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SPECIFICATION
FLAT FLEXIBLE CABLE WITH GROUND CONDUCTORS

Field of the Invention

This invention generally relates to a flexible printed circuitry or cable ("FPC")

- and more particularly, to a new and improved FPC having ground conductors associated

with at least a pair of pseudo-twisted conductors in the FPC.

Background of the Invention _
Electrical circuitry often should be protected from electromagnetic interference

(EMI) and radio frequency interference (RFI) emanating from or impinging on the
electrical circuitry. Although EMI and RFI often are referred to interchangeably, EMI
has been used to connote energy occurring anywhere in the electromagnetic spectrum
whereas RF] tends to connote interference in the radio communication band. EMI energy
can be generated outside as well as inside the electrical circuitry. External EMI energy
can interfere with the operation of the electrical circuitry or electronic equipment coupled
thereto, while internal EMI energy can create "cross talk" and "noise" which can cause
errors in the signals, such as data, transmitted through the electrical circuitry.

Electrical connectors are particularly prone to problems caused by EMI energy
because of the density of contacts within the connectors and the openings in the
connectors for electrical terminals and cables. While various electrical connectors have
been designed with shielding that is effective against EMI/RFI energy, it often is |
desirable to shield the cables extending to the connectors as well as shielding the
connectors themselves. ;

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

"twisted pair" cable. This type of cable includes two adjacent conductors or differential
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- pairs twisted with respect to each other so that the lateral position of each conductor is

reversed at each twist. In a given differential pair, electric currents flow in opposite
directions in each of the conductors so that the benefits of the differential pair
configuration are twofold.

First, the relative position of the conductors with respect to each other is
constantly being reversed. As a result, any exterior magnetic or electric field in the
vicinity of the twisted pair of conductors has a generally uniform effect upon that
differential pair of conductors. In view of the fact that the current is flowing in opposite
directions in the signal conductors of the differential pair and the impa:ct of an iﬁduced
or coupled noise component is generally uniform on both of those signal conductors and
any harmful effects from exterior electromagnetic fields is reduced, if not eliminated, by
stripping this common mode noise from the differential signal thereby lesseriing the
chances that erfors will be introduced into the data being transmitted on those signal
conductors.

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

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

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

crossed, a "pséudo-twisted" arrangement can be achieved in a FPC by placing conductors
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of a given pair on opposite sides of the insulator substrate. The paths of thése conductors

are slightly and oppositely offset with respect to a common nominal path and this offset

is periodically reversed at predetermined locations. An example of a "pseudo-twisted"

FPC arrangement is shown in U.S. Patent No. 3,761,842; dated September 25, 1973.

Another example of a "pseudo-twisted" FPC arrangement is shown in co-pending

application Serial No. 08/861,291, filed May 21, 1997 and assigned to the assignee of the
present invention.

Pseudo-twisted FPC of the prior art typically has not included a grounding system
when the cable is of a two layered construction having only two cond-uctive layers, or
when the cable has each of the pair of conductors on an opposite side of an insulative
carrier or substrate. Such a prior art flexible printed circuit or FPC is illustrated in
FIGURES 1 and 2 of the drawiﬁgs and is generally designated by the reference numeral
1. The FPC 1 includes a flexible dielectric substrate 2 on opposite sides of which is
disposed a plurality of pairs of pseudo-twisted conductors-3a and 3b. Conductor 3a is
disposed on one sidé or surface of the flexible dielectric substrate 2 and the other
conductor 3b is disposed on the opposite other side or surface of the substrate 2. An
insulative film or coating can be disposed over the conductors 3a and 3b or can be
disposed over the entire opposite surfaces of the flexible dielectric substrate 2 such that
the conductofs 3a and 3b will be covered by the film. In this way, each of the conductors
3a and 3b is sandwiched between the flexible substrate 2 and the protective film covering
the surface on which the conductors 3a and 3b are disposed.

