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FIAT FLEXIBLE CABLE WITH PSEUDO-TWISTED CONDUCTORS

Field of the Invention
This invention generally relates to the art of

electrical cables and, particularly, to a flat flexible

.cable having at least a pair of pseudo-twisted conductors

constructed to have a substantially .constant impedance
along the length of the cable.

Background of the Invention
High speed data transmission between complex

electronic gear such as computers and their peripherals is -
commonly achieved through round multi-conductdr cable
Inherent with high speed data transmission and
associated with
interference between

assemblies.
multi-conductor cables problenms
electromagnetic interference. The

conductors can create "cross talk" and "noise", which can

are

cause erroneous data transmission.

One type of cable used to reduce such effects is
"twisted pair" where two adjacent conductors or
differential pairs are twisted,

lateral position of each conductor at each twist.

cable,
thereby reversing the
The
benefits of this configuration are two fold.

First, the position of the wires is constantly
being reversed. 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 The field's

orientation is dependent . upon the direction of the current

is generated.

flow. For a given diff_efi:'eiitial pair, electric currents

generally flow in opposite direcﬁions.;f.f' ‘Therefore, the
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This invention generally relates to the art of el ectrical cables
and, particularly, to a flat flexible 5 cabl e having at |east a pair of
pseudo-tw st ed conductors constructed to have a substantially

iconst ant i npedance al ong the |l ength of the cable. ATENT
|Background of the Invention H gh speed data transggsg,;ogg
‘betmeen conpl ex LO el ectroni c gear such as conputers and their

'peripherals is electrG etszcacfm@\md taPe DLt ric UndrBh”'ezﬁﬂf\dU@éﬂduﬁabfe
assenblles | nher ent eeg ata tr ssi9n qﬂl

milti - conduct ordeaBrati% as%w AEcsding, a%fiﬂe??‘}tﬁp %) SEBPEagrER
iinterference. T¢m¢enlem§eeé‘:feetbezameesunstantr@hlmCsuppreas dthent cadtabed
ital k" and "noi sgn;MLRE FA8m a given differential pair.

5 Flat flexible cable or circuitry (FFC) is another
medium used for high speed data transmission between
computers and their peripherals. A "pseudo-twisted"
arrangement can be achieved with FFC by placing conductors
of a given pair on opposite sides of the insulative

10 carrier, with their paths slightly and oppositely offset
with respect to a common nominal path locator, and then
periodically reversing the offset at predetermined
locations. An example of the '"pseudo-twisted" flat
flexible cable arrangement is shown in U.S. Patent No.

15 3,761,842, dated September 25, 1973. T h e
characteristic impedance of flat flexible cable can affect
the integrity of the signals travelling in the cable. One
of the factors that influences the characteristic impedance
of a given pair of conductors of a pseudo-twisted FFC is

20 the centerline distance "L" (Figure 3A) between conductors.
In Figure 33, cable "B" includes pseudo-twisted conductors
"P" that are positioned on opposite sides of a flexible
substrate "d" with adhesive layers "e" and "c" interposed
therebetween. The conductors are covered by profective

25 films "a" and "g" with adhesive layers "b" and "f"
interposed therebetween. The lateral distance "D" between
the conductors on opposite sides of a prior art pseudo-
twisted FFC varies along the length of the cable, as
indicated by 0.2, .0.16 and 0 mm. If conductors "P" have

30 constant widths and thicknesses along their lengths, the
impedance "z% decreases with a deécrease in the conductor-
to-conductor distance "D" (See Fig 3B). Therefore, at
every crossing point or "twist" of the conductors, the
characteristic impedance decreases. Accordingly, the more

35 twists per unit length of FFC, the lower the characterlstlc
impedance for that given length. : ﬁiif ?? .
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cause erroneous data transm ssi on. One type of cable used
.to reduce such effects is "tw sted pair" cable, where two adj acent
conductors or differential pairs are twi sted, thereby reversing the
20 lateral position of each conductor at each tw st. The  pareENT
benefits of this configuration are two fold. Firs ﬂJ%
position of the wires is constantly - bei ng reversed. Therefore any

exterior magnetic or U.s¢! galtent fN@J d3b681Q89Qnﬁiféd:l/os§%fﬁr sdidst
upon a given 25'# c{__ ‘{?I‘Sﬁ?tla ai [ n| ormt cesaJI_ hel_b ay nf ul
effects of ext eI ‘@*@?l% Jﬁ%l YWt ?Eh P FEHE 2 of
erroneous dat a d¥fffemningi onnumbers of thSJnd pebien (um:utent Yemgth.
e oS et ASSIUASIORGL € qfig) Dol o0 08E|6thes in
current 5 a pseudo-twisted FFC is also a function of the lateral
width of the conductor paths. A reduction in the lateral
width of the conductors increases the characteristic
impedance for the given pair. U.S. Patent No. 3,761,842
also teaches that if the conductor width at the crossing
10 point is decreased, the characteristic impedance at that
point is increased. This relationship allows the user to
construct a cable where the characteristic impedance per
unit length is independent of the number of twists per unit
length. Accordingly, a cable with many twists per unit
15 length would have the lateral width of the conductors at
the crossing point reduced more than a cable with fewer
twists per unit length. While the pseudo-twisted FFC of
U.S. Patent No. 3,761,842 has some advantages over the
prior art, because of the abrupt reduction in the width of
20 the conductors, the impedance will also change abruptly.
This is undesirable in many applications such as in high
speed data transmission where it is desirable to have a
cable whose characteristic impedance is constant through
out the length of the cable. The present invention is
25 directed to providing a pseudo-twisted FFC having a
characteristic impedance that is independent of the number
of twists per unit length and substantially constant
through out the length of the cable.
Additional prior art pseudo-twisted FFC cables
30 are disclosed in Japanese Patent Publication Nos. 5-120928
and 6-111642. 3

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

35 provide a new and improved flat flexible cable having at
least a pair of pseudo-twisted conductors constructed to

————
———————r
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flow. For a given differential pair, electric currents general ly

flow in opposite directions. Therefore, the

el ectromagnetic field radiating fromeach conductor generally has a

canceling effect upon the other. Thi s PATENT
96~284 SG

10

15

20

have a substantially constant impedance along the length of
the cable.

In the exemplary embodiment of the invention, the
pair of pseudo-twisted conductors are disposed on a
flexible dielectric substrate, with one conductor being on
one side of the substrate and the other conductor being on
the other side of the substrate. Each conductor includes
alternate 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 a crossover point. Each oblique section of each
conductor is reduced in width uniformly in a direction from
the straight-to-oblique transfer point of the respective
conductor to the crossover point of the conductors.

