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(e.g., having a purpose of carrying an electrical current, e.g., an alternating current (AC) or direct
current (DC) power supply, or a communication signal such as a voice or data transmission

signal), and a return conductor (e.g., first and second return conductors) which at least

substantially entraps the Electrifiable conductor.

Description of the Related Art
The earliest forms of wiring homes (1920s -1950s) utilized wire insulated with shellac
permeated cloth wrap. Asphalted cloth wrap was used for insulation in the 1950s-1970s.
Aluminum electrical wiring was installed in homes in the mid 1960s through the mid 1970s.

Wire, as we know it today with two insulated inner conductors (e.g., hot/neutral or
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Figures 1A-1B illustrate exanples of such conventiona

electrical wire. As illustrated in Figure 1A, one
waeomseesional el ectrical wire 50 includes an PCT/US2004/028972

Electrifiable (e. g , hot) conductor 55 5 surrounded
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hot) conductor 105 surrounded by a first insulation

FighmeyleX, ohd Gon@ntieddl electrivaneiie 5O inchitles S0 EItHIBR: (B).,d0t) conductor 55
second insulation [ayer 120, and a groundi ng conduct or
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gh 2 V\D 2005/ 024849 PCT/ US2004/ 028972 |
The %ﬁﬁi‘l faﬁlmﬁ Berres WIERBISIeRS, 8F W0 aVPRGH Ve efsbsoisnyirommental

nmechani cal | oading, and vi bration. Reports
stresses (e.g. heat, cold, moisture, or vibration), inadvertent damage during maintenance, and the

wear and tear of constant use. The aging of a wire system can result in loss of critical function in
equipment powered by the system... can jeopardize public health and safety and lead to
catastrophic equipment failure or to smoke and fire." The Consumer Products Safety
Commission estimates that 50 million homes in the United States have reached or are about to
reach the “end-of-life” of their electrical wiring system.

Furthermore, wire insulation and/or conductors can deteriorate due to radiation, high
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i ssued by the Consumer Products Safety Conmm ssion

(CPSC) show that in 1997 hone wire systens caused
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forﬁﬁﬁ@@émomﬁmhng&01mh)no'onvent| onal electrical wire
is often accidentally penetrated by objects such as

e SN REREAT FIEbck A2 con Sl Y BRAM bR R Srdbnty sed in

PCT/ Ys20Q04/ 0 8972
homes anLc{ %9 ices today consist of solid, round wires individually insulated with PVC (except for

the ground wire) with an outer PVC jacket surrounding the inner wires. Fires are increasingly
being caused by overheated wires, insulation breakdown, and penetrations. The open spaces
afforded by conventional in-wall or in-ceiling wiring offer plenty of oxygen for fire ignition and
expansion associated with electrical fires.

Moreover, such conventional electrical wire poses an electric shock hazard and therefore,
causes safety concerns. That is, such conventional electrical wire is often accidentally penetrated

by objects such as nails, screws, drill bits, etc. which often results in the serious injury or death.



10

15

20

Thus, such conventional electrical wre has a high
potential for serious injury when penetrated by any

wo@toosieisad or enenti oned el ectrical ly conducti vePGhyszmn$028972
O her key exanples of conventional wring systens
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maslkigplacgsinéladen bl ock forms for poured concrete walls,
renovabl e form 10 poured concrete walls, fabricated
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esprRialE exigiing kpmaanst ofhice ewnmnmentsiten rewasvigiatraeen Andanany are
sonme type of invasive channeling done on-site. This
degifpmidifer sunfach apunmp/oftheselacikss. saf ety concerns and
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years based on differences in construction technl ues
mtp solicipkl (and, cetling) Brnptsrall ispreaeny Rt dongntery ahfgact%l%é and advantages
and conputer/internet applications have drastically
ovethangaid hoHew] axtadbgaddhtenionwalh (ehdekilingodenicties techniques. These
Sur round- sound hone theater 20 and nulti-nedi a

sol‘f&ﬂﬁ%ﬁﬁf‘&%sﬁﬁ@ﬁh%%hﬁluéé/ &gDH@ sorhd Fbe BEMOhsiR! @mbRel#ione on-site.
|qU|d crystal di splay ( tel evi si ons, networke
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pla?;ty%&lé szmggrgloseq tgltaIPeyﬁrﬁsallséceiséur%gcgpvsr/I%?; ﬁl%?l‘e ?Qva\é\{logé :»ngprevmusly described
may cause shock or potential arch faults and fire potential. On a global scale the construction
issues have existed for many years based on differences in construction techniques.

In addition, the advent of advances in audio, video and computer/internet applications
have drastically changed the paradigm of home and office devices. Surround-sound home theater
and multi-media conference room audio systems, flat-panel plasma and liquid crystal display

(LCD) televisions, networked homes and offices, new applications of lighting, air quality and

control systems have put tremendous strains and in many cases compromises on wiring systems.
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WO 2005/ 024849 PCT/ US2004/ 028972 The requirenent for
alternating current (AC) or direct current (DC)

web@se4seal power interfaces and the associ at BPOT/MB20041028972
has created problens for the installer and the user.

The%:J e 38 g&orgﬁgﬁnhw %L&a&étegﬂﬂeat Qf@ Vf\géacctg&tl ggwer interfaces

nvent.i 0 hods, an exe ect of the
andéﬁs%tﬁp%fﬁ? witpe nértﬂtﬁ’é@taﬂtlemﬁ oY Bl A the usein
electrical wire and nethod of fabricating the
el ectrical which may provide a safe and conveni ent
el ectrical wire which is easily fabricated. The

inventors have detSYMMAERYIORITHE INWENTION system
that is inherently safe and is 10 designed to address

t e?ﬁ%{ W 6Fhe %&gg& %%ﬁ offfe¥ g%b@gms?] @ébﬁ%ﬁ J@ d dra backs of

ogl es "an M/they i Asta g used

squtlo to th X Ion nd in na
congGuisBLRBDEE 8 ey agber PEEE bt Picel i presdy &Vﬁﬁuon
of the present invention include an electrical wre
proyiidesan ¢lagtical egre and methed olfbrieatiag the ¢lecitivad whinkduex proyide a safe and
and first and second return conductors (e.g., at |east
convaiiedtz]dcaidal wire avidelci eagilyvihbridatedt € r especti vel y fornmed
on opposing sides of the at | east one electrifiable

h9nto3hale &aéﬁmﬁ&tethﬁtt a AR shntRhtib fﬂh@@nﬁz safe and is

con uctor 1s at east substantially éntrapped by

conduct stantia
cesigped b e R Gl i ERT b S M RERRoIRR R A low they ae
. outer surface of the electrical wire is substantially
insigHed enst usgd awpitbadhy endy solutiorHodhe pextilengterme gndiiicinapy casés short-term
wi t hout contacting the return conductor. 20 Furt her,
wiridpecrsbectri cal wire may be surface-nountabl e and may
be safely used for practically any voltage

apprheatehfilard Gscts (hd ReAPMvETtidnii8d8dd an HEGri¥dl MardWalfich includes

further Include first and second insul ating |ayers

at leaslt one ﬁec%n{igble cond%ctor, and first and second return conductors (e.g., at least one
return conductor) which are respectively formed on opposing sides of the at least one electrifiable
conductor, such that the at least one electrifiable conductor is at least substantially entrapped by
the first and second return conductors. By “substantially entrapped” it is meant that a object
penetrating an outer surface of the electrical wire is substantially prevented contacting the
Electrifiable conductor without contacting the return conductor.

Further, the electrical wire may be surface-mountable and may be safely used for
practically any voltage application (e.g., 0V to 240V or higher).

The wire may further include first and second insulating layers which are formed
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WO 2005/ 024849 PCT/ US2004/ 028972 between the at | east
one electrifiable conductor and the first and second

wo eqodomseonduct ors, respectively. Further, thRCHUS2004/028972
| east one electrifiable conductor and the first and

bet%&?ﬂig af BEH6he efe SleQoRdITRY: sl SheEISt %ﬂ%&ﬁﬂt toftlh gonductors,

I at conductlve ayers having a stacked arrangenen

nay i,ncl u ute i nsul.ati
reSl%eecggely Pl o Bt oo SerPuR Syl ot i 2 e fond retumn
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conéluapwa%t@dyé@ sithstantipldy Hat qoaduative favewsihexingiafstaghedarrangement. The
conduct or and each of the first and second return
wire arayuitodndudeargoyterdintiatiieness (f., dirdi and dowath gulbiyehyers) formed on
bet ween these conductors) is no greater than about

theQirQ%Qd'séL‘bH&%etm%Qfonﬁéf&&E' e, in one exenplary
enbodi nent, this distance is no nore than about 0.005

Icgﬁg'lu iéltdgﬁgxr %Tgﬁ{ags%{} gglf:er{ % g%gﬁso%g Ftniifﬁ%l% é:ogductor and each of the first

C{ongltudlnal edg eé@ .,.at the edge of the w dth) of

feeond teBuR FenductRrs ;g-asa}hwkp?ﬁatof e 0wl Jayen bisveet: these conductors)
conductor is conpletely entrapped (e.g., conpletely :

is moLgreaterrtbec)boby0.0B@irfchess tFor arainplecionde exdruplary embodiment, this distance
conductors. In addition, additional protection may be

is oA diggh AMuv @0t Mehdse Fairther, ERA AN sbddAd rét@ROEIndEEBAImay contact
edges of the insulating Iayers return conductors

I r F £
eacﬁ%%e alogg glf&%otﬂgmgpg%:égé g 0?11%%18 ?%gesc;fﬁ%%/ %ﬂi‘i’)toﬁ‘et% ¢ gctgcal wire, such
t t hod of chani cal , thermal or. che
tha% thég eﬁ%ﬁ@%{é&ogg‘ﬁwfds ﬁ?@gg@cly crrapperietGadompletely @érr@vmded) by the first
the electrical wre, the protective edge inhibiting a
and sscendypetwbestucforom penetrating the electrical wire
and contacting the Electrifiable conductor w thout

contragdditieg, SditidHal pRgection %Ia%@@?)r&\ﬁ‘@éaf@ \K/@ﬂkﬁfgr(e g., treating) the
conductors. 20 Simlarly, e first and second

lon'go i h@tegg 4@13{6 dﬁngulg@y% lﬁg& ttup‘??o%gpcg%ﬁ%éd)%}_.gf@ﬁamg Cf)ﬁductors For
NI SN UL

treatnent to forma protective
mechanical, thermal or chemical treatment to form a protective longitudinal edge of the electrical

wire, the protective edge inhibiting a foreign object from penetrating the electrical wire and
contacting the Electrifiable conductor without contacting one of the first and second return
conductors.

Similarly, the first and second insulating layers may contact each other along a
longitudinal edge of the electrical wire. Further, the first and second insulating layers may be

treated by at least one method of mechanical, thermal or chemical treatment to form a protective
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6 WO 2005/ 024849 PCT/ US2004/ 028972 | ongi tudi nal edge

of the electrical wre, the protective edge inhibiting
w@2dosneisgn obj ect from penetrating the el ect rPCHUS204/628972

and contacting the Electrifiable conductor. Another

lon%ﬁ@cﬁﬁe%l r?g% %é}ﬁe %Qlt Q\ﬂ? eﬁfo%?%%{eﬁg??@%‘n%ﬂ% rﬁlﬁ %?ect from
first and seco d i ns Iatl ay. ormed on opposi ng
pensiraaag ¢ elﬂﬁ%lcsfmr% 00%308%% thej P@eqm{ﬁﬁf?lsswouemduct or,
first and second return conductors formed on the flrst
andAseberaspédt ofi thetpresgnt iayention indedes et ieleetrical wire ndlurbng at least one
the at | east one electrifiable conductor is at |east

elesttiigblaabndilctoy, @it Arieeshdivstlftthgllhyess forned 5 epPekingdiddside the at least
conductors, third and fourth insulating |ayers forned

oné)électtﬁﬁaglé EGidu 9 ﬁ%&ﬂgeé&‘d% %ﬁﬂ%&ﬁrfgrmed 0 the ﬁrst and second

respectively IFS secon groun I Ng con

. on the third an ur i nsul ayers, .

msvlef%s’e@ef?r&ewecmy Fret fhal 6 ot Ratein 62 ?W?lgbfgtcpﬂélqt%ryé pigeast
formed on the first and second groundi ng conductors,

substasielist anirepyed tiihe fiest and prsond rateasendistors thied and fouhdnsulating
conductor may include a plurality of Electriflable

laye Hokeid@nshe figst aldlsdcondireplrt cahduciors) fredpecthvedn figdt and second grounding
segnents across a width of the wire and a plurality

corfﬂfuc%%r di'ohﬁ@d 01?‘&1% P(i EnPfolRh ?nsﬂlahﬁ% E{Sf@ﬁsﬂesﬁgct&a? %Mdrfﬁth ?nd sixth

t1on, east one segnen

. nt al of the El rif.iable conduct
m%{)%@lﬁffgé b ot b e Ghineing SRR Grape el
a voi ce communi cation signal and/or a data
ngrmﬁbeé,ath@ aileast gaaFlectrifiahleponfecien meniachidg ﬁ@htrahtﬁ of Féectrifiable
plurallty of horizontal segnments of the Electrifiable
corcinoiii; faamed inra pludality ©€ Hotizonsal pgpnyentsGoedss RO/ idhasfithe wirk and a plurality
power. Further, a capacitance forned between the at

of V&8&H sQhnH a?c%srs lfthRRh&s 6LMd %feo Tn 28@ bR eat lefa‘str otle s@%}'\??nﬁ in the

second teturn conductors may be given as C =
retur

phogghiefof IR Rl Sedyel c‘tf%egﬁﬁﬁtfﬁf%b]teﬁ8nﬁﬂ{% 1 Hlaas%eelﬁ%d to transmit a

return _and electrifiable conductors, is the

cOrgMANiSAqN HErad B E-ah oI FOMMENICARRN HEnah gnd/a%dzsta cemgiunication signal)
dielectric between the return and

and at least one segment in the plurality of horizontal segments of the Electrifiable conductors

may be used to supply AC or DC electrical power.

Further, a capacitance formed between the at least one Electrifiable conductor and the
first and second return conductors may be given as C = 1.5 W <L +g/d, where W is the width of
the return and electrifiable conductors, L is the length of the return and electrifiable conductors, €

is the dielectric constant for the insulating layers (e.g., dielectric between the return and
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7 WD 2005/ 024849 PCT/ US2004/ 028972 electrifiable
conductors, and d is the distance between each of the
wo eqodomsand el ectrifiable conductors. | n addi PCDOS20041628972
first and second groundi ng conductors may i nhibit
S r .
cleiEffe L ANSH BPTis Bt BRhS: BRReRE, IP IR, B and clecuifiable
| ectrical wire. Further, 5 the first and second
Wiof*n conductors and the first and second grounding
conductors may be (e.g., substantially) thernmally
corldaddition, thefirdasd sqyanql gryuhdiag conduetorsiman inhikibpeweri@nsmission
El ectrifiable conductor. Specifically, the first and
sigig@cddoddeganernteioneiifié a0 hoisa fdm Betnd gansiatedlid tixedlentfical wire. Further,
grounding conductors nmay have (e.g., each may have) a

the fi 'f‘?sft ﬁn@%ecaﬁ@feugrh%ﬁh&ﬁgdrg An MRk ‘fﬁ] lafid 9(5 outnpfﬁg Bnlitdts may be

di ssi pati on roun con gl ven

(o Bria R fentnute f (FEatH Ty %@ﬁi" B ¢ epd) p ectrifiabe

substantially flat conductors may have a | arger

congdugtern Specafiesdlyt thadirsd and serond sHamcraducters gnd thegirsizand second grounding
gi ven conductor cross-sectional area). The increased

condiktbB aeayaga (g.Osdct @saychaneicdragy efdiest difsiygtion twhidisik @Feater than a rate
rate. Since the cross-sectional geonetry may not

of IRHORIAMGAIb Y KRR oMok 88PR v Brost-ARADEI AR

direction, the pertlnent variable is the perlneter

con

\6,1|a?| i e %ﬁé’m age grarg?%eiﬁola:s[rg gfni g %fet g?% elpgeser\ﬁ' 1nvent10n is that

mai nt ai ned constant._ The substantially flat conductors
subgtaptially et epnshustorsmpy Pave ajpeest @Ffaa‘mﬁff afa ropa¢ eendurioy (e.g., for a
for a given cross-sectional area (e.g., of the
giverocuhdaétor Jrobs-sectienal agd). t Thegineteased purkicataeed gropidesd mueh greater heat
is kept constant and if surrounding environment is

trarfs @R kat€ OSRLAMe- crﬂsls%tﬁﬁ‘lﬁl YRhnbtry s ok SAA¥mBhR ?a:%r with respect to

tenperature woul | ower on substantlally

20
tor GG oo %%gﬁlnssﬁ%%rﬁﬁ & eafieisy s e s isf OF e diven
remain the same Further, it may be preferable for the

congpetar ang hoay & variesivhsahe oty a@fQSé-S@ftwabb%@a if regintaied constant.

