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FLEXIBLE PRINTED CIRCUITRY WITH PSEUDO-TWISTED CONDUCTORS

Field of the Invention _

This invention generally relates to the art of
electrical cables and, particularly, to flexible printed
Specifically, the invention relates to
flexible printed circuitry with minimal crosstalk noise
between adjacent "twisted" pairs of conductors and reduced

propagation time differential between the pairs.

Background of the Invention

High speed data transmission between complex
electronic gear such as computers and their peripherals is
commonly achieved through round multi-conductor cable
Inherent with high speed data transmission and
cables agsociated with

are problems

electromagnetic interference. The interference between

"crosstalk" and "noise,". which can
cause erroneous data transmission.

' One type of cable used to reduce such effects is
in which twb adjacent conductors or
differential pairs are twisted, thereby reversing the
lateral position of each conductor at each twist. The
benefits of this configuration are two fold.
First, the position of the wires is constantly
Therefore any exterior magnetic or
uniform effect upon a given
This uniformity reduces the harmful
effects of exterior electromagnetic fields and lessens the
chances of erronecus data transmission.

Second, when curfénf runs through a conductor, an
field The field’'s

orientation is dependent upon'the direction of the current

electromagnetic igs generated.
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betiveen adjacent "tw sted" pairs of conductors and reduced propagation tine
differential between the pairs. Background of the Invention Hi gh
speed data transm ssion between conplex el ectronic gear such as conputers
and their peripherals is commonly achieved through round nulti-conductor
cable assenblies. Inherent with high speed data transm ssi on andpatent

mul ti-conductor cables are-problens associated with el ectronmagnel3t sG

i nterference. The interference between conductors can create "crosstal k"
and "noi se,” which can cause erroneous data transm ssion. One type
of cable use&ﬂdwredaae %u@ﬁjﬁﬁediSEESehtmhtt@dipmlélenﬂﬁtq curyenta two
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5 canceling effect can substantially suppress the radiated

emissions from a given differential pair.

Flat flexible printed circuitry or cable ("FPC")
is another medium used for high speed data transmission
between computers and their peripherals. A '"pseudo-

10 twisted" arrangement can be achieved with such circuitry by
placing conductors of a given pair on opposite sides of an
insulative carrier, with their paths slightly and
oppositely offset with respect to a common nominal path
locator, and then periodically reversing the offset at

15 predetermined locations. An example of the "pseudo-
twisted" flat flexible printed circuitry arrangement is
shown in U.S. Patent No. 3,761,842, dated September 25,
1973.

Although twisted pair electrical cable or pseudo-

20 twisted flat flexible printed circuitry has proven quite
effective in reducing or eliminating crosstalk or noise
between the adjacent conductors of a given twisted pair,
there may also be a problem with crosstalk and noise
between adjacent pairs of twisted conductors. The

25 aforementioned U.S. Patent No. 3,761,842 attempts to solve
this problem in a pseudo-twisted flexible printed circuit
having pairs of conductors, and each pair has a differing
number of twists per unit length. While this arrangement
reduces the crosstalk between adjacent twisted pairs of

30 conductors, the arrangement creates further problems in
that each twisted pair inevitably has a different conductor
length which results in high frequency signals travelling
along the circuit not arriving at the terminating end
simultaneously. Therefore, such an arrangement creates a
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electric field has a general ly uniformeffect upon a given differential
pair. This uniformty reduces the harnful effects of exterior
el ectromagnetic fields and | essens the chances of erroneous data

transm ssi on. Second, when current runs through a conductor, an
el ectromagnetic field is generated. The field' s orientapipgni
dependent upon the direction of the current flom/97E9§7aS§|ven

differential pair, electric currents

propagation time differential or signal skew between the
pairs of conductors of the circuit.

The present invention is directed to solving this

myriad of problems in a unique flexible circuit wherein the

5 individual pairs of pseudo-twisted conductors have random
numbers of twists per unit length.

Summary of the Invention
An object, therefore, of the invention is to

provide new and improved flat printed circuitry of the
10 character described.

In the exemplary embodiment of the invention, the
circuitry includes an elongated flexible insulating
substrate. First and second pseudo-twisted flexible
conductors are disposed on opposite sides of the substrate.

15 Each conductor includes alternating straight and oblique
sections with a straight-to-oblique transition between the
straight and oblique sections. The straight sections of
the conductors are generally parallel to each other. The
oblique sections of the conductors cross each other at

20 crossover points. The straight sections of the conductors
between any two immediately successive crossover points are
generally of equal lengths. The straight sections of the
conductors between the crossover points lengthwise of the
substrate are of random lengths. However, each pair of

25 pseudo-twisted flexible conductors has an identical number
of twists per a predetermined substantial unit length.

The invention contemplates that the random length
of the twisted conductors between any two immediately
successive crossover points range from 0.5 to 1.5 times a

30 . given medium length. Preferably, the straight sections of
the conductors are of uniform width. In another aspect of
the present invention, each oblique section decreases in
width uniformly in a direction from the transition to an
adjacent crossover point.
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generally flow in opposite directions. Therefore, the el ectronmagnetic
field radiating fromeach conductor generally has a canceling effect upon
t he ot her. This canceling effect can substantially suppress the radiated
em ssions froma given differential pair. Flat flexible printed
circuitry or cable ("FPC') is another nediumused for high spee@agghi
transm ssi on between conputers and their peripherals. A g7psegdac
tw sted" arrangenment can be achieved with such circuitry by placing
conductors of a given pair on opposite sides of an insulative carrier,
with their paths slighidill andtbeposkpety of ftded prddenteipeenttiong

comon nom nal ath.l-ocator.. ,and then riodicall reversin fset at
predeternin@h qi? lﬁhsprlhtﬁ eﬁéﬁﬁngrXT m?ﬁ%ey"ﬁg%uéﬁﬁnaﬁ%%fegh | at
fl exi bl e priinekides cai gepenatygetenari flehidbhei digls&ctPictesubltrate
3,761, 842, dﬁﬁsd Sept enber 25, 1973. Al t hough tw sted pair

ca

el ectri cal bl e or pseudo- twisted flat flexible printed circuitry has
proverd qui t £ifgtecende PACPBAU@SRYAN-tovighatht FARUEERESt Mk SPPRGHSE:

sides of the substrate and extending longitudinally in a
pattern of twist sections between crossover points whereat
the conductors cross over each other separated by the
dielectric substrate. The crossover points define a

10 centerline with the first and second conductors reversing
each other on opposite sides of the centerline at each
crossover point. A pair of adjacent crossover points
define a length of a respective twist section, and the
length of each twist section between crossover points along

15 the centerline is substantially randomly different over a
substantial length of the flexible printed circuitry
member. The random length of the twist sections between
any two immediately successive crossover points range may
be from 0.5 to 1.5 times a given medium length. In

20 addition, the conductors along a substantial portion of
each twist section may be of generally uniform width.
Finally, the twist sections include portiohs that decrease
in width wuniformly and reach a minimum width at the
crossover points.