By reducing the width of the oblique sections of
the conductors uniformly from the straight-to-oblique
transfer points to the crossover points, abrupt changes in
the impedance lengthwise of the conductors are eliminated.
The impedance, therefore, is substantially constant along
the full length of the pair of pseudo-twisted conductors.

Other objects, features aﬂd advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings.

N




canceling effect can substantially suppress the radiated em ssi ons
froma given differential pair. 5 Flat flexible cable or
icircuitry (FFC) is another medi um used for high speed data
transm ssi on between conputers and their peripherals. ENT
"pseudo-tw st ed" arrangenment can be achieved with FFC by pl ggidy} sg
conductors of a given pair on opposite sides of the insulative 10

carrier, with tieiér Poédsr$ fgaﬁlafaﬂgeogggﬁiﬁ Ly of fset W th respect
to a comon nom nal pat oca y ve s|n
‘the offset at predeterfhf Satures Igiﬂlénénve%%u’ﬂney f‘rﬁ*‘ arg?b hﬂ%"

"pseudo-tmﬁstedﬁo ﬁézﬁovel ard lset [forthalithapasbdendarity $hohhe|appbﬁa-

Patent 0. 15 ' cq 311,842, ol eff el AIDeT (286 tAQT3yitn ite dbjectl ana®

characteristic |npe ance " of é can a
i ntegritysof tHechejafrantages dthengpd nmay beabest unéerstood 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 plan view of a pair of

10 pseudo-twisted conductors along a length thereof involving
two pseudo-twists of the conductors;

FIGURE 2 is a fragmented plan view of a flat
flexible cable incorporating a plurality of pairs of
pseudo-twisted conductors;

15 FIGURE 3A shows various generally schematic cross
sections of a pair of cable conductors from a pseudo-
twisted cable of the prior art;

" FIGURE 3B is a graph comparing impedance with the
lateral distance between conductors of the prior art

20 pseudo-twisted cable of Figure 3A,

-FIGURE 4 shows various cross sectlons similar to
Figure 3A but of a pair of cable conductors from a pseudo-
twisted cable of the present inventionf '

FIGURE 5 is a fragmented perspéctive view of the

25 pseudo~-twisted cable of the present invention together with
a connector to which it could be connected; and

FIGURE 6 is an enlarged, fragmented plan view of
a schematic representation of a portion of a pair of
conductors of a pseudo-twisted cable of the present

30 invention.

_—
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of the factors that influences the characteristic inpedance of a
.given pair of conductors of a pseudo-twi sted FFC is 20 the centerline
§distance "L" (Figure 3A) between conductors. In Figure 3A, cable "B"
‘includes pseudo-tw sted conductors "P" that are positioned ATENT
opp05| te sides of a flexible substrate "d" with adhesive | agygrsss' ¢
and "c" interposed t herebetween. The conductors are covered by
protective 25 Detffailesd Dedcriwtion g8f théPrefieesedcEmbesiément’b” and

e i nt er posed therlgggé%ffﬂ%fg@%ﬂgt&ﬂ%%étfﬁtc& Repe%gxggjglﬂ and

the conductors on opposite Si
'varies al ong tHelrstgtie oFighresable, Zisand 5, i fded&d B}egibkle( asbied 0

mm I f COndUCt#Erfei"ﬂlf'aHSsglgnateao'15tairl{cl‘ﬂdgé‘sa @ﬁbnt&y%&%ﬂ&%

their | engths ance "Z' decreases w a decrease’in the

conduct or® Ps??ﬁ?ﬁﬁﬁ&ﬁ?ﬁ@ gerducterspBa apd gpy s@ne condugtan ia ig

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. The cross-section
of each cable is similar to that of the prior art pseudo-
10 twisted cable B shown in Figure 3A. Accordingly, 1like
reference letters have been applied to Figure 4 to
designate like layers of the cable. In other words, each
pair of conductors 3a and 3b is sandwiched between flexible
substrate d and protective films a and g, respectively,
15 therebetween to form a pair of pseudo-twisted conductors.
As best seen in Figure 1, 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
20 arranged . symmetrically but opposite to each other on
opposite sides or surfaces of the flexible substrate. The
straight sections 4 of each conductor are generally
parallel to each other but alternate along two parallel but
spaced apart lines 4a and 4b as shown in Figures 1 and 5.
25 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
30 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 versa. As a result, the oblique
35 sections 5 of the conductors 3a and 3b cross each other at
crossover points 8.
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every crossing point or "twist" of the conductors, the characteristic

i npedance decreases. Accordingly, the nore 35 tw sts per unit length of

.FFC, the |ower the characteristic i npedance for that given |length

| PATENT
96-284 SG

The straight sections 4 of conductors 3a and 3b
have uniform or equal widths along the lengths thereof. As
best shown in Figure 6, each oblique section 5 of each
conductor decreases in width uniformly in a direction from

5 the straight-to-oblique transfer poiht 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 "t" (Figure 4) of conductors 3a
and 3b (i.e., in a direction perpendicular to the plane of

10 the cable) is uniform along the full 1length of the
conductors; 2) the vértical 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
15 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 via 10. These pads 9 are arranged at equal

20 intervals along the edges of the flat flexible cable for
engagement with equally spaced contacts (not shown) of an
associated electrical connector 10 (Figure 5) adapted for
connecting. to flat flexible cables. Therefore, either
opposite edge of the flat flexible cable having the pseudo-

25 twisted conductors can be inserted into the electrical
connector to establish a required electrical connection.

It can be understood that as the Jjuxtaposed
oblique sections 5 of conductors 3a and 3b in each pseudo-
twisted pair get closer to each other at each crossover

30 point 8, the conductor-to-conductor centerline distance "D"
decreases and, iheréby, the impedance decreases. However,
since each oblique section 5 is uniformly reduced in width,
the impedance is caused to uniformly increase. 1In other
words, as the oblique sections 5 of each pair of conductors

35 get closer to each other toward each crossover point 8
(thus decreasing the conductor-to-conductor centerline

This Sheet Has Been Repl ' =7-
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U.S. Patent No. 3,761,842 discloses a pseudo- tw sted FFC havi ng
pai'rs of conductors, each pair having a differing nunber s of
twists per uni t | engt h. Characteristic inpedance for a gi ven
épair of conductors in 5 a pseudo-twisted FFC is also a functiggp t he
lateral w dth of the conductor paths. A reduction in the IQgQ@éT

wi dth of the conductors increases the characteristic | npedance for
‘the given pald r dildtandét,enthéo inpedahc4As decﬁehsﬁnqea@ims abathef ddie
‘conductor w dt the sing .10 ecreaseq .