The substantially flat conductors can, therefore, carry a greater amount of electricity for a
given cross-sectional area (e.g., of the conductor) if the resulting steady-state temperature is kept
constant and if surrounding environment is kept constant. Alternatively, the steady-state
temperature would be lower on substantially flat conductors (versus round conductors) if the
current flow is maintained constant and all other factors remain the same

Further, it may be preferable for the wire to have a thickness ratio of about 1 or more.

That is, the first and second return conductors may each have a thickness Tg, and the first and
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That is, the first and second return conductors may

each have a thickness TG and the first and 8 WD
wWQOO502@4849 PCT/ US2004/ 028972 second gr oundi PQI/US2004/028972

Conduct ors each have a thickness TN, and the

secBh® g&ﬁh&h%%;ﬁf&%? B%v@é‘ﬁ)&&éle%s;ﬂée Eﬂ@ﬁr& /Eﬁgztriﬁéﬂrﬁ gélilﬁliétor has a

aratio, cKnesses IS a

1. 00 or r €. 0. ,5ll... be prefe that R i X
a0 ereflerR el e RoeSHeS e i e T 1 B or more (e, it
includes an electrical wire including at |east one 5
mag b preterablg Hhas Reismepxénized)-a first insul ating | ayer
formed around the at | east one electrifiable
conducther gspectrof ther preseatidueition ihdudmdnaicetiivdl (e ducludihg at least one
| east substantially around) the first insulating
elel:tﬁﬁg!ile cOhRtdr N tirst Hﬁuﬁﬁn%ga?f?ﬂfoﬁﬁ@d Shesd i bt féQétg)ng )?le{:tﬁiglable

conductor is at |east su antially" entrappe

n nduct.or nd second insul ati.ng l.ayer fo d
coldBEF i FRRE i PR kR (TR P B et
. include a groundi ng conductor formed around the second
lnS&@t%@M?rawqhdharté%@t,leaéhaneaelfqﬁmﬁ@ﬂfp pRAGUSIOT it Lepyegubstantially *
formed around the groundi ng conductor. This aspect of
enttdppediby themretyrn evplducies, ahdr secoaddselatiag Wdyeefonaed mgund the return
conductors (e.g., electrifiable conductor, return

cortRBEH CTRY wiB ¢hag TRMRG iGudo e iR cdAMERE fRRRd 3found the second
substantially “curvilinear-shaped cross-sectiona

: e . tial lyw regtili r .

insGER et B B A e R Yo b Y g popductor
substantially parallel, planes. For_exanple,  the
el eﬁﬂ.s iagRpct %y the wits may/inglde far exapply, 4wigyhaying conductors (e.g.,
cross-section. That is, the electrifiable conductor,

electhifiable canductar oretiue corduatod abd grognding domipctoonishvigoenendgubstantially
i ncl ude substantially circul ar-shaped conductors

curb/BinBar-shBpd d¥6sssebiidry F&fm&ﬁé&%ﬂ%ﬁﬁé‘c&rﬁmly whtitiRea cfoss-sectional
arranged with a parallel |ongitudinal axes (e.g.,

geoglgéglg%sg %ﬂd m%’l1 Bé ?(ﬁ‘lél%lg pird Lﬁﬂéfaﬁr}ggkfeo%ag%%? gfr%}l%a ;/Fotr E}ﬁ(%rflﬁ% U8 electrical wire

or a roundi 5]
substanti al |y oval - shaped conductors (e.g., in the
ma Jee %ﬁ&ﬂ*?aélor avalgrpemerion. Thet e ﬁ’@th1§’§glé§Pn%‘f°thh@e return
present invention includes a nethod of fabricating an
corslugtot andcthe grounding conductor may include substantially circular-shaped conductors
(e.g., having a circular cross-section) which are arranged with a parallel longitudinal axes (e.g.,
coaxial), or the electrifiable conductor, the return conductor and the grounding conductor may
include substantially oval-shaped conductors (e.g., in the same spatial arrangement).
Another aspect of the present invention includes a method of fabricating an electrical

wire, which includes forming at least one electrifiable conductor, and forming first and second

return conductors on opposing sides of the at least one electrifiable conductor, such that the at
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wire, which includes formng at | east one
el ectrifiable conductor, and formng first and second
WO edogoeseonduct ors on opposi ng sides of the atPCEHES1004/028972
one el ectrifiable conductor, such that the at 9 WD
£ P . ri.fiabl
o e AP EElRE 1P A RER et AR R RS et fuctons.
return, conduct prs. Another .aspect. of the present )
| VARG FSPorE Pt Dresentausation anludes ap glssirigal gt Aelivery system
. system including the electrical wire. In addition,
inclydine s elecipiedd twirsf In hddipmsonther aspeitof the preseaninvention is an electrical
el ectrical signal transm ssion systemincluding the

sigrei] eahsimisddn Wstetn indludietihé ElscttibAlgkiee. and novel features,
the present invention provides an electrical wire and

" of C , . . . : .
e ol A B ke, SRR A B el e i an
h ctric i.ch . m ovide.a safe and convepi ent
moth of Pt AT e BBEK pirvidtsai cEafil Wb hismefbod of
DESCRI PTI ON OF THE DRAW NGS The foregoing, and other _
fabrestiag the elepiiiesd mdichaney providerasgieandicpnvenienp eleeteical wire which is easily
understood from the follow ng detail ed description of
fabtikwedexenpl ary enbodi ments of the invention wth
reference to the drawings, in which: Figures 1A-1B
illustrate conventional electrical wires 50 and 100;
15 Figures 2A-2F illustrate various aspects of an

electrical wr | the
enbodi nent s oWBﬁé@#ﬂﬂ%ﬁpl n',?’ %W%A 3W
illustrate various possible conductor configurations
i n Thedorgeingy andsgthey abiectsp awpeets.cand ddvantagss vl be Rettgsiuaderstood from
enbodi nents of the present invention; Figures 4A-4C

the ifdllowd g ddteilaideasion ofthd dxemplagy tmbedimenisrof t1i08vdiaion vgth reference
a hot zone 295

to the drawings, in which:

Figures 1A-1B illustrate conventional electrical wires 50 and 100;

Figures 2A-2F illustrate various aspects of an electrical wire 200 according to the
exemplary embodiments of the present invention;

Figures 3A-3W illustrate various possible conductor configurations in the electrical wire
200 according to the exemplary embodiments of the present invention;

Figures 4A-4C illustrate an aspect of the electrical wire 200 having a hot zone 295
according to the exemplary embodiments of the present invention therein;

Figures 5 illustrates another aspect of the electrical wire 200 according to the exemplary

embodiments of the present invention therein;

10
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20 according to the exenplary enbodi nents of the

present invention therein; Figures 5 illustrates
wap@sheniaspect of the electrical wire 200 accheTURIYO4/R8972

the exenplary enbodi ments of the present invention

t heFRiufe 6 ﬂﬁsﬂ%@@ﬁ@sﬁ%@ﬁgmﬁgﬂ o2 1d0AHBRORf the éfé&lllléa? Fg’re 200

illustrates a possible termnation conflguratlons

rd| ng.to t )| ary
a°°5§§o§*°ﬁt%%§*e ol cafbofiien AL B0y IR BERTR 5L
il str arretho of. fabricating an electrlcal
Wi T lgaﬁec ‘ﬁ%je% %H&e%@ 7852 ShfRvEFI g AT wirsrceqyding to the
present invention; 5 Figures 8-10 provide schematic
exqmuplers temboilismntaodt the pigpint ilvettien; pl at e capaci tor, four
pl ate capacitor and three plate capacitor,

r esPiates\8el (yproaidle elibintigic iustiBBoRXEARYFIE tRE ?Bﬁé apftitor, four plate
the present invention; and Figures 11-12 illustrate

cap Ql%r%ﬁﬁ Arkd Pl\é?el S &QMP & Epel aaﬁ}? QECOE&X% RemERRGH pe@?ots of the

he electr xenpl ary a
t he present |nvent|on 10 Flgure 13 provides a
pregeaji%{lf%n &P‘g\gr am of an exerrpl ary configuration for
detectin round |l oop continuity using the electrical
Wi T Elguﬁégér& iHgstiate Rave canaeityrliropuplsd ewrent graythgesanceled in the
present invention; Figure 14 provides a conceptual
electricalstirg beandihg themxemhotﬁry] aspeqk of thg poesant isvegitiahj ng,
according to the exenpl ary aspects of the present

| NVBIRutOTs prévidEd 85dhembic tlakrsdt sBdeeplRY E‘(ﬁﬂi%%n%r detecting

fabricating an electrical wre accordl ng to

gro@ﬁ& 1% %r %ﬁ&% ?\}H% %l%ge]tglgﬁrv? oA %c&g@ ¥§ ex%rﬁé]lalagc aspeets of the

el ectrl cal wire 200 accord| ng to the exen‘pl ary
PresR AeBlIQR: t he present i nvention.

Figure 14 provides a conceptual illustration for providing split ground signaling,
according to the exemplary aspects of the present invention;

Figure 15 illustrates a method 1500 of fabricating an electrical wire according to the
exemplary aspects of the present invention; and

Figures 16-17 provide exemplary configurations of the electrical wire 200 according to

the exemplary aspects of the present invention.
DETAILED DESCRIPTION OF EXEMPLARY

EMBODIMENTS OF THE INVENTION

Referring now to the drawings, and more particularly to Figures 2A-17, the present

SR 11



20 DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS OF

THE | NVENTI ON Referring now to the drawi ngs, and nore
w@arosiozashar |y to Figures 2A-17, the present 11PA&WDUS2004/028972

2005/ 024849 PCT/ US2004/ 028972 invention includes an

invEltRAlihdI6®s aWelRtrkdPwiB 908 aih hachola88o 8f fa_fbﬁ@zithfgg |
h | | As il d

hé BRctrical wire.
the electrical wre. ustrated Iin Figure—2A, an

s YRS PRt 2 By 08 ton} BBl P viiona drected to an
one electrifiable conductor 210, and_ first and second
elegteiea] pirecdlddnelndipg ablsast opp plepiridible cendpstariAl @) 3ndrigstang second

on opposing sides of the at least one 5 electrifiable
retwp goartictors 22IGvhicuarh redpadtivielyeforhed emeposimg sides of the at least one
el ectrifiable conductor is at |east substantially

cle@fitiaklp BEEiuelor NG, shith St oGt RRAAE cleelriiableGONuUESTE 8t 182st
1. The wire 200 may also include a first insulating

sHh LD SR BR RN S B A AEEE28, e Sh03b0Imay s
nch LS B A S b S B R S ny The
formed of a pluralit 10 of layers. Thus, for

ex alighauld besefed thanginiesy ethepuise Beted;lany pEthe daysts (gea cqgductors,
at least one insulating |ayer 215, an electrifiable

insalatiniylayas, esdpinl tHe presan mistentieaddodipmaseddicrdie amy bofiermed of a plurality
(e.g., aplurality of) electrifiable conductors, and

of BPer®NMThilkNfor@kBRple] HidhlaMhd By 5RBold 86 coifrudd Rasi16at bk insulating
unlimted range of voltage appiications (e.g., O/ to

240 V_and hi.gher). ., For £x | e he, W r inc .
v a0 RS o b s TR CongbUEq Yo €. 2 phratey op

vol tage/ current capabilities, and may be used for
elegtyfipkle sprducipragad paple utility vol tages such as 120V

AC and 240V AC, and may be used for other applications

ot h&he ¢lbetrical Gissmay bonsedifass basjcally utlimmied mogeref voltgk gpplications -

avai |l abl e vol t ages.
(e.g., 0V to 240 V and higher). For example, the wire may include a Class 1 or Class 2 capability
and other low voltage/current capabilities, and may be used for commercially available utility
voltages such as 120V AC and 240V AC, and may be used for other applications other than
Class 1 or Class 2, or these commercially available voltages.

As illustrated in Figure 2B, the electrical wire 200 may have a longitudinal (e.g.,

lengthwise) direction, L, and a transverse (e.g., widthwise) direction, W. These directions may
also be referred to as a horizontal dimension of the wire. The wire may further be considered as

having a thickness (e.g., a total thickness of all of the stacked layers) which may be referred to as

a vertical dimension.

12
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As illustrated in Figure 2B, the electrical wire 200
may have a longitudinal (e.g., lengthw se) direction,

W@ 20081024839 t r ansverse (e.g., W dthw se) directiPCT/US2004/028972
These directions may 20 also be referred to as a
horpoRkabodtap ag| Bindf doRtionb 1€ e Mk N&bt illustrated
be cons#der e%lgggghglghih% tg tﬁélmct{?ﬁleosn-sgla(%.’g. , 1@%3{)2{?% Hiustrate

in By PPE R athe eRis ot 3R 0Rin RY Mg Gl Rl BS: cxampte one
2005/ 024849 PCT/ US2004/ 028972 The wire 200 may al so

end; (g}, (eraninad paitioa) ohbe tvits0maygbe conpegiediiag souEce medule (e.g., power
not illustrated in Figure 2B) fornmed at the ends of

soutdeevaite/éat2 G8nsinmstitre sdunery etcycingd dhe athereat (©g., teBminal portion) may be
exanple, one end (e.g., termnal portion) of the wire

condBHedRYa RBtiRAVAGRSERAL . ZviRktH! GiflciRMbetBnic Aedice, ddQ)VElk should be noted
source, voice/data transm ssion source, etc.) and the

thaft{l;g gfeagrﬁ%\(eﬁ%i&l doésq{gg}xée@%seaﬁg{ 1&15121@\% ?Wm@ﬁl?ref?gﬁ R&EEiSion (e.g.

estinatron no
el ectronic _device, etc.). Lt _should be.noted. that the
B SUE, PRGOS ctfoduit higy R lane Ry o ina' o fjre formed betwieen
particular formtermnation (e.g., current source,

twaetgrminaigoropmiats. et c.) but may include a | ongitudinal
portion of wire forned between two term nation
poi At Surth®silfustritb@rthé fitstatd st retie chidustora?l sedamebd such that the
return conductors 221 are forned such that the 10 at

at lle%g&tle Q8Gri +ﬁ§ L dub P Eat GARONBE QA eﬁﬁgﬁ}%ﬁ%&.g., enveloped,
subs d g

tantially entrapped (e.g., enveloped, surrounded,

g R T T R
practical purposes, the electrifiable conductor 210 )

meantihas forpdl pragiicabpunosssithe £lectryfiablegondugtercd1( e@ngot bepontacted with a
nail, screw, staple, etc.) without first touching the

foreipe objkectt (ag., metaily streve,cutels; eter)swilRt fifsh@uckingithe one of the return
"substantially entrapped” does not necessarily nean

corfddBford 799, TRE 1450 “AbsEAREIE Erﬁfa?p@(?{lio%é)ﬁw REQIsHil§ Whda@ YR the return

the electrifiable conductor (although such a design is
coGERH AN bl TR PP SRS
possible). Instead, it means that any distance between the return conductors and the electrifiable
conductor (e.g., the thickness of an insulating layer between the electrifiable conductor and a
return conductor) is so small (e.g., about 0.030” or less) that such a foreign object cannot
reasonably go between the return conductors and the electrifiable conductor without touching the
return conductors.