25 In still another aspect of the present invention,
a flexible printed circuitry member is provided that
includes a generally planar flexible dielectric substrate
and a plurality of adjacent pairs of first and second
pseudo-twisted conductors positioned on opposite sides of

30 the dielectric substrate. The first and second conductors
of each pair are a substantial mirror image of each other
about a longitudinal centerline of the pair with the first
and second conductors of each pair including a crossover
point at which the first and second conductors of each pair

35 cross over each other and are separated by the dielectric

4
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bet ween t he adj acent conductors of a given twi sted pair, there may al so be
@ problemw th crosstal k and noi se between adjacent pairs of twsted
conduct ors. The aforenmentioned U S. Patent No. 3,761,842 attenpts to
solve this problemin a pseudo-twi sted flexible printed circuit having
pairs of conductors, and each pair has a differing nunber of twpgstgper
unit length. VWile this arrangenment reduces the crosstal k betwgen ad acent
tw sted pairs of conductors, the arrangenment creates further problens in
that each twisted pair inevitably has a different conductor |ength which

results in mmﬂ&bﬁf@wserme %Moﬁréﬂ poehtsNef ad sl ;saihx-:r Gire Wolsift@onadr i Vi ng
at the term DALII%S0d SRR che 2 and SR ol He RS
Creates a
reversing locations on opposite sides of the centerline.
A pair of adjacent crossover points define a twist length
5 - of a respective twist section and the twist length varies
. over a length of said circuitry member. In addition, each
twist length of a first pair of pseudo-twisted conductors
is different from an adjacent laterally spaced twist length
of a second pair of psuedo-twisted conductors.

10 The flexible printed circuitry member may include the
-second pair of psuedo-twisted conductors on one lateral
side of the first pair and a third pair of psuedo-twisted
conductors on an opposite lateral side of the first pair.

Each twist length of the first pair of pseudo-twisted

15 conductors may be different from adjacent laterally spaced
twist lengths of both the second and third pairs of psuedo-
twisted conductors.

Other objects, features and advantages of the
invention will be apparent from the following detailed

20 description taken in connection with the accompanying draw-
ings.

—_—
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3 fpropagation time differential or signal skew between the pairs of
eonductors of the circuit. The present invention is directed to
solving this nyriad of problens in a unique flexible circuit wherein the

i ndi vi dual pairs of pseudo-tw sted conductors have random nunbers of tw sts

per unit |ength. Summary of the Invention An obj ect, patent
therefore, of the inventioh is to provide new and i nproved flgy-piyng€d
circuitry of the character descri bed. In the exenplary enbodi ment

of the invention, the circuitry includes an elongated flexible insulating
Brief Description of the Drawings

The features of this invention which are believed
to be novel are set forth with particularity in the append-
ed claims. The invention, together with its objects and

5 the advantages thereof, may be best understood by reference-
to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is an enlarged, fragmented plan view of -

10 a pair of pseudo-twisted conductors of the prior art, along
a length thereof involving two pseudo-twists of the
conductors;

FIGURE 2 is a fragmented plan view of a flexible
printed circuit according to the prior art, incorporating

15 a plurality of pairs of pseudo-twisted conductors;

FIGURE 3 is a somewhat schematic illustration of
a flexible printed circuit according to the prior art,
wherein the pairs of conductors have differing numbers of
twists per unit length; '

20 FIGURE 4 is a somewhat schematic illustration of
a flexible printed circuit according to the concepts of the
invention;

FIGURE 5 is an enlarged plan view of one
embodiment of the crossover point between a pair of twisted

25 conductors; |

FIGURE 6 is a view similar to that of Figure 5,
but of another embodiment of a crossover point between a
pair of conductors; and

FIGURE 7 is a view similar to that of Figures 5

30 and 6 of still another embodiment of a crossover point
between a pair of twisted conductors.

—_—
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substrate. First and second pseudo-tw sted flexible conductors are
di sposed on opposite sides of the substrate. Each conductor i ncludes
alternating straight and oblique sections with a straight-to-oblique
transition between the straight and oblique sections. The straight
sections of the conductors are generally parallel to each other.pJpént
obl i que sections of the conductors cross each other at crossoyeLipoi &sS.
The strai ght sections of the conductors between any two i mredi ately
successi ve crossover points are generally of equal |engths. The straight

segtitonts of b@%a@Q%@éUe@lc&i@E.\&ﬁl&:ﬂ k@1eC P@eFereedpEinbbdimentshwi se of the
substrate are of rando nagt.hs. wever. .each.pair S i Wi d

fl exi bl e conductors ha ?Sﬁﬁihﬂ%iESaE%ﬁuﬁ58V18ﬁst s?ge%é?gag%gga%teéégned
substanti al Jdixistl emgtRfigures 1 and The anfbat i Dhexibienprintedt adrcuhe
random | engt h_o t w n t | Lat eky
successi ve clraorsfscgbgr%’p%ﬁ%gg%gﬁg&é&ﬁgﬁbgg %%% %@gcgggﬁgg re}édtl:ﬁ?n

| engt h5 Pref @xiioiry anthe Theaicdmcudseyi dnslvfesha pduyadibysofrBadrsuffform

ziwegﬁ 255'62 ?Q%ts%%rdoa%aﬁ%ttéa R 3d WMRNTIPN, GRENcohbn LSy sS4t ien
disposed on one side or surface of a flexible dielectric
substrate 2, and the other conductor 3b is disposed on the
other side or surface of the substrate. In other words,
10 each pair of conductors 3a and 3b sandwich flexible
substrate 2 therebetween to form a pair of pseudo-twisted
conductors. |
Each conductor 3a and 3b runs lengthwise of the
cable in an oscillating pattern formed by alternate
15 straight sections 4 and oblique sections 5. These patterns
of conductors 3a and 3b are arranged symmetrically but
opposite to each other on opposite sides or surfaces of the
flexible substrate. The straight sections 4 of the
conductors are generally parallel to each other but
20 alternate along two parallel but spaced apart lines 4a and
' 4b. The oblique sections 5 of each conductor connects a
pair of adjacent straight sections 4 and thus extends
between lines 4a and 4b. Since the conductors 3a and 3b
are arranged symmetrically but opposite to each other, the
25 straight sections 4 of the conductors are generally
parallel but spaced apart both vertically and horizontally.
In other words, when the straight section 4 of one
conductor 3a is aligned with line 4a, the straight section
4 of the other conductor 3b is aligned with line 4b but on
30 opposite sides of substrate 2, and vice versa. As a
result, the oblique sections 5 of the conductors 3a and 3b
cross each other at crossover points 8.
The straight sections 4 of conductors 3a and 3b
have uniform or equal widths along the lengths thereof.
35 Each oblique section 5 of each conductor, - decreases in

7
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width uniformly in a direction fromthe transition to an adjacent crossover
poi nt . 4 In still another
aspect of the present invention, a flexible printed circuitry nenber is
provi ded that includes a generally planar flexible dielectric substrate and
first and second pseudo-tw sted conductors on opposite Patent

97-137 SG

width uniformly in a direction from the straight-to-oblique
transition point 7 of the respective conductor to the
respective crossover point 8 of the conductors where it
reaches its minimum width. Assuming that: 1) the

5 thickness of conductors 3a and 3b (i.e., in a direction
| perpendicular to the plane of the cable) is uniform along

the full length of the conductors; 2) the vertical distance
between the conductors remains constant; and 3) the
dielectric constant of the material between the conductors

10 remains constant, the impedance increases with the decrease
in the width of each oblique section 5. _ o

The conductors 3a and 3b separately terminate

in one of the pads 9 at an edge of flexible substrate 2.

