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SPECIFICATION

GROUNDED FLEXIBLE PRINTED CIRCUITRY
WITH IMPROVED IMPEDANCE CHARACTERISTICS

Field of the Invention
This invention generally relates to the art of
5 electrical cables and, particularly, to flexible printed
circuitry or cable ("FPC"). Specifically, the invention
relates to grounded flexible printed circuitry wherein a
grounding grid provides improved impedance characteristics
for high frequency signals transmitted by the circuitry.

10 Background of the Invention
' Electrical circuitry often 1is provided with
protection from electromagnetic interference (EMI) and
radio frequency interference (RFI) emanating from or
entering the system. Although EMI and RFI now are often

15 used interchangeably, EMI has been used to connote energy
occurring anywhere in the electromagnetic spectrum and RFI
has been limited to interference in the radio communication
band. EMI energy can be generated outside as well as
inside the system. External EMI energy can interfere with

20 the operation of electronic equipment within the system,
while internal EMI energy can create "cross talk" and
"noise" which can cause erroneous data transmission.

Electrical connectors are particularly prone to
disruptions from EMI energy because of the numerous contact

25 areas and openings for electrical terminals and cables, but
numerous electrical connectors have been designed with
shielding that is effective against EMI/RFI energy. On the
other hand, it often is desirable to have a shielded cable
as well as shielded connectors.

30 Conventional flexible printed circuitry in the
form of a cable includes a flexible insulating base or
substrate having a plurality of signal conductors extending
longitudinally along one or both sides of the substrate.
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for high frequency signals transmtted by the circuitry. Background of
the Invention Electrical circuitry often is provided with
protection from el ectromagnetic interference (EM) and radi o frequency
interference (RFl) emanating fromor entering the system Al though EM and
RFI now are often used interchangeably, EM has been used to iqggo%s ener gy
occurring anywhere in the el ectromagnetic spectrum and RFI h35 %8eRC 1 i i t ed
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contacg to cover the opposite side of the substrate with a layer of

metal such as copper for shielding and grounding purposes.
However, it has been found that such metal layers
significantly decrease the flexibility of the flexible
printed circuitry. Consequently, a conductive wire mesh or

10 grounding grid has been used on a side of the substrate
opposite the signal conductors for grounding and shielding
purposes. Such grounding grids are formed by a plurality
of straight ground conductors which criss-cross each other
to define symmetrical open spaces therebetween.

15 One of the problems with the prior art grounding
grids for use in flexible printed circuitry is that they do
not provide a substantially constant impedance for the
signal conductors extending longitudinally of the cable.
More specifically, the grounding grid is formed by ground

20 conductors which are printed or otherwise deposited on one
side of the flexible insulating substrate of the cable.
The ground conductors are in the form of a screen or grid
with a plurality of generally straight, parallel ground
conductors intersecting other parallel ground conductors at

25 regular intervals to define equal-in-shape and equal-in-
size open spaces between the conductor wires in a regular
geometric pattern. Because of the regularity of the
pattern, the signal conductors traverse different conductor
sequences running longitudinally of the cable at different

30 lateral positions on the cable, thus causing each conductor
to have a different impedance. The characteristic
impedance of flexible printed circuitry can affect the
integrity of +the signals travelling in the cable,
particularly for high frequency signals. The creation of

35 different conductor impedance by regular-patterned




aréas and openings for electrical termnals and cabl es, but numerous
connectors have been designed with shielding that is effective

.electrical
agai nst EM/RFI energy. On the other hand,

shi el ded cable as well as shiel ded connectors. Conventi ona
flexible printed circuitry in the formof a cable includes a flexible
i nsul ati ng base or substrate having a plurality of signal cofdue%#£S
extendi ng | ongi tudinally along, one or_ both_sides of the substrate.
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grounding grids is explained more graphically in the
Specification in relation to Figures 3 and 4.

The present invention is directed to solving
these problems by use of a grounding grid having a novel
random geometric pattern.

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

provide a new flexible printed circuitry having improved
impedance characteristics.

In the exemplary embodiment of the invention, the
flexible printed circuitry includes an elongated flexible
insulating substrate. A plurality of signal conductors
extend longitudinally along at least one side of the
insulating substrate. A grounding grid is disposed on the
insulating substrate. The grounding grid has a random or
substantially random Ggeometric pattern to provide
substantially constant impedance for the signal conductors
lengthwise of the FPC.

