SPECI FI CATION 2 2 AUG 2003 FLAT FLEXI BLE CABLE W TH GROUND CONDUCTORS
Field of the Invention This invention generally relates to a flexible
printed circuitry or cable ("FPC') and nore particularly, to a new and

i nproved FPC having ground conductors associated wth at |east a pair of
pseudo-tw sted conductors in the FPC. Background of the Invention
Electrical circuitry often should be protected from el ectromagnetic
interference (EM) and radio frequency interference (RFl) emanating from
or inpinging on the electrical circuitry. Although EM and RFI often are
referred to interchangeably, EM has been used to connote energy occurring
anywhere in the el ectromagnetic spectrum whereas RFlI tends to connote
interference in the radi o conmuni ' EM ener be generated
outside as well as inside the el Muitry. EX eﬁpgqul\/l ener gy

can interfere with the operation of the electrical circuitry or electronic
equi pnent coupled _thereto, while internal EM energy can create "cross

tal k" and "noi se" bR LEABEE (GABLE e CONDRIGTORSICh as dat a,
transmtted through the electrical circuitry. Electrical connectors are
particularly prone to problens caused by EM energy because of the density
of cont act BieWd éth@Idvegtiesonnect ors and the openings in the connectors for
electrical terminals and cables. Wile various electrical connectors have

been designed wih:shial din at.Ls effective.against EM/REl energy, it
often is desira e‘ﬁ‘{%ﬁ‘s’ﬁﬁ%‘?ﬁﬁryhlgla@é&?éﬁéﬁ’?%‘%%ﬁjﬂ%@r eHEEPEr: as
vel | as shimlribreaitiolarlgOORCHARE ith i &l to
reduce the _effec'?s fr(_)mgi nterferencgl%?g&?ye?g??%gﬁogﬂ‘ggm{aaﬁcﬁﬁsgﬁce pair"
cabl e. Thi ¥ithppleagfa painnfes¢udottwirtes! comductolsan thetFR¢bnduct ors or di fferenti al
1 2 2 AUG 2003 pairs twisted with respect to each other so that the |ateral
position of each conductor is reversed at each twist. In a given
differential pair, electric currents flowin opposite

Background of the Invention

Electrical pircuitry often should be protected from electromagnetic interference
(EMI) and radio frequency interference (RFI) emanating from or impinging on the
electrical circuitry. Although EMI and RFI often are referred to interchangeably, EMI
has been used to connote energy occurring anywhere in the electromagnetic spectrum
whereas RFI tends to connote interference in the radio communication band. EMI energy
can be generated outside as well as inside the electrical circuitry. External EMI energy
can interfere with the operation of the electrical circuitry or electronic equipment coupled
thereto, while internal EMI energy can create "cross talk” and "noise" which can cause
errors in the signals, such as data, transmitted through the electrical circuitry. |
' Electrical connectors are particularly prone to problems caused by EMI energy
because of the density of contacts within the connectors and the openings in the
connectors for electrical terminals and cables. While various electrical connectors have
been designed with shielding that is effective against EMI/RFI energy, it often is
desirable to shield the cabies extending to the connectors as well as shielding the

connectors themselves.

One type of cable used to reduce the effects from interference is referred to as a

“twisted pair”" cable. This type of cable includes two adjacent conductors or differential




directions in each of the conductors so that the benefits of the
differential pair configuration are twofold. First, the relative position
of the conductors with respect to each other is constantly being reversed.
As a result, any exterior magnetic or electric field in the vicinity of
the twisted pair of conductors has a generally uniformeffect upon that
differential pair of conductors. In view of the fact that the current is
flowing in opposite directions in the signal conductorsy @fAu;i83
differential pair and the inpact of an induced or coupl ed noise conmponent
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conduct or s ciiuntétethapereors Wl befinfrbduckd sith @eddatd H&ﬁ% tidhéinited dnRhidseGRiHAPt be
crossed, "pseudo-tw sted" arrangenent can be achieved in a FPC by pl aci ng

conduct or s conductors.

- Second, an electromagnetic field is generated when current runs through a
conductor. The orientation of that field is dependent upon the direction of the current
flow in the conductor. With the constant changing of the juxtaposition of the conductors
that form the differential signal pair, the field orientation for a given region is constantly
being reversed and can be considered self-canceling. This canceling effect can
substantially suppress the radiated emissions from a given differential pair.

FPC is another medium used for high speed data transmission between computers
and the peripherals connected thereto. FPC is typically formed using a process in which
a conductor such as copper is deposited uniformly over a flexible insulator substrate. A
mask in a desired pattern is then applied to the conductor and the conductor is chemically
removed everywhere except at the location of the mask. When the mask is removed, only
the conductor remains in the desired pattern on the substrate. An insulator, such as tape
or a flexible film, is applied over the conductor and to the ﬂ.exible substrate in order that
the conductor is sandwiched between two insulators.

While conductors on the same side of the insulator substrate of a FPC cannot be

crossed, a "pseudo-twisted” arrangement can be achieved in a FPC by placing conductors
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2 22 AUG 2003 of a given pair on opposite sides of the insulator substrate.
The paths of these conductors are slightly and oppositely offset with
respect to a common nominal path and this offset 1is periodically reversed
at predeterm ned | ocations. An exanple of a "pseudo-tw sted" FPC
arrangenment is shown in U S. Patent No. 3,761, 842, dated Septenber 25,
1973. Another exanple of a "pseudo-tw sted" FPC arrange ' hown in
"Bhhud Bg5

co-pending application Serial No. 081861, 291, filed My ‘and
assigned to the assignee of the present invention. Pseudo-tw sted FPC of
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substrate 2. An .insylative filmor coating can be di sposed over the
conduct ors BESHRAVSBURR can be disposed over the entire opposite surfaces
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covering the surface on which the conductors 3a and 3b are di sposed. Each

conduct or 3¥hgmhezgblelns epchrefithepaic of tondyetorsran an opposite side pf aminsnigtipait t er n
formed by alternate.straight. sections.4.and obljque.sections. 5. As . a
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of the flexible substrate 2. The strai ght secti uctor 3a
and 3b are $erldediAG 1 pealeddsad flexable alidleati substrizet2 an dpposite eidas ofrgrhichos

disposed a plurality of pairs of pseudo-twisted conductors 3a and 3b. Conductor 3a is

disposed on one side or surface of the flexible dielectric substrate 2 and the other
conductor 3b is disposed on the opposite other side or surface of the substrate 2. An
insulative film or coating can be disposed over tﬁe conductors 3a and 3b or can be
disposed over the entire opposite surfaces of the flexible dielectric substrate 2 such that
the conductors 3a and 3b will be covered by the film. In this way, each of the conductors
3a and 3bis sandwiched between the flexible substrate 2 and the protective film covering
the surface on which the conductors 3a and 3b are disposed.

Each conductor 3a and 3b runs lengthwise of the FPC 1 in an oscillating pattern
formed by altemnate straight sections 4 and oblique sections 5. As a result, these
conductors 3a and 3b extend in a periodic pattern symmetrically with respect to each
other but on opposite sides or surfaces of the flexible substrate 2. The straight sections
4 of each conductor 3a and 3b are generally parallel to each other, but alternate along two
parallel but spaced apart lines 4a and 4b .(FIGURE 1). The‘oblique sections 5 of each of
the conductors 3a and 3b connects a pair of adjacent straight sections 4 and thus extends |
generally between straight-to-oblique transfer points or intersections 7 located at the lines
4a and 4b. In view of the fact that the conductors 3a and 3b are arranged symmetrically
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paral-l el but spaced apart lines 4a and 4b (FIGURE 1). The oblique sections
5 of each of the conductors 3a and 3b connects a pair of adjacent straight
sections 4 and thus extends generally between straight-to-oblique transfer
points or intersections 7 located at the lines 4a and 4b. In view of the
fact that the conductors 3 a and 3b are arranged symetrically 3 22 AUG
2003 but opposite to each other, the straight sections 4 of the conductors
3a and 3b extend longitudinally generally parallel to eatf A6l but
spaced apart laterally with respect to each other (left to right as the
sections 4 tat eppositerd each Sthédie strhighCosttiend!s OF the conbfctosiTaaind b sxgalii on 4
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for engagenent wth equally spaced contacts o n-associ ated electrical
connect or . Zliterastovee poimitd $rer opposite edge of the FPC 1 having the
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Therefore, either opposite edge of the FPC 1 having the pseudo-twisted conductors 3a

and 3b can be inserted into such an electrical connector to establish a required electrical
connection.