Each conductor 3a and 3b runs lengthwise of the FPC 1 in an oscillating pattern
formed by alternate straight sections 4 and oblique sections 5. As a result, these
conductors 3a and 3b extend in a periodic pattern symmetrically with respect to each
other but on opposite sides or surfaces of the flexible substrate 2. The straight sections
4 of each conductor 3a and 3b are generally parallel to each other, but alternate élong two
parallel but spaced apart lines 4a and 4b (FIGURE 1). The oblique sections 5 of each of
the conductors 3a and 3b connects a pair of adjacent straight sections 4 and thus extends
generally between straight-to-obliciue transfer points or intersections 7 located at the lines

4a and 4b. In view of the fact that the conductors 3a and 3b are arranged symmetrically
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but opposite to each other, the straight sections 4 of the conductors 3a .and 3b extend
longitudinally generally parallel to each other but spaced apart laterally with respect to
each other (left to right as the sections 4 are viewed in FIGURE 1). Consequently, the
straight section 4 of the conductor 3a on one side of the substrate 2 is in aligﬁment with
the line 4a when the straight section 4 of the other conductor 3b on the opposite side of
the substrate 2 is in alignment w1th the line 4b, and vice versa. As a result, the oblique
sections 5 of the conductors 3a and 3b cross each other on opposite sides of the substrate
2 at crossover points 8.

Each of the conductors 3a and 3b separately terminates in one- of a plurality of
pads 9 (FIGURES 1-2) at edges 2a and 2b of the flexible substrate 2. The pads 9 of some
of the conductors (for example, the conductor 3b) may include an associated through-hole
or via 10. These pads 9 are arranged at equal intervals along the edges 2a and 2b of the
FPC1 for engagement with equally spaced contacts of an. asspciated electrical connector.
Thekefore, either op;osite edge of the FPC 1 having the pseudo-twisted conductors 3a
and 3b can be inserted into such an electrical connector to establish a required electrical
connection.

In the prior art FPC illustrated in FIGURES 1-2, the straight sections 4 of
conductors 3a and 3b have uniform or equal widths along the lengths thereof. In an
alternate embodiment, the length of the straight sections 4 could vary as is shown in co-
pending application Serial No. 08/998,437, filed December 26, 1997 and assigned to the

assignee of the present invention. Each oblique section 5 of each of the conductors 3a

- and 3b of the prior art FPC 1 disclosed in FIGURES 1-2 decreases in width uniformly

in a direction from the su'aight-to-obliq_ue transfer point or intersection 7 of one of the
conductors 3a and 3b to the respective crossover point 8 of those conductors 3a and 3b
where the oblique section 5 reaches its minimum width. Assuming that 1) the thickness
of conductors 3a and 3b (i.e., in a direction perpendicular to the plane of the FPC 1) is
uniform along the full length of the conductors 3a and 3b; 2) the distance in the same
perpendicular direction between the conductors 3a and 3b remains constant; and 3) the

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

4

Thls Sheet Has Been

[ i



10

15

20

25

30

Patent
98-013 SG

2) remains constant, the impedance of the conductors 3a and 3b increases due to the
decrease in the width of each oblique section 5.

On the other hand, the impedance of those sections 5 also decreases because the
conductor-to-conductor centerline distance between oblique sections 5 of conductors 3a
and 3b in each pseudo-twisted pair decreases as the oblique sections 5 extend closer to
each other at each crossover point 8. However, each oblique section 5 is uniformly
reduced in width as it extends toward the cross over point 8 such that the impedance is
caused to uniformly increase. In other words, the conductor-to-conductor centerline
distance decreases between the oblique sections 5 of each pair of conductors 3a and 3b

as they approach each other at each of the crossover points 8 such that the impedance of

‘the conductors 3a and 3b is decreased. However, the width or lateral dimension of the

oblique sections 5 also decreases as they approach the crossover points 8 such that the .
impedance of the conductors 3a and 3b uniformly increases. In essence, the impedance
of the conductors 3a and 3b simultaneouély decreases due to the reduction in the relative
distance between the centerlines of the conductors 3a and 3b in the oblique sections 5 and
increases due to the gradual tapering or narrowing of the conductors 3a and 3b in those
oblique sections 5. This simultaneous decrease and increase in the impedances of the
conductors 3a and 3b results in the impedance remaining substantially unchanged in the
oblique sections 5 as they extend from the straight-to-oblique transfer points 7 to the
crossover points 8. The impedance in the oblique sections 5 is preferably set to be equal
to the impedance in the parallel extending sections 4 of the pseudo-twisted conductors
3aand 3b so that .the pseudo-twisted FPC 1 has a relatively constant impedance along its
entire length.