As disclosed herein, the signal conductors are
disposed on one side of the insulating substrate, and the
grounding grid is disposed on an opposite side of the
substrate. The signal conductors extend generally parallel
to each other 1longitudinally of the substrate. The
grounding grid covers substantially the entirety of the
substrate.

The grounding grid is formed by a plurality of
intersecting ground conductors defining open spaces
therebetween. According to the invention, the
intersections of the ground conductors are in a random
pattern to define unequal-in-shape and unequal-in-size open
spaces therebetween.

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

description taken in connection with the accompanying
drawings.

it often is desirable to have a
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If it is desired to shield the flexible print d circutry, the signal
conductors typically are di sposed on one side of the substrate and a ground
circuit is disposed on the opposite side of the substrate. For instance, it
I's known to cover the opposite side of the substrate with a |layer of netal
such as copper for shielding and groundi ng purposes. However, it has

been found that such netal layers significantly decreas@7t0at SG
flexibility of the erX|bIe prlnted C|rCU|try Consequently, a conductive
wire nmesh or By DES td fhEL fASa side of the substrate
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substantlaII¥ const ant
o the follow1ng description taken in conjunction with the

accompanying drawings, in which 1like reference numerals
identify like elements in the figures and in which:
FIGURE 1 is a plan view of flexible printed
10 circuitry incorporating the concepts of the invention;
FIGURE 2 is an enlarged view of a portion of the
flexible printed circuitry circled and indicated at "A" in
Figure 1;
FIGURE 3 is a plan view of a flexible printed
15 circuitry according to the prior art; and
FIGURE 4 is an enlarged view of a portion of the
flexible printed circuitry circled and indicated at "B" in
Figure 3.
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signal conductors extending longitudinally of the cable. Mre specifically,
the grounding grid is fornmed by ground conductors which are printed or

ot herw se deposited on one side of the flexible insulating substrate of the
cable. The ground conductors are in the formof a screen or grid with a
plurality of generally straight, parallel ground conductors intersecting

ot her parallel ground conductors at regular intervals to defi9Te064 SG
equal -i n-shape and equal-ln- S|ze open spaces betmeen t he conductor wres
in a regular!c~a; = rianliy o Ches d dipgogyimentof t he pattern,

the signal conductors flieff\éﬁ‘:fr%%gd'tfof %h%”ﬁr‘é%ﬁ!é%t @h %963%@9‘38@&5&&' Nend
| ongi tudinally of the cable at dlfferent Iateral posj tions on he cabl e,

thus causi ng Td&SF JohdlilgBFesol 1R 2o fdPKARLENPTS aSRtECuUltyy cOr

characteri stirpd rrp@dﬁ@ﬁaelnj‘r deeiighlateldr | Dj ed.sCi sloatm r yceatrddhbecto t khe
|ntegr|ty of

frequecy oi SRARSTEvEPEiBYGy BRY A Tothae Prafirdl roreditnyt anfiateg]
regular-patt@mn@dongated flexible insulating substrate or base 2, w1th
a plurality of signal conductors 3 extending longitudinally
along the substrate on one side thereof. A grounding grid
4, generally, is disposed on the opposite side of the

10 insulating substrate.

Preferably, signal conductors 3 run parallel to
each other 1longitudinally along substrate 2 and are
disposed on one side of the substrate. Grounding grid 4 is
disposed on an opposite side of the substrate and covers

15 substantially the entire area of the substrate except for
the opposite terminal ends of the circuitry.

As seen best in Figure 2, grounding grid 4 has a
random or substantially random geometric pattern. As is
known, such grounding grids are formed by a plurality of

20 ground conductors or ground leads 5 defining a plurality of
intersections 6, with open spaces 7 therebetween. The
ground conductors or leads are printed or otherwise
deposited on one side of substrate 2. According to the
invention and as <clearly seen in Figure 2, the

25 intersections 6 of ground conductors 5 are in a random or
substantially random pattern. Consequently, open spaces 7
are both unequal-in-shape and unequal-in-size.