In the prior art FPC illustrated in FIGURES 1-2, the straight sections 4 of
conductors 3a and 3b have uniform or equal widths along the lengths thereof. In an
alternate embodiment, the length of the straight sections 4 could vary as is shown in co-
pending application Serial No. 08/998,437, filed December 26, 1997 and assigned to the
assignee of the present invention. Each obﬁque section 5 of each of the conductors 3a
and 3b of the prior art FPC 1 disclosed in FIGURES 1-2 decreases in width uniformly
in a direction from the straight-to-oblique transfer point or intersection 7 of one of the
conductors 3a and 3b to the respective crossover point 8 of those conductors 3a and 3b
where the oblique section 5 reaches its minimum width. Assuming that 1) the thickness
of conductors 3a and 3b (i.e., in a direction perpendicular to the plane of the FPC 1) is
uniform along the full length of the conductors 3a and 3b; 2) the distance in the same
perpendicular direction between the conductors 3a and 3b remains constant; and 3) the

dielectric constant of the material between the conductors 3a and 3b (i.e., the substrate




in a.direction fromthe straight-to-oblique transfer point or intersection
7 of one of the conductors 3a and 3b to the respective crossover point 8
of those conductors 3a and 3b where the oblique section 5 reaches its

m ni mum wi dth. Assuming that 1) the thickness of conductors 3a and 3b
(i.e., in a direction perpendicular to the plane of the FPC 1) is wuniform
along the full length of the conductors 3a and 3b; 2) the gugﬁﬁﬂ@e in the
same perpendicul ar direction between the conductors 3a a% mai ns
constant; and 3) the dielectric constant of the naterial between the
conductors 3a and 3b (i.e., the substrate 4 22 AUG 2003 2) renains
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decrease in the width of each oblique section 5. On the other hand, the
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increase. I n other words, the conduct or-to-congu% or centerl.ne. distance
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the | npedarGaRal it pis BE1 ANl wlarEAE il pbckpoRUAION B AR R RIS ED 1

wi dth or | ajagsed todinifefalyoicRhsd, MR othdt wérde, the bhdiuttortoabiductieceprtlase as
t hey approach the crossover points 8 such that the inpedance of the

conduct or s dstangedicsisases bevesn yhe obtiquaisastions Hoteash pais of eonslurtepetpdiddd of t he
conductors 3a, and 3b si nmul t.anepus ecreases_di o] jon Ln the
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narrowi ng of the conductors 3a and 3b in those oblique sections S. This
si mul t aneousbldiee sadions dalioidecreasas as they approacipthd arasesven pointse such bl dheor s 3a
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points 7 tO0yffi€conductors 3a and 3b simultaneously decreases due to the reduction in the relative
distance between the centerlines of the conductors 3a and 3b in the oblique sections 5 and
increases due to the gradual tapering or narrowing of the conductors 3a and 3b in those
oblique sections 5. This simuitaneous decrease and increase in the impedances of the
conductors 3a and 3b results in the impedance remaining substantially unchanged in the
oblique sections 5 as they extend from the straight-to-oblique transfer points 7 to the
crossover points 8. The impedance in the oblique sections 5 is preferably set to be equal
to the impedance in the parallel extending sections 4 of the pseudo-twisted conductors
3a and 3b so that the pseudo-twisted FPC 1 has a relatively constant impedaﬁcc along its
entire length.

When a FPC is operating under ideal conditions, a return path or ground

(sometimes referred to as a "virtual ground") is not necessarily needed. However, the
signal in one conductor can lead the signal in the other conductor so that the signals are
skewed or unbalanced. This tends to occur when the signals are being transmitted over
an extended period of time, or over an extended distance or at a high speed data
transmission rate. Problems associated with such skewed or unbalanced signals would

be reduced if a ground reference is provided with respect to the conductors.
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crossover points 8. The inpedance in the oblique sections 5 is preferably

set to be equal to the inpedance in the parallel extending sections 4 of

t he pseudo-tw sted conductors 3a and 3b so that the pseudo-twi sted FPC 1
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t he assignee of the present invention. Consequently, it would be

advant ageorssigeedtedl assicneqeiphe preseniimvention.a FPC  wi t hout the necessity of
ddi dditi | | N EPC.. Such d |

Darti cul a1y uscrareqist bl ddvanmagatil iR it Bl R ERGT o

i nsul ati ng widiik tl ecbRity OF Bdin® &E bdtRadnA fyetholtheFPEPSuciPd TR s9dtetane

| nvention An object, therefore, of the preSent invention is to provide a
new and i npveuléde partentatiyngsefylsinearFPQ thatf hasxédmdectprsi odt eppasite sides rof.an

insulating substrate to form a pseudo-twisted flat FPC.

Summary of the Invention

An object, therefore, of the present invention is to provide a new and improved
grounding system in a flexible printed circuitry. |

Another object of the present invention is to provide a new and improved FPC
having at least a pair of pseudo-twisted conductors and ground conductors associated
with each of those pairs of pseudo-twisted conductors.

Yet another object of the present invention is to provide a new and improved FPC
with at least a pair of pseudo-twisted conductors disposed on opposite sides of an
insulator substrate and a ground conductor disposed on each of those opposite sides of
the substrate, each of such ground conductors being associated with one of the pseudo-
twisted conductors.

In accordance with these and many other objects of the present invention, an
embodiment of the present invention includes a FPC with a-ﬂexible dielectric substrate
having first and second opposite sides. The circuitry that is disposed on the substrate
includes first and second pseudo-twisted flexible conductors. The first pseudo-twisted
conductor is disposed on the first side of the substrate and the second pseudo-twisted




Anot her object of the present invention is to provide a new and i nproved
FPC having at |east a pair of pseudo-tw sted conductors and ground
conductors associated wth each of those pairs of pseudo-tw sted
conductors. Yet another object of the present invention is to provi de anew
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first and second pseu
conductors and their corresponding first and second additional conductors can be

considered a referenced set of pseudo-twisted conductors. Preferably, dielectric flexible
films cover the outsides of the pseudo-twisted and th§ additional conductors disposed on
the first and second sides of the dielectric.

Typically the FPC of the present invention includes a plurality of such referenced
sets of pseudo-twisted conductors disposed on a flexible substrate. In one embodiment
of the present invention, each of the referenced sets of pseudo-twisted conductors is
separated a distance from any other adjacent referenced set of pseudo-twisted conductors
so that none of the conductors in the referenced sets of pseudo-twisted conductors
overlies each other. In another of the embodiments of the present invention, the distance
between adjacent referenced sets of pseudo-twisted conductors is decreased such that an
additional conductor in one of the referenced sets of pseudo-twisted conductors overlies
on one side of the flexible substrate an additional conductor on the other side of the
flexible substrate from another adjacent referenced set of pseudo-twisted conductors. In

such a case, vias can be used to couple the overlying additional conductors.




conductors and their corresponding first and second additional conductors
can be considered a referenced set of pseudo-tw sted conductors.
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addi tional con tor in one of the referenced sets of pseudo-tw sted
conductors overlies on one side of the flexible substrate an additi onal
conductor on the other side of the flexible substrate from another

adj acent referenced set of pseudo-tw sted conductors. In such a case, vias
can be used to couple the overlying additional conductors. 7 22 AUG 2003

O her objects, features and advantages of the present invention will be
apparent fromthe follow ng detailed description taken in connection with
t he acconpanying drawi ngs. 8 22 AUG 2003 Brief Description of the Draw ngs
The features of the present invention which are believed to be novel are
set forth wth particularity in the appended cl ainms. The invention,
together with its objects and the advantages thereof, may be best
understood by reference to the follow ng description taken in conjunction
with the acconpanying drawings, in which like reference nunerals identify
like elements in the figures and in which:




FIGURE 1 is an enlarged, fragnented plan view of a portion of a length of a
pair of pseudo-tw sted conductors of the prior art, the illustrated
portion of the conductors is of two pseudo-twi sts and is di scussed above
in the Background of the Invention; FIGURE 2 is a fragnented plan view of a
flexible printed circuitry of the prior art which incorporates a plurality
of pairs of pseudo-tw sted conductors and is di scussed above in the
Background of the Invention; FIGURE 3 is an enl arged, fr?%ﬂﬁ t@@ pl an vi ew
of a portion of a flexible printed circuitry enbodying Th @% Sent

I nvention . f1.exi bl rinted circuitry includes at |east one
referencedvgégla?“ gté%gf;ﬁ%vpéqygag%onductors, each of which sets consists of
a_pair of pseudsnd Rk aRpHehHivenABtwAatd GURLeFABINGY AR b fmCan D
used as a grounding system rb?ﬁe il lustrate pOI‘tIO?’l o?’ ?l&{e’afa?eeie? e
printed cireithpagicilaritf intthoappeadadidaitsi The imvention, togetiter ofith iobjedtearhced
set of pseut?l(ﬁ)- W sted conductors; FIGURE 4 is _a fragnmented plan view of a

flexibl e pribhpdantagesthesepl; mavbe fost Hpderstoed by refesence tothe fallopving dgseription

and P CURE. B ethiBhlon it b ELoBaRng ittt ANER i el a SRR, b

printed ciidentifynike ey inghd Agurey ARGAWhHidhyent i on whi ch agai n i ncor porates
a plurality of referenced sets of pseudo-tw sted conductors with the
spaci ng between ¥ &y wradaggeds Begmettediplan isw ofiapodibnogiadengtivefa e ng

f
pscudo. twi P EIONEA R FbreFrorFa Tt iRt At e yoFeled parian of e ENERYRSI o 2 2
AUG 2003 DegfaiwodieldRSEistR bhPR diculst® ab6wR1iR tHBadkgRRidll BB fe IRAGRORI N9 now
nmore specifically to FIGURES 3-4 of the drawi ngs, therein 1s shown a FPC

whi ch enbodi es tF&URBI6na fragmented plananiciv wfia dlaxibk pramet dtdujtrdetthg pebed by
the reference nuperal 101. Ljke the prigor art FPC 1 i|lustrated. in Fl GURES
1 and 2, (HEWRISEINOAraEs wBlugalisy ofnelfs pf paridgsiisted Fonsustoapand s disgipsed

conductors Jfd3a ihd BaRHound of the Invention:
FIGURE 3 is an enlarged, fragmented plan view of a portion of a flexible printed

circuitry embodying the present invention which flexible printed circuitry includes at
- least one referenced set of pseudo-twisted conductors, each of which sets consists of a
pair of pseudo-twisted conductors amd additional ‘conductors that can be used as a
grounding system, the illustrated portion of the flexible printed circuitry is of two
pseudo-twists or sections of the referenced set of pseudo-twisted conductors;