characteri stlcr{lqrr%)eédra%ncg{%?s ‘ﬁ-,%?h or 19%%?‘%} a%’"eﬂéﬁ'ggse .I(ﬁﬁgure 4) of
rel ationshi p althevohlisiuesereations demesudxovamnhmlm whrssaver point,

characteristi ¢ dhpedaiyfifle unisdiiil r}ﬁé:fzeas%g ndepaiflenlsdinddie RHDer

:of tw sts per unit ength. Acco d|n a cable wWith many tvists per
unit L5 S Ien@ﬂPQQ§RQftﬂﬁ@?@?ﬁ?$a@ﬁ?aF Eﬁdﬁ¢ﬁi%%nHEchﬁs%ﬁlatlve

distance between the centerlines of the conductors and

simultaneously increases due to the gradual tapering or
narrowing of the conductors in a balancing condition or a
net effect of zero such that the impedance substantially

10 remains unchanged from the straight-to-oblique transfer
points 7 to the crossover points 8 of the pseudo-twisted
conductors 3a and 3b. The impedance is preferably- set to
be equal to the impedance in parallel sections 4 of the
pseudo-twisted conductor patterns so that the pseudo-

15 twisted cable has a constant impedance along its entire
length.

One example of a pseudo-twisted cable 1 according
to the present invention is shown in Figure 4 and was
designed so as to have an impedance of 100 Q. As shown in

20 Case 1 of Figure 4, the width of the straight sections W of
each conductor 3a and 3b was 0.15mm and each straight
section was 1.0mm long. Each oblique section 5 (Figure 1)
was 1.0mm long. Therefore, the distance from a straight-
to-oblique transfer point 7 to a crossover point 8 was

25 0.5mm along. The distance D between the parallel straight
sections was 0.22mm (Case 1 of Figure 4). This distance
was determined in consideration of the data as shown in
Figure 3B. As shown in Case 3 of Figure 4, the impedance
was reduced in half to represent a zero distance between

30 the conductors. The width of each oblique section 5 was
reduced gradually or uniformly from 0.15mm at the straight-
to-obligque transfer point 7 to a width W" of 0.072mm at the
crossover point 8 as shown in Case 3 of Figure 4. In Case
3 of Figure 4, the distance between the centerlines of the

35 conductors 3a and 3b is 0.0mm. Case 2 of Figure 4 shows a
‘location between the straight-to-oblique transfer point 7

_—
—_—
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t he crossing point reduced nore than a cable with fewer tw sts per
unit length. Wile the pseudo-tw sted FFC of U. S. Patent No.
13,761,842 has some advantages over the prior art, because of the
abrupt reduction in the width of 20 the conductors, the inpedapgeepyl !
‘al so change abruptly. This is undesirable in many applicati ggspgaued
ias i n high .Speed data transm ssion where it is desirable to have a
cabl e whose chamit eriodddrdrPpddnte 8S widsd it thy oddetance Dutbébween

N th of th hl e. The. i ti i . di, t . 1

oot oy he Biidiictors Cab" SaAon R HALY a8 EReix, WiRER ¥ 48 hetvesn.
‘that is indeperteme clinémsiombeof Casesfltandt§ ofeFigune 4.endh hpseado-
substantially Gpstddtcable &Hfsf%gkque& E’? | ¢Bghil b ﬁQ@eCQbégn%tant or

:Addi tional prior art pseudo-tw ste FC ca gs 30 are disclosed In
‘Japanese %Pat entUNRAANR AMRAAGREe alangobes full length.

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

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

e ——
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and 6- 111642 of the Invention _ An obj ect,
therefore, m‘ummg m‘ms to 35 provide a new and inproved fl at

fl exi bl e cabl
;constructed to

10

15

20

| east a pair of pseudo-tw sted conductors
PATENT

96-284 SG
CLAIMS:
1. A flat flexible electrical cable, comprising:
first and second pseudo-twisted flexible conductors on
a flexible dielectric substrate having first and second

- opposite sides, said first conductor being on said first

side of the substrate and said second conductor being on
said second side of the substrate, each conductor including
alternating straight and oblique sections with a straight-
to-oblique intersection between said straight and oblique
sections, the straight sections of the conductors being
generally parallel to each other and of uniform width, the
oblique sections of the conductors crossing each other at
a crossover point, and each oblique section of each
conductor decreasing in width un:.formly in a direction from
said straight-to-oblique 1ntersect10n of the respective
conductor to an adjacent crossover point of the conductors.

2. The flat flexible electrical cable of claim
1, including dielectric flexible films covering the
outsides of the conductors.

3. The flat flexible electrical cable of claim
1, further including an adhesive between said flexible
dielectric substrate, said flexible conductors and said
flexible films.

This Sheet Has Been Repl -10-
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AM”MWE? antlally constant inpedance along the |l ength of
the cabl €.x lﬂ Qg In the exenpl ary enbodi nent of the invention,
t he palr Lofn tmnsted conductors are disposed on a5

‘flexible dielectric substrate, wi th one conductor being on PABERTdE
.of the substrate and the other conductor being on t he ot herggizde =d

‘the substrate. Each conductor includes - alternate straight and oblique
'sections. The straight 4. Theeflabtnflekible ededtrtical mablgerdft atlaim

parallel to eagh 10, ere%l‘esaldTh‘érBFEb%Q% sggthegs &)éf.Ht'g Cz?”%t%ﬁﬁ{é’ss

each ot hér’ at a crossover poin ue section of
conductor is raanaxRily vmninﬂ]drﬁ]f oti® yspada ﬂf—rééﬂlﬁn seghions of said

conductors, and said straight sections of said first

5 conductor being positioned in an alternating manner in two

lines generally parallel to and on opposite sides of said

centerline, said straight sections of said second conductor

being positioned in an alternating manner in two lines

generally parallel to and on opposite sides of said

10 centerline, each of the straight sections of said first

conductor being positioned on an opposite side of said

centerline relative to said straight sections of said
second conductor.

5. The flat flexible eléctrical cable of claim
15 1, wherein said cable includes a plurality of said first
and second conductors.

6. The flat flexible electrical cable of claim
2, further including an adhesive between said flexible
dielectric substrate, said flexible conductors and said

20 flexible films.