The pads of some of the conductors may include an

15 associated through hole or wvia 10. These pads 9 are
arranged at equal intervals along the edges of the flat
flexible circuit for engagement with equally spaced
contacts (not shown) of an associated electrical connector
adapted for connecting flat flexible circuits. Therefore,

20 either opposite edge of the flat flexible circuit having
the pseudo-twisted conductors can be inserted into the
electrical connector to establish a required electrical

connection.
‘While Figures 1 and 2 show a flat flexible
25 printed circuit with pseudo-twisted conductors to reduce

croastalk and noise between the conductors of any given
twisted pair, Figure 3 shows an arrangement of the prior
art which attempts to reduce the crosstalk or noise
between adjacent pairs of conductors. In other words, the
30 . prior art of Figure 3 discloses a pseudo-twisted flat
flexible circuitry having pairs of conductors, with each
pair having a differing number of twists per unit length.
More particularly, Figure 3 shows flat flexible
circuitry, generally designated 11, which includes an

35 elongated flexible insulating substrate 12 and a plurality
8 .
T



si des of the substrate and extending longitudinally in a pattern of tw st
sections between crossover points whereat the conductors cross over each

ot her separated by the dielectric substrate. The crossover points
define a centerline with the first and second conductors reversing each

ot her on opposite sides of the centerline at each crossover poinﬁ ten@xpair
of adj acent crossover points define a |length of a respective §y4f 7s€%t|on,
and the length of each tw st section between crossover points along e
centerline is substantially randonmly different over a substantial |ength

of the flewEbpgirBris|ers, g cuid and 8NDEE pdEEAS2PHOBE LGB HARELSPS
two | medi at el y. successi ve crossover

tw st section et ween_an poj nts

range nay belér‘om%f% cf%m{“.l%t‘??"i’mgr%s%i gath o8het BN FHPSSOVGE RRARF3N,

t he conduct ots.al Bog anyug$Ventlehgphrbeﬂh@fsﬂﬁsbr&w¢SI?Sﬁﬁt¢£wbmﬁwrﬁeh0f

general 'y uniformw Inaldy,. the tw st sectio | ude rtions,that

decrease in \L"/'\A&dt h@surﬁ%cher#:eﬁgeﬁid ToachTE i %f nBft&i gtslh og cf‘?‘féd"g‘? vﬁ?

poi nt s5 has eightstpseudorotwissted peect bdbnsh@0pr eskairi Adeasonfour
twisted sections for the same unit length. Pair 15 has two

twisted sections for the same unit length. Pair 14 has one

twisted section for the same unit length. Pair 13

basically has no twisted sections in that the conductors of
10 pair 13 have only one crossover point 19.

The prior art arrangement of Figure 3 has the
effect of reducing crosstalk between adjacent twisted
pairs 13-17 of conductors 18. However, this arrangement
has a disadvantage in that each pair of conductors has a

15 different conductor length. Although this may not be
significant for some applications, many types of modern
technology require the use of higher frequency signals.
Such high frequency signals travelling along the pseudo-
twisted pairs of conductors of different lengths will not

20 arrive at a terminating end of the circuit simultaneously.
This results in an undesirable propagation time
differential or skew.

Figure 4 shows flat flexible printed circuitry
or cable, generally designated 21, according to the

25 concepts of the present invention. Generally, circuitry 21
of the invention not only reduces crosstalk between the
twisted conductors in any given pair thereof, but the
arrangement also reduces the crosstalk between adjacent
pairs of conductors without creating an undesirable

30 propagation time differential among the respective pairs of
conductors.

More particularly, flexible printed circuit 21
again includes an elongated flexible insulating substrate
22 having opposite sides 22a and 22b. Each pair 23 of

35 pseudo-twisted conductors include a conductor 24 on one

—_—
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a flexible printed circuitry nenber is provided that includes a generally
planar flexible dielectric substrate and a plurality of adjacent pairs of
first and second pseudo-tw sted conductors positioned on opposite sides of
the dielectric substrate. The first and second conductors of each pair are
a substantial mrror inmage of each other about a |ongitudinal celglld ne of
the pair with the first and second conductors of each pair ing}udNGa
crossover point at which the first and second conductors of each pair cross
over each other and are separated by the dielectric

side 22a of the substrate, and a second conductor 25 on the

opposite side 22b of the substrate. Each conductor

includes alternating straight and oblique sections 26 and

28, respectively. The straight sections 26 are generally

5 parallel to each other. The oblique sections 28 cross each

other at periodic crossover points 29. Therefore, each

pair of pseudo-twisted conductors define "twists" or
twisted sections 1lengthwise of the flexible circuitry.

Generally, the invention contemplates that the

10 twisted sections in each pair 23 of pseudo-twisted

conductors 24 and 25 have randomly different lengths along

the flexible printed circuitry. As such, they are

aperiodic over a predetermined substantial length of

flexible printed circuitry. However, each pair of pseudo-

15 twisted conductors has an equal number of twisted sections

per some predetermined unit 1length of circuitry.

Specifically, referring to Figure 4, twisted sections P, -Py

in the left-hand pair of conductors (as viewed in Figure 4)

have randomly differing lengths. Similarly, the center

20 pair of conductors (as viewed in Figure 4) also has twisted

sections P, ~Py of randomly differing lengths. Continuing,

the pseudo-twisted conductors of the right-hand pair (as

viewed in Figure 4) have twisted sections P;-P3; of randomly

differing lengths. 1In other words, the distance between

25 crossover points 29 in the pairs of pseudo-twisted

conductors 24 and 25 have randomly differing lengths along

a predetermined substantial length of substrate 22 and

circuit member 21. Through such a configuration, crosstalk

between adjacent pairs of psuedo-twisted conductors can be

30 reduced. As shown in Figure 4, however, each-pair of

conductors has an equal number of crossover points 29 and

thus and equal number of straight sections 26 and obligque

section. As a result, the path length along all conductors

is equal and therefore signal skew is avoided. It should

35 be noted that in actual applications, the pattern of twists

10
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5 substrate. The crossover points of each pair are positioned along the
centerline with the first and second conductors reversing | ocations on
opposite sides of the centerline. A pair of adjacent crossover points
define a twist length of a respective twi st section and the twist [ength
varies over a length of said circuitry menber. In addition, eachPt 1 S

| ength of a first pair of pseudo-tw sted conductors is differ At Enﬁéan
adj acent laterally spaced twi st |ength of a second pair of psledd={w Sted
conduct or s. The flexible printed circuitry nenber may include the

second pair efaypBee degautdd G- AMC LR $heNuRRR 1 Fiahaboal Healfi LRBehET St

pair and a thuig#PaLr of psuedo-tw steed conductorS on an opposite |ateral
side of the f9 $aitve A 29 -of the first pair of
pseudo-twi sted conduct dits hay beetli fctirghtthatomthd) aetidon Acdation seaced

twist |engtheUedtdl Piinte 20 BHE EOhEEEEHL S RaR¥PIrob Bt 81 R %ana
5 noise between adjacent pairs of conductors. It also has
been found that the propagation time differential skew
between pairs of conductors is reduced or substantially
eliminated by this random location of crossover points
because random statistics dictate that the conductors are
10 of substantially the same length per some predetermined
significant unit length of the circuitry. To that end, one
embodiment of the invention has utilized the lengths of
the randomly differing twist sections as being within a
range from 0.5 to 1.5 times a given medium length as

15 determined by random statistics.

Figures 5-7 show various configurations of
crossover points 29 between oblique sections 28 of the
conductors. In Figure 5, the oblique sections through the
crossover points are substantially the same width as

20 straight sections 26 of. the conductors. In Figure &6,
oblique sections 28A are abruptly reduced in width versus
the width of- straight sections 26. 1In Figure 7, oblique
sections 28B gradually taper from transition points 30 with
the straight sections to the crossover point 29 of the

25 oblique sections.

