn}SnQ‘thJ}S Thisgral Wfﬂgac%rbtﬁﬁrlpand e?%ﬁétﬁ@nt @Bné han

70 when the cable'1s he cabl’e
second end 8 éaﬁﬁwn%&’?%ﬂeﬁ Q%rim%zsi‘ﬂioaﬁésvgﬁ%emgpfﬁ?%iﬁee Hifle “or
iailg: sald S?nctggrdal web Wwhich extends the%engtﬁe each \</:81|1 Uctor from the diametric axis
of each insulation. The width 62 of the web is in the range of from about
0.00025 to about 0.0150 inches. The thickness 61 of the web is also in the
range of from about 0.00025 to about 0.0150 inches. The web thickness is
preferably less than the 'thickness of the dielectric layer. The web width is
preferably less than the thickness of the dielectric layer.

The dual conductors surrounded by the dielectric{s) layer are twisted to
form a twisted-pair conductor. The variation in the distance between the centers
of adjacent conductors, hereinafter referred-to as the center-to-center distances,
along the twisted pair cable is very small. The center-to-center distance d at any
one point along the twisted pair cable is predetermined.

Fig. 5 illustrates another twisted-pair conductor 85 that is joined or bonded
bonded together substantially along its entire length by an appropriate adhesive

66. Instead of an adhesive, the adjacent dielectrics can be bonded together by

causing material contact while the dielectrics are at elevated temperatures and
R —
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sai d i nternedi ate passageways include a first internediate passageway,

said first internmediate passageway has a third volume of air, said first
internedi ate passageway is adjacent to said first end passageway;

sai d internedi ate passageways include a second intermedi ate passagevay,

sai d second i nyploaRilsst € passageway has a fourth volune of aigergahfsagcond
i nternmedi ate passageway is adjacent to said second end passageway

said first volunme of air is greater than said third volune of air; and

sai d*second vmém&dahg%rprbﬁdaaqaﬁed ch18 hadiigthd SifiebireY THTorRhdHisive
10. A flat-type comunication cable for carrying frequencies in excess of

4 Mz conpri ghdifhg provides an lﬂtea}apééﬁlrhﬁﬂ dﬁfecﬁi@ 36 the'tlvd Bbdductord £idi ng

conduct or passageways, said passageways being positioned si de- by-si de, the

passageways i ncl Ud‘Eﬁwﬂ&tﬂRlp%%bie%EWééﬁlt HﬂHﬁbFerraBPymV@é{é &i&%&-

plurality of side-by-side’internediate conductor passageways

To an Sdf’iiiﬁﬁﬁ%@@s@@ﬁfwﬁ% robfbettP ek ofi %’#‘e?ﬁ"@??%fuﬁ% ?’%%Ew&%;
a different onetH ai d tvmﬁt ed- |%9g§ofp?duct ors located in each of said

& o Wiieh Wi

passageways wF® Bps% &ted-  pair conductors being
in each of said passa eways; each of said tw sted- g,alr conductors
havi ng a cross-secth® FQ@HQQP%&S@t'QFé%fQTMPOﬁﬁ illusgratian oalycandbisnot "

envel ope area of the passageway in which each tw sted-pair conductor is
cont ai ned;  intended tgtlimit the seape ofipretection accorded) the invention.g Fheyscopeoft wo

of said Iongltudlnally ext endi ng openi ngs; said end
passageways cpnetsectiondt ta biei measuestbby ttes followdinyg elaitnsg velticlo should be inespregsivay,
said first end passageway has a first volume of air, said second end
passagevay hagp give @8ané breadéeseprdtedtion;: possible due to inventive contribution.
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said internedi ate passageways include a first

third volune of air,
Irs

adj acent to sal

I
diate passage\u!‘

eway is adjacent f

first internediat
i nt ermedi ate passa
said i nternedi ate

sai d second_j [
I nt er medi at g";’é@é%

said first volunme of air greater than said third volume of air;

e passageway
geway is
passageways in

IR

o $ai¥l second

I nt ermedi at e passageway, said
said first
nd passageway;
er nedi at e passageway, and

ol une Ofr@'flilssvﬁ%ﬂ second

end passageway,

and

sai d 'secondagiaie of air greater than said fourth volune of air.