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

be reduced if a ground reference is provided with respect to the conductors.
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Heretofore, grounding grids have been used with FPC where a gréund reference
is needed. These grids constitute a ground plane of a conductive wire mesh formed by
a plurality of ground conductors which érisscross each other to define open spaces
therebetween. However, such grounding grids add an additional layer or layers to the
two layered FPC. This increases the complexity of the FPC and thus makes it more

expensive to manufacture. An example of a FPC with a ground grid arrangement is

shown in co-pending application Serial No. 08/932,545 filed September 17, 1997 and
assigned to the assignee of the present invention. _

- Consequently, it would be advantageous to provide a ground s-ystem in a FPC
without the necessity of adding an additional layer to the FPC. Such a ground system
would be particularly useful in a FPC that has conductors on opposite sides of an
insulating substrate to form a pseudo-twisted flat FPC.

| Summary of the Invention

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

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

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

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

conductor is disposed on the first side of the substrate and the second pseudo-twisted
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conductoris disposed on the second side of the substrate. Each pseudo-twisted conductor
has aperiodic pattern with the first pseudo-twisted conductor being shifted longitudinally - |
relative to the second pseudo-twisted conductor by one hélf of a period of the periodic
pattern. The first and second pseudo-twisted conductors extend along respectively on
opposite first and second sides of the dielectric substrate such_ that crossover points are
defined where the first and second pseudo-twisted conductors cross over each other
although they are separated from each other by the flexible dielectric substrate. A set of
first and second additional conductors also is provided on the dielectric substrate and can
be coupled to ground potential. Tﬁe first additional conductor is disp&sed on the first
side of the substrate and is spaced laterally from but generally follows the path or shape
of the first pseudo-twisted conductor. The second additional conductor is disposed on
the second side 6f the substrate and is spaced laterally from but generally follows the path
or shape of the second pseudo-twisted conductdr. The first and second pseudo-twisted
conductors and their corresponding first and second additional conductors can be
considered a referenced set of pseudo-twisted conductors. Preferably, dielectric flexible
films cover the outsides of the pseudo-twisted and the additional conductors disposed on
the first and second sides of the dielectric.

Typically the FPC of the present invention includes a plurality of such referenced
sets of pseudo-twisted conductors disposed on a flexible substrate. In one embodiment

of the present invention, each of the referenced sets of pseudo-twisted conductors is

'separated a distance from any other adjacent referenced set of pseudo-twisted conductors

so that none of the conductors in the referenced sets of pseudo-twisted conductors
overlies each other. In another of the embodiments of the present invention, the distance
between adjacent referenced sets of pséudo-twisted conductors is decreased such that an
additional conductor in one of the referenced sets of pseudo-twisted conductors overlies
on one side of the flexible substrate an additional conductor on the other side of the
flexible substrate from another adjacent referenced set of pseudo-twisted conductors. In

such a case, vias can be used to couple the overlying additional conductors.
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Other objects, features and advantages of the present invention will be apparent
from the following detailed description taken in connection with the accompanying

drawings.
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. Brief Description of the Drawings

The features of the present invention which are believed to be novel are set forth
with particularity in the appended 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 hke elements in the figures and in which:

FIGURE 1 is an enlarged, fragmented plan view of a portion of a length of a pair
of pseudo-twisted conductors of the prior art, the illustrated portion of the conductors is
of two pseudo-twists and is discussed above in the Background of the -Invention;

FIGURE 2 is a fragmented plan view of a flexible printed circuitry of the prior
art which incorporates a i)lurality of pairs of pseudo-twisted conductors and is discussed
above in the Background of the Invention; |

FIGURE 3 is an enlarged, fragmented plan view of a portion of a flexible printed

‘circuitry embodying the present invention which flexible printed circuitry inclucies at

- least one referenced set of pseudo-twisted conductors, each of which sets consists of a

pair of pseudo-twisted conductors and additional conductors that can be used as a
grounding system, the illustrated portion of the flexible printed circuitry is of two
pseudo-twists or sections of the referenced set of pseudo-twisted conductors;

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

- conductors; and

FIGURE 5 is a fragmented plan view of an additional form of a flexible printed
circuitry embodying the present invention which again incorporates a plurality of
referenced sets of pseudo-twisted conductors with the spacing between the referenced
sets of pseudo-twisted conductors being decreased as compared to the spacing between
adjacent referenced sets of pseudo-twi_sted conductors in the embodiment illustrated in
FIGURE 4.
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Detailed Description of the Preferred Embodiment
Referring now more specifically to FIGURES 3-4 of the drawings, therein is