FIGURE 4 is a fragmented plan view of a ﬂexible printed circuitry embodying
the present invention which incorporates a plurality of referenced sets of pseudo-twisted
conductors; and

FIGURE 5 is a fragmented plan view of an additional form of a flexible printed
circuitry embodying the present invention which again incorporates a plurality of
referenced sets of pseudo-twisted conductors with the spacing between the referenced
sets of pseudo-twisted conductors being decreased as compared to the spacing between
adjacent referenced sets of pseudo-twisted conductors in the embodiment illustrated in
FIGURE 4. | |




Various different signals can be transmtted by those conductors 103a and
103b so that the conductors 103a and 103b will be referred to sonetines
herei nafter as "signal" conductors. The signal conductors 103a and 103b
extend | engthwi se of the FPC 101 on opposite sides of a flexible substrate
102 in an oscillating or periodic pattern fornmed by alternate straight
sections 104 and oblique sections 105 as is discussed above in describing
the prior art pseudo-tw sted conductors 3a and 3b in connection with
FIGURES 1 and 2. Consequently, the conmponents of the FPCZ1 Altaiillar e

speci ficall referred.to herein are referenced by the sane reference
numer al s as2¢taxedlescaption.of the Preferrad Eabadiment { he FPC 1 except that the

guantity 100 h Y t f €, .nu . 1n view
of the sinilari %éfg‘eh?i&eq‘ggﬁ‘?'ﬁ}e&s@ﬁ%?%@ te°rf|5@hﬁ%5s§ gff{)ﬁ{eil%&sr%@gg’%gﬁms 8d
conduct or s shewandFBbwhithfetibatied thelRedehtinkéiftioh anfl vﬁﬁcﬁi@%&éﬂ%ﬂﬁks?gtﬁf&a the
pseudo- tw sted conductors 103a and 103b of the FPC 101, the

char act er i dtyithe referengequmeraldQlcLixeshe prggartFRE idlestrated in FIGURES tepkdt ed in
relation tqg.t 101 .ill.ustrated .in.Fl QJRES. 3-4. Unlik he EP of
e 1. ohb BRCTT anhyaes ariRdsh b6 Raip BF pocb Tiied Somdicror 10BR Apa IR

et . _ | ! f \
ol act i o Vs Witlerdck Ml SRR DE Ha M AAPOP oS BBt 1 DA% M DBt e

coupl ed t o the condhictqretl83d amd 163t wild e trefered tagorhetimed bereimdftéroashsignalt as
"ground" or "referepced" conductors. One of the addjtional conductors 114a

f
i s di sposedonfugtats- dheaignsl gandjctary f¢3gand 403k extend]ergtawise pkthedibé: 10dia 102 as

t he signal ﬁ@@ : . r no . i s

di sposed on hgk%stlp%sol}tgzﬁ’s(ﬁbgée%g%@agﬁ?@%glemgogap%ﬁeﬁéuﬁ’ggggﬁ?ég&%g f%i ong) W th
the signal aleeiut etraightl §3tonsT 104 aadi dbligne |sectivng UDG04sS isl dibd@sa dbdviedn

i nclude term nal pads 116 on opposjte sides of the flexible substrate 102

at edges 10describiag tho prigr 1af pseuderiwisted 1@ndustory 3x eadAbein eennestion avth

together b cti hr ough-,hole or via, 1 eral, th

Lot ol EIGRES'Y hls 7 COLRUIRAR S cBhpih il ing FRCOHRE Ble cpbdifically

conduct or s rhfdredas HerkiBite réfereRe&d by fhleamk Refereflitd MfihéraR ak m&&éﬁsaﬂh& al ong
na

a signal 10 22 AUG 2003 centerline 120 that extends |ongitudi |y al ong
t he FPC 10I1compenentsan the FP§ bexcepbthatthie quamity 100 has been added to each of those

reference numerals. In view of the similarity between the characteristics of the pseudo-
twisted conductors 3a and 3b in relation to the FPC 1 of FIGURES 1 and 2 and the pseudo-
twisted conductors 103a and 103b of the FPC 101, thé characteristics of those conductors
103a and 103b will not be repeated in relation to the FPC 101 illustrated in FIGURES 3-4.

Unlike the FPC 1 of FIGURES 1-2, the FPC 101 includes a pair of additional or
following conductors 114a and 114b disposed on opposite sides of the flexible dielectric
substrate 102. These additional conductors 1142 and 114b may be coupled to ground

potential and sometimes may be referred to herein as "ground" or "referenced” conductors.
Omne of the additional conductors 114a is disposed on the same side or surface of the
dielectric substrate 102 as the signal conductor 103a, and the other additional conductor
114b is disposed on the opposite side or surface of the substrate 102 along with the signal
conductor 103b. The additional conductors 114a and 114b include terminal pads 116 on
opposite sides of the flexible éubstrate 102 at edges 102a and 102b with the pads 116 being
commoned or coupled together by a conductive through-hole or via 118.

In general, the additional conductors 1142 and 114b "mirror" or follow the signal
conductors 103a and 103b, respectively, in a direction longitudinally along a signal

10




of pseudo-twi sted conductors is formed by the signal conductors 103a and
103b and the additional conductors 114a and 114b (in the case of FI GURE 4,
three such referenced sets 115a, 115b and 115c of pseudo-tw sted
conductors are illustrated). In other words, signal conductor 103a has a
generally periodic or oscillating pattern of straight sections 104 and
obl i que sections 105. The additional conductor 114a extends generally
parallel to the signal conductor 103a on the sane side of ?MEf88e of the
substrate 102 and i ncludes straight sections 122a and 122b and obl i que

sections 123 exi. al on but spaced slightly apart fromthe straight
sections 10%WHE &Qﬂg% 1%‘@3?‘?1‘8‘1‘\@ alqng the B, tSPQ}EMﬁaI?meBWéS@ﬂé%I

conductor 1 ?ﬁﬁ 114a

i s general | gﬁﬁsplaﬁws%& 8}{)‘%{ ern H%g%cﬁ%ﬁ a@?%’ﬁdgl?ﬂ ?%t@g%

descri bed ammmancmnaeﬁ;tmmam kb (ih e casd ARIGURESS; thrwsuéh Rfferédted sqnduct or
3ain the FPC 1, the length of straight sections 104 of the si gnal

conduct or 10B% 1 khand 15 of Mﬂwotmﬁtedtdﬂedumm 1khistral¢é) dn othegwords esigriabns
122a and 122 addi t co duct or. 4a al ar

length of tHK& Ftﬁﬁ(i;l&%@ﬁﬁaﬁﬁ c%&“&ﬂlﬁ‘ﬁﬁ% S&a@ﬁ&% BHHOJT%IQ%HEECtor
114b is di spBiRfes@fchd®S5 mﬂﬁﬁnﬁ'cgﬁdtﬁforlmeﬂeﬁ& é%h&a]lﬁ&&l?cﬂo%@s@ﬁpﬁ rate

102 from the side on which the additional conductor 114a i1s di sposed
(i.e., the eatdinctioodtda owtusaterside dridurface offithe sebstmiee] (2 aidl ioéludesestrhighki bl e

dlelectrlc substr e 1 n i.ch the conducto 103b s d| Li ke the
addi tional EBHERL ﬁ%}g %ﬁWP‘bﬂgg eXigping fgns, by ﬁ@@éf&?
sections 12%@,69@ I [ gﬁgﬁf I y

par al | el t spa%ﬁd&eg%@ﬂd#%%tﬁ ‘%H eéﬁﬁs %Q@trl% gﬁ %ﬂl

obl i que sectomiustot 003a.r As paesulty &ieypattﬁlfn dfrtﬁe aﬂ(ﬂﬁﬁial comitidk Qll4ali33§¢ne1ﬂﬂya
result, the patter n of the additional conductor 11 4b is generally,

paral | el t oppRlel fothe patterpof thegignal Wﬂc@bmacﬁéﬂﬁcmb%bo)ﬁ%m@wn%‘ﬂﬂhbove

i n connecti ) P he . Skr. I f h

| engt h of s?{}alg gseggl}%ﬂs gﬁépdﬁgt%i emstﬁgl?\% t%]n? C%%i%%tscouq vary and
thus the | engkkighdl colituctor 10822601dVaEian s the Ienglivt thedBhighfseétiths fxhiahd onal
conductor 114b could also vary as the length of the S|gnal conductor 103b

i s changed. 1A2b ofi{lag adgiticaalqopductord 14pendd deoseary ptholgagth ohthe sigaal senductasoi nt s
108 of the ig%nal cgﬁductors 103a and 103b defi ne ‘the | ongitudi nal signal
centerline parti cul ar

The additional conductor 114b is disposed on the opposite side of the flexible
dielectric substrate 102 from the side on which the additional conductor 114a is disposed
(i.e., the additional conductor 114b is on the same side of the flexible dielectric substrate
102 on which the conductor 103b is disposed). Like the additional conductor 114a, the
additional conductor 114b has straight sections 122a and 122b and oblique sections 123
which extend generally parallel to, but spaced apart from the straight sections 104 and the
oblique sections 105, respectively, of the signal conductor 103b. As aresult, the pattern of
the additional conductor 114b is generally parallel to the pattern of the signal conductor
103b. As described above in connection with the straight section 104 of the conductor
103a, the length of straight sections 104 of the signal conductor 103b could vary and thus
the length of the straight sections 122a and 122b of the additional conductor 114b could
also vary as the length of thé signal conductor 103b is chanéed.