For example, as illustrated in Figure 2B, the electrical wire 200 may be formed of layers

(e.g., substantially flat layers) having a stacked configuration. At least some of these layers (e.g.,

13
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conductor (e.g., the thickness of an insulating |ayer
between the electrifiable conductor and a return

w@omduesser) is so small (e.g., about 0.030" orPCEESI004/028972
that such a foreign object cannot reasonably go

retPE EMRRBot DEL, hhubhi CI ga“fltSOQ ﬂehﬁo@érh% & gm‘ !rgé?%emated together

conduct or wi’t hout h| ng th 0 ret
| | yst.rat.
by Gl BB 2%*1?# el Rl S Bt S .
substantially fl at ers) havi ng a stacked

conif rsgewaftm&ﬁo ngfie th'ré re gispraeragin prlisiance o dietvqea. the returg conductor
WO 2005/ 024849 PCT/ US2004/ 028972 return conduct or

laye22221.iThstis ahe aigetrifiablescofdiictor21 8 dorsyotthavétochegtuimpletely entrapped by
together (e.g., mated together by crinped, bonded,

the @dtGrn)coadiets DPE TROFIVEMEsTAle aste@sinedthaPdo Tohe adhdydistance between
200. It is inportant to note that there nay remain a

the {RitlpBfiGuctcs E IIRARAAMIE Sl DA 1L ﬂ‘réc QYA ifalating layer
h b d
befw%‘%ﬁh%?’s?@ﬁé DRoRd it o arie BRcchndtor it SRRy el (eggy about

as any di stance between the return conductors and
0. 03 Qi’eoré%é):m ot ectlghmnot bikely peritrafecthy wiret208 anf icemtaeidbe Blechifiable
insul ating |ayer between the electrifiable conductor
condnctor? Iewittiout fiesidonttcting the reurhfcondwerdrl221smal | (e. g.,
about 0.030" or less) an object cannot |ikely

PengifiRt, 8hd dEctiibble 20RRRA 14 @éa@@‘tsuf)ﬁﬁmﬁlll? %h{réﬁtyeéb h®ng the

conductor 210 w thout first contacting the ret

oot 2B AT e AT ARG e R B i

Iongltudlnal portion of the wre. That is, at the
conglugtay may begrnoserhandgiot enanged.dopemnesting tejagievice (§-gpp gource or
conductor may be exposed and not entrapped, for
destimativegbodmie)t 0 a device (e.g., a source or destination
nDduIe) It should al so be noted that the term

" El RGhduld h189b&noted tha tiRne@el “Liectitiable AMhREIA! tokBean having a
capability (e.g., purpose) of connecting to a source

cap%lth (%%t, luﬁ%lse ot coﬁﬂéctlﬁg go £ %Jré@ &Qele(c?rlc%l current and carrying (e.g.,

delivering) an electrical current or electrical signal (e.g., an AC or DC power supply or an
electrical communication signal such as a voice or data transmission signal). An Electrifiable
conductor may be referred to as the “non-return conductor”. An Electrifiable conductor may also
be referred to as a “hot conductor”. Further, the term “return” is intended to mean having a
purpose of returning an electrical current (e.g., not having a purpose of delivering an electrical
current or electrical power supply to a load). A return conductor may also be referred to as a

grounded conductor or a neutral conductor.

14
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delivering) an electrical current or electrical signa
(e.g., an AC or DC power supply or an electrical

W@ ormsdseat i on signal such as a voice or data PCT/US2004/028972
transm ssion signal). An Electriflable conductor may

be S&Eﬁfcﬁﬂ’% ah@‘eﬁétrffﬁﬁle” @Qﬁﬁlfcﬁ)tr Wa¥ te Qﬁﬂéi&ér% any éoéﬂldu%tor within the

EI ectrifiable conductor nay also” be referre

“nof Ay AL Hersin 01 M0 90° shhfox (G- Bongiebion s ot s0me) may

Igctrlcal current (e.g., hot havin pur pose_ of
be r§@| hore ponslycion lrem@'é@trqncw nohferSHilY o %O@@@@tﬁlm@rh 156 to a 3-way
supply to a load). A return conductor nay al so be
switahf the eledirifmblscoadugoniergledcondwndordn dire ‘ot aomedjitmaglin one condition, act
conductor. 14 WD 2005/ 024849 PCT/ US2004/ 028972

as a3Rf Condue ] But ianctkireehditibh attlaSa cPetind Oh@ICtdTRY be
consi der ed any conductor Wit hin the "hot zone"

d f ,
e l'é;u'lgtglgl?ﬁlrtglét Toutc 2{# i fn't&macgtoclﬁﬁﬁ%qh/ 4&8% oI purpose of
oo 8‘&5‘83@ a%%t%%r%a?% e ﬁg 3‘%#@%@ ey o o tred o 2 simply a

conductorls % a conductor in the "hot zone") may in

“grownsl copsiiten” o he gequngdingsondussr ig aridniendrd tofgve futy return current on it.
anot her condition act as a ground conductor. In

Furdatdithe rm “threluceris dgfinethe meih a @ntndtie dedliim whienis capable of
having a capability or purpose of connecting to

a&ﬁ%gé{ugﬁ@&@g&maﬁ groundlng conductor may al so be
r

eferred to as sinply a "ground conductor The

ndi n [ not ende turn
cu ?l';’l 1gites ggw qijusf._cﬁtlg taﬂgtlher ?ﬁ:glpiag ﬁ:gngg% e p egenet invention. In the
defined to nean a conductive medi.um s cap

exeafplam agpget yhigh isilugirated o Fiayre 2y ﬂ?@ﬁéectrmabmré 209 @cmes at least one

illustrate another exenplary enbodi nent of the present
first eorgnttondl 0 whichheEleetrdapleaatyeast precietun cotdductor 221 and at least one
illustrated in Figure 2C, the electrical wire 200

rohﬁmh%g@ﬁu%rbggst one first conductor 210 which is
El ectrifiable, at | east one return conductor 221 and

inetﬁi%tasﬁégf thBY Q% ﬂ%y%?s'aqﬂc%@era ﬁl%,ginsulating layer 215, a second

insulating layer 225, and a third insulating layer 230. As illustrated in Figures 2C, the first
insulation layer 215 may be formed between the at least one Electrifiable conductor 210 and the
at least one return conduqtor 221, the second insulation layer 225 may be formed between the at
least one return conductor 221 and the at least one gromding conductor 222, and the third
insulation layer 230 may be formed on the at least one grounding conductor 222.

Figure 2D illustrates an exploded view of an exemplary aspect of the electrical wire 200.

As illustrated in Figure 2D, the conductors of the electrical wire 200 may have a stacked

15
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15 In this aspect, the wire 200 may al so include a

first insulating |ayer 215, a second insulating |ayer
WQ2®5/0ad0 a third insulating | ayer 230. As il | pST/D81004028972

in Figures 2C, the first insulation |ayer 215 may be

arraﬁlgérﬁﬁg et %gﬂlcﬁmuﬁ%é 12y 5139 R IHeSRHThE A B fgr bondmg adjacent

nductor 210 and [ east one return con
er._225 may be forned

insu

ms‘é%?%el%erf f %ﬂn u tggéfl?lbe ege‘ﬁiré‘f%w ®conduct or 221 and the
at | east one groundi conductor 222, and the third 20
i nsltipkauldpe netpdthapthe cx%wn&earﬁ antpraed do be Histiptivee Hithe gefgal electrical
groundi ng conductor 222. Figure 2D illustrates an

wirexpthe gectenti irventibn aherexngaydicaroyvisibleaspacinds (blzg thed white aread in Figure
wire 200. As illustrated in Figure 2D, the conductors
2DPbetivb 18t 86dducford, indulBioR hd HaNesiaY @oRpSiched 88Lh1oT Wilh is described
2005/ 024849 PCT/ US2004/ 028972 arr angement. The

ﬁmﬁlﬁﬁ% Jcal wire 200 may also include an adhesive 290

or bondi ng adj acent insulation |ayers and conductors

he e cal sho | d be not t.hat,
o abiBs 2B Mol e XoPAlag e Ty dledteal Mire 200. For
actual electrical wre of the present invention,
exapiply, én thepxtmplaty aspeitiof EigwaZlE.nlys cquduefors 31Re2h 2P may include
areas in Figure 5 2D) between the conductors,
subbtastidl Bt dillar-shubed dbgdicoes (eqn goaxialy sraed)) Iﬁfthel\diﬁpedf’[ of Figure 2F, the
described further below Figures 2E-2F illustrate
cordficlbis/zA02d 15T Rlad icl ARRBEA S Rily WS- bt donBitbion T @
. For’ exarrp ; he exenplary aspect of Fi gure
210,
s u blélt gfﬁ?ragnl? %‘i?fr‘%% A ﬁ%ep%fa ﬁwaﬁ%ttoar@ B é’“&e"“ve layered wire)
coaxial |y arranged) In the aspect of Figure 2F, the
promiewh@itpéwwg vehieh capche appber igevarigt afdeays and iehyariety §f locations and

oval - shaped conductors. In general, the electrical

repwdseres o parhtignpshef dortalli atherridctival wirg systepnsat "Bet dlecgrical wire may include

| ayered wire) provides an alternative which can be

pro?e@ﬁ{/é BYerb vareWitIeEah Bfve WBYRIcRREWILR adatdie] l%hgmﬁfinal axis (e.g.,
| ocati dns and represents a paradi gm shift for al

con?i?]lgh(e){fc}galvﬁl%ta C Lnear cFos§-¥éc'ctt1%mf or ‘91_1 %Vl?e %ﬁ}t/ [)é g&sta%wl?y HBked in nature,

such that each conductor has a substantially parallel plane (e.g., parallel axis). However, the
conductor cross-section is not necessarily coincidental (e.g., concentric) or coaxial.

For example, in one aspect, an inner (hot) conductor is surrounded or bounded by an
insulator, then an intermediate (neutral) conductor, a second insulator, then an outer (grounding)
conductor, and an outer insulator.

The exemplary embodiments of the electrical wire can have cross-sectional shapes

ranging from a substantially curvilinear geometry such circles (e.g., concentric circles), ovals,
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protective |ayered wre which can have conductors with

a parallel longitudinalaxis (e.g., 15 conductors
whansogisad cur vi | i near cross-section), or the WECHURRY4/028972

be substantially stacked in nature, such that each

ellipSRIGIAH R (e. D ABnr SHRSE RMab ALY fs. PREAlnELntRd AMfal §£ ‘F i%ure 2F) (e.g.,

paraIIeI aX|s) Fbmever the conduct or cross-

ma_!: 02 gﬂ(ﬁ’ éﬂlﬁb“?&% :PI c|> 1“8 e ync%l'ug %&Hé%{lg with an G onc AL Iﬁtdzo)nguctor (e.g.,

h‘ﬁﬂn g q i S.surrounded or bounded an |nsulator

otflecindpbleyhaninggglatively small svrigor atf@n&lb@toml orgllipseigrfarmat (e.g., Figure
i nsul ator, then an outer (grounding) 20 conductor,

2F)A ¢ arpj on Andmminnsais waqual T keppexte apélaiiyele fiaddhermotiscontiuctor. The flat
the electrical wire can have cross-sectional shapes

forman@ignFifure2 B-28)) omh i bkig H 1y nGibévdxid 0 §?§up98ﬁ§7ﬁl fI¥t ®HEfktors and
circles (e.g., concentric C|rcles) oval §, 16

msa%%@?g‘l%ﬂﬁu ﬁapﬁg %’dﬁ 89Rep! |1 pses, or flat (e.

I|near or I near ayers.” The concentric fornat

Fi 2 nd m nor__axes. .

ap p?%%(?’??ﬁg)i @Eﬁ%\'&f)en?sso f§’9?rnn;ﬁ% tP?ag WhrertRasapfTsT rﬂ”r@?r Higsadvantages
conduct or .0., hot/Electrifiable) having relatively

regglidig sakeg, faaalé:aamé methpdelogy siosio andeas pé wiatuthenreatThe concentric and
(e.g., Figure 2F) (e.g., major and m nor axis

ovaj lﬁquatsl hayshgyp @Xc@tmnaleshﬁty aspbots (o @fa vern&wip&ietration hazard). Whereas,
conductor. The flat 5 format (e.qg., Flgures 28 2D)

the (ARFoRiaPhds Bn Txdoptihal Qe c%rrymg)caﬁél'ﬁlﬁ? Hﬁé ardd ﬂ%}face area of each

conduct ors and |nsuI ators anar

con%lﬁ@tgxtu nd Wo IYM\}VI !ilggy n‘é{)/] g&? 61 (gevgza gtg{? glgefgger &FCI etc.) in any
cast EBFTGTa R al%pl?s%h%arélfﬁ%g&%i eednd: pisvestive bsmdsvite) i

may have exceptional safety aspects (e.g., a very |low

. advpetagequatioona hamberd)f polkesfeasy ibluditpesafdtateldonicahintérfigence shielding,

an exceptional current carrying capability due to a
and fam@ealilityf ace area of each conductor and would Iikely
trip any safety disconnect device (e.g., breaker,

G:Cﬂ(egaﬁfiﬁg zheirﬁk%[%lectrocution, the inevitable issue centers around penetration of an
electrified conductor (e.g., an electrifiable conductor) by objects such as nails, screws, drill bits,
etc. Traditional in-wall and in-ceiling wiring has the potential for penetration by any of the
aforementioned objects with a possibility of electrocution as a result.

Although the electrical wire of the present invention may be surface mounted (e.g., on a
wall or ceiling, or on a floor such as under a carpet) it has the distinct advantage over
conventional wire by assuring that the penetrating object first passes through at least one non-

Electrifiable conductor (e.g., a return conductor and/or a grounding conductor) prior to any
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case of penetration. Further, the use of the

electrical wire (e.g., protective |layered wire) is
wa@oooaseesgeous from a nunber of points of view PETUSINO#HERS72

safety, electrical interference shielding, and

conﬁdcgmﬁ%é Eﬂéé’tﬂﬁ% e gaﬁgﬂhﬂﬂeﬁﬂb . Fheg LS ARYil Qt?atlon motion

I nevitabl e 1ssué centers a penetratlon 0]

ctrlfled on ectr f abl e
profiss b G b ertualind eipu B §’Pﬁ|‘ ol pls g cpusing a ciroui
bhits, etc. Traditional in-wall andln ceiling wiring
breiees tq pipedioudly - f or penetration by any of the
af orenenti oned objects with a possibility of
el eSpeciiwally, ovitlaiesgect ®sthistpenditation dyhanioe sadiieat of thaklectrical wire (e.g.,
wire of the present invention may be surface nounted

sta((k@d glectriefll Wire)2£d 1é@hde B¢ clité fon Glec@ificaiforof 4 Rdbtrefittotiset, conductor
under a car pet) it has the distinct advantage over

thlc‘kggs\é S)?h# L g%trlgglélg gé’ﬂ%\ﬂsz Eé %ng?ttqae&ucttxﬂg SRSAEHE B @gg as low as

ast ne non-

trifiable co return conduyctor
Posaﬁzgeﬁ Sletiyedp SR gnémmfﬁ%?gyuts&a% s (< ofgigeggnductors and retum
2005/ 024849 PCT/ US2004/ 028972 contact with the
congpetors).i fAigabfl dayeethicknessgatie, fiaof h99thps besndlggronptrataththsough test results,
as the penetration notion proceeds, high currents on
whéreby Rb @ygyy Tig=drey mheseiTh, Tepbnddl’y are ¢hqgmmduatbethickness of the
causing a circuit breaker to expeditiously trip.
Gro?ﬁﬁﬁl:%{ GRRIbYd, a0 Bl chBRPRELonkRetbiR &sﬁé%ﬂ%lff %Hq{‘ls the Layer Thickness
yna cs sol ution of the el ectrlca .
ed el ctr|cal Wi ech efor
Raffg JEetER b P Gieedb b8 b ehi jﬂg?lfm%% agf%wdmg and return
t hi ckness of the Electrifiable conductor (g
condgetatscvas 0. 0R owddhe thickangsy & the Eleglsifiaplg cqn WSW&E?I %902, such that the
relative to the total thickness of the outer |ayers
ratib® g (Toghodiadt (g0 Grdued1o)/6.08R0=rlei0ur n  conductors). A
good | ayer thickness ratio, R of 1.00 has been

denpiydier ah @tk pene@Mith dyBahids % telelectricd QiR B ﬁposmg Grounded and
(TG+TN)/TH ="1.00, whére TG TN, and TH are t

Grc&?‘fagi%% ers 1%1{&%&1%8 €3 r1 lﬁtetfg{%ra?b? gé’ pac# nﬂ reg%l?ﬁg ﬂFQ §%f91nc%nd1tlon It

Ia con ors res

ayer Th|
has e)e/n shown t at the fugher this ratio, R, is, the safer the wire is during a penetration with a

conductive object such as a nail.
During the short circuit, the electrical wire may act as a voltage divider from the source to

the point of penetration. The layer thickness ratio produces a ratio-metric scaling of the voltage

that is applied from within to the penetrating object. Therefore, the safer condition results from

the lower voltage at the nail, etc.