shown a FPC which embodies the present invention and which is generally designated
by the reference numeral 101. Like the prior art FPC 1 illustrated in FIGURES 1 and 2,
the FPC 101 includes at least one pair of pseudo-twisted conductors 103a and 103b.
Various different signals can be transmitted by those conductors 103a and 103b so that :
the conductors 103a and 103b will be referred to sometimes hereinafter as "signal"
conductors. The signal conductors 103z and 103b extend lengthwise of the FPC 101 on

opposite sides of a flexible substrate 102 in an oscillating or periodic p:attem formed by :

alternate straight sections 104 and oblique sections 105 as is discussed above in :

describing the prior art pseudo-twisted conductors 3a and 3b in connection with
FIGURES 1 and 2. Consequently, the components of the FPC 1 that are specifically
referred to herein are referenced by the same reference numerals as the corresponding
components in the FPC 1 except that the quantity 100 has been added to each of those
reference numerals. In view of the similarity between the characteristics of the pseudo-
twisted conductors 3a and 3b in relation to the FPC 1 of FIGURES 1 and 2 and the pseudo-
twisted conductors 103a and 103b of the FPC 101, the characteristics of those conductors
103a and 103b will not be repeated in relation to the FPC 101 illustrated in FIGURES 3-4.

Unlike the FPC 1 of FIGURES 1-2, the FPC 101 includes a pair of additional or
following conductors 114a and 114b disposed on opposite sides of the flexible dielectric
substrate 102. These additional conductors 114a and 114b may be douplcd to ground
potential and sometimes may be referred to herein as "ground" or "referenced” conductors.
One of the additional conductors 114a is disposed on the same side or surface of the
dielectric substrate 102 as the signal conductor 103a, and the other additional conductor
114b is disposed on the opposite side or surface of the substrate 102 along with the signal
conductor 103b. The additional conductors 114a and 114b include terminal pads 116 on
opposite sides of the flexible substrate 102 at edges 102a and leb with the pads 116 being
commoned or coupled together by a conductive through-hole or via 118.

In general, the additional oonducfors 114a and 114b "mirror" or follow the signal
conductors 103a and 1035, respective_ly, in a direction longitudinally along a signal

10

- This: Sheet Has Been Rep laced




10

15

20

25

30

Patent f
98-013 SG

centerline 120 that extends longitudinally along the FPC 101 such that arefefenced set115a
of pseudo-twisted conductors is formed by the signal conductors 103a and 103b and the
additional conductors 114a and 114b (in the case of FIGURE 4, three such referenced sets

1152, 115b and 115¢ of pseudo-twisted conductors are illustrated). In other words, signal

conductor 103a has a generally periodic or oscillating pattern of straight sections 104 and -
oblique sections 105. The additional conductor 114a extends generally parallel to the signal -
conductor 103a on the same side or surface of the substrate 102 and includes straight
sections 122a and 122b and oblique sections 123 extending along, but spaced slightly apart
from the straight se_ctions 104 and the oblique sections 105, respectivc:,ly, of the signal
conductor 103a. As a result, the pattern of the additional conductor 114a is generally
parallel to the pattern of the signal conductor 103a. As described above in connection with |
the straight section 4 of the conductor 3a in the FPC 1, the length of straight sections 104
of the signal conductor 103a could vary and thus the length of the straight sections 122a and

' 122b of the additional conductor 114a could also vary as the length ofthe signal conductor

103a is changed.

The additional conductor 114b is disposed on the opposite side of the flexible
dielectric substrate 102 from the side on whwh the additional conductor 114a is disposed
(i.e., the additional conductor 114b is on the same side of the flexible dielectric substrate
102 on which the conductor 103b is d1sposed). Like the additional conductor 114a, the
additional conductor 114b has straight sections 122a and 122b and oblique sections 123
which extend generally parallel to, but spaced apart from the straight sections 104 and the
oblique sections 105, respectively, of the signal conductor 103b. As aresult, the pattern of
the additional conductor 114b is generally parallel to the pattern of the signal conductor
103b. As described above in connection with the straight section 104 of the conductor
103a, the length of straight sections 104 of the signal conductor 103b could vary and thus
the length of the straight sections 122a and 122b of the additional conductor 114b could
also vary as the length of the singal conductor 103b is changed.