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered

30 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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Ot her objects, features and advantages of the invention will be apparent

.fron1 Il ed description taken in connection with the
acco ul l]m{um mE 6 Brief

Descri ptién of #hes Drawi ngs ‘The features of this invention which
are believed to be novel are set forth with particularity in thegnpgnd-
i 97-137 SG
CLAIMS
1. A flexible printed circuitry member,
comprising:
an elongated flexible insulating substrate; and
S first and second pseudo-twisted flexible

conductors on opposite sides of said substrate, each
conductor including alternating straight and oblique
sections with a straight-to-oblique transition between the
straight and oblique sections, the straight sections of the

10 conductors being generally parallel to each othef, the
oblique sections of the conductors crossing each other at
periodic crossover points, the straight sections of the
conductors between any two immediately successive crossover
points being generally of equal lengths, and the straight

15 sections of the conductors between the crossover points
lengthwise of the substrate being of substantially randomly
differing lengths. '

2. The flexible printed circuitry member of

claim 1 wherein the random length of the conductors between

20 any two immediately successive crossover points range from
0.5 to 1.5 times a given medium length.

3. The flexible printed circuitry member of
claim 1 wherein the straight sections of the conductors are
of uniform width.

25 4. The flexible printed circuitry member - of
claim 1, including a plurality of pairs of said first and
second pseudo-twisted conductors laterally spaced apart on
said substrate.
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ed craims.  The ThAvention, together with its objects and the advant ages

there derstood by reference to the foll ow ng description
takenTl“I"Bﬁl"Elmﬂuﬂ:“ mrt h the acconpanying drawi ngs, in which |ike

ref erente urker 8l ssidentify like elements in the figures and in which:
FIGURE 1 is an enlarged, fragnented plan view of a pair of pseud éégﬁéted
conductors of the prior art, along a I ength thereof involving LWba o T g
pseudo-tw sts of the conductors; FIGURE 2 is a fragnented HFan
view of a flexible printed circuit according to the prior art,

I ncorporating a plural Bty offheai feeibpse n&@kﬁt@gr@@ﬂgﬁyt%@&ber. o _
F o at_.schenmati c n of a flexible printed Q?FCUII

FIGQURE 3 i il lustrat]

accor di ngI tso%tlﬁgglg\rlfl'orw ???l%gf_"&hn starfé{ p%’f%q%? 86RGaOPo A IRAASES 1R i ng
numbers of twidth pedfomnlyl dmgth,direction frdnGUREd trams SOIGMNES an
schematic iI%Hngghkogfg%sgvgkeﬁgghg.printed circuit according to the

concepts of I nven FIGURE 5 is an enl arged plan vi ew of
one _
5 6. A flexible printed circuitry member,
comprising:
a generally planar flexible dielectric substrate;
and '
first and second pseudo-twisted conductors on
10 opposite sides of the substrate and extending

longitudinally in a pattern of twist sections between
crossover points whereat the conductors cross over each
other separated by the dielectric substrate, the crossover
points defining a centerline with the first and second

15 conductors reversing each other on opposite sides of the
centerline at each crossover point, a pair of adjacent
crossover points defining a length of a respective twist
section, and the length of each twist section between
crossover points along the centerline being substantially

20 randomly different over a substantial 1éngth of said
flexible printed circuitry member.

7. The flat printed circuitry member of claim 6
wherein the random length of the twist sections between any
two immediately successive crossover points range from 0.5
25 to 1.5 times a given medium length.

8. The flat printed circuitry member of claim 6
wherein the conductors along a substantial portion of each
twist section are of generally uniform width.
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enbodi MeAt —of The crossover poi nt between a pair of tw sted conductors;

g][ %Rsl‘wmmm"wm, ,ml ar to that of Figure 5, but of another enbodi nent

tween a pair of conductors; and FI GURE 7

is a viewSimlar at of Figures 5 and 6 of still another enbodi nent of
a crossover point betmeen ? pair of tw sted conductors. Patent
97-137 SG

9. The flat flexible printed circuitry member of
claim 6, including a plurality of said first and second
pseudo-twisted conductors, in pairs, laterally of the
substrate.

5 10. The flexible printed circuitry member of
claim 6, wherein said twist sections include portions that
decrease in width uniformly and reach a minimum width at
said crossover points.

11. A flexible printed circuitry member,
10 comprising:
a generally planar flexible dielectric substrate;
a plurality of adjacent pairs of first and second
pseudo-twisted conductors positioned on opposite sides of
said dielectric substrate, the first and second conductors
15 of each pair being a substantial mirror image of each other
about a longitudinal centerline of said pair, said first
and second conductors of each pair including a crossover
point at which said first and second conductors of each
pair cross over each other and are separated by said
20 dielectric substrate, said crossover points of each pair
being positioned along said centerline with said first and
second conductors reversing locations on opposite sides of
said centerline, a pair of adjacent crossover points
defining a twist length of a respective twist section, said
25 twist length varying over a length of said circuitry
member; and
‘each twist length of a first pair of pseudo-twisted
conductors being different from an adjacent laterally
spaced twist length of a second pair of psuedo-twisted
30 conductors.

—_—
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Det ai | ed Description of the Preferred Embodi nents Referring to
t he draw l ptail, and first to Figures 1 and 2, a flat
fl exible mmll Mlﬁ“’ﬁﬂﬂ"“ r. cable, generally designated 1, is shown

according to thé pfiof att. The circuitry includes a plurality of pairs of
pseudo-twi sted conductors 3a and 3b. One conductor 3a is disposeghd,one
side or surface of a flexible dielectric substrate 2, and thegpi{¥§ g
conductor 3b is disposed on the other side or surface of the substrate. 1In

ot her words, each pair of conductors 3a and 3b sandw ch flexible substrate

2 therebetween to formg, paithef _f&é&liSQet \ﬁxsitrﬁ:ibd?oaﬂrléﬁﬂtﬁy member of Each
conductor 3a and 3b_runs |engthw se of the cable.,in ap osci Iéatévr%ﬂ%ga tern

formed by al FeRABRt e1t r IRFHE RS #e508%bPREte Qb (RTHRES: &
patterns of gendiuetors e apwkBbided asn vrgedatwrent sidel bf daidapjesite to

e L R
each Bther pbettabhednanheanl opgoshbepiateral sidesphicsaidpbirstipatr4a and
" each twist length of said first pair of pseudo-twisted
conductors being different from adjacent laterally spaced
twist lengths of both said second and third pairs of
psuedo-twisted conductors.

10 13. The flexible printed circuitry member of
claim 11, wherein each said conductor includes a transition
section extending from a peak location a maximum distance
from its respective centerline to said crossover point,
said transition section decreasing in width uniformly in a

15 direction from said peak location to said crossover point
whereby the width of each said conductor is at a maximum at
said peak location and at a minimum at said crossover
point. | '

14. The flexible printed circuitry member of

20 claim 11, wherein each said conductor includes alternating

straight and oblique sections, said oblique sections

crossing the centerline of each pair of conductors and said

straight' sections of each conductor being alternatingly
positioned on opposite sides of said centerline.

25 15. The flexible printed circuitry member of
claim 14 wherein the straight sections of the conductors
are of uniform width.