11.
tw sted-paig

conductors, each t
a distance X is 242
tw sted-pair, cond

sai d di st arR@¥ YATGEAS S

C Q0 ghysk

each tw sted-pair con

gkl
uct or,
+ center

has

The cable of claim 10 wherein a group of four side-by-side

' {r}‘”_ ﬁj’y Ly ..0f tw sted-pair conductors,
%‘(S:%Hg?ea?lrgo sa%gmg%'ﬁ h%ﬁg'f our has two insul ated
air fromsaid grou lof four
yBRs FopKex sdkiee & IPnst cgtoays
fromsaid group of four tw sted-pair conductors,
| i nes bei ng when the cable is straight;

enter

syrfafe and 2

i ne;

each insul ated conductor of each tw sted-pair conductor from said group of

f our
i nches;

t wi st ed- p&Rid jaekat havingsa phuality of lansitudinglly axtending coaduetenn 0. 0395
each tw sted-pair conductor of said group of four

t wi st ed- paipassagawaysoan $aid passagewsye deprng positionedeasitg:tby-sidef r om about 0.4 to -
the relative position of each tw sted-pair

conduct or of saiedchpassageivdytivirig\b forefitudinaily exteabiig Upehihg Whighforms ahi n

about 4.0 inches;

0.9 tinmes X when the cabl e has been bent

opening?{o? %La%eﬁpﬁﬂshyékhaﬁie

-18-
measuring 0.3 tine
longi tudinal 'y exk
angle no greater t
The cabl e of cl

s the w dth of

o sl ip B0 e paf olndiclorin
i nternedi ate pa;%?g]déé\vé grﬁgt’:%to \F;\'gs%tg ?Eé‘?ﬂé ?aocﬁg?s{%%'?ﬁ%

in a sem-circle
axis of the cable around a nmandrel

pable; anq each
Bl ik 20
cifdl) %ﬁg&%& sai d
y extendl openi ngs.

which has an area less than an area of a cross-sectional envelope of the ~ - .

passageway in which it is located;

2. The cable of claim 1 wherein said cable is unshielded, said jacket having

at least four passageways such that there are two end longitudinal passageways

and a plurality of side-by-side intermediate passageways, and said jacket having

varying wall thickness end the side walls of the jacket has a thickness smaller

than the upper center walls of the jacket.

3. The cable of claim 2 wherein at least one of the twisted-pair conductors

is insulated with a non-fluorinated polymer insulation.
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13. The cable of claim 12 wherein one of said |ongitudinally extending
passageways has thicker walls than another of said |ongitudinally extending
passageways which has thinner walls: a non-fluorinated polymner

i nsul ated twi sted-pair conductor is cmmmmumum(u yd passageways havi ng
the thicker éi afd said another s whi chhHassoriddgner
wal | s cont ai ni %{ uorinated polymer: i fsulat 8d twi'st ed- pai r conduct or
fromsaid plurality of tw sted-pair conductors. 14. The cable

of chaim 10 wher ey 1iacedife 5ALEin 2 Whdrki dich iteRhb@BE PibsapBRaT aRUBNSS H2S

|
t hi cker wal | s than another ?ﬁéal d longitudinally extendi ng passageways

Cwi Stea- pai r BRRIGUS 2707 of p prindlicAfSridod bR ThuBu baF conlidtoleiteid .\,

wal I's, and saLd an ‘#&gr of said passageways which has thinner vval S

cont di ni ng a- FIEEPINACRASERINDN- i nsuiated twisted-pair conductor from sai d
plurality of tw sted-pair conductors.