' As indicated from the above descriptions, the crossover points 108 of the signal
conductors 103a and 103b define the longitudinal signal centerline 120 (see in particular
FIGURE 3). In essence, the signal conductors 103a and 103b have a generally "sine wave"
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shape centered about the centerline 120 at each crossover point 108. | However, the
additional conductors 114a and 114b actually never cross over the signal centerline 120 (the
straight sections 122b do overlie the centerline 120). In this regard, the additional
conductor 114a is always on the same side of or offset from the signal conductor 103a (the
right-hand side as viewed in the FIGURE 3 of the drawings) so that the additional
conductor 1 1.4a closely follows the periodic pattern of the signal conductor 103a. In other
words, the additional conductor 114a follows generally the same pattern as the signal
conductor 103abut is centered about a centerline 120a which is laterally offset (to the right
in FIGURE 3) from the signal centerline 120. Similarly, the additional conductor 114b on
the opposite side of substrate 102 is always on the same side of or offset from (the left-hand
side as viewed in FIGURE 3 of the drawing) the signal conductor 103b so that the
additional conductor 114b closely follows the periodic pattern of the signal conductor 103b.
In other words, the additional conductor 114b follows generally the same pattern as the

| signal conductor 103b but is centered about a centerline 120b which is laterally offset (to

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

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

126 are coincident with or in-line with the conductor centerline 120.

12
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In cdnnection with the FPC 101 illustrated in FIGURES 3;4, the distance
along the centerline 120 between adjacent crossover points 108 is essentially the same.
However, it has been found that the random location of crossover points 108 for
conductors, such as the conductors 103a and 103b, reduces cross talk and noise between
those conductors 103a and 103b. As a result, randomly differing lengths or distances
between adjacent crossover points 108 can be utilized. For example, the distance or length
between adjacent crossover points 108 can randomly vary in a range from 0.5 to 1.5 times
a given medium length as determined by random statistics.

Another feature of the present invention is that conductive vias 128 may be
provided that exteﬁd through the diclectric substrate 102 to interconnect the straight
sections 122b of the additional conductors 114a and 114b in the twist sections 126 where
the additional conductors 114a and 114b are coincident with the centerline 120. Such

commoning or coupling of the additional conductors 114a and 114b ensures minimum

* ground voltage gradients in the FPC 101.

Asis the case with the oblique sections 105 of the signal conductors 103a and 103b,
the oblique sections 123 of the additional conductors 114a and 114b are disclosed as
decreasing in width uniformly in a directioﬁ from straight-to-oblique transition points 130
of the respective additional conductors 114a and 114b to adjacent crossover points 132
where the additional conductors 114a and 1 14b cross over the signal conductors 103a and
103b. As is discussed above with respect to the oblique sections 5 in the FPC 1, this
decrease in the width of the oblique sections 123 can be such that the impedance of the
oblique sections 123 are similar to the impedance of the straight sections 122a and 122b.
In the alternative, the oblique sections 123 connecting the straight sections 122a and 122b
may be of uniform width.

While the width of the additional conductors 114a and 114b in the direction
transverse to the longitudinal centerline 120 is generally the same as the width of the signal
conductors 1032 and 103b, the additional conductors 114a and 114b may be of a greater
width at any section of the FPC 101 when compared to the corresponding section of the
signal conductors 103a and 103b. In addition, the straight sections 122b of each of the
additional conductors 114a and 114b could extend past the centerline 120 so as to be

- 13.
\

-This Sheet Has B

I IIMII Ilﬂ’l i~



10

15

20

25

30

Patent
98-013 SG

positioned closer to its respective straight section 104 of its cbrresponding sigrlal conductor
1032 and 103b rather than being positioned coincidental with the centerline 120. |

As is more particularly illustrated in FIGURES 3-4, each of the conductors 103a
and 103b separately terminates in one of a plurality of pads 109 at the edges 102a and 102b

- of the flexible substrate 102. The pads 109 of some of the conductors (for example, the
~ conductor 103b) may include an associated through-hole or via 110. Likewise, the pads

116, in which the additional conductors 114a and 114b terminate, also are arranged along
the edges 102a and 102b of the substrate 102. These pads 109 and 116 are arranged along
the edges 102a and 102b of the FPC 101 so that they can be engaged I;y contacts of an

associated electrical connector. Therefore, either opposite edge of the FPC 101 can be

inserted into such an electrical connector to establish a required electrical connection.