During a penetration to increase the probability of actuation and to decrease the actuation
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Rati 0. For exanple, in one exenplary enbodi nent, the

t hi ckness of the grounding and return conductors was
w02@802484and t he thickness of the El ectrifiabl BCT/US2004/028972

conductor was 0.002, such that the ratio R =

tim@ Eﬁi’ % tgf-al'e"vwe ﬁ]eog OQ it bradp %gcﬁlé %téggl%g fr'Ce % éQi(%‘CI) or other safety

‘benetrati o na el ectrical

wire, .the opposi 5 G oundi | aye
dls??ﬁi}edéldg%‘c@oﬁ? Eonit RIS pE e guR (4 oiP ohdife afd ohin conductors)
resulting in a safer condition. It has been shown
laygrp pust beesulptgniial cpongh tp spyss a reliablasshortpircyih phthe print @f penetration. The
is during a penetration with a conductive object such
shoatsciuit @iust reEult indgh beraiothbt cusacthe safetylieviebewttrip@atheir fastest
wire may act as a voltage divider fromthe source to

resl.t)cth%e BRleNThef reRBNEA b @&fepébnd-mﬁ Hatedn fihle.CKACSSMbidkhti¢h of lower voltage
produces a ratio-nmetric scaling of the voltage 20

Cfﬁ%l%}telj t‘f'mgBR)l ge% fsr &‘inttlg ?fett Qontdﬂﬁ)rﬁqﬁﬂle#l{h%l‘ E&?iﬁtg&i l%&%srelf.

fore; e sa con Ion resu rom

vol e at the nai | Dur penetrat i to .
! nohblseomer pritsHatom i .a%t? {BF Sole lebioB FsArT e ot g gever supply, i
the actuation 18 WD 2005/ 024849 PCT/ US2004/ 028972

cant herpssuphedethateefl dayersivomiadie inf @refptivelyilpwuesistince ailetionship. This is due to the
circuit interrupter (e.g., GFCl) or other safety

pre€énge oNthe pendlR¥ing ehject 438/ IRl atiort diplioearat dfmidesf the various
outer (e.g., grounding and return conductors) |ayers

lay8M Sliurﬁl%rrﬁw@f‘t%x@ @ltaéIﬁJ'ouﬁ '3)? H&g)eh&reﬁi%ﬂﬁyac E@ éog@g?laﬁgpe[ telded or fused

CIrCUIt at e po etration
ui t .must curre

axed b B et ebBF Gefstifoky Fiih et aprtcain SERE a8 the damaged
time. This results in a safer condition based on tine.

areFbe poithetREmpL HCERSY @vge,respwalh{g’ét caRBetEiBE ohject hagdeen removed) in
produces a significantly safer condition than either

siz€ bacBufficdent asistdnse kfill bAkesidval @ouph toofepge neictivdtions of the safety device
after the safety device has renoved fromthe power

péﬂjﬁ%ﬁll%/res & can be assunmed that all layers remain in a
re vey | ow resistance relationship. This is due to
t he res

e RSl R S BB o oo e

circuit within an Active Safety Device (ASD) that can detect a substantially shorted return to
grounding conductors prior to applying power to the electrical wire. This feature capability is
supported by the design of the electrical wire.

Therefore, the electrical wire (e.g., protective layered wire) of the present invention can
be considered inherently safe with a circuit breaker or fuse. In addition, the safety can be further
improved when the wire is used in conjunction with a safety device (e.g., circuit breaker, circuit

interrupter (e.g., ground fault circuit interrupter (GFCI)) or other safety disconnect device).
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10 | ayers. Furthernore, the flashpoint of the

penetrati on nmay cause sonewhat of a nel ded or fused
W@e@a/024849 he perinmeter of the penetration. W tPCT/US2004/028972

repeat ed application of power into the damaged area,

th el“lﬂée&eﬂigﬁa%; eﬁ%b‘dl nﬂr@seﬂt invg'rftﬂz?lcilﬂ ﬂeriidE g&{b%tages with

penetratl g object renove

nce Wi I | ,be res
res R oy leck RS LTIR IS pish 28 e Dy ST ai S idengt contact and
set. 15 The ma to avoi d repeated application of
P“&‘gmeqtﬁ%@lqwe beifragelyed pe ﬁleeeiemala@eemgodmv@ts @f the present invention
circuit within an Active Safety Device (ASD) that can
(e.glgiretettive 1syenst dedtried] wired hothteit nrag tincludet three gayernel ingilation between
conductors prior to applying power to the electrica

the Wot @ndddtosaridaRé biSide 3RARI (id dny diectiGHPPIRE §Lbn¥okl Seferred to as
design of the electrical wre. Therefore t he

"trlglI Sl ?féa" as rﬁtp%sédero%onte%gta?f 561}13%— dlgﬁr{ ﬁ%rn%l)o?@fvvl ehe

resent I nve € consi

saf . circu er or fuse. nadltlon t he
s ar Kot Aedibeshirifin M udtaouisie kg b spQtigydtre of the
in conjunction with a safety device (e.g., circuit

pregang emtiondjesge wiretectivistlayereshwize) may, providgashistl Whereby power
circuit interrupter (GFCl)) or other safety di sconnect

trargendstd)signhB oMb aRPEMERRABAE tRET hbiS2 Oihb D20 idougihle cable to interfere
exenpl ary enbodi nents of the present invention also

w1tH[)fb\éﬂg£t§i ANEAG a0 1y "ﬁ@égﬁ cg%ﬁg&{ther el ectrical

safety 1sSues, such as fray tion allow ng
cont.act. and

oy PARILEn, 58 8%%%&*8%?%%&%@%5? {perePhGnvention offer

present invention . protective | ayered

sevarabdvianiages ayer @qnvrehthn@gﬁlectrlcqusra@d Mdeng systemns. Spseiically, the
of insulation between 5 the hot conductor and the

eleartitad wde ofitlid pfeédnn irvegtieh mey prooite.a r&]a’tiSely $argosarthak yirea for dissipating
referred to as "triple- insulated" as opposed to

hea€ OTI B odtey cé’xﬂiﬂ@{(ﬁ?sb asgl @hed aﬁd’%\’éﬁmihg B dudto:§- may easily conduct
Regardi ng el ectrical shielding, the outer groundi g

heak g\)&%’ frg%rf%{ﬁ In | be(fr%, lée\éﬂed%rogll;l alflrg)e} %‘E%e%gcgt léledgﬁ?lg‘ﬂ& risk of fire
cau\é\éqd by t1b16 hea(%.\/v% {1rther, the rate of heat transfer may exceed the combustion rate, thus
quenching a localized combustion area.

Additional "layers of protection” can be added to the electrical wire of the present
invention. For example, in addition to an electrical wire (e.g., protective layered wire) and circuit
breaker configuration, a GFCI, arc fault detector, and specially developed "active safety devices"
may also be included and used with the electrical wire to further reduce the probability of shock,

electrocution or fire.
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transm ssion signals or | oad-generated el ectrical

noi se cannot pass through the cable to interfere 10
wowvals/obsendcast signals or to cause "hunt in apdi/vS2004/028972

equi prent. In addition, regarding flanmability, the

el egl ] dﬁi%lélv YWhiSme fElécﬂ?ﬂM@é&ﬁ{lCtbpi‘ﬁeﬁPé gll%gerﬂ ﬁl{\%ﬁfion may b be provided

severa antages over conventl ona ectrlca

oot (i QB B A o oS P et g;oundmg conductors

| ar ge surface area for dissj patr ng, heat. Thus, th
andyile ansulaginn lpyetsrpa) prowidg abrapign prqtedion f@rr ‘@39 ﬁéqoﬁgﬁable conductor That is,
conductors) may easily conduct 15 heat away fromfilm
thei laygerd fatred o dierndedéfidbdelcdndoctonie. e xinedatain lsypus, retprn conductor and
reducing the risk of fire caused by the heat.
gro%HHﬂhE @bnduchR) mady ﬁlh%lt Madiod bR E%ctrﬁ%l@éﬁﬁﬂﬁ&oﬁ §#Rh as when a wall (or
nmbusti on rate t us quenching a localized

usti.on..ar r =Y
AT 2 S A VA BB
i B SR RABTRY B et gt T Bh BB, e
breaker configuration, a G-Cl, are fault detector, and

allopethe abénto deng blspleidity tacatinaseaseffaovsll oleseilingsin aragmalhgelectrical wire
be i ncluded and used with the electrical wire to

malyWe tveB1 thinf@ e, that/ i aﬁbﬁbﬂﬁhl&rbis)of @b nsdreelan 0.050 inches) and can be
eI ectrocution or fir 20 WO 2005/ 024849

Ltjosﬁgosﬁffgges%‘ e W&ll a&ﬁﬁr{g‘ EHoop! é‘gﬁ CuditiParFA B Livd) th%%? eliminating

con UCtOf present |nvent| n nay e prOVI ed

bet 9., return a

gy Pkl ehe s Bopr it o aREBEy o by pyinted or papered
the insulation | ayers may provide abr asr on protection

overde mateh the eest pf the apifececonductor. That is, the layers

formed on the electrifiable conductor (e. g.,
i ns Waeli bHihe baydicsors inathe elecitioiduicd of the presént guvention ngy include one or a
conductor) may inhibit abrasion of the Electrifiable

pl&ﬁl‘i}g e EHquetiedla e\é@ Nechdbethe JoS{aer S8hlind?9 br SeMbbndiictive material

wire is nou i's sanded wth sandpaper or any
1ay6FSS gvélh ba{r% \S;alec a}b8HtU¢rg(§tﬁl t @%)%1% é)edaZ%ﬂl l}eg "amz QerJaﬂS, on the order of
about 0 001 inches thick or less.

The conductors may be formed of a variety of materials and have a variety of patterns,
dimensions and spacings. For example, the conductors may be formed of an electrically
conductive material such as metal (e.g., copper, aluminum, silver, other conductive materials,
etc.), polysilicon, ceramic material, carbon fiber, or conductive ink. Further, the conductors may

be very thin.

The conductor thickness should be consistent across its length and width, thereby
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allows the user to bring electricity to any area of a
wall or ceiling in a room The electrical wire my be
W@ 00g/02484n (e.g., having a total thickness of POI/IB2084/028972

than 0.050 inches) and can be 10 nounted to the

RSB ) I s
ng. T
I N A L —

.the surface. Each of the conductors in the electrica
Firsfj the wadth of thenoadegters imaydstviatipd. Miggonda edditienad fhin epnductive layers (e.g.,
plurality of conductive layers (e.g., conductive

copper pminah wirbthent@rductearnatenaidl thay be etatieddefbr @dchtonductor. Third, the
| ayers) which are each about 0.0004 to about 0.020

thldl&i@d%‘%ﬁtﬁemoﬁhuctéﬂﬁ )Eﬁ@fn%fe%@dy on the order of about
.00 1 |nches t | ess The conductors rray 'be

for qr i ety of .
pat t ar r)I(s p dl rren etxg ga%nggs ac:cur{(\r:]e }ap atg(g( L conflﬁctor may include
conductors y be for ned of an el ectrl cally

abouh iR AP I VFREYH (68 <9PRCTaduuRR of ethgy congd %ﬁ&w@ﬁnaterlal layers). It is
al um num silver, other conductive naterlals 20

undststodd, hgotywes, thatcmilhizingemamcc lasatagens afor eachrof tire dldoe disclmsed
conductive ink. Further, the conductors nay be very

embdtimentdie mmnﬂm@tswpetdmtmﬂeeﬁmﬁhoul d be consistent
across its | ength and wi dth, thereby 21 WD 2005/ 024849

PCTJ[ Ql%iﬁ{npggﬁ? (¢ in Bk le[FcRRb We ﬁﬂ% fb %a | td‘%[?(égf 1@@tof materials. For

spot s™. rent carrying spec ons

rtlcular pllcatlon acconpli.shed in,. an
exafi et RS Rk RO R g PR CE G en FOb Gy ene film,
First, the width of the conductors nmay be vari ed. _
polgestas iy, peln¢thyloneafilm, eie). dowdes theiasulatingrlsyeremgy have a thickness, for
copper, alum num or other conductive material) may be

exaBiAE Ko rdnge of 6OD0ZDRANCIWihchekhi rd, the 5 thickness of
t he conductor may be increased. . | For exanple, in

on eTﬁé(f?ﬁBLﬁ&'Y la Pér%(ézl ?ojrgg:q Hetildefitle ARBLEUERIB s PRt the conductive

conduct or

layers. In addition, the insulation material may be used alone, or in combination with the internal
adhesive, to separate the conductors and maintain a safe distance between conductors of different
purposes (e.g., grounding vs return or Electrifiable (e.g., hot)). Further, the electrical wire may
have tapered edges (e.g., tapered in a transverse width direction) to facilitate the optical occlusion
(e.g., when mounted on a ceiling or wall). For example, the layers (e.g., conductor layers and/or
insulation layers) may have different widths to facilitate such a tapered edge.

It is understood that additional insulative materials are considered to be within the scope

of this invention and maybe used so long as the insulation is compliant, paintable, and bondable
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about two conductive |ayers (e.g., copper, alum num or

ot her conductive material layers). It is wunderstood,
whoawswess9 t hat utilizing nore or |ess |ayers, POF/USZO#028972

of the bel ow disclosed enbodinents, is within the

to SRRAPE. Phe IRElalitly §MulPAso BOc tiibWitﬁééﬂégaﬂrg@rgg f] bikt) compounds, be

O.
the electrical wre nay be forned of a vari

TP B B L SRR AR B o o

film ol yester film polyethylene film etc.).
Corffiﬁlﬁoﬁseqﬂ%t haufage i ‘é[h}ﬂ}gplﬁéélﬁf%‘{nay have a thi ckness,
for exanple, in a range of 0.00025 to 0.030 inches.
TheOthes desitablerpropertessaré trapthd ibreiatioashoulé withsind temside forces applied
may al so orient the conductive 15 layers. In addition,

in thb €abirioatidreprodds, Rk edtial orfBlx RAdetsedtagd dRGitioRs, and be removable when
conmbination with the internal adhesive, to separate

; or [ : e .
SR B S0 Py MRl Plofile ARl yihchle? OF A ation damage
return or Electrifiable .g., hat))... Further, the )

(e Sampae it ey Cfereﬂégf RS PO @a@@éﬁw ¢ dantagper glfysical or
in a transverse width direction) to facilitate the .
consfruptics) dagagp.Lssirlb s to(aestigcturgiyaill bevuasiesafessing edesitioniggnenns of failure

wall). For exanple, the |layers (e.g., conductor |ayers
detactibhchat3@1lidiscohadct potehtialigrimymivhyr dawainh dureherfiontitiet sr in a time
to facilitate such a tapered edge. It is understood

frafBdhat #A0 iptdveerhAfisk Bidye materials are considered to
be within the 'scope of this invention and maybe used

bond e’ Suie a8 28 ot PGP RE IS bond &Y nsutarion
surfaces. The insulation should also be conpatible )
laygysiend Ehsrrordyaiery o egampleopdheyive tapgdisisadhsaive, fyermal adhesive,

tol erant, and have simlar thermal expansion and

presome-sasitive ndidsarar tlEY satsitos adkesiveadr ofombiraticnosfding tsoetsadhesives or

and the surface to which it is adhered. O her

adhig?ﬁa'% el Rls P OPBS tide@%s ah Sntéralt adhBive, ThY iféinOMdhBAWE fhaterial may also
withstand tensile forces applied 5 in the fabrication

fungggl‘glf‘ofsl%g%lg@t%% @%@%@%&%ﬁ‘@aﬁ@% fHairtliR 2398 dielectric distance between
conductors of different purposes.