In contrast, Figures 3 and 4 show flexible
printed circuitry, generally designated 10, according to

30 the prior art. Again, signal conductors 3 run parallel to
each other on one side of substrate 2 and a grounding grid
4a is disposed on the opposite side of the substrate.

As best seen in Figure 4, grounding grid 4a of
the prior art includes a plurality of ground conductors 5a

35 defining intersections 6a, with open spaces 7a
therebetween. The ground conductors and  their
5
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grounding grids 1is explained nore graphically in the Specification in

relation to Figures 3 and 4. The present invention is directed to
sol ving these problens by use of a grounding grid having a novel random
geonetric pattern. Summary of the Invention

97-064 SG

intersections are in a predetermined repeating pattern to
define a regular pattern of equally shaped and equally
sized open spaces 7a.

A problem with the prior art grounding grid 4a is

5 best exemplified by comparing signal conductors 3a and 3b
in Figure 4. Signal conductor 3a extends longitudinally of
the FPC and crosses the intersections 6a between ground
conductors S5a at regular intervals or in a regular
repeating sequence lengthwise of the FPC. On the other

10 hand, signal conductor 3b traverses ground conductors 5a at
locations spaced from intersections 6a, in a regular
repeating sequence lengthwise of the FPC. Each time one of
the signal conductors 3a,3b crosses a ground conductor, the
signal conductor incurs a drop in impedance. Therefore,
15 whenever signal conductor 3a crosses intersections 6a,
there is a drop in impedance, and whenever signal conductor
3b crosses ground conductors 5a there 1is a drop in
impedance. However, signal conductor 3b crosses twice as
many ground conductors as signal conductor 3a will cross
20 intersections between the ground conductors, causing twice
as many "drops" or reductions in impedance for signal
conductor 3b as for signal conductor 3a. The result is
that the overall impedance along the length of signal
conductor 3b is less than the overall impedance of the same
25 length of signal conductor 3a.

In other words, with the regular geometric
pattern of the prior art grounding grid 4a, each signal
conductor 3a or 3b crosses ground conductors 5a in a
regular recurring intervals lengthwise of the FPC, but the

30 intervals are different for each of the signal conductors
spaced apart transversely of the FPC. As a result,
conductors 3a and 3b will have different impedance
characteristics along the length of FPC 10.

Oon the other hand, with the irregular or random

35 geometric pattern of ground conductors 5 of grounding grid
4 according to the present invention (Fig. 2), each signal




An ‘obj ect, therefore, of the invention is to provide a new flexible printed
circuitry having inproved inpedance characteristics. In the

exenpl ary enbodi nent of the invention, the flexible printed circuitry

i hcludes an elongated flexible insulating substrate. A plurality of signal
conductors extend |longitudinally along at | east one side of the insulating
substrate. A grounding grid is disposed on the insulating sulf3tPet & The
grounding grid has a random or substantially  random. geonetri.c gg&tern

to provide SOPSMEKLTrald \LXIFRELRT FRBeFEANBY SOt Thatt c SRUGERIRE
| engt hwi se ofintleevBR®E. lengthwisdiSofli thlosetbler@ith the Stemalt cahdugtors
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Eﬂg SWbStr aligrnedantd® MPURHEAG) IhaaRERs SHPSLAGEhRLLY die PRET heLY Of
This permits structure facilitates improved high speed
transmission of signals by conductors 3.
Another problem with reqular patterned grounding
grids involves an FPC design wherein a signal conductor

10 might not travel in a straight line from one end of the
cable to the opposite end. It has been pointed out in
considerable detail above that the impedance can vary from
one signal conductor to another in an FPC with the prior
art regular patterned grounding grid. In addition, if a

15 signal conductor changes its path lengthwise of the FPC,
the position of that conductor in the pattern or relative
to the grid intersections also changes. This will change
the impedance of the signal conductor at various points
along its length. By utilizing the present invention with

20 the random pattern grounding grid, the impedance for any
given length of any given conductor will be substantially
the same regardless of its position on the grid. As a
result, changes in the direction of signal conductor 3 will
not affect the impedance of the signal conductor.

25 It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and

30 the invention is not to be limited to the details given
herein.
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substrate

The grounding grid is formed by a plurality of

I ntersecting ground conductors defining open spaces therebetween.