7. The flat flexible electrical cable of claim
6, wherein said crossover points define a centerline
generally parallel to said straight sections of said
conductors, and said straight sections of said first
25 conductor being positioned in an alternating manner in two
lines generally parallel to and on opposite sides of said
centerline, said straight sections of said second conductor
being positioned in an alternating manner in two lines
generally parallel to and on opposite sides of said
30 centerline, each of the straight sections of said first
conductor being positioned on an opposite side of said
centerline relative to said straight sections of said

second conductor.

This Sheet Has Been Reﬂla -11-
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t he straight-to-oblique transfer point of the respective conductor to

t he crossover ' ductors. L5 By reducing the

wi dth of t hel(lﬂﬂ'ﬂﬂlu("unﬂﬂ(umrof the conductors uniformy fromthe
straight-to-oblidquet ® stransfer points to the crossover pointspasBfnept
changes in t he i npedance | engt hwi se of the conductors are ebé+gsaased.
The i npedance, therefore, is substantially constant along 20 the full

length of the pair of pseldo-Thesfiatcbhduibdeselectrical cable oft hetaim
obj ects, features gyl ag&ﬁaeﬁaﬁget NSicludes '@‘gfﬁfgili{é%l beiaﬁlﬁo?{ﬁf%%
d nin co e

fromthe follow'ng detalle escription ta necti on Wi
acconpanyi ng and spcRfichgonductors. -

5 ' 9. A generally planar flat flexible electrical
cable, comprising:

a plurality of pairs of first and second pseudo-
twisted conductors generally positioned within a plane,
said first and second conductors being spaced apart in

10 direction perpendicular to said plane and having a flexible
dielectric substrate between said conductors and within
said plane, said conductors having a periodic shape with
said first conductors being shifted longitudinally relative
to said second conductors by one half of a period of said

15 shape, said first and second conductors including a
crossover point at which said first and second conductors
of each pair cross over each other and are separated by
said flexible dielectric substrate, said crossover points
of each pair defining a centerline with said first and

20 second conductors reversing locations on opposite sides of
said centerline, each said conductor including 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

25 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; and a dielectric flexible film covering the outsides
of the conductors.. '

This Sheet Has Been Replaced ' -12-
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- 5- ——4§+1#'fE§ETTﬁTT6"of t he Draw ngs The features

of 'this inv
§particplarhrgu

1ts objects

‘reference

bel i eved to be novel are set forth with
“:“IMMJI'H“ ed clainms. The invention, together with
advant ages thereof, may be best underst pagrhy
to the follow ng description taken in conjunctionogiiga tde

.acconpanyi ng drawi ngs, in which |ike reference nunerals

10. The generally planar flat flexible

electrical cable of claim 9, 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. '

11. The flat flexible electrical cable of claim

10, further including an adhesive between said flexible
10 dielectric substrate, said flexible conductors and said
flexible films. '

12. The flat flexible electrical cable of claim

11, further including an adhesive between said flexible
dielectric substrate, said flexible conductors and said
15 flexible films.
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identify like elements in the figures and in which: Fl GURE
1 i's an enlarged plan view of a pair of 10 pseudo-tw sted conductors

al ong a |l ength thereof involving two pseudo-tw sts of the conductors;
FIGURE 2 is a fragnented plan view of a flat f1exi bl e cabl epppenT

I ncorporating a plurality of pairs of pseudo-tw st ed conducgguags db
'FI GURE 3A shows various generally schematic cross sections of a pair
.of cabl e condu@pgTRAgemin a pseudo- tw sted cable of the prior art;
:FIGURE 3B is a L0 ' ' ' | t I stance
‘bet ween conduct#léle X ww&m&%ﬁﬁm# Figure
13A; FI GURE flathdilexible glegtsicakcdlie Higiudes t pair

:Fi gure 3A but Qff aRRhjadftWidtida Cetidulctors I B 2aPSELEPivle dielectric

5 substrate. Each conductor includes alternate straight and

oblique sections. The straight sections of the conductors
are generally parallel to each other and of uniform width.
The oblique sections of the conductors cross each other at
a crossover point. Each oblique section of each conductor
10 is reduced in width uniformly in a direction from the
straight-to-oblique transfer point of the respective -
conductor to the crossover point of the conductors.

\\
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tw sted cable of the present invention; ' FIGURE 5 is a

/4

fragment ed perspective view of the 25 pseudo-tw sted cable of the
'present invention together with =& confector t-o which it could be
Iconnected and . FIGURE 631s an enl arged, fragnented pl an
'vi ew of a schematic representation of a portion of a pair of
iconductors of a pseudo-tw sted cable of the gresent 39 I nventi on.

‘ | e ///’

Ry
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- 6- Det ai | ed Description of the Preferred Enbodi nent

Referring to the drawings in greater detail, and first to Figures 1,
2 and 5, a flat flexible cable, generalnéécdesi ghated 1, includes a
plurality of pairs of 5 pseudo- tvfét%éd"&o tors 3a and 3b. One
conductor 3a is di sposed on ofe shide o aurface of a flexible
djelectric substrate 2, and tRe other ctor 3b is disposed on the
other side or surface of the substrate. Th -B3ection of each
cable is simla é§e§ Pat of- the prior art seu!ig 10 tw sted cable B
:shown in Figure E Accord| ngly, Iike :2 Freference |etters have been
rapplied to Fi gur eq P
b S / —ﬁ\/ /B
d —E 2 890
9/
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g P ¥ D
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designate |like layers of the cable. |In other words, each pair of
conductors 3a and 3b is sandw ched between flexible substrate d and
. protective filnms a and g, respectively, 15 t herebetween to forma pair
of pseudo-tw sted conductors. As best seen in Figure 1, -

. each conductor 3a and 3b runs | engthw se of the cable in an

- oscillating pattern formed b alteqnate strai ght sections 4 and

. oblique sections 5. These patfﬁ?ns of conductors 3a and 3b are 20

. arranged symmetrically but opposite to each- other on opposite
sides or surfaces of the flexible substrate. The straight sections 4
of each cond@g are gener ally parallel to each other but alternate
al ong two par éi but spaced gparl)|+mes 4a and34b as shown in

Figures 1 and 5. 25 The oblique sgctions 5 of e conductor connects a
pai r of adj straight sectilons 4~ tween |ines
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4a and 4b. Since the conductors 3a and 3b are arranged symetrically

but” opposite to each other, the straight sections 4 of the conductors
are generally parallel but 30 spaced apart both vertically and

hori zontal | y. I n ot her wor ds, when the straight section 4 of one
conductor 3a is aligned with line 4a, the straight section 4 of the
ot her conductor 3b is aligned with line 4b but on opposite sides

of ‘substrate 2, and vice versa. As a result, the oblique 35 sections 5
of the conductors 3a and 3t ~FOSS'%e$h other at . crossover points 8.
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The Straight sections 4 of conductors 3a and 3b have uni f orm or