As indicated from the above descriptions, the crossover points 108 of the signal
conductors 103a and 103b define the tongitudinal signal centerline 120 (see in particular
FIGURE 3). In essence, the signal conductors 103a and 103b have a generally "sine wave"
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FIGURE 3). In essence, the signal conductors 103a and 103b have a generally
"sine wave" 11 22 AUG 2003 shape centered about the centerline 120 at each
crossover point 108. However, the additional conductors 114a and 114b
actually never crossover the signal centerline 120 (the straight sections
122b do overlie the centerline 120). In this regard, the additional

conductor 114a is always on the sane side of or offset frcﬂ"qr%t@g @bgnal
conductor 103a (the right-hand side as viewed in the FI 5 t he

drawi ngs) so that the additional conductor 114a closely follows the

periodic pahbsd Berlred Qﬁo&itggl%{snt%ﬂg"l% Qf 6@3%3552%{%&@{ 1080 EdSvevirnthe

addi ti onal conhductor 114a ows gener al e pattern as the signal
conduct or 1fid#tionalcohductrent Blaand blbuattuallyaewererdss over th28@naliventbrling 12(:(tker al | y
offset (to the right in FIGURE 3) fromthe signal centerline 120,
Sinmlarly, $wighsdestions i3l denenselicothercentstlng 120he Inghissiegards theeadditionalnst r at e

102 is alwa [ f _or..of I f e as
Vhened (n yngoty1%s AR o helhn@hidl bl Gl W 6 Bemu el Goafe®, 0O
addi tional gaiddsd @ide labMHewtdirthe FIGURES dfhte RREwiag)Csonttat lenadditional si gnal
conductor 103b. In other words, the additional conductor 11 4b foll ows

general |y t¢nmductonl ldatlosely followsithe pesiodia phttesn nfihe signal toghucion i 03as Inetherer ed
about a center]inpe 0b ich is terally offse to the left in F GURE
3 Tt om ¢ hewerdsyibe ssapat conduciorol Hadeipys s Sl tetemspotep & be cliegt
sections 12244 ﬁe%&huaé?énk@aﬁﬂﬂw&ﬁémﬁqa@m&%ﬁ%&ﬂym e right ernat e

with each pseudo-tw st of the signal conductors 103a and 103b from being
| ocat ed coninFEGEIRE )t the sightieematline 1 20. Similhdy, theqpdditionglvduditctord 14t03n and

103b to being conpletely jnside_the sign conductors,. 103a 3b
relative tot'eREPISHAEME dluhsfrate 3 WFYF@“%“E’F ﬁg%q,‘(?i?&?f%oé‘? @%5%'?'@?‘% Mbr e
speci fical | g4, Lef C; ﬂgﬁﬂi gl gfztg i s;-l%gp | Qb BR thev St
section of %ﬁeea‘givge[lvgﬁla @on uctor?’s 1 5%1%%@% et\)\églgir?ll@%?gglg? of crossover
poi nts 108 additdsrabdondadict 114b closhofellowsthe priotitpatianiofitha signal comluatex 1 03dj acent
tw st section of the pseudo- tw sted sii;nal conductQrs. 103a and 103 In

the twist *sEeetherwars the piditionabonductge ti4bdallows gensally th samagied ‘
conductors 4134 SRttt 1B38he it QGRkEf abotts Sdnflfline 1206 whidhs {AiGatlyPffsePfto

the left in FIGURE 3) from the signal centerline 120. With this arrangement, the straight
sections 122a and 122b of the additional conductors 114a and 114b alternate with each
pseudo-twist of the signal conductors 103aand 103b from being located completely outside
the pattern of the signal conductors 103a and 103b to being completely inside the signal
conductors 103a and 103b relative to the longitudinal centerline 120 of the conductor
pattern.

More specifically, reference numeral 125 in FIGURE 3 designates a given twist
section of the signal conductors 103a and 103b between a pair of crossover points 108
thereof, and reference numeral 126 designates the next adjacent twist section of the pseudo-
twisted signal conductors 103a and 103b. In the twist section 125, the straight sections
122a of the additional conductors 114a and 114b are located "outside” (i.e., to the left or
right in FIGURE 3) the straight sections 104 of the signal conductors 103a and 103b. In
the twist section 126, the straight sections 122b of the additional conductors 1142 and 114b
are "insidc" the straight sections 114 of the signal conductors 103aand 103b. Inthis regard,
the straight sections 122b of the additional conductors 114a and 114b in the twist section

126 are coincident with or in-line with the conductor centerline 120.
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right in FIGURE 3) the straight sections 104 of the signal conductors 103a
and 103b. In the tw st section 126, the straight sections 122b of the
addi ti onal conductors 1l14a and 114b are "inside" the straight sections 114
of t he signal conductors 103a and 103b. In this regard, the straight
sections 122b of the additional conductors 1 14a and 114b in the tw st
section 126 are coincident with or in-line with the cond 2ggﬁgﬁ terline

120. 12 2 2 A U G 2003 In connection with the FPC 101 ill in
FI GURES 3-4, the distance along the centerline 120 between adjacent

Chat he. r andom | ocatPaRHEOE: MR IRAPR, b7 iustated T EXGURBGhu ¢ Sasese as
h d 3 ' . h
oot or <. 5 382 190ben Bl it LA L I RSSO Mgy oo

conductors 103a and 103 are ndo ring

di stances Heweweenit dus dwentfoatdtaoes radomt bedh 6£8roavet ipbintedog er
exanpl e, the distance or length between adjacent crossover points 108 can

random y vafapdpgiors, sugh awthe corfugtoss 103a and; 103hyeesduces agvss dalk andineise batwegth as

det er m ned r t,abl St i Anot her ..f eat,ur f. the, present,.i nvention
is that con é%et(?o\rl}g&\ﬁrgsl%%%éndn;®bb ﬁl’ﬁwtdgﬂa?rﬁﬁ't 82&??%?”5%&55%@

di el ectri C lsstoednizdiaCent Ordscver pHiufts SOHVARBE utiftRdS Fortixaible, HE Alstafttor of the
addi ti onal conductors 114a and 1 14b in the twi st sections 126 where the

addi ti onal bebswerradincent tiossovarpbints 408 cangamivinly vatgm a mingdfioind. Serit Bitene 120.
Such comoni.ng or .coupl i f the additjonal  conductors 114a and 114b
ensures m nt &Y mﬁ?ﬂﬂﬁﬁ“ﬁﬁﬁ?%@m Yaapdom alisies.FpC 101. As is the case
wi th the obliquess&pdsd Eﬁﬁ'l f 4 : C :].'8319 t he
obl i que sections 123&140{:& t e&glcl}gi%%%gﬁgajg%saﬁfig&%ﬁﬁg are

di scl osed aprovided flmtsktegd ithrougidthe disleéteic supstiate 202 to’ @nércerhett’ e straight
straight-to-obli gue transition points 130 of the respective additional

conduct or s SPERSaAE0 ehiten addtions] epndretorsrldda anck 145 dn edwisBsectioniel28 whees
addi ti onal lﬁg @Q&iﬁfgﬂl %oﬁ&u%g)r?;l;fittalajnﬁ. 19b 3 c&ﬂ{iﬁe%ntt Q‘ﬁ%msthg @%&teﬁiﬁgqﬂﬁt Qi 1032
I's di scussed a pect to the ob

and 103b. ove Wthres I'que séctions 5 in
the FPC 1, t¢dmrmonifig6r eapling of tHeaadditidhil dhdiidiers albha sl BdCéns@ies mimiduean be
such that the inpedance of the
ground voltage gradients in the FPC 101.
- Asisthe case with the oblique sections 105 of the signal conductors 103a and 103b,

the oblique sections 123 of the additional conductors 114a and 114b are disclosed as

decreasing in width uniformly in a direction from straight-to-oblique transition points 130
of the respective additional conductors 114a and 114b to adjacent crossover points 132
where the additional conductors 114a and 114b cross over the signal conductors 103a and
103b. As is discussed above with respect to the oblique sections 5 in the FPC 1, this
decrease in the width of the oblique -sections 123 can be such that the impedance of the
oblique sections 123 are similar to the impedance of the straight sections 122a and 122b.
In the alternative, the oblique sections 123 connecting the straight sections 122a and 122b
may be of uniform width.