An external adhesive layer may also be formed on the outermost insulating layer of the
electrical wire, for adhering the wire to a desired surface. The external adhesive layer could be,
for example, two-sided tape, with one side being fixed to the back of the wire and the other to the
wall (or ceiling) or surface. Alternatively, a chemical adhesive may be applied separately, and

may consist of any of the adhesives with good bonding qualities to both the insulation layer and

the desired surface to which the wire is adhered. Insulating layers may also be joined by
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its use is conpleted. Any abrasion, cracking, cutting,

pi ercing, or any other insulation danage (e.g.,
walammagessthat woul d render an unsafe exposure tRPCDUS2004028972

harm or damage, or physical or construction damge,

meHaGRaPdeférthafiond AChee) f¥ild wiRoReRR{R o %\i/\lf ??hesive.

electronic neans of fallure detection that

t potentiall har.nf ul currents
1 CROBRRE pgBR'S e Bvingh Yot 385} ARSI views of
% Fnt harm _Further, adhesive nmaterial 290 (e.gqg.
POSE% [ﬁﬁog 1gpptiansfithe ﬁéctaﬁﬂl&1f%20&meoréwgtth%exmwtaﬁmts of the present
. layers and the conductors. For exanple, adhesive tape,
inventpni (fr st ity sthe itselating lgdisess ve, identified suFpuss3di-8 We
adhesi ve or UV sensitive adhesive or a conbi nation of
anyF&ushimplRes wies ofFiguash By A3 MRl 1§aSlar e REred S Higures 2B and
as an i nternal adhesive. The i nternal adhesi ve

2T Bl NS Gy g s
e N e SO S L LR
outernost insulating | ayer of the electrical wre

f or Aatstateg in Figuigi 3G thacondueeisi(ed., ginunding comghestor 222) may be folded
external adhesive |ayer could be, for exanple,

ovetr oo isinthelves. aP@thew dslillustatediin Fignes 310, dnoked coraluctoe (g cketurn
of the wire and the other to the 20 wall (or ceiling)

corﬂﬁcté#ﬂila}%%y b%'ﬂ)f%l%&‘ %%rVaeionded%oﬁJ{i%fBr‘Eé‘k ET’J&?r?ﬁa\bfe éB%Mu«?cSr 210).
appl i ed’separately, and may consi st of any of

adh ndi n ualltle ot h .t

ot U LR A e e (P iy gpomicatly r

wire js a%gered | nsul at| ng |layers may al so be joined

megfianieglIxpor pondsdoysems penner e 8 sileo Jsuerample ik Kigues3E, an upper

def ormati ons and thermal fusing wi thout the addition
condfictany22aid hased/@. 2. Ref ditehimgy seegaivelding, themidaldwindig, or other mechanical

Figures 3A-3Willustrate cross-sectional views of

meRRF & PloSvef Bitduster 822 0MBis MaytResed ®GIrbVidek nYiré Brof&ive barrier along
according the exenplary aspects of ‘the presen

the 'l&}gﬁﬂg d%te@%f QEIL%%?@S&H%W&% o2t b8 d1PE LS ogjregt to penetrate

the electrical wire and contact the electrifiable conductor from such longitudinal edge.

Figure 3G-31 illusirates a wire in which a conductor 210 has a round shape, whereas
conductors 221 and 222 are wave-shaped or substantially flat. Further, Figures 3J-3L illustrate a
wire in which the conductors may each be bent such that they are formed in more than one plane.
For example, in Figure 3J, the conductor 221 has a bent configuration for substantially
surrounding the conductors 210.

Figures 30 and 38 illustrate a wire in which a conductor 210 has a substantially oblong
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5 For exanple, the wires of Figures 3A and 3M are
simlar to the wires of Figures 2B and 2C,

wo egpmesivel y. As shown in Figures 3B, 3E and B&I/US1964/028972
conductors may have a staggered arrangenent and may

d. Nk @Eaﬂéoﬁ/héi‘éag ﬂ’iE D GiEclofs B1; ZQTm%%%E Qﬁlﬁ:‘s\’a%ttﬁﬁy -flat or bent. In

dlrectlonj lustrated in F

r und| cond 222
Fl@%?%&%@%é%&%@%@ o P b8 Ib Gt aa e gf the
ure 3 not her conductor (e.g.,_return 10
CO“@B o Ry eig@e%%fy%(er&ar Ri’é%ﬁ”d\?é‘?und) the| {tas gordwetouc Further, as
(e.qg., Electrifiable conductor 210). As illustrated in
illugtrajed o F3gyres Hd-300 e comtustonnle.daeohdwadre @10 én Bigure 3U) may be bent
thermally, chemcally or nechanically) or bonded by

aroGi@cHBtHeEIn MinferdtE@g nf@herexanpl e, in Figure 3F, an
upper conductor 222 |s joined (e.g., by stitching,

sea C ni cal .
e R S n@%w%%%e%t% UREDRELGR gocording to the
otectlveb er al gng.15 the

pref i et GBS CEHciba i o] el RN s AR Rmagrtant concept
more difficult for an object to penetrate t he

intraflused by &l profentingerficse ipaeificallye thsl ‘ot zdnel atalyde considered as a zone
conductor from such |ongitudinal edge. Figure 3G 3l

which st l¢aat ‘@abaanmiailg ehtappeiit by araendoadtor? W illasirated in Figure 4A, the
round shape, whereas conductors 221 and 222 are

hot W@f{@mﬁf RRRMe Uyed k&%e"ﬁ&t drt%hgé’d V\ﬁfﬁllaﬁ hoﬁiégn:t:ag %{}d vEU QO Bmat, depending

J-3L 7l lustrate wre i uctors may

UPO%%ﬁg]@pglﬁ%lont(s)@&l etl(gc%é?%hey are formed in nore than

onée in Figure 3J, the

conductor 221 has a_ _bent configuration for

sub& gramale §/lg§t?r4rﬁo ihairags ¢ prostenstional giew ofingeneraygasedor a

30 and 3 Sillustrate a wire in which a conductor 210
condedoreorentzgipaniti shbuld bemotadghdt4hd/iBs A 1828 dfhd adhesive) are not shown

PCT/ US2004/ 028972 (e.g., oval) shape, whereas the

in FofRey 4 £-900aE Siafpdifiddidon. 222 may be substantially-flat or
bent. In Figures 3P-3R and 3T some of the

S at a t her th

c on%ysq}oor S nﬁ;%(’lg A glr%négp %fra {) gy m@‘é‘fﬁ grgv‘lrrc{;ng Conductors 222

around) the fl| at conductor. Further
and return conductors 221 formed on opposing sides of (e.g., above and beneath) the hot zone
295. Moreover, in the hot zone 295 is included “M” vertical segments, and “N” horizontal
segments of Electrifiable conductors. More specifically, the hot zone 295 may include segment
(1,1) 296, through segment (1,M) 297, and segment (N,1) 298 through segment (M,N) 299. It
should be noted that M and N are not particularly limited.

In addition, an application of the wire according to the exemplary aspects of the present

invention may include transmission of electrical communication signals such as voice and data
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illustrated in Figures 3U-3W the conductors (e.g.,

conductors 210 in Figure 3U) may be bent 5 around
weawbhopesher in an interlocking manner. Fi gur esP@RU£1004/028972

illustrate another exenplary aspect of the electrica

traﬂ!n'h@m&?ﬁ@ﬁﬂé NEor eQaI‘hEﬁ‘e theVaRERLy b@%‘:cﬂtah 9531 of ﬁ(‘ﬁ@r line camer (PLC)

dr awi ngs descrl be t "hot zone

PP B o B st gt

zone mhlch |s at | east substantlally entrapped” b

elepgical noWen dd dt dpo used (¢t aPpriioneay thewie fursed)ps, a repgor %@nedlum to
hot zone nmay include |ayer segnments arranged in any

trapsonii yaind aid/@ndbhta/emymesbcatfoorsigials. déps bk wire mmyrbetdsed to provide high
application(s) of the electrical wre. For exanple,

spdet] @efrid Acdekd piihts HiRFever BERSS aif ACT di&atal b, of a
general case for a conductor orientation. It should

be
not Sl é”guréﬁff%e%“f%%@ai ?%*afﬁﬂ. Bl Rt SRl e
ure 4A 't Iectrlc

prquﬂt)o atzeéﬁ) 88)[%1;1% ﬁf U u@yéyz mogt glplﬁ: ca¥1 be many different
conductors 221 forned on opp05|ng sides of (e.g.,

typaH S %ﬁaatwf@@mummm@tgnzle transigsd byressive incliding R$485, HDTV,
hot zone 295 is included "M vertical segnents, and

etc., bldconding rothe plresestdgvamtivs. of El ectrifi abl e conduct ors.
More specifically, the hot zone 295 may incl ude

seg P’@Nxa?%lai 13 i1RRRated M Fﬁ#&% 4£€ gﬁ@él&ctﬁéal Mire206, m%nﬂso include a

segnent 298 throug segment 299.
hayl ted that artlcular

poffd oﬂégav B 19 (B Tk 28 i et B  Eopfations signan in
accor di to the exenpl ary aspects of the present

adqimeter eqﬁwl PAYEIREENG FURRLeA dlagvdisraby e cbetgonal. For example, the

comuni cation signals such as voice and data 25 WO

-corRDo®t NiR4Bi4 9e LG PSRBOU S0 2B 7iAclutle patemesiionductorgsadisas those described

For exanple, the wire may be used as part of power
in McUrdyaétal €U. §Pede) Ap§. qumqoncsa@w @\I@K}SUFJIFG)RM\AFR%NSM%SION LINE

wire (e.g., a portion of the wire) is used to provid
Al\ﬁS:METHOD OF FABRICATING THE SAME) which was filed herein on May 28, 2002, and
which is commonly assigned with the present Application and is incorporated by reference
herein. Further, the wire 200 may include a plurality of such portions 450 which may eacﬁ be
dedicated to carrying the same or different types (e.g., formats) of communication signals.
It should be noted that the electrical wire according to the exemplary aspects of the
present invention may be used for transmitting communication signals independently of any

electrical current. That is, the Electrifiable conductors may be dedicated entirely to

communication signals or entirely to an electrical power supply.
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el ectrical power, and is also used (e.g., a portion of
the wire is used) as a network nediumto transmt

wWQooise2emel/ or data communi cati on signals. ThusPCT/H§2004/028972
wire may be used to provide high 5 speed network

aCCER33 -‘Q%EJ g&ﬁch\fﬁffflgﬁﬁst %%rrﬁaﬁ B %eﬁ‘@oﬁk&%ﬁoﬁh@m in the hot zone that

outl et. Ifica e Wwre may transmt electrical

. ni.cation _.si.gnal s durin i e r oxim.t y..of .
wil QR B Bt feeih BReb B £ prigf Pl piBlee 4B ittustrates
there can be many different. types (e.qg., formats) of
twWo-RRsHD cenladipents gmpkﬁ@mwglb@le WS@lﬁé Veogign.
i ncl udi ng RS485, HDTV, etc., according to the present
i nvEetexemple] theFost eantadphent (ersthell¢ft)sneladesdetum ¢ingueters 221 and
4A, the electrical wire 200 may al so include a

grofdiht Qired 202 VW AitTHRAY therhgstiRh ¥@ Andl@des o Bl @eifidbll@tonductors 210
signal (e.g., a communications signal) in addition to

i £al. ne ' lHned . o) |
whithofe Sy s BRSO R 1 Sr LR Rl on theright i
siniffE p e S GE0BBEET B toh e gD G porquetor g adked

Pat. App. No. 10/154,929 ( NON- UNI FORM TRANSM SSI ON
arrage@ents AND METHOD OF FABRI CATI NG THE SAME) which was

filed herein on May 28, 2002, and which is comonly

assitghedd be hbtet hieat thieerendm P et g dddesamct]éctrical wire with a smaller

i ncorporated by reference herein. Further, the wire

thianglgssgg¥ﬁ itl'ﬁﬁhéfg Quiferds WiAdebdnd GhbcRiaBntRREVilANSel 4 caMNifehaving a

be edicated to carrying the same or

i fferent types . Q.. rmat s), of co ni N .
smilies 68T . KBRS B alsalBl e e oL O PR ltRhts of oo eectrical
.according to the exenplary aspects. of the 20 present
witermayrhe uspd iy h@@calgéwlmedtrﬁ&%%qﬁwtﬁsﬁgawgﬁ%ﬂﬂaﬁ Zf‘ag-i» ¥ to 240 V and
signal s i ndependently of any electrical current. That
highsr). Fouweexahgdd, the wablba loowsdd ¢t oxpplynrphdse pdedi swhesistandard 240V AC.
entirely to comunication signals or entirely to an

el egtfih&abiRRWRT iIRNBRLYan J&tN¥3] $RRF00248#48ing to another exemplary
PCT/ U82004ﬁ028972 For 3-way switching of lights there

aspré%tY &sesh%w?ﬁg g"lgfu% 4&:,\&)16 %&Q&f&&t&ﬁé 26(Pmta§; ﬁlcﬂi%lte aZ%PEplﬁﬁﬂ{y of horizontal

stacks 460, each stack having “M” Electrifiable conductors 210.

This aspect may be used, for example, for multiple branch circuits. It should be noted that
the horizontal segments may share a common insulator between layers and on the outside of the
grounding conductors 222.

Referring again to the drawings, Figure 5 illustrates another exemplary aspect of the
electrical wire 200 of the present invention. (Note that the wire of Figure 5 is similar to that in

Figure 2D). As shown in Figure 5, the electrical wire 200 may include 14 AWG (e.g., American
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will alternately be switched fromreturn to
electrified (e.g., neutral to hot). Figure 4B

WO bdogse483s es two possi bl e enbodi nents to accop@l/USivo4/028972
this with the present i nvention. For exanple, the

er gﬁa%%e ngnt) gcglﬁ% 1e; ‘(ﬁ? et;( i egﬁ gcllhveﬁﬁgrlee Ef@%ﬁ& %[a ﬂ{cﬁ]ucfigd as illustrated.
210 Puithirche ate 209salnth %g% \{\f?ﬁ“’gtig%%fag{%fé:ﬁl?’rﬁé Hﬁgﬁ%ﬁw formed of

295. The second enbodi ment (on the right) is simlar
polyestetrrmdfwhich are O9diinaghes thieky delfst annkaled.t e wire 200 afsp ansiledes
conductors have a stacked arrangenent. It should be
coficesls 21RD21 Bed 2T Ghickrkodrvedbdl pps (deslumingh ec bthecanductive
wire wwth a smaller 10 thickness (e.g., thinner),

mé@é}ﬁﬁ Alo8 o?‘%ﬁj’m gfﬁ&@ﬂfggaqﬁfckﬂés%f@l@m fhegbect “Aga'

aving a er w (e.g., narrovver)

noted .abave he exe
o1 et e RCF i DR N SRR Yy P rmaley hgoonductor
range of voltage appllcatlons (e.g OV to 240 V

210m@mmc}th of 626 sushps, avheraqs cqndugioptd? Lymd 22 a2 a%BW 1750 inches.
2- phase power such as standard 240V AC. Furt her,

Indulgingéaye£2 13 hasst waltlest 200@kinebds; inselbting lager200 has ao*ndﬂhij 250 inches
to anot her exenplary 15 aspect. As shomn in Figure 4C,

ana%uﬁaltlﬁgid'ybﬁﬁo MisTa&vidBPo 300 nehddde a "N’ pl urality of
hori zon stacks 460, each stack having "M

or B R OHFRET AT FROREL Py ffhin
M R TG %&taa RS i s

the groundi ng conductors 222. 20 Referring again to

- posfiblederminatipas {dFithrielectBcalits2(0at es anot her exenpl ary

aspect of the electrical wire 200 of the present

| NVerHei 191 -side108n Fhpdie 6 REwMdre Bowér drigiiite andithe Badbida620 is where it
to that in Figure 2D). As shown in Figure 5, the

is 391%&}5«[32 ?}%Jg /1#5 jgifé%gvemy WG DribthafiGid £ cOmmohFeehERIR or other

source (e.g., a conventional source). Termination techniques (e.g., at either end of the wire) can.
include soldering, crimping, surface contact, clamping and insulation displacement.