-equal w dt hs along the I engths thereof. As best shown in Figure 6,
each oblique section 5 of each conductor decreases in width
uniformy in a direction from 5 the straight-to-oblique transfer point
-7 of the respective conductor to the respective crossover point 8 of
t he conductors mhere It reaches its mninmmw dth. Assum ng

that: 1) the thickness "t" (Figure 4) of conductors 3a

.Fiﬁ. &
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the full Ilength

:;g

il ceifpdt ween t he conductors
o - ofi Ce{% ? #lﬁgcﬁ Zon

_~”f i on perpendicular to the plane of 10

t he

ol aorc:

trécc‘itf{tevaﬁmaﬁd SG_

of tWE‘*,
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3) th nt of the _ ,materi al te =1 QHCBWJOF%PW’%?
r emai i npedance i Aer eases mntb,‘f 9 creH%@@ tohpaged I3.
mﬁdth que section 5. ¢Dn helpegedr.{ . ®apaged .2
and 3bSeraratety=trermraate in one of the Ldgrzbﬂﬂmhn enggdoﬂfu)pqu _____
fl exible substrate 2. The padéﬁﬂﬂﬂgaﬁﬂﬂﬂiﬂf e conductors may include

an associ at ed through hole or via 10. Thes¢ PIE ORRECHIPP Qﬁe/?i?'
equal 20 i ntervg of the f| at EXIple.cd —
eﬁgagenent with ediyEREAIRLE FSEVRQRTWISTER CONDUCT §§00|ated

el ectrical connector 10 (Flgure 5) adapted for connecting to flat

flexible cabl epie1q THLT EAET Bnvefit i BR

This invention generally relates to the art of

electrical cables and,

particularly,
cable having at least a pair of pseudo-twisted conductors

to a flat flexible

constructed to have a substantially constant impedance

along the length of the cable.

Background of the Invention

High speed data transmission between complex

L0

electronic gear such as computers and their peripherals is

commonly achieved through round multi-conductor cable

assemblies.
multi-conductor
electromagnetic .interference.

cables are

15

Inherent with high speed data transmission and

problems associated with

The interference between

conductors can create "cross talk" and "noise", which can

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

"twisted pair" cable,

differential pairs are twisted,
lateral position of each conductor at each twist.

benefits of this configuration

First, the position
being reversed. Therefore
electric field has a generally

differential pair.

where two adjacent conductors or

thereby reversing the
The
are two fold.

of the wires is constantly
any exterior magnetic or
uniform effect upon a given

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
- 30

flow.

generally flow in opposite directions.

generated.

For a given differential pair,

The field's

orientation is dependent upon the direction of the current

electric currents
Therefore, the
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opposi tW&fm fl exi bl e cabl e having the pseudo- 25 tw sted
conductlorjs can be I nserltdd into the electrical connector to establish
~a requifrgd glaeatigieed dornecti on. It can be understood that
as the }j yxtaposed gbl i que sections,5 _of conductors 3a and 3b in each
pseudo- +wrsted—paijr get cl oser to_each other at each crossover 30
point §, the conductor-tq-conductor centerline distance "D . decreases
and, thereby, the inpedance decreases. However, si nce each oblique

section 5 is @lesdmemponeticed fielfldt radiating: hefnomedanch | Fanduaken o

uni formy inCiRaedallly Oh4ET a cancePify. eFeklte Ut GvBeSHEHANS S Misach
pair of conductors b et closer to_each qt her toward each cro&aagiéd

poi nt 8 cangaling FEERTH CRRe MR ALLY. SIRREESF EBA: M3

emissions from a given differential pair.

S Flat flexible cable or circuitry (FFC) is another
medium used for high speed data transmission between
computers and their peripherals. A '"pseudo-twisted"
arrangement can be achieved with FFC by placing conductors
of a given pair on opposite sides of the insulative

L0 carrier, with their paths slightly and oppositely offset

. with respect to a common nominal. path locator, and then
periodically reversing the offset at predetermined
locations. An example of the "pseudo-twisted" flat
flexible cable arrangement is shown in U.S. Patent No.

L5 3,761,842, dated September 25, 1973. T h e
characteristic impedance of flat flexible cable can affect
the integrity of the signals travelling in the cable. One
of the factors that influences the characteristic impedance
of a given pair of conductors of a pseudo-twisted FFC is

20 the centerline distance "L" (Figure 3A) between conductors.
In Figure 3A} cable "B" includes pseudd-twisted conductors
wp" that are positioned on opposite sides of a flexible
substrate "d" with adhesive layers "e" and "c" interposed
therebetween. The conductors are covered by protective

25 films "a" and "g" with adhesive layers "b" and "“f"

- interposed therebetween. The lateral distance "D" between
the conductors on opposite sides of a prior art pseudo-
twisted FFC varies along the length of the cable, as
indicated by 0.2, 0.16 and 0 mm. If conductors "P" have

30 constant widths and thicknesses along their lengths, the
impedance "Z" decreases with a decrease in the conductor-.
to-conductor distance "D" (See Fig 3B). Therefore, at
every crossing point or "twist" of the conductors, the

_ characteristic impedance decreases. Accordingly, the more

35 twists per unit length of FFC, the lower the characteristic

impedance for that given length.



-8- . REPLAC@N@Q£E§Q Plthe | npedance i s decreasing and, at the sane

ti-me, gs {the 'déh or ljajeral dinmension "W (Figure 4) of t he

obl i que sec@ﬂgﬁé d®r eds¢s toward the crossover poi nt, t he

I npedarjcqg__uniformy iingreases. In _essence, the 5 I npedance

~decreades due to the reddyction in the relative di stance between the
it ors and

~centerll

U.S. Patent No. 3,761,842 discloses a pseudo-
twisted FFC having pairs of conductors, each pair having a
differing numbers of twists per unit length.
Characteristic impedance for a given péir of conductors in
5 a pseudo-twisted FFC is also a function of the 1lateral
width of the conductor paths. A reduction in the lateral
width of the conductors increases the characteristic
impedance for the given pair. U.S. Patent No. 3,761,842
also teaches that if the conductor width at the crossing
10 point is decreased, the characteristic impedance at that
point is increased. This relationship allows the user to
construct a cable where the characteristic impedance per
unit length is independent of the number of twists per unit
length. Accordingly, a cable with many twists per unit
L5 length would have the lateral width of the conductors at
the crossing point reduced more than a cable with fewer
twists per unit length. While the pseudo-twisted FFC of
U.S. Patent No. 3,761,842 has some advantages over the
prior art, because of the abrupt reduction in the width of
20 the conductors, the impedance will also change abruptly.
This is undesirable in many applications such as in high
speed data transmission where it is desirable to have a
cable whose characteristic impedance is constant through
out the length of the cable. The present invention is
25 directed to providing a pseudo-twisted FFC having a
.- Characteristic impedance that is independent of the number
of twists per wunit 1length and substantially constant
through out the length of the cable.
Additional prior art pseudo-twisted FFC cables
30 are disclosed in Japanese Patent Publication Nos. 5-120928
and 6-111642. | -