FIGURE 5 shows an FPC which embodies the present invention and which is
generally designated by the reference numeral 201. The FPC 201 includes a plurality of
pseudo-twisted conductors 203a and 203b. As was the case with the conductors 103a and
103b in the FPC 101 of FIGURES 3 and 4, various different signals can be transmitted by
those conductors 203a and 203b so that the conductors 263a and 203b will be referred to
sometimes hereinafter as "signal" conductors. Each ofthe signal conductors 203a and 203b
extends lengthwise of the FPC 201 on opposite sides of a flexible substrate 202 in an
oscillating or periodic pattern formed by alternate straight sections 204 and oblique sections
205 in a similar fashion to the above described pseudo-twisted conductors 103a and 103b.
Consequently, the components of the FPC 201 that are specifically referred to herein are
referenced by the same reference numerals as the corresponding components in the FPC
101 except that the quantity 100 has been added to each of those reference numerals. In
view of the similarity between the characteristics of the pseudo-twisted conductors 103a
and 103b in relation to the FPC 101 of FIGURES 3 and 4 and the pseudo-twisted
conductors 203a and 203b ofthe FPC 201, the characteristics of those conductors 203a and
203b will not be repeated in relation to the FPC 201 illustrated in FIGURE 5.

Like the FPC 101, the FPC 201 includes a pair of additional or following
conductors 214a and 214b disposed on opposite sides of the ﬂexible dieiectric substrate

. 202. These additional conductors 214a and 214b may be coupled to ground potential and
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sometimes may be referred to herein as "ground" conductors. A paif of each such
conductors 214a and 214b are respectively associated with each pair 6f the conductors 203a
and 203b. In this regard, one of the additional conductors 214a is disposed on the same side
or surface of the dielectric substrate 202 as the signal conductor 203a and the other
additional conductor 114b is disposed on the opposite side or surface of the substrate 202
along with the signal conductor 203b. The additional conductors 214a and 214b include
terminal pads 216 on opposite sides of the flexible substrate 202 at edges 202a and 202b
with the possibility of pads 216 being commoned or coupled together by a conductive
through-hole or via 218. )

In general, the additional conductors 214a and 214b "mirror" or follow the signal
conductors 203a and 203b, respectively, such that the additional conductor 214a extends
generally parallel to the signal conductor 203a on the same side or surface of the substrate
202 and the additional conductor 214b extends generally parallel to the signal conductor

' 203b on the opposite side oi' surface of the substrate 202. In this regard, the additional

conductors 214a and 214b each has straight sections 222a and 222b and oblique sections
223 which extend generally parallel to, but spaced apart from the straight sections 204 and
the oblique sections 205, respectively, of the signal conductors 203a and 203b. As aresult,
the pattern of the additional conductors 214a and 214b is generally parallel to the pattern
of the signal conductor 203a and 203b respectively. Moreover, each pair of signal
conductors 203a and 203b and its corresponding pair of additional conductors 214a and
214b form a referenced set of pseudo-twisted conductors. In FIGURE 4, four such
referenced sets of pseudo-twisted conductors are illustrated and are designated respectively
by the reference numerals 215a, 215b, 215¢ and 215d.

Somewhat unlike the FPC 101, the spacing between each of the referenced sets
215a, 215b, 215¢ and 215d of pseudo-twisted conductors in the FPC 201 is less than the
spacing between adjacent referenced sets 115a, 115b and 115¢ of pseudo-twisted
conductors in the FPC 101. As a result, the straight sections 222a of the additional
conductors 214a in a given referenced set of pseudo-twisted conductors such as the
referenced set 115a overlies on the opposite side of the substrate 202 the straight sections
222a of the other additional conductor 214b in the next adjacent referenced set of pseudo-
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twisted conductors such as the referenced set 115b. Nevertheless, an additibnal conductor
214a is closer to any adjacent conductors 203a in any given referenced set of pseudo-

twisted conductors than any other conductor 203a in any other referenced set of pseudo-

twisted conductors and an additional conductor 214b is closer to any adjacent conductors

203b in any given referenced set of pseudo-twisted conductors than any other conductor
203b in any other referenced set of pseudo-twisted conductors. |

As was the case in connection with the FPC 101, another feature of the present |
invention is the possibility of providing conductive vias 228 that extend through the
dielectric substrate 202 to interconnect the straight sections 222b c;f the additional
conductors 214a and 214b in a given referenced set of pseudo-twisted conductors (for
example, referenced set 215a) where they overlie each other on opposite sides of the |
substrate 202. Such commoning or coupling of the additional conductors 214a and 214b
ensures minimum ground voltage gradients in the FPC 201. Another possibility is to
provide vias between additional conductors 214b and 214a of adjacent referericed sets of
pseudo-twisfed conductors. For example as illustrated in FIGURE 5, vias 228a are shown
as coupling the additional conductor 214b in the referenced set 215¢c of pseudo-twisted
conductors and the additional conductor 214a in the referenced set 215d of pseudo-twisted
conductors. Again, this commoning or coupling of the additional conductors 214a and
214b in such adjacent referenced sets of pseudo-twisted conductors ensures minimum
ground voltage gradients between the additional conductors of adjacent referenced sets of
pseudo-twisted conductors in the FPC 201.