According

to t he i nventi on, the intersections of the ground

conductors are in a random pattern to define unequal -in-shape and

unequal -i n-size open spaces therebetween. O her objects, features

and advantages of the invention will be apparent fromthe fol3708fhEFS

detail ed description taken
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1. A flat flexible cable (1), comprising:

an elongated flexible insulating substrate (2);

a plurality of signal conductors (3) extending
longitudinally along at least one side of the insulating
substrate (2); and

a grounding grid (4) disposed on the insulating
substrate, the grounding grid having a random geometric
pattern.

2. The flat flexible cable of claim 1 wherein
said signal conductors (3) are disposed on one side of the
insulating substrate (2) and said grounding grid (4) is
disposed on an opposite side of the substrate (2).

3. The flat flexible cable of claim 1 wherein
said grounding grid (4) covers substantially the entirety
of the insulating substrate (2).

4. The flat flexible cable of claim 1 wherein
said signal conductors (3) extend generally parallel to
each other longitudinally of the insulating substrate (2).

5. The flat flexible cable of claim 1 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) defining randomly
unequal-in-shape open spaces (7) therebetween.

6. The flat flexible cable of claim 1 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) - defining randomly
unequal-in-size open spaces (7) therebetween.

in connection with the acconpanyi ng draw ngs.
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4 " Brief Description of the Draw ngs The features of this
invention which are believed to be novel are set forth with particularity
i-n tHe append- ed clains. The invention, together with its objects and the
advant ages thereof, may be best understood by reference to the foll ow ng
description taken in conjunction wth the acconpanying drawi ngs, in which
li ke reference nunerals identify like elenents in the figured87af&#t S8 which
FIGURE 1 is a plan view of flexible printed circuitry incorporating the

concepts of the inventilon; The flat flexkble rablf & £itm viecthgrean
portion of thaid gediiing ngedaci(myuiddnprised ed Plhrialdityatetl grouAd in
Figure 1; conductE&%USEfgdé%f%fﬂ&”h\%fﬁ%g i@yfégxiRLSrgéégﬁggs (6),

the intersections being in a random pattern.

5 8. A flat flexible cable (1), comprising:
an elongated flexible insulating substrate (2);
a plurality of generally parallel signal
conductors (3) extending longitudinally along one side of
the insulating substrate (2); and
10 a grounding grid (4) disposed on an opposite side
of the insulating substrate (2), the grounding grid having
a random geometric pattern.

9. The flat flexible cable of claim 8 wherein
said grounding grid (4) covers substantially the entirety
15 of the insulating substrate (2).

10. The flat flexible cable of claim 8 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) defining randomly
unequal-in-shape open spaces (7) therebetween.

20 11. The flat flexible cable of claim 8 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) defining randomly
unequal-in-size open spaces (7) therebetween.

12. The flat flexible cable of claim 8 wherein
25 said grounding grid (4) comprises a plurality of ground
conductors (5) defining a plurality of intersections (&),

the intersections being in a random pattern.




circuitry according to the prior art; and FIGURE 4 is an enlarged
view of a portion of the flexible printed circuitry circled and indicated

at "B' in Figure 3. 5 Detailed _
Description of the Preferred Enbodi nent Referring to the draw ngs
in greater detail, and first to Figures 1 and 2, flexible printed circuitry
or FPC, generally designated 1, is shown according to the 97-064 SG
ABSTRACT
GROUNDED FLEXIBLE PRINTED CIRCUITRY WITH IMPROVED IMPEDANCE
CHARACTERISTICS
A flat flexible cable (1) includes an elongated
5 flexible insulating substrate (2). A plurality of signal

conductors (3) extend longitudinally along at one side of
the substrate. A grounding grid (4) is disposed on the
opposite side of the substrate. The grounding grid (4) has
a random geometric pattern.