This Sheet Has Been Reilac;ed N
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4b. The oblique sections 5 of each conductor connects a pair of adjacent
straight sections 4 and thus extends between |lines 4a and 4b. Since the
condu ,'ﬂl%mmamu:ﬂllﬂnmre arranged symmetrically but opposite to each other,
the s 4 of the conductors are generally parallel but spaced
apart bot v'?art'ﬁ cdl 1y and horizontally. In other words, when thepgté&mé ght
section 4 of one conductor-3a is aligned with line 4a, the stgaight se@ction
4 of the other conductor 3b is aligned with line 4b but on opposite sides

of substrate 2, and vice versa. As a result, the oblique sections 5 of
t he conductors 3a and 3lg.cr oTheedlexibley ptrintedsciecupbryt snenber of

wi dt hs. a ong A" orin elerEPl FLR, Baif, PR el ety BRaf M TIn (o

decreases i nwidth uniformly in a d:.rectlon from said transition to an

adjacent crossover point.

5 17. The flexible printed circuitry member of
claim 11 wherein the twist 1lengths of each pair of
conductors range from 0.5 to 1.5 times a given medium
length. '

16



width uniformy in a direction fromthe straight-to-oblique transition

point 7 of the respective conducter to:the respective crossover point 8 of
the conductors where it reaches its m ni nrum wi dth. Assum ng that:
t he thickness of conductors 3a and 3b (i.e.,

to the plane of the cable) is uniformalong the full length of pheent

conductors;
const ant ;
conductors remai ns constant,

2) the vertical distance between the conductors peIhAs ge

and 3) the dielectric constant of the naterial between the
t he i npedance increases with the decrease in
the width of each oblique s@EBITRACT OF THE DISChiosurEnductors 3a and 3b

in a direction perpendicul ar

1)

separately ternminate in one of the pads 9 at an edge of flexible substrate

2.

10

A flexible printed circuitry member includes a
generally planar dielectric substrate. First and second

pseudo-twisted conductors are disposed on opposite sides of -

the substrate and extend longitudinally in a pattern of
twist sections between crossover points whereat the
conductors cross over each other separated by the
dielectric substrate. The - crossover points define a
centerline with the first and second conductors reversing
each other on opposite sides of the centerline at each
crossover point. The twist sections between crossover

points along the centerline are of randomly differing
lengths.

This Sheet Has Been Replaced
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The pads of sone of the conductors may include an associ ated through hol e
or via 10. These pads 9 are arfahged at..equal intervals along the edges
‘of the flat flexible circuit for engagenent with equally spaced contacts
(not shown) of an associated electrical connector adapted for connecting
flat flexible circuits. Therefore, éiv+Bdr opposite edge of the flat
flexible circuit having the pseudo-tw sfed conductors can be inserted into
the electrical connector to establishH hred el ectrical connection

Wi le Figures 1 and 2 sho%a i\ at’| ' ' dcircuit with

pseudo-tw sted conductors ‘ : noi se between the
conductors of any given tw st ‘ e 3 stfrows an arrangenent of the
tgk or noise between

adj acent pairs of conductors. In™g e Adrds, the prior art of Figure 3

di scl oses a pseudo-tw sted {1 at
conductors, with each pairfh&ving a

g? nunber of twi sts per unit
S

| engt h. More particularly, hows flat flexible
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circuitry, generally designated 11, which includes an elongated flexible
Insul ating substrate 12 and a plurality of pairs 13, 14, 15, 16
and 17 of pseudo-tw sted conductors 18. The conductors cross each other at
crossover points 19. For any given length of the substrate 12 or circuitry
11, as represented in Figure 3, pair 17 of conductors 18 has eight

pseudo-twi sted sections 20: Pair 16 haiztgﬁy"twﬁstéo"§€ct|dﬁ§ for the sane
unit | ength. Pair 15 has two P

oY 9y )
s
¢/

(4

. ———— e



tw sted sections for the same unit length. Pair 14 has one tw sted section
for the sane wunit |ength. Pair 13 basically has no tw sted sections
in that the conductors of pair 13 have only one crossover point 19.

The prior art arrangenent of Figure 3 has the effect of reducing

crosstal k between adj acent twi sted pairs 13-17 of conductors 18. However,
this arrangenent has a di.sadvantage in,that each pair of conductors has a
di fferent conductor | ength. Al thpdeB Jt his may not be significant for sone
applications, many types of nodern technology require the use of higher
frequency signals. Such high frequency signals travelling along the pseudo-
tw sted pairs of conductors of different lengths will not arrive at a
termnating end of the circuit sinultagﬁgysly ThIS results in an
undesi rabl e propagation time slpffer Figure 4
shows flat flexible printed cipcurtry br cable"generally designated 21,
according to the concept g&;.unmeﬁLlon General ly, C|rCU|try 21

of the invention not onl st al K befween t he

y—-——
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SPECIFICATION

FLEXIBLE PRINTED CTIRCUITRY WITH PSEUDO-TWISTED CONDUCTORS

Field of the Invention

electrical cables and, particularly,
circuitry or cable.

This invention generally relates to the art of

to flexible printed
Specifically, the invention relates to

flexible printed circuitry with minimal crosstalk noise
between adjacent "twisted" pairs of conductors and reduced

propagation time differential between the pairs.

Background of the Invention
High speed data transmission between complex

electronic gear such as computers and their peripherals is

commonly achieved through zround multi-conductor cable

assemblies.
multi-conductor cables are problems associated

electromagnetic interference.

conductors can create 'crosstalk"

cause erroneous data transmission.
One type of cable used to reduce such effects is

"twisted pair" cable,

differential pairs are twisted,

Inherent with high speed data transmission and

with

The interference between

and "noise," which can

thereby reversing

lateral position of each conductor at each twist.

benefits of this configuration are two fold.

being reversed.

First,

in which two adjacent conductors or

the
The

the position of the wires is .constantly
Therefore any exterior magnetic or

electric field has a generally uniform effect upon a given

differential pair.

This uniformity reduces the harmful

effects of exterior electromagnetic fields and lessens the

chances of erroneous data transmission.

Second, when current runs through a conductor, an

electromagnetic field is generated. The field’'s

orientation is dependent upon the direction of the current
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emissions from a given differential pair.
Flat flexible printed circuitry or cable ("FPC")
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is another medium used for high speed data transmission

A
twisted" arrangement'can be achieved with such circuitry by

between computers and their peripherals. "pseudo-
placing conductors of a given pair on opposite sides of an
with slightly and
oppositely offset with respect to a common nominal path

insulative carrier, their paths

locator, and then periodically reversing the offset at
pfedetermined locations.
twisted"
shown in U.S.
1973.

An example of the "pseudo-
flat flexible printed circuitry arrangement is

Patent No. 3,761,842, dated September 25,

Although twisted pair eléctrical cable or pseudo-
twisted flat flexible printed circuitry has proven quite
effective in reducing or eliminating crosstalk or noise
between the adjacent conductors of a given twisted pair,
may also crosstalk and noise
of twisted conductors. The
aforementioned U.S. Patent No. 3,761,842 attempts to solve
this problem in a pseudo-twisted flexible printed circuit
having pairs of conductors, and each pair has a differing
number of twists per unit length.

reduces the

there be a problem with

between adjacent pairs

While this arrangement
crosstalk between adjacent twisted pairs of
conductors, the arrangement creates further problems in
that each twisted pair inevitably has a different conductor
length which results in high frequency signals travelling
along the circuit not arriving at the terminating end
simultaneocusly.