While the width of the additional conductors 114a and 114b in the direction
transverse to the longitudinal centerline 120 is generally the same as the width of the signal
conductors 103a and 103b, the additional conductors 114a and 114b may be of a greater
width at any section of the FPC 101 when compared to the corresponding section of the
signal conductors 103a and 103b. In addition, the straight sections 122b of each of the
additional conductors 114a and 114b could extend past the centerline 120 so as to be
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oblique sections 123 are simlar to the inpedance of the straight sections
122a and 122b. 1In the alternative, the oblique sections 123 connecting the
straight sections 122a and 122b may be of uniformw dth. Wile the width
of the additional conductors 114a and 114b in the direction transverse to
the |l ongitudinal centerline 120 is generally the sane as the width ofthe
signal conductors 103a and 103b, the additional conductors 114a a nd 114b
may be of a greater w dth at any section of the FPC 101 when conpared to

t he corresponding section of the signal conductors 103a? 2dd623b. 1 n
addition, the straight sections 122b of each of the additional conductors
114a and 1Dopitienssd closestp itprespretve staighteeptian |0t péitacrarespondingsignpleondicr  AUG

2003 ity d to i ' i.gh ' 1 foi
cor r espondi10ge B B S B biné TR EPtndoth HBE BN Eae Ry hosi 11 one
coi nci dent al i tA i Rfort BBkl fudtRllbd iAFIGERIS £4 ALK bk Boldlctohd (k" at ed

i n FI GURES 3-4, each of the conductors 103a and 103b separately term nates

in one of anpll03tadepimptebf temmadatedifi nadf atpherakitstgépadt( 09 atctheledp82102a afid 1026
flexible substrate 102. The pads 109 o one of the conductors (for

f
exanpl ei( t 1 the & shstratg 307 H’a?paq&épaagsqaca%@seﬁ)%ﬁuamﬁ?rcﬁ}gwpl%m or via
110. Li i : ' L: i1l i | duct.o d
T1ab ter i rnguckcl088 ey dhtfiue bfl¥ikifias WGHAKIE bORE 116 TG e phf2, B7

substrate 1038, inWidcitthp additidiiP canddcetdrbq 1284 endal14b Hgaihatd, Q13 aretafengdaigl 02a
and 102b of the FPC 101 so that they can be en ag@ed by contacts of an
S B9pd 8

\J

associ at ed the edges 102qand 4 Azkeefithe substrate 1920 ribesen alngt he FPC
101 b ' ' ; | trj L { tabl i

Foqur s odortak B P b bt e RPN raftct SN BE bk ol S e, 1o
present i NVAKHAM Aadrivdlicethecfor, TREBIOR, lehdSppoRRtAge BY e TP slieémntee

nunmeral 201. The FPC 201 includes a plurality of pseudo-tw sted conductors
203a and 208iertedsntoaucht dncelestrsnal eonnectorte establishatrequired @Bstrisalronn@gbn: i n t he

R L e HEl

;?;ﬁ;{egoh J@?%ggHg%%%mgﬁ%ﬁ%g%%&&kmﬁﬁnwﬁﬂQﬂﬁlTh&Pﬁ@QQIQkﬁwaﬁﬁﬁmmﬂﬁthe
pseudo-twisted conductors 203a and 203b. As was the case with the conductors 103a and
103b'in the FPC 101 of FIGURES 3 and 4, various different signals can be transmitted by
those conductors 203a and 203b so that the conducto_rs 203a and 203b will be referred to
sometimes heréinafter as "signal” conductors. Each ofthe signal conductors 203a and 203b
extends lengthwise of the FPC 201 on opposite sides of a flexible substrate 202 in an
oscillating or periodic pattern formed by alternate straight sections 204 and oblique sections
205 in a similar fashion to the above described pseudo-twisted conductors 103a and 103b.
Consequently, the componeﬁts of the FPC 201 that are specifically referred to herein are
referenced by the same reference numerals as the corresponding coﬁlponents in the FPC
101 except that the quantity 100 has been added to each of those reference numerals. In
view of the similarity between the characteristics of the pseudo-twisted conductors 103a
and 103b in relation to the FPC 101 of FIGURES 3 and 4 and the pseudo-twisted
conductors 203a and 203b of the FPC 201, the charactéristics of those conductors 203a and
203b will not be repeated in relation to the FPC 201 illustrated in FIGURE 5.

Like the FPC 101, the FPC 201 includes a pair of additional or following

conductors 214a and 214b disposed on opposite sides of the flexible dielectric substrate
202. These additional conductors 214a and 214b may be coupled to ground potential and
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extends | engthwi se of the FPC 201 on opposite sides of a flexible substrate
202 in an oscillating or periodic pattern fornedby alternate straight
sections 204 and oblique sections 205 in a simlar fashion to the above
descri bed pseudo-tw sted conductors 103a and 103b. Consequently, the
conponents of the FPC 201 that are specifically referred to herein are
referenced by the sanme reference nunerals as the correspondi ng conponents
in the FPC 101 except that the quantity 100 has been added to each-of
those reference nunerals. In view of the simlarity bel Mg 2the
characteristics of the pseudo-tw sted conductors 103a and 103b in rel ation
to the FPC YmetigpesppaURESefRmehép hergindas Yeroyndd wdoduatirst eAl paroefokach eneh 203a

and 203b of _the FP 01, e characteristi.cs, of. thpse conpductors a and
D080 w1 netBerbig & a1 Mars BRI 1S54t Mot B ba pi e PP Lar 2 cURE
5. Li ke theafdH3801, ' ; | : L fd ol | ow ng
conductors 214a 32%1%1%2@% aﬁgb%gglg h@ﬁ*‘%‘%ﬁ%’é‘ ??&ggljss ?(lzl‘gsls %%%?‘gﬁﬁ‘f Jel&)é

di el ectri c subsfacatof theOizlecfiocubstentid 202 antle sigmnt cohducsor203a anddh® ddher may be

coupled to ound potential and 14 22 AUG 2003 _ sonetines nay be referred

to herein a d‘%‘@lﬁﬂ!‘d“@%@&bt‘%ﬁlﬁwsﬁi ¥bihe opprosite sife o uFfaceofiibidubstrale 2023 and
214b are re I Vo: | h t .pah I th ond rs ,203a and
503, 1 1 naSHE ik Bng Bidle Bodhy e 00 Lotk RO G AN BLA BagdeY | OF

the same si tteminal p#il 21668 oppositOsidel sHtREfieAdille Subarhte 202 aPdigea20dahad 20z al
conductor 203a and the other additional conductor 1 i 4b is di sposed on

t he opposi t Withithe pessibilify of padso?1 6t eingsedpynensd or 2ouplechtagathenby h conductivgnal
conduct or 29%%1 '_I'Q)? gddi gLé)nal conductors 214a and 214b include term nal
pads 216 on DPREHYLONHALE ¢ the flexible substrate 202 at edges 202a and

202b  with the pasginei ,itﬁé’adaiﬁoﬂﬂ%naﬂ&irgﬂ%ﬁQm%ﬂr&*O%H&bﬁgaéiﬁﬁft her

by a conductive through-hole or via 218. In general, the additi onal
conduct or s edntluctarsc2034 ahd 203by; respectivelyfsuth that thk edditigned condnoted Atdacexeendd3a and

B e el B b PGt S22 G MRt e
g; r ; lhleelsu Pié?ﬁgﬂsﬁhggﬁ% g&l}gmtug@iihiib%dggmwuﬁéﬁ% th it Sotfapier al | Y
203b on the opposite side or surface of the substrate 202. In this regard, the additional
conductors 2142 and 214b each has straight sections 222a and 222b and oblique sections
223 which extend generally parallel to, but spac'ed apart from the straight sections 204 and
the oblique sections 205, respectively, of the signal conductors 203a and 203b. As aresult,
the pattern of the additional conductors 214a and 214b is generally parallel to the pattemn
of the signal conductor 203a and 203b respectively. Moreover, each pair of signal
conductors 203a and 203b and its corresponding pair of additional conductors 214a and
214b form a referenced set of pseudo-twisted conductors. In FIGURE 4, four such
referenced sets of’ ps-eudo-twisted conductors are illustrated and are designated respectively
by the reference numerals 215a, 215b, 215¢ and 215d.

Somewhat unlike the FPC 101, the spacing between each of the referenced sets
215a, 215b, 215¢ and 215d of pseudo-twisted conductors in the FPC 201 is less than the
spacing between adjacent referenced sets 115a, 115b and 115c¢ of pseudo-twisted
conductors in the FPC 101. As a result, the straight sections 222a of the additional
conductors 214a in a given referenced set of pseudo-twisted conductors such as the
referenced set 115a overlies on the opposite side of the substrate 202 the straight sections
222a of the other additional conductor 214b in the next adjacent referenced set of pseudo-
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203b- on the opposite side or surface of the substrate 202. In this regard,
the additional conductors 214a and 214b each has strai ght sections 222a
and 222b and oblique sections 223 which extend generally parallel to, but
spaced apart fromthe straight sections 204 and the oblique sections 205,
respectively, of the signal conductors 203a and 203b. As a result, the
pattern of the additional conductors 214a and 214b is generally parallel to
the pattern of the signal conductor 203a and 203b respec?Z% §¥ Mor eover
each pair of signal conductors 203a and 203b and its cor s@ gpng pai r of
addi tional mastediesnductord tekeh 28 Ktk reféfeibed sof 1158, Nev@heRSE tn aktitidial conductor
pseudo-tw sted conductors. In FIGURE 4, four such referenced sets

of pseudo- t v kads closerda eny rdiagené condugtory 203adnany given refesingerhset of pssidect i vel y

by th f | 215a,, 215b 1 d 215d. what like th
FhC 101, 1 H SRS eTHERR Sty cortuefE 20 Ak 0 wlirences se ol Paondl: 0150
and 215d of wpsedeldhivibatagd af QNEEGTPEchdhdlol 118 E.J,D&o%géoadﬁ% a%%g%nfglgﬁdﬁc&tke

spaci ng between adj acent referenced sets 115a, 11
pseudo- t wi s2@Y in eoygives caferenced séteof pRGdd ddristedonducadsithian ahi 6thet écidgdtbr

sections 222a af the addrtioggl ?onductqrs 214a in a given referenced set
of pseudo- t 7208 a0¥. her refermeed st pf preudarbvisted pondBeieBd set 115a overlies on

the opposite sidgg Wa%cﬁygﬁ%nﬁ%ﬁioﬁ%tﬁﬂﬂg F@g&fjﬁlgmotﬁe? .u?r@%f ﬂ%zére eﬁ{) ; the

ot her additional conductor he nex atent reference

pseudo 15 2iAvéitidnZi6QBe possitalitybfqroddiag Coadited vizs 228 ahiteh@drnBRfhgh ehe 115b.
Nevert hel esg, an additional conductor 214a is closer to any adjacent
conduct or s 0'elTiE subsiyate 202 o igteggonnpecs dhe; straight %%ozzmgﬂ@dawt ors