With respect to the line side terminations, a male plug placed in the receptacle with a tail
of power cord can be terminated within the line side termination box 615. In this case, the box
may be mounted on the wall (or ceiling) near the outlet receptacle. Further, the termination box
can be a “source module” as a mechanical interface to an active safety device (ASD), which
plugs into the outlet. In addition, the termination box can reside over the outlets and plug into an

outlet (receptacle).
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PCT/ US2004/ 028972 Wre Gauge) electrical wire. For
exanpl e, an adhesive 290 nmay be included as
WO bdogse4sas ed. Further, the wire 200 may i ncl UBPET/US2004/028972
insul ating layers 215, 225 and 230 which are fornmed of
pol yieiepeang thdioad sﬁE Serfriieibng, '&%@Focf thidk Ggﬁin% sy fbconventlonal

anneal ed.” The wire 200 al so I néludes con

wirgéhaf BE pR AR CRe B8 1 O 37 % Cocﬁtggmggt%r@ﬁg%%{g@’}‘é? Sconce lights,
'EW ng a thickness of O 001 inches. As is evident from

cel ?gf% etp.). thvethy, adermingl SFWPW@F%H ¢ aingll printed gitewipbeard that is
the conductor 210 has a width of 1. 620 inches,

attaghet lodke windac povsle22ievaternip2d ththeaiser. \ih dilditiof, the 1088 slle
inches. Insulating |layer 215 has a width of 2.000

terthimaties (debtidiba) Boxgsd5a¥s incdede dwastsd ik S4A 8f the ué’e'}Qo lu
inches and insulating |ayer 230 has a w dth of g 5

' ncﬁﬁﬁ‘tar ¥ A Bf ﬁ!e%%é éﬁ%@f‘dlﬁlﬁe{oqhe?&feﬁ{\y Ar?g C}gegts ol%?he present invention, is

exenp spects 0 sen
nclude a.lon di nal on forned betmeen f wo
the {1V O EoR P G 07 o 8 FarPemicp Ga]tipegtom the

term nations for the el ectrical wire 200. The line
Elesirifiabls copductprpyhjelt map be in glpse mropioviirto g tghura cemdugted, may represent a
the load side 620 is where it 'is delivered. The |ine
reastivéeupemen sapypdsytinc@ith ynylohd tinedre.d This @apacttomo¥ds charged based on the
receptacle or other 15 source (e.g., a conventiona

app?l@&' R/GR‘Qge Q. g I AAG HEe $1%€@ﬂ1'e Qé{ﬁﬁl dodBtor 18 28bWARItag Wlative to the

ere can, I ncl ude sol erlng crlrrplng

B e R TR Ch P,

pl ug placed in the receptacle with a tail of power
betwgerthe gtumeand eronndingegndreioisn the |ine si de

term nation box 615. In this case, the box my be
mouSpeetfically ttheeleettibal (vare @ad.,| layrgdd FletWiré)van beicbrdidered as forming a
receptacle Further, the term nation box 20 can be a

§ OEEBacitResY (8! RitORS RaRian dbuivakst
Selrlseaf eta% (gew c( FAS%E 1 ?c pl Buls mt%ﬁgﬁéégu?ébge&ﬁw{%cuﬂ) »

1llu§tg%5& ncmgurg h}'g IALSg on altl i’?g%r )%}16 glecitpg'%éz%f %%?cluﬁmg an Electrifiable
conductor 210, grounding conductors 221 and grounding conductors 222 may form capacitors
C1, C2A and C2B.

In this case, capacitor C1 is a parallel plate capacitor formed by the return conducfor 221
(e.g., neutral layer(s)) in close proximity to the Electrifiable (e.g., inner (hot)) conductor 210.
Capacitor C2 is formed by return (e.g., neutral) conductor 221 and grounding conductor 222 in

close proximity.

With respect to the impact of the capacitors C1 and C2, it should be noted that capacitor
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28 WD 2005/ 024849 PCT/ US2004/ 028972 Wth respect to

the load side term nations, a set of three "flying
whead®248ey conventional wires may be provi ded POT/US1064/028972

user to cut-to-length and term nate as needed (e.g.,

CB@INYE1B) #RY Sause @RutreMGo fRIShetREG: the EIEIM®Ie cductor (e.g., FlatWire
termnal strip nounted on a small printed circuit

bl B AL IR 2P 5D PR STy iy
i [ d [ i O, 5 i ncl ud tl et
ST DN N LR

wire according to the exenplary aspects of the present
thatyeraping Gappeid detwesatlayers aftey therfnal Hrationdagacincerloe compound,
solution. That is, the capacitance resulting fromthe

wdtlpapdr| phintaétc§ of drtlaiddal WideQ00 (@Y., BRt WiteFh@$ 8ause a dramatic reduction
proximty to the return conductor, nay represent a

incr? ; Chinke d%: £GP 1dW d&%ﬁfoo&iistﬂﬁﬂg =0 6)2 @;ﬁe gég&?tﬁce}ini]o(e.g., lengthwise)

rent. I's capacl tance i s charged
dl%%ﬁ:lallﬁ) \r/u(f)ilﬁédlgl%e aéeg‘f,\;? g}gp@lg@rgrc?gq%émqglég %l% eﬁlqt,]pgricra?tvx}l‘lrren%O (e.g., AC
El ectrifiable conductor, very little charge will be
Flat®itahghmbeereelied Bndh thergfore pelativel lafgsrowednts isen he produbrsl.
return and groundi ng conductors. Specifically, the
el edutthe@thevdufrent o .capdctp£C & helrgadnihe egtu®aB.gh@eutral) conductor 221
considered as formng a ' series of capacitances (e.qg.,

anf A M SPe. oM H %ﬁd&&&}} YA, fesEht b nct® d’curren} to ’I&IS-N CTs (e.g.,

capacitive circui as 15 r[Tustrated i n Figure
hown in.Figure 7. the ectrical w.re 200 incl udi,
e Wi Doy il utor sHScISr 15266 oa BiskefPingee Bkeerioed to bea
221 and (grou_ndi ng conductors 222 may form capacitors
preplemeggrrdipng linp mureGFR] flsedspping dp sasetthe capagitive current on return and
paral l el plate capacitor formed by the return

Elearifiabd¢ cond2tbrs (ee. grentraleantihat) shaylé besone a probleds @ “cancellation” circuit
proximty to the Electrifiable (e.g., inner (hot))

mBPRAH T hentelio nulbubBiaakkH C2 Is formed by return

(e.g., neutral) conductor 221 and groundi ng conduct or

222 Plugther(,: lcé)psé%it ¥ O t(ﬂ;&/@B) will not cause a significant current to flow between the

return (e.g., neutral) conductor 221 and Electrifiable (e.g., hot) conductor 210 (e.g., FlatWire
neutral and FlatWire Gnd) since the voltage differential is typically less than 1 volt. Further, as
noted above, in case the capacitive current on the return and Electrifiable conductors, (e.g,.
neutral and hot) ever become a problem, a “cancellation” circuit (e.g., a circuit having an
inductance) may be implemented to null out the current.

Referring again to the drawings, the capacitance value of the capacitor C1A may actually

be derived from a parallel plate capacitor model. Figures 8-10 illustrate a typical two plate
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Wth respect to the inpact of the capacitors C 1 and
C2, it should be noted that capacitor 29 WD
wWQo@502@84849 PCT/ US2004/ 028972 C (Cl A/ C1B) nmapCT/asme4/628972
current to flow between the El ectrifiable conductor
b8itdd: foufpiate\Vap & t denti
cappuc frucpiRl CbitoP Bid e b AR E S, ReGRAVHE, Bhort® entifcs the
t hat be present .w t he. absence of adhesjve)
cappi i arERat R thilecdiE bR B toh Rty ai
that remai ns trapped between | ayers after the fina
f i x5 palied plate eapaeiteare. (g (e Sapoindipated byl ceprgiience meter, C meter) may
paint, etc.) of the electrical wire 200 (e.g.,
be givad W Cej cAvdywhaesiee diclctgiorbhgant of thetdiglectrie,/D, between the conductors
capaci tance due to air's low dielectric constant (s =
is g:]'\%e(ﬁ) SASSOLQRG,. WIRRI WY Nl &qhQPl’atel c%P&ﬁi%Wﬁ)che AsBh @ Bveen plate
of the wre'’increases, a significant capacitance In
he electrical wire 200 (e.qg.,. AC FlL.atWre) can be )
suraces Fedp b %é{e?e@rx@r@naﬁ%t, (€ 8o IPFHRIFEHL) P%&%%SP@B‘% eEd 13 dbyelative
be produced. Further, the current fromcapacitor d,
perbeitingy ofithe éeleadtiematefiel. g. , neutral ) conductor 221 10
and Electrifiable (e.g., hot) conductor 210, represent

a bahansediubead] mUriE@81S, fR atwdl plats cdpcifor, the bRSaUANOS the parallel plate
current flow mnus hot current flowis zero) and

capta!:,‘i‘?d'r% §&n ?sr £=99% GRY w&%%rﬁg t{n@L of b gﬁltele RV is the V\tzi%th of the plate,
regardrng I'i'ne sodrce al'se t1ipping. I'n case the
apgcitive currept on_return and Electrifiable _
and g5l an FEe D> B BETE IR ARG UR TP S EbYR a5 A= LeW2
problem a "cancellation" circuit nay be inplenented
t o Figute ushowh ghecwiringfeonfigwation oftred-platcagraatitos stacie that emulates the
(C2A/ C2B) will not cause a significant current to flow

elebgitatedre 2006(c. gl @ldtrital ElagWireWwlth sladried chiitlsatiativedleadinBlectrifiable
Electrifiable (e.g., hot) conductor 210 (e.g.,

(e.é; ,: i?l%léély? E@ndu@\%ﬂ.t ft3hodtfde ﬂ)t%ﬁ Yk ﬁle(%%ﬁg%lgl%jaeglf?f ﬁguféqlotrﬁ%ﬁbe derived by

ential is typlica l'ess t urther,
.as ..noted apove, in case e.capacitiyve current .on . th
clif (L BRE e PR AE SRR EaakE (8- ISafiey Lgyes from the
and hot) ever becone a problem a "cancellation”
stregiyre ghewi s Bjgured. ci rcuit having an 20 inductance) nay
be inplenmented to null out the current.

Further, as illustrated in Figure 10, the area A of the plate capacitor is given as A=WeLek,
where the plate multiplier constant, k, is actually the number of plates (n) divided by 2. Thus, for
a three plate capacitor, the constant k = 1.5.

Therefore, for the electrical wire (e.g., stacked electrical FlatWire) the capacitance for the
capacitor formed between the Electrifiable conductor and its two adjacent return conductors (e.g.,

layers), is givenas C=g(W-+L+15)/d, or C=1.5 W oL «¢/d.

Tt should be further noted that the capacitance value calculated using the above equation
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Referring again to the draw ngs, the capacitance val ue
of the capacitor C1 A may actually be derived froma
w@anoalop4shto pl at e capacitor nodel. Figures 8-10 PCT/US2004/028972
illustrate a typical two plate 30 WD 2005/ 024849
SIS BE Y 1 28R/t ceGRPESIdLors (EQU rlay@]rsﬁ‘%l% &@g@&sgaﬁ’ﬂy A1 contact

three plate capacitor, respectivel
wif P bR it AfceARRR 8 el%kr%taﬁﬁésaegf st rebdisp FtpiValues of 0"
| ate ca itance, C (e. as indicated by a
th‘gafﬁa%m el akigs of Oépﬁ'i(étaé?f) Thisycaparatapeeay By basedomythe percent of

where the diel ectric constant of the dielectric, D,
suifecevedbesiarhzetwesndaydrs pred Biciamogintaitomprdsive ﬁcﬁedEﬂaat mak e epplied to the
Ais the area of the plate capacitor, d is the
outtr strdreeoinat eremicpl wire (c.&FlkeWRe), 60 is the dielectric
constant (e.g., permttivity) of free space, and sRis
t he ReglAhd ¥&hin RERTUESHiNd t
Thus oferf $ blé B a?g c?tvslh g Fl tes 12‘312%%&‘%& hd c%ﬁ%{cﬁf\)e@ coupled
culg%l glgal[}’:b%;ca{ugerl]egq W&ﬁa%‘lgctﬂgﬁ Wlw aecg ral g qgrytaﬁgects of the present
Length of the plate, Wis the w dth of the plate, 10
ln‘é?ﬁHOIasSqu}fu@HY,aFtl@afe ik iystfates t, caowhere thsalegstieal avire 200 having an
capacitor, the area, A is given as A= L-W2 Figure 10
Eleirifiebld trenduitor 2 ainfriogetuad camductbrs23, ispératiratedpami deive safety
stack that enulates the electrical wire 200 (e.g.,

deic€CASDF softRtWdu® 1ot h shorted shields relative to
each Electrifiable (e.g., inner) conductor. It should

be uration ure 10 nma
dor PSR ssbA e balie PR 09&1015‘? Lo Ml it n i
ulw%é%%% PRROBE S5\ TR TR SBICRB, HestHogd (2. low AC vols)
illustrated in Figure 10, the area A of the plate
hag higtlg dinpant onsugenenuplsd fo-the Ishields. Tecklecitifieblplcatductor (e.g., hot) 210
mul tiplier constant, k, is actually the nunber of
hoRetdreis highly élesttided almlls%o liﬂgsoag{i&tﬁve @rﬂeﬁfs@ﬁtoﬁh@él%und conductors 221

capacitor, the constant K Therefore, for

(c.£:, B6ltfat Mroitlohe {68 16homm 5F AE ERERARGH (52 adiiit)Y )

e cap cita

Figure 12 provides a capacitive current cancellation diagram which illustrates how a
cancellation circuit might be used to produce a net zero current on the Electrifiable conductor
210 and ground conductors (e.g., hot and neutral conductors) regarding capacitance. As
illustrated in Figure 12, the cancellation circuit 1200 may be included as part of or used in
conjunction with an active safety device 1100.

Specifically, the current, I; after application of the cancellation circuit 1200 may be given

by I1=In1 + In2 — Ic, where Iy and Iy, are the current on the return conductors 221, and I is the
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20 capacitor forned between the Electrifiable
conductor and its two adjacent return conductors

W@ 2008/024849 ayers), is given as C = E(W- L - 1.BCHU82000028972
C=1.5-W-L -6/d. It should be ftirther noted that

chiEatiopRAGEHADEE of
equat) on R BRI 4%%%&%15%5% b a8 SRle Jymay be OmA.

out e t he S
oy A Bl B a ARELALT s e R TR R ——
ot her. Alr spaces and _gaps where no adhe3|ve IS

prepang %ﬁ{lﬂfm bso%efﬁrea%@l ngiarg Ridhe fshigiding’t eapabilifyief the grounding (e.g.,
smal | er val ues of capacitance. This capacitance my

outgr egrttbground)mendimtorp drarememple, assutddeabeveadhesti least bed gweending layer
| ayers and the anount of conpressive force that may be

inh&RIpber transihigidn Qitady artlubiRs@sraAdd dibried] A6k iRl bithd €
(e.qg., Flafffire) Referring again to the draw ngs,

trafsfEdRsnitted fip m]tl?le Ele&tri%%}r\ﬁtr(—? I Qdﬁlﬁ(ﬁp?ﬁ‘é Jh'l?\{&i\lg\l% Ip?&}fc?édqgr the grounding

current my e cance Int eétrica

ccordi he exe ects .o r.esent
corR BT oo R P ALl e Pl Bsgiae eitha the retun or
case where the electrical wre 200 having an
Eletridigblei condusters.cohigh it adso 21duablgifeptues-r et urn conduct or s
22 1, is termnated at an active safety 10 device
( ASB)soan thedtiteesst ofbxatdte add Qfnmbuicativing repasiing plo@nding layers, the two or
capacitively coupled current, CC, can be represented
t
mﬁg@ﬁ% | net%hﬂ?ft?fkf Bk ;%ﬁ“?‘? chiLF) SR, FOpEEIGE cge e
C,volt n current. .co
Cqg C@sd SR trehd s an ot & baf R et Ritatgs HRe Simal
ot). 210 however, is highly electrified and is
longksvfénalhfgto dheeiberand of g graviding eanguete2 % Guaweh a wired “jumper” at the
conductors 221 15 (e.g., neutrals) throughout the
destieatgint ‘noddutdiend retotned ¢<a1gitvuﬂimell§( ®.the sourteat This aay bEuged t® provide, for
12 provides a capacitive current cancellation diagram

exatpl& M “igtduna s @ntiRQy éhecancel lation circuit mght be
used to produce a net zero current on the

El eﬁuﬁé L e%l?éc?r %?wg aSIrprgwéQ El}%n ?)ggy ?oecgma F% o %%1% nuﬂsy by an “Active

neu

capaci.t ance. As
Safetprevwea prior to electrifying the Electrifiable conductor or segments of the Electrifiable

conductor. One practical application for this feature is for providing safety while an electrician
terminates exposed destination ends of the electrical wire.