10




present invention. The flexible printed circuitry includes an el ongated
f.lexible insulating substrate or base 2, with a plurality of signal
conductors 3 extending |ongitudinally along the substrate on one side
thereof. A grounding grid 4, generally, is disposed on the opposite side of
the insul ating substrate. Preferably, signal conductors 3 run
parallel to each other Iongitudinalty%giong substrate 2 and are di sposed on
one side of the substrate. Gounding grid 4 is disposed on an opposite side
of the substrate and covers substantially the entire area of the substrate
except for the opposite termnal ends of the circuitry. As seen
best in Figure 2, grounding grid 4 has a random or substantially random
geonetric pattern. As is known, such grounding grids are forned by a
plurality of ground conductors{Rr.gr, ” sDqdefining a plurality of
intersections 6, with op@h—spageési7 it herebet weén.: [The ground conductors or

| eads are printed or otherw se
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deposited on one side of substrate 2. According to the invention and as
clear|y seen in Figure 2, the intersections 6 of ground conductors 5 are in
a_random or substantially random pattern. Consequently, open spaces 7 are
bot h unequal -i n-shape and unequal -i n-si ze. In contrast, Figures 3
and 4 show flexible printed circuitry, generally designated 10, according
to the prior art. Again, signal conducfmsg) 3 run parallel to each other on
one side of substrate 2 and a grounding grid 4a is di sposed on the opposite

side of the substrate. As best seen in Figure 4, grounding grid 4a
of the prior art includes a plurality of ground conductors 5a defining
i ntersections 6a, wth open spaces 7a therebetween. The

ground conductors and their




6 intersections are in a predeterm ned repeating pattern to define a
regul ar pattern of equally shaped and equally sized open spaces 7a.

A problemwith the prior art grounding grid 4a is best exenplified by
conparing signal conductors 3a and 3b in Figure 4. Signal conductor 3a
extends |longitudinally of the FPC anqégggfses the intersections 6a between
ground conductors 5a at regular interval's or in a regular repeating
sequence | engt hwi se of the FPC On the other hand, signal conductor 3b
traverses ground conductors 5a ati | ocations spgQced fromintersections 6a,
In a regul ar repeating sequence_lengt hwi se ot/fhe FPC. Each tinme one of
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t he signal conductors 3a,3b crosses a ground conductor, the signal

conductor incurs a drop in inpedance. Therefore, whenever signal conductor
3a crosses intersections 6a, there is a drop in inpedance, and whenever

si gnal conductor 3b crosses ground conductors 5a there is a drop in

i npedance. However, signal conductor 3b crosses tw ce as many ground
conductors as signal conductor 3a w !l (<ags intersections between the
ground conductors, causing twi ce as nany "drops" or reductions in inpedance
for signal conductor 3b as for signal conductor 3a. The result is that the
overal | inpedance along the I ength of signal conductor 3b is less than the
overal |l inpedance of the sane |ength of signal conductor 3a. I n

ot her words, with the regular geonetric pattern of the prior art grounding
grid 4a, each signal conductor 3a or 3b crosses ground conductors 5a in a
regular recurring intervals |l engthwi se of the FPC, but the intervals are
different for each of the signal conductors




.spaced apart transversely of the FPC As a result, conductors 3a and 3b
w Il have different inpedance characteristics along the length of FPC 10

On the other hand, with the irregular or random geonetri
“conducters 5 of groundlng grid 4 according to the presen

2), each signal 1 7 copd@gctor 3 traver ;
the ground conductors at irregular intetvals |engthw se &f h@qugig‘ th i

the result that, SPECIFICATION
GROUNDED FLEXIBLE PRINTED CIRCUIT

Field of the Invention

This invention generally relates to the art of
electrical cables and, particularly, to flexible printed
circuitry or cable ("FPC"). Specifically, the invention
relates to grounded flexible printed circuitry wherein a
grounding grid provides improved impedance characteristics
for high frequency signals transmitted by the circuitry.

Background of the Invention
Electrical circuitry often is provided with

protection from electromagnetic interference (EMI) and
radio frequency interference (RFI) emanating from or
entering the system. Although EMI and RFI now are often
used interchangeably, EMI has been used to connote energy
occurring anywhere in the electromagnetic spectrum and RFI
has been limited to interference in the radio communication
band. EMI energy can be generated outside as well as
inside the system. External EMI energy can interfere with
the operation of electronic equipment within the system,
while internal EMI energy can create "cross talk" and
"noise" which can cause erroneous data transmission.

Electrical connectors are particularly prone to
disruptions from EMI energy because of the numerous contact
areas and openings for electrical terminals and cables, but
numerous electrical connectors have been - designed with
shielding that is effective against EMI/RFI energy. On the
other hand, it often is desirable to have a shielded cable
as well as shielded connectors.