t han any ot Jer a.in_an her .referenced set . of pseudg-

i st e’ coraap68E A3 ha 208 £ oRB e o) LR 07 Sen iR e

adj acent coaguple) réferenbeset 12154)Ywithry Bty dvERT QRIS Bthef bn VppesiRUkiRs todtad ed
conductors than any ot her conductor 203b in any other referenced set of

pseudo- t wi substrate AR ctushsommoningorichepling of theradditional condustons 2Hatand 2HC 101,

anot her fea . fhe present. invention .S ssibjlit f...pr.ovi di ng

conduct i ve %‘#&%&% Th&° tvé’Hﬁget W#&ﬁﬂgféﬁ‘gcﬁw@%@ﬁ%ﬂé@éﬁﬁz to

| nt er connecprotide vidsbetvedeh a8difénal BndadidR A lb 2 ARYFalfARG referenced sets of
pseudo-twisted conductors. For example as illustrated in FIGURE 5, vias 228a are shown

as coupling the additional conductor 214b in the referenced set 215¢ of pseudo-twisted
conductors and the additional conductor 214a in the réfcrencad set 215d of pseudo-twisted
conductors. Again, this commoning or coupling of the additional conductors 214a and
214b in such adjacent referenced sets of pseudo-twisted conductors ensures minimum
ground voltage gradients between the additional conductors of adjacent referenced sets of
pseudo-twisted conductors in the FPC 201. |

As is also illustrated in FIGURE 5 in connection with the referenced set 215a of
pseudo-twisted conductors, each of the conductors 203a and 203b separately terminates in
one of a plurality of pads 209 at the edges 202a and 202b of the flexible substrate 202. The
pads 209 of some of the conductors (for example, the conductor 203b) may include an
associated through-hole or via 210. Likewise, the pads 216, in which the additional
conductors 214a and 214b terminate, also are arranged along the edges 202a and 202b of
the substrate 202. These pads 209 and 216 are arranged along the edges 202a and 202b of
the FPC 201 so that they can be engaged by contacts of an associated electrical connector.
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conductors 214a and 214b in a given referenced set of pseudo-tw sted
conductors (for exanple, referenced set 215a) where they overlie each

ot her on opposite sides of the substrate 202. Such conmmoni ng or coupling
of the additional conductors 214a and 214b ensures m ni num ground vol t age
gradients in the FPC 201. Another possibility is to provide vices between
addi tional conductors 214b and 214a of adjacent referenced sets of
pseudo-twi sted conductors. For exanple as illustrated in F} GABE )y Vi as
228a are shown as coupling the additional conductor 214b in the referenced
set 215c of pseudo-twi sted conductors and the additional conductor 214a in
t he ref er enddgrefere, @tid opposiis edgiooft the FPER01 can dedhserted idGich arl Ble@rical
comoni ng or__couplin f. the additional conductors 214a and 214b in such
adj acent reP@P@ﬁEE&J%@@@gBPW&Hﬁﬂﬁkﬁ@ﬁ%?@ﬂm@%ﬁductors ensures ni ni num

et orenced et s oroHe VEAhUR R A iilrbiny Vo 1R ke e Sreidld BERY,
i |1 ustrat ed RPC dlaftifproYed High OaRRE{ih&D eniell FPCN thstedl 6F QNG sﬁ@m Cohafctss
03a and 203b separately

pseudo-tw st ed conductors, each of the conductors 2

terninates ilQ32 @ikl Bp (BIGIVRES B iand/4)sind sigrial c20uctirs 208 and §63b RIGAIRENS) 202b of
the flexibl trate 202. The ..pads. 209 of e qf t ductors (f
PR & e o bl Bt R AT A
210. Li kew 8 trdnfiithas mdfidual iBnibidiartdre Bl déggg%tfgﬁgﬁnga%@% G and

214b termi nate, also are arranged al'ong the~e he
substrat e 2@enduftmsésadiamcit t@ @9l fallowRd fefaemeaonduoe.dThd pregntdef thelgfgerd@2a and

202b of the FPC 201 so.that they c be.engaged by contacts of an
assocj at ed &SPECqrealenah H%F‘nggWGWEm@SIE@Wﬁ@@@WOsi te

edge of the cgﬁ’&c&g]‘,ﬂ&%&gﬁr@%ﬁ%o n%%ﬁ#%%%ﬂ??ﬁ%&?”ical connector to

establish a required el ec er variation of the

present inventi orit willibehrlerstonduhat tiezigvénkion edaly bdictnbydiedl it bter pREHa Foraid

i mproved hi %Th den%iﬁt y. singl e ended FPC. Instead of utilizing signal

conduct ors “itheyt departing f1ony the epiRtos contegh gharacteristicathereel. Fooexamnlorkha@ba and

203b (FI QU - 1 W tors.for. .differential si | s,

each si gnaﬁﬁé%%oggg%%&%g%%ﬁﬁ%ﬁaﬁﬁg %zglgegﬂfy Slegh t Sections, the conductors coald be
"smoother" like a sine wave. The present examples and embodiments, therefore, are to be

considered in all respects as illustrative and not restrictive, and the invention is not to be
limited to the details given herein.

-
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for transmtting individual signals as part of a single ended system As
such, each signal conductor is adjacent to and follows a reference
conductor. The presence of the reference conductor will enable the
possibility of establishing primary coupling of signal to reference
conductor and thereby the possibility of single-ended operation. It wll be
understood that the invention nmay be enbodied in other specific forns

w t hout departing fromthe spirit or central characterisfip?gggtpgreof. For
exanpl e, although the conductors are shown as having generally straight

sections, ts& conguctor_s. could be "snoother" like a sine wave. The present
exanpl es an 1 therefore, are to be considered in all respects
as illustrative and nqt LGt . he invention is not to' be
linited to the datail g‘%‘%’@%ﬁbﬁ‘@%‘lﬁﬁm@ggﬁéﬁ%ﬁ@%%- What is Claimed is: 1.
A flexible print eslelohgdted flexiBtilbotriCRBRt N Hg B8 afd LESR BPodilesi

dielectric substrate having first and second opposite sides wth at |east
one axis thatleat epgaxintherealongiconduct or di sposed on said first side of said

di el ectric substr .. said first , conductor. copptjsing a plurality of first
portions with at alqité‘g&n@‘}?gréffsl’g%ﬁd&nfq%ﬁ“b%ﬁ ng’éd E‘Fleg@ﬁisﬁpsﬁrﬁ%ﬁm 8mduct or
havi ng a paj hradi ' ; | | a

pai 1 of 1 eyndbiof Bthiriingla AishB of frk PRSP oot 656 bOAR AR bR

i nt er connec sdid §irsd nenduictor having & pais bf spatiallycoffivet BRCédndactot Refidie 208 hevingh sai d
first conduct.orfﬁlgctions and, the other of said first crossover sections
bei ng conne®®E8t HISt I9FseVeRSReHongons of snid fipsk grogseer feetinns intereomngeatingoneef ond

ng_conne I . BN IEE SRS SUeERNstingonsafond
Cecond condiat ar RO eisERAELRRT A pA Aol Al oy PSR RSHig o,

one of sai d fisstcrmssbvepsEctiomtRingfcofifdctbd:6 6410 MtHROBIEAGT Y6t bAVHAEE Retishsf  Of
spatially offset second conductor sections and havi ngj a pair of second

crossover sect i oA§ec09A eorguctos dispessd ongaid serpnd vise of said dictaemici subgrate saidct i ng
one o 5 AR A o b Bl P Sas R, g
connect ed t @ogiahé of said second conductor having a pair of spatially offset second conductor
sections and having a pair of second crossover sections, one of said second crossover
sections interconnecting one of said second conductor sections to the other of said second
conductor sections and the other of said second crossover sections being connected to said
other of said second conductor sections, each of said second crossover sections crossing on
opposite sides of said substrate one of said first crossover sections at generally said axis;
a first additional conductor disposed on said first side of said dielectric substrate,
said first additional conductor comprising a plurality of first additional portions with at least
one of said first additional portions of said first additional conductor having a pair of
spatially offset first additional conductor sections that are spatially offset from said first
conductor sections and having a pair of first additional crossover sections spatially offset
from said first crossover sections, one of said first additional crossover sections