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

35 provide a new and improved flat flexible cable having at
least a pair of pseudo-twisted conductors constructed to
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t he cd

due to the gradual tapering or narr owi ng of
ncing condition or a net effect of zero such

“that tlhg @rﬁ h T ;. antially 10 remai ns unchanged fromthe

ht{-t o-obl i qgue t1{ansfer pointg 7 to the crossover points 8 of

straig

t he pqeudo-tw sted conductors 3a arel 3b. The inpedance is preferably
'set td the i npedance in parallel sections 4 of the
. pseudo-twi sted conductor patterns so that the pseudo- 15 tw sted cable
“has a const anthavgc fuhstadhiqp iy constant impedanas along the length of One
~exanpl e of a pggsldeabyested cable 1 accordlng to the present
‘invention is shown in Figure 4 and was desi gned so as to have an

i mpedance of 100 [err]. e freuplary embeddmeny; of theelnvenkion delpe of

the strai ght spaironsf Wpdeudo-twietdd Cotdh@iotoBs aage3bdi8pofed5nphang
each strgjght flexible dielectric substrate, with one conductor being on
one side of the substrate and the other conductor being on
the other side of the substrate. Each conductor includes
alternate straight and oblique sections. The straight
sections of the conductors are generally parallel to each

L0 other. The oblique sections of the conductors cross each
other at a crossover point. Each oblique section of each
conductor is reduced in width uniformly in a direction from
the straight-to-oblique transfer point of the respective
conductor to the crossover point of the conductors.

LS By reducing the width of the oblique sections of
the conductors uniformly from the straight-to-oblique
transfer points to the crossover points, abrupt changes in
the impedance lengthwise of the conductors are eliminated.

: ‘The impedance, thefefore, is substantially constant along

20 the full length of the pair of pseudo-twisted conductors.

other objects, features and advantages of the
invention will be apparent from the following detailed
description taken in connection with the accompanying
drawings.
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sectio s 1.0mm | ong.| Bkach oblique section 5 (FigUre 1) was 1.0mm
| eng. Tlhdr eQdr RUGHIPR dijstlance from a strai ght - t o-obl i que transfer
poi nt tjo a crossover {pqint 8 was 25 0.5nm al ong: The di stance D

bet ween t Strdi ght sections was 0.22mm (Case 1 of Figure
4). This distance was det ernined in consideration of the data as
shown in Figure 3B. As shown in Case 3 of Figure 4, the inpedance
was reduced in half to represent a zero dlstance bet ween 30 t he

conductors. r educed

?;:gg?elrypglrn?n;f ?(r)mawa dﬁ)ﬁ]% ¥ %i (5,;(2%1% ?l'vgm:'ion Whlossogglrﬁ Dol Nt *% as
shown i n Case 0 dte miqjale axre setcforth with3partirylasity incthie saapprrd-

bet ween the. ceé&eehamﬂg of qiee ﬁ@entf&{ldueéﬁé&léa aménBlitlss db{iBes 4m@se 2

of Figure 4 shows l'ocati on petween the strai to-oblique transfer
g the advantages thereof may be best undgrstood by fk

erence

pornt 7 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 plan view of a pair of
10 pseudo-twisted conductors along a length thereof involving

two pseudo-twists of the conductors;

FIGURE 2 is a fragmented plan view of a flat
flexible cable incorporating a plurality of pairs of
pseudo-twisted conductors;

15 FIGURE 3A shows various generally schematic cross
sections of a pair of cable conductors from a pseudo-
twisted cable of the prior art;

FIGURE 3B is a graph comparing impedance with the

_ lateral distance between conductors of the prior art

20 pseudo-twisted cable of Figure 3A;

FIGURE 4 shows various cross sections similar to
Figure 3A but of a pair of cable conductors from a pseudo-
twisted cable of the present invention;

FIGURE 5 is a fragmented perspective v1ew of the

25 pseudo-twisted cable of the present invention together with

- a connector to which it could be connected; and

FIGURE 6 is an enlarged, fragmented plan view of
a schematic representation of a portion of a pair of
conductors of a pseudo-twisted cable of the present

30 invention.



-0- REPLACWLS&@:J\;H point 8 wherein the distance D between

condyctjors 3a and 3bjag well as their width Wis between t hose
di nerjsilon€ H0AUG488% 1 gnd 3 of Figure 4. A pseudo- twi sted cabl e thus
obt aijngd_was found tq Rave a constant or o _

—

Detailed Description of the Preferred Embodiment

Referring to the drawings in greater detail, and
first to Figures 1, 2 and 5, a flat flexible cable,
generally designated 1, includes a plurality of pairs of

5 pseudo-twisted conductors 3a and 3b. One conductor 3a is
dispoééd 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. The cross-section
of each cable is similar to that of the prior art pseudo-

10 twisted cable B shown in Figure 3A. Accordingly, Llike
reference letters have been applied to Figure 4 to
designate like layers of the cable. In other words, each
pair of conductors 3a and 3b. is sandwiched between flexible
substrate 4 and protective films a and g, respectively,

L5 therebetween to form a pair of pseudo-twisted conductors.

As best seen in Figure 1, 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
20 arranged . symmetrically but opposite to each other on
opposite sides or surfaces of the flexible substrate. The
straight sections 4 of each conductor are generally
parallel to each other but alternate along two parallel but
spaced apart lines 4a and 4b as shown in Figures 1 and 5.