Therefore, such an arrangement creates a



sections Plerr]- : 1di fféring | engths. Continuing, the
pseudo-tw sted c [ ght-hand pair (as viewed in Figure 4)
have tw sted sect]liqns P[err]-P[efr}] of randomy differing lengths. In other
words, the distarfjcd bethwpengosgoler points 29 in the pairs of

pseudo-tw sted cgnductors 24 and] 2p have randomy differing lengths along a
predet ermi ned sulpstantral Tengrir of substrate 22 and circuit menber 21
Through such a cenfiguratjon. crosktalk bot ween adj acent pairs of

psuedo-tw sted conductors can be reduced. As shown in Figure 4, homever

o] f ts 29 th
and cqual nurBEreBraEl P Bmes btareRsd s SR Gt sakeFoRetAESR lRI 1
the path Iengpala$oo§ e¢mduondmstpfsths etpatitand therefore signal skew |s
avoi ded. It should be nphedytdialng 1 AitdloPRB! SERLLERS £d o RA S thiY

tw sts

myriad of problems in a unique flexible circuit wherein the
individual pairs of pseudo-twisted conductors have random
numbers of twists per unit length.

Summary of the Invention

An object,. therefore, of the invention is to
provide new and improved flat printed circuitry of the
character described.

In the exemplary embodiment of the invention, the
circuitry includes an elongated flexible insulating
substrate. First and second pseudo-twisted flexible
conductors are disposed'on opposite sides of the substrate.
Each conductor includes alternating straight and obligque
sections with a straight-to-oblique transition between the
straight and oblique sections. The straight sections of
the conductors are generally parallel to each other. The
oblique sections of the conductors cross each other at
crossover points. The straight sections of the conductors
between any two immediately successive crossover points are
generally of equal lengths. The straight sections of the
conductors between the crossover points lengthwise of the
substrate are of random lengths. However, each pair of
pseudo-twisted flexible conductors has an identical number
of twists per a predetermined substantial unit length.

The invention contemplates that the random length
of the twisted conductors between any two immediately
successive crossover points range from 0.5 to 1.5 times a
given medium length. Preferably, the straight sections of
the conductors are of uniform width. In another aspect of
the present invention, each oblique section decreases in
width uniformly in a direction from the transition to an
adjacent crossover point.



ray be‘repeat ed ‘ derlyi’ng goals and intent of the i nventi on
are achi eved. RﬁPLAKg%B?§L én found that the random | ocati on of

.crossover points for the condu tqrs reduces crosstal k and noi se between
adj acent pairs of cAamiMARJPE8 |l t| al so has been found that the propagation
time differentigl{skew bet ween |pgi rs of conductors is reduced or
substantially e nated by this jrandom | ocation of crossover padints
because random ptatjstics dictatd that t#e conductors are of substantially
the sane |length per sone predeterm ned significant unit | ength of the

circuitry. To that end, one enpodi nent of the |Event|on has utilized the
| engt hs of n sti another aspect of the present invention,

a flexible printed circuitry member is provided that
includes a generally planar flexible dielectric substrate
and
first and second pseudo-twisted conductors on opposite
sides of the substrate and extending longitudinally in a
pattern of twist sections between crossover points whereat
the conductors cross over each other separated by the
dielectric substrate. The crossover points define a
centerline with the first and second conductors reversing
each other on opposite sides of the centerline at each
crossover point. A pair of adjacent crossover points
define a length of a respective twist section, and the
length of each twist section between crossover points along
the centerline is substantially randomly different over a
substantial length of the flexible printed circuitry
member. The random length of the twist sections between
any two immediately successive crossover points range may
be from 0.5 to 1.5 times a given medium 1length. In
addition, the conductors along a substantial portion of
each twist section may  be of generally uniform width.
Finally, the twist sections include portions that decrease
in width uniformly and reach a minimum width at the
crossover points.

In still another aspect of the present invention,
a flexible printed circuitry member is provided that
includes a generally planar flexible dielectric substrate
and a plurality of adjacent pairs of first and second
pseudo-twisted conductors positioned on opposite sides of
the dielectric substrate. The first and second conductors
of each pair are a substantial mirror image of each other
about a longitudinal centerline of the pair with the first
and second conductors of each pair including a crossover
point at which the first and second conductors of each pair
cross over each other and are separated by the dielectric



t he. random y di

jons as being within a range fromO0.5 to
1.5 tines a giv

nSﬂﬁhhs determ ned by random stati stics.

Fi gures 5-7 sho rTous confighrptions of crossover points 29 between
obl i que section 8 ?Hlﬁﬁgﬁg@ndjc ors. In Figure 5 the oblique sections
t hrough the crodsqver pornts ar¢ $ubstantially the same width as straight
sections 26 of tlhe—eerduetors: AAJn Figure 6, obliqgue sections 28A are
abruptly reduced in width versus the widdh of straight sections 26. In
Figure 7, oblique—sectrons 28B gradually taper fromtransition points 30
with the straight sections to the crossover point 29 of the oblique
sections. substrate. fhie dresgeyerspesdntshaf earch naidh@ixenhPRg)taened
embodi ed in o416k SPRET fddnd 1BVt HEP BN Grld @ECORE ERhbukteks
central character?splcs t her eof . The present exanpl es_and %ggod nent s,
therefore,an%?YQF%kP%o%@FGE%%BSiﬁnaHPHQ§ﬁ5%n%$€%?i? uEﬁ?aﬁ < h&nﬁot
L estrictive, mngaipeofny@fhtenti arogkoverbpolintst ddfinet hetudsai Lengichen
erein. : '
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of a respective twist section and the twist length varies
over a length of said circuitry member. In addition, each
twist length of a first pair of pseudo-twisted conductors
is different from an adjacent laterally spaced twist length
of a second pair of psuedo-twisted conductors.

The flexible printed circuitry member may include the
-gsecond pair of psuedo-twisted conductors on one lateral
side of the first pair and a third pair of psuedo-twisted
conductors on an opposite lateral side of the first pair.

Each twist length of the first pair of pseudo-twisted
conductors may be different from adjacent laterally spaced
twist lengths of both the second and third pairs of péuedo-
twisted conductors. |

Othef objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying draw-
ings.
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Brief Description of the Drawings
The features of this invention which are believed

to be novel are set forth with particularity in the append-
ed claims. The invention, together with its objects and
the advantages thereof, may be best understood by reference

to the following description taken in conjunction with the

accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is an enlarged, fragmented plan view of -
a pair of pseudo-twisted conductors of the prior art, along
a length thereof involving two pseudo-twists of the
conductors;

FIGURE 2 is a fragmented plan view of a flexible
printed circuit according to the prior art, incorporating
a plurality of pairs of pseudo-twisted conductors;

FIGURE 3 is a somewhat schematic illustration of
a flexible printed circuit according to the prior art,
wherein the pairs of conductors have differing numbers of
twists per unit length;

FIGURE 4 is a somewhat schematic 1llustratlon of
a flexible printed circuit accordlng to the concepts of the
invention;

FIGURE 5 is an enlarged plan view of one
embodiment of the crossover point between a pair of twisted
conductofs;

FIGURE 6 is a view similar to that of Figure 5,
but of anothef embodiment of a crossover point between a
pair of conductors; and

FIGURE 7 is a view similar to that of Figures 5
and 6 of still another embodiment of a crossover point
between a pair of twisted conductors.