As is also illustrated in FIGURE 5 in connection with the referenced set 215a of
pseudo-twisted conductors, each of the conductors 203a and 203b separately terminates in
one of a plurality of pads 209 at the edges 202a and 202b of the flexible substrate 202. The
pads 209 of some of the conductors (for example, the conductor 203b) may include an
associated through-hole or via 210. Likewise, the pads 216, in which the additional

- conductors 214a and 214b terminate, also are arranged along the edges 202a and 202b of

the substrate 202. These pads 209 and 216 are arranged along the edges 202a and 202b of
the FPC 201 so that they can be engaged by contacts of an associated electrical connector.
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Therefore, either opposite edge of the FPC 201 can be inserted into suéh an electrical
connector to establish a required electrical connection. .

Another variation of the present invention would- be to utilize the circuitry of the
FPC as an improved high density single ended FPC. Instead of utilizing signal conductors
103a and 103b (FIGURES 3 and 4) and signal conductors 2032 and 203b (FIGURE 5) as’
pseudo-twisted conductors for differential signals, each signal conductor could be utilized
for transmitting individual signalé as part of a single ended system. As such, each signal

 conductor is adjacent to and follows a reference conductor. The presence of the reference

conductor will enable the possibility of establishing primary coupling of signal toreference
conductor and thereby the possibility of single-ended operation.

It will be understood that the invention may be embodied in other specific .forms
without departing from the spirit or central characteristics thereof. For example, although
the conductors are shown as having generally straight sections, the conductors could be
"smoother" like a sine wave. The present examples and embodiments, therefore, are to be
considered in all respects as illustrative and not restrictive, and the invention is not to be
limited to the details given herein.
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What is Claimed is:

1. A flexible printed circuit member, comprising:

an elongated flexible dielectric substrate having first and second opposite sides with
at least one axis therealong; '

a first conductor disposed on said first side of said dielectric substrate, said first
conductor comprising a plurality of first portions with at least one of said first portions of
said first conductor having a pair of spatially offset first conductor sections and having a
pair of first crossover sections, one of said first crossover sections interconnecting one of
said first conductor sections to the other of said first conductor sections and the other of said
first crossover sections being connected to said other of said first conductor sections;

a second conductor disposed on said second side of said dielectric substrate, said
second conductor comprising a plurality of second portions with at least one of said second
porﬁoné of said second conductor having a pair of spatially offset second conductor
sections and having a pair of second crossover sections, one of said second crossover
sections interconnecting one of said second conductor sections to the other of said second
conductor sections and the other of said second crossover sections being connected to said
other of said second conductor sections, each of said second crossover sections crossing on
opposite sides of said substrate one of said first crossover sections at generally said axis;

a first additional conductor disposed on said first side of said dielectric substrate,
said first additional conductor comprising a plurality of first additional portions with at least
one of said first additional portions of said first additional conductor hﬁving a pa1r of
spatially offset first additional conductor sections that are spatially offset from said first
conductor sections and having a pair of first additional crossover sections spatially offset
from said first crossover sections, one of said first additional crossover sections
interconnecting one of said first additional conductor sections to the other of said first
additional conductor sections and the other of said first additional crossover sections being -
connected to said other of said first additional conductor sections, each of said first
additional crossover sections crossiné on opposite sides of said substrate one of said second

crossover sections at a position generally offset from said axis; and
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a second additional conductor disposed on said second side of said dielectric
substrate, said second additional conductor comprising a plurality of second additional
portions with at least one of said second additional portions of said second additional
conductor having a pair of spatially offset second additional conductor sections that are
spatially offset from said second conductor sections and having a pair of second additional
crossover sections, one of said second additional crossover sections interconnecting one of
said second additional conductor sections to the other of said second additional conductor
sections and the other of said second additional crossover sections being connected to said
other of said second additional conductor sections, each of said second additional crossover
sections crossing on opposite sides of said substrate one of said first crossover sections at

a position generally offset from said axis.

2. The flexible printed circuitry member of claim I, including flexible
dielectric films covering said first and second conductors and said first and second
additional conductors.