25 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

30 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 versa. As a result, the oblique

35 sections 5 of the conductors 3a and 3b cross each other at
crossover points 8. '



5 .ﬁiﬁéﬁhﬁ%ﬁbsﬁggyb along its full Iength. | It will be
(L AOLNED) '|

under venti on nmay be enbodi ed in other specific forns
witho téf%ﬁﬁ%é&#ﬁ'f omt he spirit or central characteristics thereof.
- The|pjese ekapipl es and enbodi nents, therefore, are to be considered
1 Pea [sjas illustrative and-not restrictive, and t he

i nvéntion is not to bp limted to the details given herein

D The straight sections 4 of conductors 3a and 3b
have uniform or equal widths along the lengths thereof. As
best shown in Fiqure 6, each oblique section 5 of each
conductor decreases in width uniformly in a direction from

5 the straight-to-oblique transfer 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 "t" (Figure 4) of conductors 3a
and 3b (i.e., in a direction perpendicular to the plane of

.0 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

.5 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 via 10. These pads 9 are arranged at equal
'0 intervals along the edges of. the flat flexible cable for
engagement with equally spaced contacts (not shown) of an
associated electrical connector 10 (Figure 5) adapted for
connecting to flat flexible cables. Therefore, either
opposite edge of the flat flexible cable having the pseudo-

'S twisted conductors can be inserted into the electrical

- connector to establish a required electrical connection.

It can be understood that as the juxtaposed
oblique sections 5 of conductors 3a and 3b in each pseudo-
twisted pair get closer to each other at each crossover

i0 point 8, the conductor-to-conductor centerline distance "D"
decreases and, thereby, the impedance decreases. However, .
since each oblique section 5 is uniformly reduced in width,
the impedance is caused to uniformly increase. In other
words, as the oblique sections 5 of each pair of conductors

5 get closer td each other toward each crossover point 8
(thus decreasing the conductor-to-conductor centerline



10 REPLAQEMEMSHEET 1. Aflat flexible electrical cable,

cenprijsijng; first and second pseudo-tw sted flexi ble conductors
on %ﬂl%@ W% dilellectric substrate having first and second 5
opposift ¢_si des, said {ifst conductor bejnrg on said first side of the
substfate and sai d Secohd conductor bei ng-on sai d second side of the
subst Fat-e~—each conduct pr i ncl udi ng alternating straight and oblique
sections with a straight- to-oblique intersection between said

strai ght and oBisERmceb, thectimpedance isr degmeasdnd oard of athdhsngameor s
bei ng gepend) | ¥sPehal Weltho o2aqla telrdar Anferafidiidr M glle ieor

the oblique sections decreases toward the crossover point,

the impedance uniformly increases. In essence, the

5 impedance decreases due to the reduction in the relative

distance between the centerlines of the conductors and

- simultaneously increases due to the gradual tapering or

narrowing of the conductors in a balancing condition or a

net effect of zero such that the impedance substantially

10 remains unchanged from the straight-to-oblique transfer

points 7 to the crossover points 8 of the pseudo-twisted

conductors 3a and 3b. The impedance is préferably set to

be equal to the impedance in parallel sections 4 of the

pseudo-twisted conductor patterns so that the pseudo-

15 twisted cable has a constant impedance along its entire
length. _

One example of a pseudo-twisted cable 1 according
to the present invention is shown in Figure 4 and was
designed so as to have an impedance of 100 Q. As shown in

20 Case 1 of Figure 4, the width of the straight sections W of
each conductor 3a and 3b was 0.15mm and each straight
section was 1.0mm long. Each oblique section 5 (Figure 1)
was 1.0mm long. Therefore, the distance from a straight-

. to-oblique transfer point 7 to a crossover point 8 was
25 0.5mm along. The distance D between the parallel straight
- sections was 0.22mm (Case 1 of Figure 4). This distance

was determined in consideration of the data as shown in
Figure 3B. As shown in Case 3 of Figure 4, the impedance

was reduced in half to represent a zero distance between

30 the conductors. The width of each oblique section 5 was
reduced gradually or uniformly from 0.15mm at the straight- -
to-oblique transfer point 7 to a width W" of 0.072mm at the
crossover point 8 as shown in Case 3 of Figure 4. In Case
3 of Figure 4, the distance between the centerlines of the

35 conductors 3a and 3b is 0.0mm. Case 2 of Figure 4 shows a
location between the straight-to-oblique transfer point 7



. REPLACEMENT SHEET | | |
obl i gbe S 4ng conductors crossing each other at a crossover
poi nt} : 5{2@@ ,@Q% qug section of each conductor decreasing in width
uni f o d¥ffectfign fromL5 said straight-to-oblique intersection
of the kesbeciive , conductor to an gljacent crossover point of the
cond ctors 2. The flat=flexible electrical cable of
claim tr—rmetaei-Ag dielectric flexible filnms covering the
out si des of the conductors. 20 3. The flat flexible

el ectrical cabdBdgfcrosgover point f grtwvkerein| kheg distanesi Pe betveen
sai d flexible condqucHbpseshr andS ¥ idft@e1 $2hd thetkDhA AW G CILT BetPPdeqai d

those dimensions of Cases 1 and 3 of Figure 4. A pseudo-
twisted cable thus obtained was found to have a constant or
5 uniform impedance along its full length.

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

10 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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flex L%‘m NENT SHEET 4. The flat flexible electrical cable

of clajm 1 w%erei n said crossover points define a centerline
genefa I)p$érugl1987 tp paid straight sections of said

- 10 -

1. A flat flexible electrical cable, comprising:

first and second pseudo-twisted flexible conductors on

a flexible dielectric substrate having first and second

5 opposite sides, said first conductor being on said first
side of the substrate and said second conductor being on

said second side of the substrate, each conductor including
alternating straight and oblique sections with a straight-
to-oblique intersection between said straight and oblique

10 sections, the straight sections of the conductors being
generally parallel to each other and of uniform width, the
oblique sections of the conductors crossing each other at

a crossover point, and each oblique section of each
conductor decreasing in width uniformly in a direction from

L5 said straight-to-oblique intersection of the respective
conductor to an adjacent crossover point of the conductors.

2. The flat flexible electrical cable of claim
1, including dielectric flexible films covering the
outsides of the conductors.

20 : 3. The flat flexible electrical cable of claim
1, further including an adhesive between said flexible
dielectric substréte, said flexible conductors and said
flexible films.

AR



Tk s 1

condggﬁ éLEHﬁ@”%SHEEE rai ght sections of said first 5 conduct or being
pesi §fi gned in an alterpating manner in two lines generally parallel
to apd}o) $Hutsigwg s| dps of said centerline, said straight sections
- of shi @l second conduft pr bei ng pogjtioned in an alternating nmanner
int NIGE - geherally parallel te-and on opposite sides of said LO
centbrline, each of the straight sections of said first conduct or

bei ng positioned on an oEposi te side of said centerline relative to
sai d strai ght seétions of-safhe flat flexidbleoedesitarical cable of claim 5.