} interconnecting one of said first additional conductor sections to the other of said first

additional conductor sections and the other of said first additional crossover sections being
connected to said other of said first additional conductor sections, each of said first
additional crossover sections crossing on opposite sides of said substrate one of said second

crossover sections at a position generally offset from said axis; and
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other of said second conductor sections, each of said second crossover
sections crossing on opposite sides of said substrate one of said first
crossover sections at generally said axis; a first additional conductor

di sposed on said first side of said dielectric substrate, said first
addi ti onal conductor conprising a plurality of first additional portions
wth at |east one of said first additional portions of said first

additi onal conductor having a pair of spatially offset f4Z2#t6aWgitiona
conductor sections that are spatially offset fromsaid first conductor
sections and having a pair of first additional crossover sections spatially

of fset from sai @ decormd adthitmaDYOHIUSIOE isPBied ANQiPEecsAd didkidrshidagidieldsenal
crossover sections interconnecting one of said first additional conductor

secti ons t o SkpRrais; paid sesond aqditienal condugtddicomprising & phutality of ssend additiomald t he
ot her of said. first..additjonal.crpssover sectjons. bei ..connected to said
ot her of saipgrtﬂnF g‘flthagﬂf‘ﬁ g Pt %‘ﬂ&ﬁ@?‘ﬁ@@%ﬁaﬁ Bﬂ%‘?n%agg?-‘%ﬁe@ﬁ &d fipaal
additional - eoARRAY Havingalpal'ot sFARY ofitkt Weci AR ShAfHA heiBhluathiat r at e
one ofsaid second croSsover sections at a position generally offset from
sai d axis; apatiallg offfet 0@ AiBcandsendustbr aebtiohs amdakviag 8 gaiebfxecaidagditiogalon
said second side of said dielectric, substrate, said second additi onal

conduct or ¢ SFSFIYET Trgansenged p3¢ secand additignal caeRseYer srctipns iptgropnensngprepfat

| east one of,i83knd SERHSH a?ﬂfﬂ ' Part | cand- addi 1 i opnal
conduct or hast?/li ng 2 pair o sgg%tlggg%?/&%ftﬁstshg{aa%egé%%gisgcd@?ﬁ%g%g 858#%@ or
sections t hatctmneandthabthed df¥aid kécdal additdRababsbos@GantidnsBuitlicdnatct&Blshians and
having a pair, of second additional crossover sections, one of said second

addi ti onal OsEebpishsecond pddtienal eandneterseetians.eachnfsaid second addlitionsburassover

ddi ti onal .sections to the other of sai d_addi ti anal
Conductor  SaUTERRRRE] bagi b P oda Psutle ol B RaR O beedien

secti ons beiaj@sition gewdral) dfiseSRb saidlaRl of said second additional conductor
sections, each of said second additional crossover sections crossing on
opposite sides of said substrate one of said first crossover sections at a

position generall,y offset.fromsaid axis. 2. The flexible printed circuitry

menber of claim T i ntﬁﬁdﬁl‘?ﬁﬁﬁp@%‘% grre %@gﬁﬁr@fﬁ?%h,cg\géﬁd}%ﬂggﬁ first

and second @sledisé Fihs 3B¢eridl $hid KirsttandLcRCMuctors and said first and second
additional conductors. |

3. The flexible printed circuitry member of claim 1, wherein each of said
first conductor sections are substantially straight sections of said first conductor and are
generally parallel to one of said first additional conductor sections and each of said
second conductor sections are substantially straight sections of said second conductor and

are generally parallel to one of said second additional conductor sections.

4. The flexible printed circuitry member of claim 1, wherein each of said
first crossover sections are substantially oblique with respect to said axis and are
generally parallel to one of said first additional crossover sections and each of said
second crossover sections are substantially oblique with respect to said axis and are

generally parallel to one of said second additional crossover sections.
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addi tional conductors. 3. The flexible printed circuitry nmenber of claim1,
wherein each of said first conductor sections are substantially straight
sections of said first conductor and are generally parallel to one of said
first additional conductor sections and each of said second conductor
sections are substantially straight sections of said second conductor and
are generally parallel to one of said second additional conductor sections.
4. The flexible printed circuitry menber of claim1, whegrepy; gaph of said
first crossover sections are substantially oblique with respect to said

axis and are generall | el one of said flrst addi tional crossover
sections and eac% of % gﬁ @L%W{WFI" graficlin laWbe@Hb%itlea’*ﬁ‘tQU&quy

obl i que wi t RaidaRRO@HiticRaP@nHuANT ScBEE &t

sai d second additional cr ossgver sect oneg1CI$ %ﬁgéﬁgﬁés%gg nggt'ﬁqg O?Pem bl e
printed cir ¢efondpdditiohaliconductiratetiohs exdandsilongdaid #ast one of said first

addi tional conductor sections extends along said axis and at | east one of
said second additional conductor sections extends along said axis. 6. The

flexible printedgci rC‘T‘hE'i%xlBﬁe Eed% ﬁ&“’gﬁ‘&”ﬁ”“é\?gﬂ&g g}eg}(gnchrgcfofgﬁh

first additional conductor I ONS ex

el ectricall ﬁmnaﬂdmmmhamndﬁtdny séolibfs GRiEAdmzefloh® s@ﬂFaﬁifs RabRcrRadN dnd
addi ti onal conductor sections extending along said axis through sald

di el ectric &fsBapeally intercannected dgi onee of shidt sedord additional condietor Gkctixingi m 6,
i ncl udi ng vi, hr | L ec r|c substrate for

el ectricall y@%@ﬁ%&&%g%fgga J‘R{ %Elé Sﬂﬁieccﬁ?%sdl one of said first
addi ti onal conductor sections extendi ng al ong sald axis to said one of

sai d second addltlonal conductor sections extending along said axis. 8. The
flexible printed? CI rcJihﬁﬂymbbrmmed@ircmtranwuﬂ)pmﬂnbnmﬁmeladMgMassmeddmg| r st

o d.first
et on exCEnE P ERRR RO decicolh vt hotbaskaly iperoumeraE sate o
sai d Crossoyge op%&h&t%a&ﬁnoﬁﬁ%nﬁct&%&laﬁ%%ﬂmﬁé ARG SR AT ases

in width uniformy as said second
said gecond additional conductor sections extending along said axis.

8. The flexible printed circuitry member of claim 1, wherein each of said
first crossover sections decreases in width wniformly as said first crossover section
extends from one of said first conductor sections towards one of said crossover points and
each of said second crossover sections decreases in width uniformly as said second
crossover section extends from one of said second conductor sections towards one of said

crossover points.

9. The flexible printed circuitry member of claim 1, wherein each of said
first additional crossover sections decreases in width uniformly as said first additional
crossover section extends from one of said first additional conductor sections towards one
of said additional crossover points and each of said second crossover sections decreases
in width uniformly as said second crossover section extends from one of said second

conductor sections towards one of said crossover points.

20




crossover section extends fromone of said second conductor sections
towards one of said crossover points. 9. The flexible printed circuitry
menber of claim1l, wherein each of said first additional crossover
sections decreases in wdth uniformy as said first additional crossover
section extends fromone of said first additional conductor sections
towards one of said additional crossover points and each of said second
crossover sections decreases in width unifornmly as said2§g@pqﬁ crossover
section extends fromone of said second conductor sections omgrds one of

sai d crossover pgnts 003 .10. The fl.exi.bl rinted circuitry
menber of cl ai mgu,' m&%ﬁ%ﬁ%‘ﬁéﬁes%tcgrﬁglb ‘BF‘Bﬁa @iadmaﬁl'@"%"é{‘&ee @R e one
of said secalot 6410 XBVBtwERNCWh&D Dne 0 $8iBSseBGPBrosQRBL $dctiBnsS ErdSsel fonSA d
substrate one of said first crossover sections and where the next adjacent
sai d second®RPP8EsEJepl said substraterans ©f said dirstrerogspessistetions dad ethessthd newbst r at e
anot her one dof sai irsé crossover. sections is randoMa/ determ ned. 11.

'

d,f .
The fl exi b|3eJar§FP%|?aé‘b SEHOPE FTISSQVERERTION FPSSES R 3R CPPRHES 815 of 83id) subshigte of
sai d first afdgic bROSf satPRAY LNV ﬁaﬂﬁs%ti&ﬁﬁfd&érﬂﬂg?dsai d axis and said

one of said first additional conductor sections Is offset fromsaid axis,

and wherein at |least one of said first conductor sections being disposed

bet ween sai d axi Isloand_rﬁa' d.one of said first, addjtional conductor sections
t he

and wherein said exible prigted sHquitynembar Af clayh du therein said pthenaf
et . ! ) . _ e I t
et ons ! P B il OduE) ol AleriBlfond 60 M IRALEL BRAL SONE L 0T

conduct or  saiditiomabcdrdutgr settisnois edfsbiefrort saidsaisd adkwher@itat d@istosf afd sai d
second addi tional conductor sections 12. The flexible printed circuitry

nmenber of ciEt genductor spetions bsing disposed hetveen said axisaand saidone of sadulitsbrs are

led to g i al: 13, The fl exi inted cjrouit f
ol atm 12, S SRl Betionk dng eI BN oP i Bndaddiinplianliio, °
coupl e sai dsetiiorilextiids AGEuaMl akikhint 5418 8he ofERIAdEENEA b8ditiond coniidioR 9dctibhd al -

is offset from said axis, and wherein at least one of said second conductor sections being

-

disposed between said axis and said one of said second additional conductor sections

12.  The flexible printed circuitry member of claim 1, wherein said first and

second additional conductors are coupled to ground potential.

13.  The flexible printed circuitry member of claim 12, including vias
extending through said flexible substrate to couple said first and second additional
conductors to ground potential.