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

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

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

generally parallel to one of said second additional crossover sections.
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5. The flexible printed circuitry mémber of claim 1, wherein at least one of
said first additional conductor sections extends along said axis and at least one of said

second additional conductor sections extends along said axis.

6. The flexible printed circuitry member of ciaim 5, wherein said one of said
first additional conductor sections extending along said axis is electrically and
mechanically interconnected to one of said second additional conductor sections

extending along said axis through said dielectric substrate.

7. The flexible printed circuitry member of claim 6, including vias extending
through said dielectric substrate for electrically and mechanically interconnecting said
one of said first additional conductor sections extending along said axis to said one of

said second additional conductor sections extending along said axis.

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

crossover points.

9. The flexible printed circuitry member of claim 1, wherein each of said

 first additional crossover sections decreases in w1dth uniformly as said first additional

crossover section extends from one of said first additional conductor sections towards one
of said additional crossover points and each of said second crossover sections decreases
in width uniformly as said second crossover section extends from one of said second

conductor sections towards one of said crossover points.
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10.  The flexible printed circuitry member of claim 1, wherein the distance
along said axis between where one of said second crossover sections crosses on an
opposite side of said substrate one of said first crossover sections and where the next
adjacent said second crossover section crosses on an oppos1te side of said substrate

another one of said first crossover sectlons is randomly determined.

11.  The flexible printed circuitry member of claim 1, wheréin said other of

said first additional conductor sections extends along said axis and said one of said first -

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

first conductor sections being disposed between said axis and said one of said first

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

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

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

second additional conductors are coupled to ground potential.

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

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

corresponding first and second additional conductors.
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15.  The flexible printed circuitry member of claim 14, wherein a first
additional conductor section of one of said sets of referenced conductors overlies on an
opposite side of said substrate a second additional conductor section of an adjacent set

of referenced conductors.

16. The flexible printed.circuitry member of claim 15, wherein said first
additional conductor section of said one of said sets of referenced conductors is
electrically and mechanically interconnected to said second additional conductor section

in said adjacent set of referenced conductors.

17.  The flexible printed circuitry member of claim 16, including vias
extending through said dielectric substrate for electrically. and mechanically

" interconnecting said first additional conductor section to said second additional conductor

section.

18. A flexible circuit member, comprising:

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

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

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

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

periodic pattern similar to that of said first conductor; and
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a second additional conductor on said second opposite side of said substrate
extending longitudinally on said first side of said substrate proximate said second

conductor in a periodic pattern similar to that of said second conductor.

19.  The flexible printed circuitry member of claim. 18, wherein said first
additional conductor is always on the same side of said first conductor relative to said
axis and said secbnd additional conductor is always on the same side of said second
conductor relative to said axis resulting in portions of said first conductor being disposed
between said first additional conductor and said axis and portions- of said second

conductor being disposed between said second additional conductor and said axis.

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

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

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

at said portions that are coincident to said axis.

22.  The flexible printed circuitry member of claim 21, wherein said first and
second additional conductors are coupled to ground potential.

23.  The flexible printed circuitry member of claim 18, including dielectric

flexible films covering said first and second conductors and said first and second

additional conductors.
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24. A flexible printed circuit member, comprising:

an elongated flexible dielectric substrate having first and second opposite sides;

a set of first and second pseudo-twisted flexible conductors positioned on said
dielectric substrate, said first pseﬁdo-twisted conductor being on said first side of said
substrate and said second pseudo-twisted conductor being on said second side of said
substrate, each of said first and second pseudo-twisted conductors extending in a
generally periodic pattern with the first pseudo-twisted conductor being shifted
longitudinally relative to its respective second pseudo-twisted conductor by one half of
a period of said periodic pattern, each pair of said first and second pseudo-twisted
conductors defining crossover points at which said first and second pseudo-twisted
conductors cross over each other on opposite sides of said flexible dielectric substrate;
and

a set of first and second following conductors positioned on the dielectric

' substrate, said first additional conductor being ‘on said first side of said substrate and

being spaced from and generally following the pattern of said first psendo-twisted
conductor, and said second following conducto_r being on said second side of said
substrate and being spaced from and generally following the pattern of said second
pseudo-twisted conductor.

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

second following conductors are coupled to ground potential.
26.  The flexible printed circuitry member of claim 24, including dielectric

flexible films covering said set of said first and second conductors and said set of said

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

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

adjacent set of first and second following conductors.
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