Figure 13 provides an schematic diagram of an exemplary configuration for detecting
ground loop continuity using the electrical wire. As illustrated in Figure 13, the grounding
conductor 222 and opposing grounding conductor 222 may be considered as part of a closed loop

between a source 1310 and destination 1320.
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illustrated in Figure 12, the cancellation circuit

1200 may be included as part of or used in 20
w@omsaesid on wWith an active safety devi ce 1100PCT/US2004/028972

Specifically, the current, IL after application of the

C an?ﬁé %%% h‘%? g?égral%ﬁi&rméﬁgdg F@MOIP&? c&h}ﬁ%ﬂloa@é(n {ag'ks gu@'h ES prov1d1ng a

are the current on

rn _conduycto s 2 dlc.is the 3
traisg Elpéﬁa@ BRS 47 6588 FS e BN e (R periodic signal,
(e provi ded b the cancellation circuit). For
Wh@}@mt@ (el pmgfyrab%r) greater mf;gﬁ{éhn%gg@@pcbfmw injected onto one of the
el ectrical wire according to the exenplary enbodi nents
groohdih@ eondacese22 whitethieiopposed graunbingdondirtor®2alis seased for signal return
of the "shielding" capability of the grounding (e.qg.,
v1aQHé§hs1n$@‘It.h ground) conductors. For exanple, as noted
above he at | east one grounding layer 5 inhibits -

n .
ol ooy ﬁrﬁ%ﬁéseg eIy Aeoh 3000007 S uqund snaling where
the el ectric s I n addi tion, e shieldin
thegslasiricabyirpys lﬁléosaﬁi geﬁw&%@ S pPEEh D Df i1t @l destination
of externally generated el ectrical noise onto either
moilhle 1420,uviclomay Elapsmit afid edobize clontigal signals mp¢essed by teansmit and
a val uable feature. Also in the interest of safety and

recEREBLBIGEEd. OTe thddRMErd GetGinuondiidigts R2Y €., isblatedt(amenrgrounding

10 nore groundi ng conductors 222 (e.g., isolated
) :
layglgffxtx fHe st% cﬁ&glag:?arl a{r Arréﬂésltrng@t géér?gén ﬁ%t%gﬂos#’% Elle%eg]aarated transversely

send a communi.cati o pe si | on di na

to P%%e@ﬂ PP HHG Oﬁﬂ@ ag¥ g ff@ﬁ“ R g tifferentially
a wired "junper" at the destination "nodule" and

betwesen theesglil eomghetotsi nal |y to the sour ce. This may be
used to provide, for exanple, "ground | oop
' CORkfeting ygabhcle dlbﬁziﬂ'gwﬁigutd‘ﬂé iheteites ombthod 1 800vefyfabricating an
provide the ability to check for continuity by an

i
ele&ﬁfv‘cﬁl x)éﬁ | achﬁﬁ%toQ&X bﬁéampl a@ﬁec&s"oﬁh@ﬁt‘eﬁénft ¥veBtidd1€The method 1500

Ctrl uct or segrrents of

oS 6P PG R 24 2ot

el ectrician
conductors on opposing sides of the at least one electrifiable conductor, such that the at least

one electrifiable conductor is at least substantially entrapped by the return conductors.
Specifically, the conductors in the electrical wire (e.g., the Electrifiable, return and
grounding conductors) may be formed of a substantially conductive medium, and may include,
for example, copper, aluminum, steel, silver, gold, platinum, nickel, tin, graphite, silicon, an
alloy including any of these, conductive gas, metal, alloy metal. That is, the conductors may

include any material that is able to transfer electrons regardless of efficiency in doing so. This is
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term nates exposed destination ends of the electrica
Wi re. Figure 13 provides an schematic di agram of an
wez@spbeny configuration for detecting 20 groR€USMOP028972
continuity using the electrical wire. As illustrated
trub Bs fon W5 thekdlatitd'5oidFyas Rhddsr el&%ﬁyﬁm% “CortlulBEs” is spbstantially better
opposi ng groundi ng conductor 222 may be consi ereo}1 as
thag;%t“iog 18 rCl,osed | oop between a source 13 10 and
iMAYTEY 1320. 33 WD 2005/ 024849 PCT/ US2004/ 028972
The_wi re nmay al so accommodat e addi ti onal S comruni cati on )
t asKerthsicthe asulptisgilayerignay be formaed of subgfartigllyeen-conductive mediums
transfornmer (CT) and a sensing current transformer
(“psgigtors’A, pet ineylinchslegiva kxamplb, achatawgl the i exggnic, inorganic, composite,
preferably) greater than AC |ine frequency, may be
meltd)}i§ Chi®OniehdmStBefls, hdigrogétcoi) tidtmoplafii@lod pslyLdetin, polyester,
whi | e the opposed groundi ng conductor 222 is sensed

polyBiopFlsHE Hon/y B Eltoride ¥ Vol dfeBRE, WBof bapl, Mildie Mbipion. corrsive
1 ygroun@gsi gnaling where the electrical wire is
G ShBYEH bet ween a source nodule (e.g., current tap)
1410 and a destination nodule 1420, which may
t r adbminsulghigg tavewsioge be made pf el mafegdldha ipratiomstisdllpless (e.g.,
transmt and receive electronics. The two or nore
prapetticmally sshablean soddit flectgicity thaaltlat @adiaoised) distinguishing feature of
grounding 10 layers in the stacked or lateral (planar)
theAhSARARTEN:Y (WIAEh B&einthiNAE irﬂ%kédtrat% , BeRARLL e, ghape, and dielectric

transversely to provide an opporturdity to send

T R N YT A R ——

Referring again to the drawings, Figure 15 illustrates
volfageebiiyyecn tho efasementionpe aganductars » befere sphstantialguyrrent flows through the
according to the exenplary aspects of the present

insulaieg tiedium ThetormirbaldddGOOF itdifisulaiigsteperfies. m ng ( 1510)

at least one electrifiable conductor, formng (1520) a
pai IThe subseinUhNceRAYBIcAN P crofte SR BARK G BhidRIPesiiNg @tastrophic

| east one electrifiable conductor, such that the at
faiiu?@élt the electrical wire. The insulating layers should be designed such that in the typical
application or intended use of the electrical wire, there is no break-down between the conductors
(e.g., substantially conductive mediums), through the insulating layers (e.g., substantially non-
conductive mediums).
The electrical wire may be formed by layering (e.g., laminating) the conductors and
insulating layers (e.g., substantially conductive and substantially non-conductive mediums (e.g.,

laminates). Further, laminates including pre-manufactured materials facilitate bulk rolling.

Most electrical wires are made by wrapping flat insulators around the axis of a round wire
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one electrifiable conductor is at |east substantially
entrapped by the return conductors. Specifically, the

w@oenduessars in the electrical wire (e.g., the PCT/US2004/028972
El ectrifiable, return and groundi ng conductors) nmay be

budddé [Bde ﬁfnnaofsé&%ka[ﬂlé@ﬂnbé’t 1ﬁ&l@§1\i51t\5vﬁ‘ d?@%&l%d%&%% a plastic PVC

i nclude, 20 for exanpl e, copper, um num st
atl ni ckel , t|n gr aphi te,
sh%ﬂ{&%%ﬁagéﬁgmi n*ﬁdlng any of these, conductive
net al aIIo netal That is, the conductors my
Jhel h%l%‘e‘gﬁﬁalﬁﬁ‘f"e?‘qcalfdﬂtgw‘&tth‘? SXeHBIAY pepecis i dicgpresent invention, however,
el ectrons regardl ess of efficiency in doing so. This
may dncule\apol oD FepPardal) tIRCTY WSOt /dodBdAgidthsu @hasarheisgresof the
the relative ability to transfer electrons in the

insiatnglihatetbl "Thde Solbicn ard ihyul6tstvllich &8@FodeliRd by rolling techniques
[ nsul ators". Further, the insulating |layers may be

ma? 1‘38 vsﬁ Qéwéé%ét%llﬂ%'}fl@ %@Qﬂ]ﬁltaf ¥ SRR 't&'B@ bonded to one another in
In

I nsu ators , an or exanple

D i T —

thernDpIastlc (e.g y-ol efin, dg yester,
or @féﬂry}?pmn&%thepg@pm@trwwonﬁamremrd qevayple, inrme poeferred embodiment
wood, paper, anodic formation, corrosive |ayer, or

of the IpmsentTﬂ&n'tinﬁ,uhaiﬂsmlgtdrﬁa{lﬁl’ @ndafoherdsiiechfc Batiding materials together.
material that is rationetrically less (e.qg.

Pr op@fifidr ORA lﬁéfrake%ﬁﬁ X*‘l?.@é €6,ltRe &Qﬂqyﬂs Alpesit heh }ﬁétytblé%galed or

t he conductors. I ngui shi ng feature of

enéag?uq%c?& i)}( %syl%é faﬁérwgé gp 1\;1 ﬁagﬂﬂ‘?é#%? 1 graup insulation 1630)

% rength are |ndependent varlables whose resultlngr
eridaheo(ary Bbfosmed betiechibe intinatisadaygrs 1620) 1@f, The insulators are

bet ween the af orenmenti oned "conductors", before
borgdeld$¢ thetcondiuctars,raadtovetlagyhe tdansoverph withé of| ith[esadndud:tng such that insulators
medi um due to a break-down of its insulating

map'be PEAAEIRS inshiReors UPRS Atbiafborkliid BtlvednyiRblatbt Mlafe'iﬁ&tc?&tes a much
a condition that could result 1n catastrophic

strgr%o #‘[aie;g%gﬁe gﬁ:’? Bﬁ%cg %Lg }éeﬁ g]%%g?lllatﬁlgt tﬁeé c?r?gs I ggtrulougd they ehtite cross-

sectional periphery.

Any number of insulators may exist between conductors. Insulators for individual
conductors may end up, beside one another (back to back). Or there can exist a multi-layer
co1:nbination of insulators for purposes typically having to do with the connectorization
requirements.

In addition, as illustrated in Figure 17, multiple insulator groups 1710 (e.g., insulating

laminates) which are formed of groups of individual insulators 1720 may be placed between any
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application or intended use of the electrical wre,

there is no break-down between the conductors (e.g.,
waewsoza4s8¢ al | y conductive nedi uns), through therCT/US2004/028972

insulating layers (e.g., substantially non- conductive

di N o i.cal wi f
twﬁc;sﬂluglpr E‘f{%ﬁj@i §2_1Z %Eg.%éhlgfﬁr r(])\g)g{otjlﬁ gi?szél})aﬁl Fé?% (gqs?lqg %tgfo })8 forn;ed around the
AU nt i n i.xe an
strahis il g TR TR P8 gt P G2A RS

| am nates). Further, |am nates including ) ) L
pr e WienUéyecs ofrcoddwaors aicateparbiediby iatlayes ob nswlating magegial, the possibility
Most electrical wires are nade by wapping flat

exisRghHt atldefest mrthe idulatife Axiesiabis plesemu@hewucle d&bet)¥A the case of laminates,
2005/ 024849 PCT/ US2004/ 028972 bundle in the fon-n of

is %a(&%hirfé'(e.g{, g(sbtuﬁgﬁé%&ggé?' i W) in W58 REtErid1NTUE p&EnPYrevents the

ng-a eath extruded around the round

eS8 B BRI R B R GTBLko e am

include a rolled sheet or foil that is sli

) to th
opeting 1 Bl pIAF N0 REASE B I SIEFET BFO TIHRoNS, (HIStAVEY %ﬁ&ame for the
mat erial. Those conductors and insulators which are
sulpstatials Gdt inyulatdg laysys), betheemagstworrepdudian, the statigfioal kilkelihood of
adhesi ves that allow the dissimlar materials to be
poéaﬁeﬂhﬁg W8 oPEnANe N AefecR) irfa Sidieh positibreRubdtaaREy minimized.
The sFitting may occur before the bonding of the
di ssini.| ar. eri al , i NG :0R 1 b
oo BAS i Rhhee sRPaBbl el SPARALIE RALE 16 17) may e

enbodi ment  of the present inventjion, the insulators
formppd onekieg @,sgla‘gg%mg}e,nplswé]sgqsgangal:lpapqgaﬁqlrmagﬁ Wit tl%)e conductors, and

together. 10 Further, as illustrated in Figure 16,
thérhieondiredhe tnsulatiag Matepials, to Arocomdyctofos Exttian. oFonductors may be grouped
encapsul ated by insulation |ayers (e.g., individual

tokdiBd b3t IAGRRIANG30! 17800 UMeiintividasliyons 630 bonduetbrs may be joined by
adhesive 1650 nay be fornmed between the insulation

L QURY, ’ . 1l ARV e bRBent invention to

R T R S R S
conduct or.s such that insylators, my be. bonded,to :

provids ForB oo TR PNBIFS BONE G BLRL I GHA{oR g s for the pecling and
materials creates a much o

folding of individual conductors for purposes of termination.

With its unique and novel features, the present invention provides an electrical wire and
method of fabricating the electrical wire that when externally damaged, has a reduced risk of
contributing to bodily harm or damage, or property (e.g., structural) damage, over conventional
electrical wire.