14.  The flexible printed circuitry member of claim 1, including a plurality of
sets of referenced conductors disposed adjacent each other on said substrate, each of
which set of referenced conductors includes first and second conductors and

corresponding first and second additional conductors.
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14. The flexible printed circuitry nmenber of claiml, including a plurality
of sets of referenced conductors di sposed adjacent each other on said
substrate, each of which set of referenced conductors includes first and
second conductors and corresponding first and second additi onal

conductors. 21 22 AUG 2003 15. The flexible printed circuitry nenber of
claim 14, wherein a first additional conductor sectio? of qne of said sets
of referenced conductors overlies on an opposite side b#UBANd substrate a
second additional conductor section of an adjacent set of referenced

conductors. 16. 15.TheTh¢ dlekible printedtd@uitiy elenibiey oTediiai 18] whb@inma st
wher ei n sai ngII rst additional conductor section of said one of said sets
of ref er encfigRbERAAYFIOT paction phene ofaid sptsob cefersndedrmondutyrs overtiecamarect ed

to said secg uct or t.i.on |ns | d adj acent set of
ref er enced cgﬂ)a g 8% S?E@éﬁ“ﬁ%ﬁgwfalsg&qngl @d‘ﬂj\”r‘?ﬁ%ﬂd ?rcsif’F + fﬁ@ﬂﬁ’i‘i”e’btfsecl ai m
16, includi sfrefdrafced edddicthrs)g t hrough said dielectric subst rate for

el ectrically and nmechanically interconnecting said first additional
conductor section to said second addi ti onal conductor section. 18. A

flexible circuit b risi ener y Ianar flexible
dielectric substi%te ﬁé‘%/ P%‘Ite‘gﬁﬂc‘é‘g% a}EﬁS Slam L3, qaereip spid, st
pseudo-t Wi ShRicial %hd\ib%}dé&ﬁgﬁ 3?%a§iabge bFsaid sdderqbre é?xt'cg:l %Hltfcﬁfc{o% §s and

extending longitudinally on said first side of said su ate 1n

general |y pelectadalty qmﬂumahmlcalysmmoﬂnm&ud@mﬂme&h&ddcﬁh@mtbomadmmsn on

sai d second, si d f sai d @?st rate and extending longitudinally on said
second Si demo?m egtﬂ%f’f encrd SOMMEINS| |y periodic pattern, said first
and second pseudo-tw sted conductors crossing over each other at crossover
poi nts separated by said dielectric substrate, the crossover points

defining an axi $7.wi t The Aetible gﬁmteanéira@w)ﬂﬁbrﬁwdupbmm 16 Vigeting @ash
ot her on opposite sides of sai
extending through said dielectric substrate for electrically and mechanically
interconnecting said first additional conductor section to said second additional conductor

section.

18. A flexible circuit member, comprising:

a generally planar, flexible dielectric substrate having first and second opposite
sides;

a first pseudo-twisted signal conductor on said first side of said substrate and
extending longitudinally on said first side of said substrate in a generally periodic pattern;

a second pseudol-twisted signal conductor on said second side of said substrate
and extending longitudinally on said second side of said substrate in a generally periodic
pattern, said first and second pseudo-twisted conductors crossing over each other at
crossover points separated by said dielectric substrate, the crossover points defining an
axis with said first and second conductors reversing each other on opposite sides of said
axis;

a first additional conductor on said first opposite side of said substrate extending
longitudinally on said first side of said substrate proximate said first conductor in a

periodic pattern similar to that of said first conductor; and
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axis; a first additional conductor on said first opposite side of said
substrate extending longitudinally on said first side of said substrate
proxi mate said first conductor in a periodic pattern simlar to that of
said first conductor; and 22 22 AUG 2003 a second additional conductor on
sai d second opposite side of said substrate extending |ongitudinally on
said first side of said substrate proxi mate said second zgq@g%ctor in a

periodic pattern simlar to that of said second conducto Uine f1exible
printed circuitry nenber of claim 18, wherein said first additional

conductor is alway, . sjde of said fast conductor. relative to
said axis and \é\%%‘;‘g@c%@%%g?ﬂdgﬁﬁf °Ec§ﬂ’§lf€?%‘%?%poz§1t9\é@§ ‘Ifrf‘a’(dh%‘%?ﬁ?*ﬁ si de
of said secemtndidgriengitudinallg! G 5N frg Sdd or &}%@ b3 | of
said first conductgqr ei nrzg gi sposed bet \Aeeﬁaikslassiug H?W‘%&éﬁat%gg{ng c3ha
conduct or arfanéugtar iaa psriediel pgitems simikar tf thataifdaideecnd coadwdoict or  bei ng

di sposed between said second additional conductor and said axis. 20. The
flexible printed circuitry menber of claim 19, wherein portions of said

first and second jaddi tyi : : L NCl Lth i d axi.s. 21.
The flexible princed of BTx pﬁ@ﬂﬂgﬁg%&%@&%ﬁigﬂ&z ,ﬁuﬁﬁ‘%}(\%d‘u”%‘%’%‘\’/’i s i |

ext endi ng t ldditighalsandictartis Alwalye on ket samiepidend saidi first don@hctenftlfie 8 shid
addi ti onal condugt ors at, said portions that are coincident to said axis.

22. The fl e@Kl51%0dspidteeend-additignal gonduptr is always an thexsemenide of sid a¢odnd i r st

d d i tionak . . | ed .t tential. 23. Th
Flaxi b oo cBictar et Bl iRt SuBh g i ¥orior ko AL HonBE: e Biposed
flexible filbemveenwaid figst wdiilichal sdndaser 38€ AR SO AL RHPMNE Rl dedbhist and

second additional conductors. 23 22 AUG 2003 24. A flexible printed-
circuit nenmsenrductsbsingsiispgsed between said second additional conductor and said axis.

20.  The flexible printed circuitry member of claim 19, wherein portions of

said first and second additional conductors are coincident with said axis.

~ 21. " The flexible printed circuitry member of claim 20, including vias
extending through said substrate and coupling said first and second additional conductors

at said portions that are coincident to said axis.

22.  The flexible printed circuitry member of claim 21, wherein said first and

second additional conductors are coupled to ground potential.

23.  The flexible printed circuitry member of claim 18, including dielectric
flexible films covering said first and second conductors and said first and second

additional conductors.
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an elongated flexible dielectric substrate having first and second opposite
sides; a set of first and second pseudo-tw sted fl exible conductors
positioned on said dielectric substrate, said first pseudo-tw sted
conductor being on said first side of said substrate and said second
pseudo-tw sted conductor being on said second side of said substrate, each
of said first and second pseudo-tw sted conductors extending in a
generally periodic pattern with the first pseudo-tw ste?d? ng@ior bei ng
shifted longitudinally relative to its respective seco 8 tw sted
conductor by one half of a period of said periodic pattern, each pair of
said first and s@dond Ao8exitilo-printesitoimtuit ammibes, icomprisiagi ni ng crossover points
at which said first,and C F seudo-tw sted . conductors cross over each
ot her on opposi témﬂcﬁ‘g%t‘%ﬁ %‘gedj? leciric sibstrate dpwing firg andibesondoppositasides set

of first and secgq &m% 0 ned .on the dielectri,

substrate, said f:’k?g%@ﬂ‘uggﬁd:‘%ﬁ Shad 15&8315% 8 dh‘%f)’c'f posponed PR &igs sai g
substrat e aditledtec mhstrpiererid ﬁf@ﬁk@ﬂd—tﬁ&fﬂr@hhﬂcﬂﬁﬂe‘l@\bﬂ%ﬂ IRst Qﬁfeto?'égd()f
said first pseudo tw sted conductor, and said second follow ng conductor

bei ng on saiStPLBiGI seidsecond psendo-twisted toondustorrdingeimsid pavord side afsaidd
generally f t aid sec eudq-tw sted c¢onduct or.
25. The fl e%#%%égfﬁl{]ggegl}ir%&?ﬁé ﬁ%or?gepseBﬁ?o'g‘Tﬂéﬁpi CPHX UGHPRS, ARANg & £ r st
and second gtndr gieNpatteh? Wit ke GRYUPHSA! u The
flexible print eglmg:pr&gﬁl try menber of clai ir)n 25116 %%au%ng% ;!%éu?é rs}]%éd

flexible fi |1¢%11@6meﬂy rﬁgatmtq its e':tSpmtlvsatcutnﬂ psaﬁoﬂw&tammdﬁbtﬁmydmetm&fand

sai d set of l?en% fd .second f |OWI g@uctors 24 22 AUG 2003 27.
The flexi bl & BF 41 indic pa @P cH"mc‘? t aPﬁc?F‘éRﬂdn@eHd?IF‘lﬂlﬁEﬂl ty

of spaced apafiduckdt ieﬂﬁmé'cf&kowﬂs? onfté gpggﬁﬁ%ﬂpﬁk‘f“aﬁ% o?ﬁ?&%ﬁ&o—h%g%ﬁsal d

plurality of sets of first and secon OW Nng con eac
sets of firsendustbrs erenovep sathduherton qﬁoeﬂtmd&lﬁ&ﬂd&lehmm&e&ﬁﬁﬁ@uﬁétﬁ@e with

one of said sgt s of first and second foll ow ng
a set of first and second following conductors positioned on the dielectric
substrate, said first additional conductor being on said first side of said substrate and
being spaced from and generally following the pattern of said first pseudo-twisted
conductor, and said second following conductor being on said second side of said

substrate and being spaced from and generally following the pattern of said second
pseudo-twisted conductor.

25.  The flexible printed circuitry member of claim 24, wherein said first and

second following conductors are coupled to ground potential.

26.  The flexible printed circuitry member of claim 24, including dielectric
flexible films covering said set of said first and second conductors and said set of said

first and second following conductors.
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conductors. 28. The flexible printed circuitry nmenber of claim27 wherein a
portion of said first follow ng conductor in one of said sets of first and
second followi ng conductors overlies on an opposite side of said substrate
a second follow ng conductor in an adjacent set of first and second

foll ow ng conductors. 25
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27.  The flexible printed circuitry member of claim 24, including a plurality
of spaced apart sets of first and second pseudo-twisted conductors and a plurality of sets
of first and second following conductors, each of said sets of first and second pseudo-
twisted conductors being associated with one of said sets of first and second following
conductors.

28. - The flexible printed circuitry member of claim 27 wherein a portion of
said first following conductor in one of said sets of first and second following conductors
overlies on an opposite side of said substrate a second following conductor in an

adjacent set of first and second following conductors.
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