conductors on oppesite sides of said substrate, each conductor including
alternating straRRE Y, ."‘.:\~ect|ons with a strai ght-to-oblique

i~ 0 EAMd obl i que sections, the straight sections
of the conductofs belng genera“*y parallel to each other t he oblique
sections of the cnd‘hdtMJﬁ& g each other at peri od| C crossover
points, the strai he conductors between any two i mredi atel y
successi ve cros gener alZy of equal | engt hs, ‘and the

| ength of the conductoraebew:ﬁg EBYthéDdtSWEﬁgétﬁYQﬁé@ﬁéﬁsdé’@aﬂ oy er

points range ronEO %gg%r%stlnes 2glve:f1a(hfggxfg¥£ printed circuit
or cable, generally designated 1, is shown according to the
prior art. The circuitry includes a plurality of pairs of

pseudo-twisted conductors 3a and 3b. One conductor 3a is
disposed on one side or surface of a flexible dielectric
substrate 2, and the other conductor 3b is disposed on the
other side or surface of the substrate. In other words,
each pair of conductors 3a and 3b sandwich flexible
substrate 2 therebetween to form a pair of pseudo-twisted
conductors. _ _ '
Each conductor 3a and 3b runs lengthwise of the
cable in an oscillating pattern formed by alternate
straight sections 4 and oblique sections 5. These patterns
of conductors 3a and 3b are arranged symmetrically but
opposite to each other on opposite sides or surfaces of the
flexible substrate. The straight sections 4 of the
conductors are generally parallel to each other but
alternate along two parallel but spaced apart lines 4a and
4b. The oblique sections 5 of each conductor connects a
pair of adjacent straight sections 4 and thus extends
between lines 4a and 4b. Since the conductors 3a and 3b
are arranged symmetrically but opposite to each other, the
straight sections 4 of the conductors are generally
parallel but spaced apart both vertically and horizontally.
- In other words, when the straight section 4 of one
conductor 3a is aligned with line 4a, the straight section
4 of the other conductor 3b is aligned with line 4b but on
opposite sides of substrate 2, and vice wversa. As a
result, the obligque sections 5 of the conductors 3a and 3b
cross each other at crossover points 8.
The straight sections 4 of conductors 3a and 3b
have uniform or equal widths along the léngths thereof.
Each oblique section 5 of each conductor, decreases in



3. -The flexible printed-erreyi]
sections of the:conductors. .ar
flexible prinfed ci ﬁtﬁﬁé}ﬂ%%ne
pairs of saidifii
apart on saidjsubstrate.

ry menbér of claim1l wherein the straight

f uni formw dth. 4. The

r of claiml, including a plurality of
seudo-tw sted conductors laterally spaced

‘ 13

width uniformly in a direction from the straight-to-oblique
transition point 7 of the respective conductor to the
respective crossover point 8 of the conductors where it
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 cable) is uniform along
the full length of the conductors; 2) the vertical distance
between the conductors remains constant; and 3) the
dielectric constant of the material between the conductors
remains constant, the impedance increases with the decrease
in the width of each oblique section 5.

The conductors 3a and 3b separately terminate
in one of the pads 9 at an edge of flexible substrate 2.
The pads of some of the conductors may include an
associated through hole or wvia 10. These pads 9 are
arranged at equal intervals along the edges of the flat.
flexible circuit for engagement with equally spaced
contacts (not shown) of an associated electrical connector
adapted for connecting flat flexible circuits. Therefore,
either opposite edge of the flat flexible circuit having
the pseudo-twisted conductors can be inserted into the
electrical connector to establish a required electrical
connection.

While Figures 1 and 2 show a flat flexible
printed circuit with pseudo-twisted conductors to reduce
crosstalk and noise between the conductors of any given
twisted pair, Figure 3 shows an arrangement of the prior
art which attempts to reduce the crosstalk or noise
between adjacent pairs of conductors. In other words, the
prior art of Figure 3 discloses a pseudo-twisted flat
flexible circuitry having pairs of conductors, with each
pair having a differing number of twists per unit length.

More particularly, Figure 3 shows flat flexible
circuitry, generally designated 11, which includes an
elongated flexible insulating substrate 12 and a plurality

[ S———.



5. : The flexi Ertg :Q Tiry menber of claim 1, wherein each said
obl i que secti A Bt gt h uniformy in a direction fromsaid

gransition_to arl adj acent crogs@ver point. 6. A flexible
printed circditiry1 NMARERI8 cdrmpri si ng: a generally planar
flexible diel gctjric substrate] and first and second

pseudo-tw sted conaguctors on opgosite sides of t he substrate and
extending londitudinally in.a patterndof twi st sections between crossover
poi nts mhereat'the conductors cross over each other separated by the

di el ectric substrate, the crossover. poin f|n| centerline wth the

first and sec cP%’cﬁﬁth?t’orlé ’r rgﬁng ii ?f %ﬂb’t& & cﬁ“@é‘ft&rst he

centerline atigachTheosomdctprantcrasgagactof obbgacant crossover points
19. For any given length of the substrate 12 or circuitry
11, as represented in Figure 3, pair 17 of conductors 18

has eight pseudo-twisted sections 20. Pair 16 has four
twisted sections for the same unit length. Pair 15 has two
twisted sections for the same unit length. Pair 14 has one
twisted section for:  the same unit length. Pair 13
basically has no twisted sections in that the conductors of
pair 13 have only one crossover point 189.

The prior art arrangement of Figure 3 has the
effect of reducing <crosstalk between adjacent twisted
pairs 13-17 of conductors 18. However, this arrangement
has a disadvantage in that each pair of conductors has a
different conductor 1length. Although this may'-not be
significant for some applications, many types of modern
technology require the use of higher frequency signals.
Such high frequency signals travelling along the pseudo-
twisted pairs of conductors of different lengths will not
‘arrive at a terminating end of the circuit simultaneously.
This results in an undesirable propagation time
differential or skew.

Figure 4 shows flat flexible printed circuitry
or cable, generally designated 21, according to the
concepts of the present invention. Generally, circuitry 21
of the invention not only reduces crogsstalk between the
twisted conductors in any given pair thereof, but the
arrangement also reduces the crosstalk between adjacent
pairs of conductors without creating an undesirable
propagation time differential among the respective pairs of
conductors.

More particularly, flexible printed circuit 21
again includes an elongated flexible insulating substrate
22 having opposite sides 22a and 22b. Each pair 23 of
pseudo-twisted conductors include a conductor 24 on one
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| ength of ealchi twi st sectio

ngth of a’respective tw st section, and the
et ween crossover points along the centerline
bei ng subst apt aHPyNM@HHB%1 different over a substantial length of said
flexible prihted circuitry er. 7. The flat printed
circuitry nefrber of claimé wherein the randomlength of the twi st sections
bet ween any - cessive_crossover points range fromO0.5 to
1.5 tines a given nediumlength.. 10 8. The flat printed circuitry
menber of claim6 wherein the conductors along a substantial portion of

each tw st gfﬁ%' 29.95F tche gse&srtazl'al. e urng rams\clav'cong. conductor 25 on the
opposite side 22b of the substrate. Each conductor
includes alternating straight and oblique sections 26 and