While the invention has been described in terms of one or more embodiments, those

skilled in the art will recognize that the invention can be practiced with modification within the
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15 stronger and permanent bond, further encapsul ating

the conductor around the entire cross- sectiona
w@esospbsay. Any nunber of insulators may exi StPOPUSINE$H028972

conductors. Insulators for individual conductors may

iB0shdRop &S ST ' i i
spi op &%hﬁ}%ﬂ_@f@&%&e S &ﬁ?c‘ﬁll&%ngg??%dslr&& ts%pgﬁ?%erart will

can exist a ayer conbl nation o

Ur.poses ically having to .t h the . . .

anBSRREER b B e "hon T oo et gt desigp of the inventive
illustrated in Figure 17, nultiple insulator groups

assgtpbly 1s motgimited e thaidisetpsed herindubamay ha qulféerdewrﬂmmgejsmmt and scope
groups of individual insulators 1720 may be pl aced

of thetpwsent imvepntid6. WO 2005/ 024849 PCT/ US2004/ 028972 two
conductors 210, 221, 222. A layer of group insulation

1738wy, ApSiRtales @niRto dnesmishss 18 eqifvhlGEsWrEll claim elements, and no
i ncludi ng the insulator groups 1710 and conductors

) t ed
g f o i, HOSRL G0l SN O FRROR S oty
i e R e S S S i

is an opening (e.g., a pin hole opening) in the
insulating material. The opening prevents the intended
i nsulation fromoccurring and can result in a
conductive path in the area of the |lam nate opening.
By placing two | am nates or two sheets or two ribbons,
(whatever the nane for the substantially flat

i nsul ating |ayers), between any two conductors, the
statistical |ikelihood of positioning two openings
(e.g., defects) in a coincident position is
substantially mnimzed. 10 The individually insulated
conductors (e.g., as illustrated in Figures 16 and 17)
may be forned by placing insulating materials in
substantially parallel planes with the conductors, and
then bonding the insulating materials to the conductor
for fixation. Conductors may be grouped
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toget her by group insulation 1630, 1730. The

i ndividually insulated conductors may be joi ned by
w@omsiobised adhesi ve 1650 or al ternate nethods OPCT/US2004/028972

conjoining. This allows the present invention to 15

provide for an insulated W g ppse adhesive or
Iayered configuration allows tor ?he peel i ng and

th f_individual conductors for purposes of

W]%ag}srﬁ?‘}giea Wth its unique and novel features, the
present invention provides an electrical wre and
nmet hod of fabricating the electrical wire that when
external |y damaged, has a reduced risk of

1. confAnidbastricay wire comghrisimghar m or damage, or property
(e.g., structural) damage, over conventional 20

el esttleas@aheweétﬁﬁamecbﬁddct@ dfavention has been
described in terns of one or nore enbodi ments, those

Skl invention .
55 had b i B dicrdiF SRR R R}y ) S s sides of
005/024849 PCT/ US2004/ 0289 spi.rif and scope of the
Sali BhEmticne E]F%tf"%{’l%ﬁg ‘ichfc%’ng;‘ihat &#d ableag ogp ﬁ%ﬁ{y)lfek jejqonductor is at
inthe art will understand that the draw ngs herein
leaglrsubstantially eotrappeil by gsidrfasti and second rethim adadugorsof t he
inventive assenbly is not limted to that disclosed
herein but nay be nodified within the spirit and scope
of the present invention. 5 Further, Applicant's

2. I ntepl el'e§tr1(:£’l ﬁ?@%ﬁﬁﬁ%{o%mﬁqp lRyaled Qf)rﬁpﬁgl claim

el enent's, anendment t3é any ¢ e present
oul d..be. constr. i scl ai

PP Brgaid ?%013 RHRE goR R itfATs Svaiha S esh gt fasttont clectrifisble

or feature of the anended claim 38 WO 2005/ 024849
corpigFiouspdead O ondsacppd rgmmsanduciors respretivels

3. The electrical wire according to claim 1, wherein said at least one electrifiable conductor
and said first and second return conductors comprise substantially flat conductive layers having a

stacked arrangement.
4, The electrical wire according to claim 3, wherein a distance between said at least one

electrifiable conductor and each of said first and second return conductors is no greater than

about 0.030 inches.
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1. An electrical wire conprising: 5 at |east one

el ectrifiable conductor; and first and second return
w@omnduessaer s whi ch are respectively forned on oppDEE2V94/028972

sides of said at |east one electrifiable conductor,

5. Z uc h}hte Redetra] Qir@%cdog({ﬁﬁé t PGP ,S\il&fﬁ%% isgig:fgst%ﬂ? ggc%glg (rﬁet.hish conductors

t east substanti entrap

cond return conductars. .10 2..The el ectrical wre, .
cof B8 R on R e seid ol Gite: oMt said electrisiable
second insulating layers which are forned between said
copqucfesAs orppigtel @gr@pperdi el figbandureeand rawen ecridgetors: st
and second return conductors, respectively. 3. The
el ectrical wire according to claim1, wherein said at
| east one electrifiable conductor 15 and said first

6. and THEGRRFichPIE BeoPdiAY €0 Qhitn £.OMRIiA 8aill YRS AA L@k Yeturn conductors
flat conductive |layers having a stacked arrangenent.

4 ' ' oL di | ai wherein a .

ord el U SRR ot e i1 R BBl S Hot protesive
condquct or and .each of said first and second .return, .

10%?1‘8{5’8{ Hies Of saif Sl%ﬁ'i”éélt e, R PTotoR Vs M ltee 7 frpigs object from
39 WO 2005/ 024849 PCT/ US2004/ 028972 5. The el ectri cal

pepgtraging gaid elichityal wire hed eantacting erid iFlectafiablé ¢amsltictanwithout contacting
second return conductors contact each other along a

onk of\giid diekt mad seedg®redim sahdicedrectrical wire, such that
said electrifiable conductor is conpletely entrapped
by said first and second return conductors. 5 6. The
el ectrical wire according to claim1, wherein said

fir apd second return, cqnductars . ar.e treated by. at .
7| eadhe SRETTR Al REPE 1 TAEh Gt tatrin 56 CEf@aroont insulating layers
treatnment to forma_ protective |ongitudinal edge of
contactepagh etbergleng a lgngiudisaliedgppbiaitelpeiticad aiges. i nhi bi ti ng
a foreign object from penetrating said electrical
wire and contacting said Electrifiable conductor
wi t hout contacting
8. The electrical wire according to claim 7, wherein said first and second insulating layers
are treated by at least one of a mechanical, chemical and thermal treatment to form a protective

longitudinal edge of said electrical wire, said protective edge inhibiting a foreign object from

penetrating said electrical wire and contacting said Electrifiable conductor.

9. The electrical wire according to claim 2, further comprising:

an outer insulating layer formed on said first and second return conductors.

10.  An electrical wire comprising:
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one of said first and second return conductors. 10 7.

The el ectrical wire according to claim?2, wherein said
wo poosto2emel second i nsul ating | ayers, contact eRChUS100€028972

al ong a | ongitudi nal edge of said electrical wire. 8.

Theaﬁkﬁﬁgﬁégﬁhuiéﬁﬁcﬁﬁ&ﬁ%ﬂing to claim7, wherein said

first and second insulating |layers 15 are treated by

t | t f i cal heni cal dt I
Fr et g e P Pscpimed PPy e FRes ogbayest oe

said electrical wre, said protective edge inhibiting
elegtrifighlsicgndetptect from penetrating said el ectrical

wire and contacting said Electrifiable conductor.

9. Thiiest @hé sdcohd adturni doadatas fahined ohaaidl fastnand, sefandtih@ilating layers,

conprising: 20an outer insulating |layer fornmed on said
respbétielyd N hIRA QR o Rlabt he GRREHELRY ®Snddfor8 afle8& sibkltially entrapped

Wi re conprising: 40 WO 2005/ 024849 PCT/ US2004/ 028972

.l I rifi .conductor; first and second
by?%é&ﬁ%%%ﬁgaﬁggégéﬁ%%¥ﬁ€%5%h opposi ng sides of said at

| east. one _electrjf.iable conductor; first. and second
r et mlﬁio Wi H}sg{aflag grsdarnasd; an spid-fasst apdpeendggiyrn conductors,

insulating |ayers, 5 respectively, such that said at
regpecielyone el ectrifiable conductor is at |east
substantially entrapped by said first and second

r et it afi® Beboal gfSindingicofldwists Fathietl dnistiguhiad hmfouai efisilating layers,
fornmed on said first and second return conductors,

eSReRL Lyl y; first and second grounding conductors
resfrporme ’gﬂn&sai d third and fourth insulating |ayers, 10.

res Qﬁ’t%taln %{x)ﬁi in%ﬂl%ting layers formed on said first and second grounding conductors,

respectively.

11.  The electrical wire according to claim 10, wherein said first and second return conductors
are treated by at least one of a mechanical, chemical and thermal treatment to form a protective
longitudinal edge of said electrical wire, said protective edge inhibiting a foreign object from
penetrating said electrical wire and contacting said Electrifiable conductor without contacting

one of said first and second return conductors.
12. The electrical wire according to claim 10, wherein an area between said first and second

return conductors forms a hot zone, said at least one electrifiable conductor being disposed

within said hot zone.
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fifth and sixth insulating |ayers fornmed on said first

and second groundi ng conductors, respectively. 11.
wab@sebesed ri cal wire according to claim10, WhRCEUR2004/028972

said first and second return conductors 15 are

treated by at | east one of a nmechanical, chem cal and

therrml treatnent to form a protective | ongitudinal

edg said, el ectri ai.d prot.ective ed .

137 R EleRBIc FiF Bk ey 15 ten B S Bl letg oS Pfpouifiabte
electrlcal wire and contacting said Electrifiable

copdiriry comprisgsaR waliotdeqtiifighle sonsugiorsswhigh prerformedhian said hot zone
second return conductors. 20 12. The electrical wre

and cewpdseragpltimlity @i horizontaldegments aewossa eddth of veié wireaind a plurality of
first and second return conductors forns a hot zone,

veRithDsegineht® aGlosON thidne s dfishidalk@ conduct or bei ng
di sposed within said hot zone. 41 WO 2005/ 024849
PCT/ US2004/ 028972 13. The electrical wire according to
claim 12, wherein said at |east one Electrifiable

con r ri ses | urali f Electrifiable
14 onddeeraahiin smafgio i 13 odesen gt gy e Segipent i said plurality of
conprise a plurality of .horizontal nments across a

hogizental segmenis af seid Eleamﬁaélemondmtmsys wg % transpiicafommunication signal,
segnents across a thickness of said wire. 14. The

anél ectrical wire according to claim 13, wherein at
| east one segnent in said plurality of horizontal

SegRRtesn 8f lesfbfe ;@ It inféaﬁgélﬁliaﬁ ki %rﬁ%s%gﬁiéﬁtg o%" &hid Electrifiable

transmt a conmuni I on Si

cobif R {SF FEp ﬁfmns@? I R

supply one of AC and DC el ectrical power. 15. The

el ectrical wire according to claim 14, wherein said

comuni cation signal conprises one of a voice
I5Sconmiibeiekatricahwie gerakdiagth daidal4 wieroingdid adsmonuniiagomkignal comprises

one of a voice communication signal and a data communication signal.

16.  The electrical wire according to claim 10, wherein a capacitance formed between said at
least one Electrifiable conductor and said first and second return conductors is given as C=1.5
*W L +¢/d, where W is the width of the return and electrifiable conductors, L is the length of the
return and electrifiable conductors, ¢ is the dielectric constant for the first and second insulating

layers, and d is the distance between each of the return and electrifiable conductors.

17.  The electrical wire according to claim 10, further comprising:
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15 16. The electrical wre according to claim 10,
wherein a capacitance fornmed between said at |east
wor@smabesed ri fi abl e conductor and said first anPCEESINH028972
return conductors is given as C=1.5 WL Ed, where W
c ongﬁl %@rsgfte q?_xotgontdp% afdfa{e gﬁt{lﬁ&g{lo@ﬁ%&}s{ éer{duc?»ﬁhlgct%rs in said electrical wire.
el ectrifiable conductors, E is the dielectric constant
for the first and second insulating 20 layers, and d
Is the distance between each of the return and
18el edhe ekeraishlewise achotding &, claim 10rderdinan pbjgefipepptraing an outer surface
according to claim 10, further conprising: 42 WO
of 240 bleOi2i Bi49ir PETt AT MG TBRBITR amd secbing Sroendingy conductomrsgnd one of said
adj acent insulation [ayers and conductors in said ’
ﬁr@cl 288 8o @ ketin’ ®ndd@ors, 8o |cBfthétiptdaidt | @isPEIr16¢ tHi8able conductor.
claim 10, wherein an obj ect penetrating an outer
surface of said electrical wire contacts one of said
first and second groundi ng conductors and one of said
5 first and second r turn conductors,
192 ontieeleaicabire dcordiag o e B Geierouh sl e arsopg rounding
19. The electrical wire according to claim 10, wherein
cogdrictbr$ inhghit prkrsmosmissign signels agd loadpdorrated slecirisabiaise from being
power transm ssion signals and | oad-generated
enBit@TEbiGald Jdkssl virem being emitted from said
electrical wire. 10 20. The electrical wire according
to claim10, wherein said first and second return
conductors and said first and second groundi ng

207 it lERiceh e osonta 1 AL ariesth 3 R B s Ko

round conductor, for a given cross-sectional area. 15
copductorh end$eed first end sasond grusding corylucreeamprise, raigos heatdissipation
said electrical wire conprises one of

which is greater than a rate of heat dissipation for an round conductor, for a given cross-sectional

area.
21.  The electrical wire according to claim 10, wherein said electrical wire comprises one of
alternating current (AC) electrical wire and direct current (DC) electrical wire for supplying an

electrical current having potential of greater than 0V.

22.  The electrical wire according to claim 10, wherein said electrical wire comprises surface-

mountable electrical wire.
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alternating current (AC) electrical wire and direct
current (DC) electrical wre for supplying an

web@sie4senl current having potential of great ePCT/H82004/028972
Ov. 20 22. The electrical wire according to claim 10,

23Whermgt Blesichl Wh€gddoldiAd tod14ig A0 WetdLSi® HEsk 86Esecond return conductors
mount abl e el ectrical wire. 43 WO 2005/ 024849

97 .. he el ectrical wre accordi to ...
endl T P PRRE F e S0 7ol S el gy P Sacithel 8 a hickness
conductors ..each have a thickness TG _and said first
TNa?FHP %ﬁ@ﬁ@r@ﬁ@& ﬁaﬁl‘ﬁﬁt%é‘% agssehp sushihat araiipiof liggwsses R = (To +
TN, and said Electrifiable conductor has a thickness
TVl isatdenst h80 a ratio of thicknesses R= (TG + TN)/TH
is at least 1.00 5 24. An electrical wre conprising:
at |l east one electrifiable conductor; a first
insulating |ayer forned around said at |east one
el eqtydifd : +QL; a return conductor forned
24érogﬁgﬂ§gl 1?P%g?ﬂ#%%§%éting | ayer, such that said at
| east, one el.ectrifiabl e conductor is at |east
sub@%?ﬁgpﬁ?%@c%ﬁ?ﬁgﬁﬁﬁéP > said return conductor; and
a second insylatin% | ayer formed around said return
cona@destgrsulaimg layes famed erquad saidiat leagione elgriagiabls condigier;
24, further conprising: a grounding conductor forned
ar oancusadahdseooformed siohad said fiksayreniatiag thyer] Such thhi satll at least one
insulating |ayer forned around said groundi ng

CEBAHEANE cordfictor et BaBCIubkiaRlial) ehBafed By dhidFefuph &ridublor; and

24, wherein said electrifiable conductor, said return

cunSU R RSP R ol Y oo SERRS onal e

geonetries and substantially rectilinear
cross-sectional geonetries.

25.  The electrical wire according to claim 24, further comprising:
a grounding conductor formed around said second insulating layer; and

a third insulating layer formed around said grounding conductor.

26.  The electrical wire according to claim 24, wherein said electrifiable conductor, said

return conductor and said grounding conductor comprise one of substantially curvilinear-shaped

~ cross-sectional geometries and substantially rectilinear cross-sectional geometries.

27. The electrical wire according to claim 24, wherein said electrifiable conductor, said

return conductor and said grounding conductor are formed in substantially parallel planes.
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20 27. The electrical wire according to claim 24,

wherein said electrifiable conductor, said return
wa@omduesse? and sai d groundi ng conductor are for@EUS1004/028972

substantially parallel planes. 44 WO 2005/ 024849

PCT/ US2004/ 028972 28. The electrical wire according to

claim 24, wherein said electrical wire conprises a

substantial ly flat el.ectrical,w re havi tatal <
287 1 RResETisH e fisp SR LB NOerH0 UG Al ispcompriscs a
The el ectrical wire according to claim?24 wherein said
sulpstangially flataheciricab manghewing adaiabithicknessiof ap e then ahenet 0.050 inches.
sai d groundi ng conductor conprise substantially
oval - shaped conductors. 30. A nethod of fabricating an
el ectrical wire, conprising: formng at |east one

20el eqhk efcb@fehiew RO AcbardiRg io Asith AOwhQEM AR dlédidhiatddonductor, said return
second return conductors on opposi ng sides of said at

. ifi J t |
cop R o6 lcGRlng coflcRr SRARHES Monuallffi} AT bl Bothctors

substantially entrapped by said return conductors.

31. An electrical current delivery system conprising

the electrical wire of claim1l. 15 32. An electrica
30si gramethpd né fabsisating amedectngat winer ¢asimiinghe el ectri cal

wire of claiml1. 45

forming at least one electrifiable conductor; and

forming first and second return conductors on opposing sides of said at least one
electrifiable conductor, such that said at least one electrifiable conductor is at least substantially
entrapped by said return conductors.

31.  Anelectrical current delivery system comprising the electrical wire of claim 1.

32.  Anelectrical signal transmission system comprising the electrical wire of claim 1.
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