-19- 15. A flat-type commni cation cable for carrying
frequenm es in excess of 4 WMHz conprising a plurality of

| ongi t udi nal |y ext Endihecabimaticipinn 2pﬂb@’&t§'eﬂﬁ&9§ndﬁs§8ws%m atfleastg
posi tioned side-by-side. the passageways including two end | ongitudi nal
conduct or paabege305% ohactyiingdical ahvelypenbdf thedwistedpaitconduetonirdsaid @ach
conduct or passageways; each of said passageways having a .

| ongi t udi nal | ¥n8passeyenayoPeni ng whi ch opens to an adjacent passagevay;
a plurality of tw sted-pair conductors, a different one of said

tw sted-pair conductors |oosely located in each of said passageways w th
not nore than one of said tw sted-pair conductors being in each of said

passageways, eagyls hnig %? @laﬁrﬂ"? Qreﬁi”‘iﬂe foRBAdGlaR Eod&ﬁ&id?& edich have

Ccross-secti onal envelope area | ess cross-sectional envel ope area of

a1 bast a%ﬁﬁ"”‘é#o@*ﬁ”ﬁ"*%?ﬁt‘i% i &5 g%ig@mays@ﬂe!@'?&%“?* caia

| ongi tudi nal |y

7.  The cable of claim 3 wherein the non-fluorinated polymer insulated
twisted pair conductor is in a passageway having thicker walls than the

passageways containing fluorinated polymer insulated twisted pair conductor.

8. The cable of claim 4 wherein each end passageway encloses at least
about 305° of a cylindrical envelope of the twisted-pair conductor in said each ‘

end passageway.

9. The cable of claim 8 wherein there are four twisted pair conductors with
each insulated conductor of each twisted pair having a diameter of not greater
than 0.0395 inches and each of the twisted pair conductors having a twisted pair
lay length of from about 0.4 to about 4.0 inches; the relative position of each

twisted pair conductor remains within 0.9 times X when the cable has been bent
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ext endi ng openi ngs; sai d end passageways consist of a first end
passageway and a second end passageway, said first end passageway has a
first volune of air, said second end passageway has a second vol une of

air; said internediate p Hm; e a first and a second
I nternedi ate assageway, H! mI,ﬂIllLﬂm“mrrredl ate g,ci_ !Vﬁ has a
third vol umd¥® PP said first intefmedidte® passageway i éf&g@

said first end passagevvay said second internediate passagevvay_ has

Zai 4 secondrd %5&%@!@@ e TitLcingl 1€ o e B0 BRAFEOS Ao bS8 os o,

said third nme o cond yolunme of air greater than
said fourt h&\%ﬁm ¢ vgfl’fh of the cable wlhen %(els the dYstance between ce er lines of _ o).

at | east one of the tw sted-pair conductors is non-fl uorinated pol yner
insul ated WP Sdiagepkiwistashpaiteenductors before spe Pé@gt's bent: gnd the opeping fi- pai r-
conductors is a fluorinated polyner insulated tw sted-pair conductor;

one of sai dedainppssegeway las reeasuratl inp pirasiarprossysection is hb grestenttians7@han
anot her of said |longitudinally extendi ng passageways having thinner walls:
the non-fluorinated polyner insulated tw sted-pair conductor is in sajd

passageway having the thicker walls; and the fluorinated pol yner
insul ated tw st efgpane d‘aﬁfédé!céléiin a&vh&amﬁbh%naa&sm&ige\baw Réve Bi6o
t hi nner wal | s. A flat-type comuni cation cable for carrying

frequenci esloh%ﬁﬁ&ﬁﬁﬁﬁe%n&ng%nﬁﬁ%nh%@ SYolume of at[) irf €He" eﬂd’ﬁ%{s?gé‘hgﬂ fsY

ext endi ng conductor ‘passageways, Said passageways being posi

pass aguuay s PRI g SoUeCof 8P el olpbRf PlocklRed P ARHEC °C o

of said passageways having a Iongltudlnally ext endi ng openi ng whi ch opens
to an adj acent ~passageway; four tw sted-pair conductors, one

tw st ed-pair cond%lct OA Iooselé/ | ocated in each of  said passagewa
11. flat-type communication cable for carrying freq encues ine cess of