Conventional flexible printed circuitry in the
form of a cable includes a flexible insulating base or
substrate having a plurality of signal conductors extending
longitudinally along one or both sides of the substrate.



;according to the law of random statistics, the random y- distributed
capaci tances provide substantially constant inpedance for signal conductors
3 lengthwi se of FPC 10. This permits structure facilitat§s roved-high-
“speed transm ssion of signals by conductors 3. A_EﬁgéﬁiﬁﬁdMU&ﬁ:
with regular patterned grounding grids 4nvolves an FPC dgsijgn wherein a |
signal conductor might not travel in a-Straight line fro dnei@n@ﬁﬁﬁffﬁei
cable to thesfopposist aetitted tbt shasiheenepenbkedlevprintaarisigdengele, det ail
vary
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pattern growadaidstichdast kBpbePC#BRCEN181A3RY and grounding purposes.
However, it has been found that such metal layers
significantly decrease the flexibility of the flexible
printed circuitry. Consequently, a conductive wire mesh or
grounding grid has been used on a side of the substrate
opposite the signal conductors for grounding and shielding

purposes. Such grounding grids are formed by a plurality
of straight ground conductors which criss-cross each other
to define symmetrical open spaces therebetween.
One of the problems with the prior art grounding
‘'grids for use in flexible printed circuitry is that they do
not provide a substantially constant impedance for the
signal conductors extending longitudinally of the cable.
More specifically, the grounding grid is formed by ground
conductors which are printed or otherwise deposited on one
side of the flexible insulating substrate of the cable.
The ground conductors are in the form of a screen or grid
with a plurality of generally straight, parallel ground
conductors intersecting other parallel ground conductors at
regular intervals to define equal-in-shape and equal-in-
size open spaces between the conductor wires in a regular
geometric pattern. Because of the regularity of the
pattern, the signal conductors traverse different conductor
sequences running longitudinally of the cable at different
lateral positions on the cable, thus causing each conductor
to have a different impedance. The characteristic
impedance of flexible printed circuitry can affect the
integrity of the signals travelling in the cable,
- particularly for high frequency signals. The creation of
different conductor impedance by regular-patterned



.given |l ength of any given conductor will be substantially the
regardl ess of its position on the grid. As a result, change

sane
s in the

direction of signal conductor 3 will not affect the inpedagcqwéﬁgﬁ§
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The present invention is directed to solving
these problems by use of a grounding grid having a novel
random geometric pattern.

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

provide a new flexible printed circuitry having improved
impedance characteristics.

In the exemplary embodiment of the invention, the
flexible printed circuitry includes an elongated flexible
insulating substrate. A plurality of signal conductors
extend longitudinally along at least one side of the
insulating substrate. A grounding grid is disposed on the
insulating substrate. The grounding grid has a random or
substantially random geometric pattern to provide
substantially constant impedance for the signal conductors
lengthwise of the FPC.

As disclosed herein, the signal conductors are
disposed on one side of the insulating substrate, and the
grounding grid is disposed on an opposite side of the
substrate. The signal conductors extend generally parallel
to each other longitudinally of - the substrate. The
grounding grid covers substantially the entirety of the
substrate.

The grounding grid is formed by a plurality of
intersecting ground conductors defining open spaces
therebetween. According to the invention, the
intersections of the ground conductors are in a random
pattern to define unequal-in-shape and unequal-~in-size open
spaces therebetween.

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



CLAI MS: 1. Aflat flexible cable (1), conprising: an

el ongated flexible insulating substrate (2); a pIurallty of signal.

conductors (3) extending longitudinally along at |east on Slde of -the.: -

insul ating substrate (2); and a grounding grid (4)" dlsposedmon-the
i nsul ating substrate, the grounding grig having a random gepmetric pattern

2. The flat flexible cable of claim1l rein said signal {condi@tfidrs ¥(:3) L

are di sposedy P S é{oﬁfg¥| éﬂﬁg' bstrate (2) ang said groundi hg
grid (4) iS'Téi%KERRﬁ%ﬂ:%HTTHHHEﬁgg;SngggFE¥he substrate{(Z).