28, respectively. The straight sections 26 are generally
parallel to each other. The oblique sections 28 cross each
other at periodic crossover points 29. Therefore, each
pair of pseudo-twisted conductors define "twists" or
twisted sections lengthwise of the flexible circuitry.
Generally, the invention contemplates that the
twisted sections in each pair 23 of pseudo-twisted
conductors 24 and 25 have randomly different lengths along
the flexible printed circuitry. As such, they are
aperiodic over a predetermined substantial length of
flexible printed circuitry. However, each pair of pseudo-
twisted conductors has an equal number of twisted sections
per some predetermined wunit length of circuitry.
Specifically, referring to Figure 4, twisted sections P;;-P
in the left-hand pair of conductors (as viewed in Figure 4)
have randomly differing lengths. Similarly, the center
pair of conductors (as viewed in Figure 4) also has twisted
sections P, -P, of randomly differing lengths. Continuing,
the pseudo-twisted conductors of the right-hand pair (as
viewed in Figure 4) have twisted sections P;-Py of randomly
differing lengths. 1In other words, the distance between
crossover points 29 in the pairs of pseudo-twisted
conductors 24 and 25 have randomly differing lengths along
a predetermined substantial length of substrate 22 and
circuit member 21. Through such a configuration, crosstalk
between adjacent pairs of psuedo-twisted conductors can be
reduced. As shown in Figure 4, however, each pair of
conductors has an equal number of crossover points 29 and
thus and equal number of straight sections 26 and oblique
section. As a result, the path length along all conductors
is equal and therefore signal skew is avoided. It should
be noted that in actual applications, the pattern of twists
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may be repeated so long as the underlying goals and intent
of the invention are achieved.

It has been found that the random location of
crossover points for the conductors reduces crosstalk and
noise between adjacent pairs of conductors. It also has
been found that the propagation time differential skew
between pairs of conductors is reduced or substantially
eliminated by this random location of crossover points
because random statistics dictate that the conductors are
of substantially the same length per some predetermined
significant unit length of the circuitry. To that end, one
embodiment of the invention has utilized the lengths of
the randomly differing twist sections as being within a
range from 0.5 to 1.5 times a giveh. medium length as
determined by random statistics.

Figures 5-7 show various configurations of
crossover points 29 between oblique sections 28 of the
conductors. In Figure 5, the oblique sections through the
crossover  points are substantially the same width as
straight sections 26 of the conductors. In Figure 6,
oblique sections 28A are abruptly reduced in width versus
the width of straight sections 26. In Figure 7, oblique
sections 28B gradually taper from transition points 30 with
the straight sections to the crossover point 29 of the
oblique sections.

' It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. 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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and eamdmpmissind ength of a first- pair of pseudo- IMASted

an elongated flexible insulating substrate; and

first and second pseudo-twisted flexible
conductors on opposite sides of said substrate, each
conductor including alternating straight and oblique
sections with a straight-to-oblique transition between the
straight and oblique sections, the straight sections of the
conductors being generally parallei to each other, the
oblique sections of the conductors crossing each other at

periodic crossover points, the straight sections of the

conductors between any two immediately successive crossover
points being generally of equal lengths, and the straight
sections of the conductors between the crossover points
lengthwise of the substrate being of substantially randomly
differing lengths.

2. The flexible printed circuitry member of
claim 1 wherein the random length of the conductors between
any two immediately successive crossover points range from
0.5 to 1.5 times a given medium length.

3. The flexible printed circuitry member of
claim 1 wherein the straight sections of the conductors are
of uniform width.

4. The flexible printed circuitry member of
claim 1, including a plurality of pairs of said first and
second.pseudoitwisted'conductors laterally. spééed apart on
said substrate. ' ' ’

_' P
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5. The flexible printed circuitry member of
claim 1, wherein each said oblique section decreases in

width uniformly in a direction from said transition to an
adjacent crossover point. '

6. A flexible printed circuitry member,
comprising: _

a generaliy'planar flexible dielectric substrate;
and

first and second pseudo-twisted conductors on
opposite sides of the substrate and extending

.longitudinally in a pattern of twist sections between
crossover points whereat the conductors cross over each
other separated by the dielectric substrate, the crossover
points defining a centerline with the first and second
conductors reversing each other on opposite sides of the
centerline at each crossover point, a pair of adjacent
crossover points defining a length of a respective twist
section, and the length of each twist section between
substantially
different over a substantial length of said

flexible printed circuitry member.

crossover points along the centerline being
randomly

7.
wherein the random length of the twist sections between any

The flat printed circuitry member of claim 6

two immediately successive crossover points range from 0.5
to 1.5 times a given medium length.

8. The flat printed circuitry member of claim 6
wherein the conductors along a substantial portion of each
twist section are of generally uniform width.

psuedo-twi sted conductors are positioned on
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pseudo-twisted conductors, in pairs, laterally of the
substrate. :

10. The flexible printed circuitry wmember of
claim 6, wherein said twist sections include portions that
decrease in width uniformly and reach a minimum width at
said crossover points.

_ 11. A flexible printed circuitry member,
comprising: :
a generally planar flexible dielectric substrate;
a plurality of adjacent pairs of first and second

pseudo-twisted conductors positioned on opposite sides of
said dielectric substrate, the first and second conductors
of each pair being a substantial mirror image of each other
about a longitudinal centerline of said pair, said first
and second conductors of each pair including a crossover
point at which said first and second conductors of each
pair cross over each other and are separated by said
dielectric substrate, said crossover points of each pair
being positioned along said centerline with said first and
second conductors reversing locations on opposite sides of
said centerline, a pair of adjacent crossover points
defining a twist length of a respective twist section, said
twist length varying over a length of said circuitry
member; and

each twist length of a first pair of pseudo-twisted
conductors being different from an adjacent 1laterally
spaced twist length of a second pair of psuedo-twisted
conductors.
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12. The flexible printed circuitry member of
claim 11, wherein said second pair of psuedo-twisted
conductors are positioned on one lateral side of said first
pair and a third pair of psuedo-twisted conductors are
positioned on an opposite lateral side of said first pair,
each twist length of said first pair of pseudo-twisted
conductors being different from adjacent laterally spaced
twist lengths of both said second and third pairs of
psuedo-twisted conductors.

13. The flexible printed circuitry member of
claim 11, wherein each said conductor includes a transition
section extending from a peak location a maximum distance
from its respective centerline to said crossover point,
said transition section decreasing in width uniformly in a
direction from said peak location to said crossover point
whereby the width of each said conductor is at a maximum at
said peak location and at a minimum at said crossover
peint.

14. The flexible printed circuitry member of
claim 11, wherein each said conductor includes alternéting
straight and oblique sections, said oblique sections
crossing the centerline of each pair of conductors and said
straight sections of each conductor being alternatingly
positioned on opposite sides of said centerline.

15. The flexible printed circuitry member of
claim 14 wherein the straight sections of the conductors
are of uniform width.
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16. The flexible printed circuitry member of
claim 15, wherein each said oblique section decreases in
width uniformly in a direction from said transition to an
adjacent crossover point.

17. The flexible printed circuitry member of
claim 11 wherein the twist lengths of each pair of
conductors range from 0.5 to 1.5 times a given medium
length.



REPLACEMENT SHEET

11MARD98 | |

17

FLEXIBLE PRINTED CIRCUITRY WITH PSEUDO-TWISTED CONDUCTORS

ABSTRACT OF THE DISCLOSURE

_ A flexible printed circuitry member includes a
generally planar dielectric substrate. First and second
pseudo-twisted conductors are disposed on opposite sides of
the substrate and extend longitudinally in a pattern of
twist sections between crossover points whereat the
conductors cross over each other separated by the
dielectric substrate. The crossover points define a
centerline with the first and second conductors reversing
each other on opposite sides of the centerline at each
crossover point. The twist sections between crossover
points along the centerline are of randomly differing
lengths.

Fig. 4