4 MHz comprising

a plurality of longitudinally extending conductor passageways and, said
passageways being positioned side-by-side such that there are two end
longitudinal passageways and a plurality of side-by-side intermediate
passageways,

each passageway having a longitudinally extending opening which opens to
an adjacent passageway,

a plurality of twisted pair conductors loosely located in said passageways.
with not more than one twisted pair conductor being in each passageway; and -

each twisted pair conductor having a cross-sectional envelope area less
than a cross-sectional envelope area of the passageway in which said twisted pair

is contained.
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each of said tw sted-pair conductors having a cross-sectional envel ope area
1ess than a cross-sectional envel ope area of the pasSageway in which each

tw sted-pair conductor is containe t one of said
i nter nedi at e passageways has two of mm”“url"l Illlm ext endi ng
openi ngs; W ssgn

said end passagewaysss?:onm st of a first end passageway and a seco
passageway, said first end passageway has a first volunme of air, said

second end passag%ymé%aaeﬁg%w T"PWH@Feﬁfsaﬁ' éable: unshieldia! gal éacket

i nt er medi at e passageways include a first and a secon I nt er medi a

SIS MR BRSP4 A

d d di f h I
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passageway, . said first volune of air %reater than said third vol ume
of air, and Intermedigle passagewavs bavetwedongitudinally extendingPreningsrand the
vol une of air; . at | east one of the twi sted-pair conductors is a

non-f | uori nat ecplwoa;qfw innbe end passageivaye ds geeater dbanl the voluyme of air in theich

tw sted-pair conductor has two insulated conductors and a center |ine;

a di stance X iadjacent fritermediitetpassagaviays; and at ldashen®bdf thd) twvisted paivi st ed- pai r
conductors fromsaid four tw sted-pair conductors, said distance between

the center |inemdubtrs(s inBalatedwith aoh-flSoririated §blyimer insulationeach insul ated:
conductor of each tw sted-pair conductor fromsaid four twi sted- pair

conductors has a dianmeter of not greater than 0.0395 inches; each
tw sted-pair conductor of said four tw sted-pair conductors has a

twisted-pair lay l4ngt ?HQ cable®F dﬁ%&“‘h Quisbrdif tﬁ‘prg:%re g%llﬂ JM\P&ES%P\IKA condact&% Pe

relative p05|t|on of ea tw ste al r conduct or St e

eoetor . WA ok gy B o1 AR o B g BBBRARE o 8 3
mandr ?l measurd ngte I-:i)’an 6 rH%?)Stlnches argc} c?)f m‘I the thsteg pair conductors havmg a o
twisted pair lay length of from about 0.4 to about 4.0 inches; the relative position
of each twisted pair conductor remains within 0.9 times X when the cable has
been bent in a semi-circle along the longitudinal axis of the cable around a mandrel
measuring 0.3 times the width of the cable when X is the distance between
center lines of two adjacent twisted pair conductors before the cable is bent; and
the opening of each passageway as measured in a circular cross-section is no

greater than 70°.

14. The cable of claim 13 wherein the cable is unshielded, said jacket
having at least four passageways such that there ars two end longitudinal
passageways and a plurality of side-by-side intermediate passageways, and the

intermediate passageways have two longitudinally extending openings and the

17
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-22- each | ongi tudi nally extendi ng opening of said
pfurality of openings forms an arc angle no greater than 70[err] when the

cable is straight; and oné sai al l'y extending
passageways has thicker walls than Im”mlm”lmmm | ongi tudi nal |y
?ég?ndl ng passaﬂnwasxs whi ch has thi I PCTIUSYTII6748

volume of air in the end passageways is greater than the volume of air in their

adjacent intermediate passageways.

15. The cable of claim 12 wherein the non-fluorinated polymer insulated
twisted pair conductor is in a passageway having thicker walls there the

passageways containing fluorinated polymer insulated twisted pair conductor. -

16. The cable of claim 14 wherein the non-fluorinated polymer insulated
twisted pair conductor is in a passageway having thicker walls there the

passageways containing fluorinated polymer insulated twisted pair conductor.

17. A flat-type cable comprising: a plurality of insulated conductors and a.
crescent-shaped jacket having an upper convex surface, a lower concave surface

and a pair of arcuate sides.
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