The features of this invention which Rre believed

to be novel are set forth with particularity in the append-
ed claims. The invention, together with its objects and
the advantages thereof, may be best understood by reference
to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals
identify like elements in the figures and in which:

FIGURE 1 is a plan view of flexible printed
circuitry incorporating the concepts of the invention;

FIGURE 2 is an enlarged view of a portion of the
flexible printed circuitry circled and indicated at "A" in
Figure 1;

FIGURE 3 is a plan view of a flexible printed
circuitry according to the prior art; and

FIGURE 4 is an enlarged view of a portion of the
flexible printed circuitry circled and indicated at "B" in
Figure 3.




3. The flat flexible cable of cIa|n11 wherein said grounding grid (4)

covers substantially the entirety of the insulating substr q‘(Z) S
4. The flat flexible cable of claim 1l wherein said signal con uctgrs;(SLMNl
-extend generally parallel to each other longitudinally of thefinsulating

substrate (2). 5. The flat fiexible cable of claj 1 Whetéi 797 J

said grounding grid (4) conprises =& plurality of intferisecting groun
conduct or s gékaﬁiéh“bggcﬁﬁ‘é&ghyoﬁ”%ﬁ%%r'e&ei&%_&_e ﬂ%&;@ﬁs (7)
t her ebet wee

Referring to the drawings in greater detail, and
first to Figures 1 and 2, flexible printed circuitry or
FPC, generally designated 1, is shown according to the
present invention. The flexible printed circuitry includes
an elongated flexible insulating substrate or base 2, with
a plurality of signal conductors 3 extending longitudinally
along the substrate on one side thereof. A grounding grid
4, generally, is disposed on the opposite side of the
insulating substrate.

Preferably, signal conductors 3 run parallel to
each other 1longitudinally along substrate 2 and are
disposed on one side of the substrate. Grounding grid 4 is
disposed on an opposite side of the substrate and covers
substantially the entire area of the substrate except for
the opposite terminal ends of the circuitry.

As seen best in Figure 2, grounding grid 4 has a
random or substantially random geometric pattern. As is
known, such grounding grids are formed by a plurality of
ground conductors or ground leads 5 defining a plurality of
intersections 6, with open spaces 7 therebetween. The
ground conductors or leads are printed or otherwise
deposited on one side of substrate 2. According to the
invention and as clearly seen in Figure 2, the
intersections 6 of ground conductors 5 are in a random or
substantially random pattern. Consequently, open spaces 7
are both unegual-in-shape and unequal-in-size.

In contrast, Figures 3 and 4 show flexible
printed circuitry, generally designated 10, according to
the prior art. Again, signal conductors 3 run parallel to
each other on one side of substrate 2 and a grounding grid
4a is disposed on the opposite side of the substrate.

As best seen in Figure 4, grounding grid 4a of
the prior art includes a plurality of ground conductors Sa
defining intersections 6a, with open spaces 7a
therebetween. The ground conductors and  their



6. The flat flexible cable of claim1 wherein said grounding grid (4)

conprises a plurality of intersecting ground conductors (5) defining....
random y unequal -i n-size open spaces (7) therebetween. REE] A7
9 7. The flat flexible cable of claim1l wherej n-said-greurdi-ng

grid (4) conprises a plurality of groqu conductors (5) ling a .
plurality of intersections (6), the intersections being 'n‘aiﬁanﬁOnW?f !

pat tern.

intersections are in a predetermined repeatihg

def i ning a

-%ern»te"~J
define a regular pattern of equally shaped _and equally. . |

sized open spaces 7a.

A problem with the prior art grounding grid 4a is
best exemplified by comparing signal conductors 3a and 3b
in Figure 4. Signal conductor 3a extends longitudinally of
the FPC and crosses the intersections 6a between ground
conductors Sa at regular intervals or in a regular
repeating sequence lengthwise of the FPC. On the other
hand, signal conductor 3b traverses ground conductors 5a at
locations spaced from intersections 6a, in a regular
repeating sequence lengthwise of the FPC. Each time one of
the signal conductors 3a,3b crosses a ground conductor, the
signal conductor incurs a drop in impedance. Therefore,
whenever signal conductor 3a crosses intersections 6a,
there is a drop in impedance, and whenever signhal conductor
3b crosses ground conductors 5a there is a drop in
impedance. However, signal conductor 3b crosses twice as
many ground conductors as signal conductor 3a will cross
intersections between the ground conductors, causing twice
as many "drops" or reductions in impedance for signal
conductor 3b as for signal conductor 3a. The result is
that the overall impedance along the length of signal
conductor 3b is less than the overall impedance of the same
length of signal conductor 3a.