The flat flexip]e wi&¥din Caa bl ddsiled nts lde¥iReei 8 S@ékt&APiffe
i ncludes a plqégﬁééglf; ﬁﬁiﬁ%fiéft to sai%l~| siﬁgggﬂtcogggﬁﬁgki' of said
conductors, and said straight sections of said first
5 conductor being positioned in an alternating manner in two
lines generally parallel to and on opposite sides of said
centerline, said straight sections of said second conductor
being positioned in an alternating manner in two lines
generally parallel to and on opposite sides of said
L0 centerline, each of the straight sections of said first
conductor being positioned on an opposite side of said
centerline relative to said straight sections of said

second conductor.

5. The flat flexible electrical cable of claim
LS 1, wherein said cable includes a plurality of said first
and second conductors.

6. The flat flexible electrical cable of claim
2, further including an adhesive between .said flexible
dielectric éubstrate, said flexible conductors and said

20 flexible films.

7. The flat flexible electrical cable of claim

6, wherein said crossover points define a centerline

.- generally parallel to said straight sections of said

conductors, and said straight sections of said first

25 conductor being positioned in an alternating manner in two

' lines generally parallel to and on opposite sides of said

centerline, said straight sections of said second conductor

being positioned in an alternating manner in two 1lines.

generally parallel to and on opposite sides of said

30 centerline, each of the straight sections of said first

conductor being positioned on an opposite side of said

centerline relative to said straight sections of said
second conductor. '

—_—

T



6. 'ELACEQE%HESHBEQ el ectrical cable of claim 2, further including
anjadhesi ve betweeh paid flexible dielectric substrate, said flexible
copdiictlpg g umghgyai g pO flexible filmns. 7. . The flat
.fl exible electrlca cabl e of claim - &E,;mherein sai d crossover points
“deli T TEteTHne generally paralk+el to said straight sections
of{_said conductors, and said straight sections of said first 25
conductor being poSTtioned in an alternating manner in two | i nes

general |y paralleél- to an8-onThgpddiate fliexidlse ekegtrical cablerefnelaini d
straight sectippswRbrédhd sa9eOhIH0iféPhdes a plurality of said first

and second conductors.

S 9. A generally planar flat flexible electrical
cable, comprising:

a plurality of pairs of first and second pseudo-
twisted conductors generally positioned within a plane,
said first and second conductors being spaced apart in

10 direction perpendicular to said plane and having a flexible
dielectric substrate between said conductors and within
said plane, said conductors having a periodic shape with
said first conductors being shifted longitudinally relative
to said second cdnductors by one half of a period of said

15 shape, said first and second conductors including a
crossover point at which said first and second conductors
of each pair cross over each other and are separated by
said flexible dielectric substrate, said crossover points

_ of each pair defining a centerline with said first and

20 - second conductors reversing locations on opposite sides of
said centerline, each said conductor including a transition
section extending from a peak location a maximum distance
from its respective centerline to said crossover point,
said transition section decrea51ng in width uniformly in a

25 direction from said peak location to said crossover p01nt

- whereby the width of each said conductor is at a maximum at
said peak location and at a minimum at said crossover
point; and a dielectric flexible film covering the outsides
of the conductors.

R



fiﬁin‘n alternating manner in two |lines general ly

A 10. The generally planar flat flexible
electrical cable of claim 9, 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. o

11. The flat flexible electrical cable of claim
10, further including an adhesive between said flexible
dielectric substrate, said flexible conductors and said
flexible films.

12. The flat flexible electrical cable of claim
11, further including an adhesive between said flexible
dielectric substrate, said flexible conductors and said
flexible films.

(]

bei Vs

parnal]l el opposite sides of said 30 centerline, each of the
st faifgHd 4948 1997s ¢f [said first conduct or being positioned on an
Op&O?ite si de of si centerline_rggative to said straight sections
of {said second{ conduct or . — _ - 12
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8. The §| sr—tteserble2dEEt{rical cable of claim 7, wherein said cable

I ncl udest ajpl saj d first and second conductors. 5

9. A gepefal flexible electrical cabl e, conpri sing:

a plural}t ) ~of fiyst and second;pseudo- tw sted conductors
jgenerallg p05|t|oned W thijn a pl ane, '—*sald first and second conductors
"being sp Uepeft—bi-ll_] direction perpendicular to said plane and
having a flexible ‘dielectric substrate between said conductors and

wi thin SBAREIRAGRS, said conductors having a periodic shape with

LAT FLEXIBLE CABLE WITH PSEUDO-TWISTED CONDUCTORS
A flat flexible electrical cable includes a pair

of péeudo-twisted conductors on a flexible dielectric
5 substrate. Each conductor includes alternate straight and
oblique sections. The straight sections of the conductors
are generally parallel to each other and of uniform width.
The obligue sections of the conductors cross each other at
a crossover point. Each oblique section of each conductor
10 is reduced in width uniformly in a direction from the
straight-to-oblique transfer point of the respective
conductor to the crossover point of the conductors.

Fig 2




said f R:q' I BHOSH‘ gl ng shifted longitudinally relative to said
second{Cyndaxrors “hy hal f of a: period of said 15 shape, said first
and s¢cpnd conduct or including a : crossover point at which said
first ang Seddith BFAdutt prs of each pair cross over each other and
are sepafated by shid flexible dielectric substrate, said crossover
points of each paif defining a centerline with said first and 20
secondlcanductaors reversy ng | ocations dhibﬁbosite si des of sai d
centerline, each said conductor including a transition section
extending froma peak |ocation a maxgggm.di st ance fromits respective
centerline to said crossover point, said transition section
decreasing in width uniformy in a 25 gﬁrectiog fromsaid peak | ocation

V)

to said crossover point wher eby t he-w dth each said conductor is at -
~a maxi mum at sai d peak Iocati;n- L0i mum at sai d crossover
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poi nt; ctt4-e~F4 exi bl e fil mcovering the outsides of the

conduct| LACE"VI NT SHFE’i - 13 - 10.

The gehepadky—=pt-amar at flexible el ectrical cable of claim?9,

éwherei n eactbza“fé mgdu t Dr
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I ncl R@PJAEEMEN%SH@'E rai ght and oblique sections, said obl i que
sect|ophs crossing th enterline of each pair of 5 conductors and said
straf gpt (3s4agu[;o1997of elach conduct or being alternatingly positioned on
oppogife sides.of sa centerline. 11. The fl at

1 ex] bl cabl e of claim 10, further including an adhesive
"between said flexible | 0 dielectric substrate, said flexible conductors
and said fTexibre fil ms. = 12. The flat flexible

el ectrical cable of claim 11, further including an adhesive between -

said flexible
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