In other words, with the regular deometric
pattern of the prior art grounding grid 4a, each signal
conductor 3a or 3b crosses ground conductors 5a in a
regular recurring intervals lengthwise of the FPC, but the
intervals are different for each of the signal conductors
spaced apart transversely of the FPC. As a result,
conductors 3a and 3b will have different impedance
characteristics along the length of FPC 10.

on the other hand, with the irregular or random
geometric pattern of ground conductors 5 of grounding grid
4 according to the present invention (Fig. 2), each signal



8. Aflat flexible cable (1), conprising: an elongqted fl exi
I nsul ating substrate (2); a plurality of genwrally ‘par at
signal conductors (3) extending |ongitudinally along one $ide of the

i nsul ating substrate (2); and a grounding grid 4) dlsposed

opposite side of the insulating substragp (2), the grounding gr&dhawmg
random geonetric pattern.
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intervals lengthwise of the cable with the result that,

according to the law of random statistics, the randomly-
distributed capacitances provide substantially constant
impedance for signal conductors 3 lengthwise of FPC 10.
This permits structure facilitates improved high speed
transmission of signals by conductors 3.

Another problem with regular patterned grounding
grids involves an FPC design wherein a signal conductor
might not travel in a straight line from one end of the
cable to the opposite end. It has been pointed out in
considerable detail above that the impedance can vary from
one signal conductor to another in an FPC with the prior
art regular patterned grounding grid. In addition, if a
signal conductor changes its path lengthwise of the FPC,
the position of that conductor in the pattern or relative
to the grid intersections also changes. This will change
the impedance of the signal conductor at various points
along its length. By utilizing the present invention with
the random pattern grounding grid, the impedance for any
given length of any given conductor will be substantially
the same regardless of its position on the grid. As a
result, changes in the direction of signal conductor 3 will
not affect the impedance of the signal conductor.

It will be understood that the invention may be
embodied in other specific forms without departing from the
spirit or central characteristics thereof. The present
examples and embodiments, therefore, are to be considered
in all respects as illustrative and not restrictive, and
the invention is not to be limited to the details given
herein.



said grounding grid (4) conprises a plurality of intersecting ground

conductors (5) defining random y unequal -i n-shape open spaces (7)

t her ebet ween. 11. The flat flexible cable of claim-8-wherei#--

'said grounding grid (4) conprises a plurality of |mtetsect|ng Lgrol

conductors (5) defining randomy unequ:*:in-size open spaces-(7) " T
e

t her ebet ween. 12. The fl at xi bl e cabl e of claln1 wherehnu
sai d groundihgewgi.d (4) conprises a pIuraIity of ground c nddc brs (5 l
defining a plfuraltty of |ntersect|ons t he |ntersect

random patt er n. . A flat flexib e cable (1), comprlslng.

an elongated flexible insulating substrate (27;

a plurality of signal conductors (3) extending
longitudinally along at least one side of the insulating
substrate (2); and

a grounding grid (4) disposed on the insulating
substrate, the grounding grid having a random geometric
pattern.

2. The flat flexible cable of claim 1 wherein
said signal conductors (3) are disposed on one side of the
insulating substrate (2) and said grounding grid (4) is
disposed on an opposite side of the substrate (2).

3. The flat flexible cable of claim 1 wherein
said grounding grid (4) covers substantially the entirety
of the insulating substrate (2).

4. The flat flexible cable of claim 1 wherein
said signal conductors (3) extend generally parallel to
each other longitudinally of the insulating substrate (2).

5. The flat flexible cable of claim 1 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) defining randomly
unequal-in-shape open spaces (7) therebetween.

6. The flat flexible cable of claim 1 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) defining randomly
unequal-in-size open spaces (7) therebetween.
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7. The flat flexible cable of claim 1 wherein {
said grounding grid (4) comprises a plurality of ground

1f5 TR Ll !

conductors (5) defining a plurality of intersections (6),
the intersections being in a random pattern.

8. A flat flexible cable (1), comprising:

an elongated flexible insulating substrate (2);

a plurality of generally parallel signal
conductors (3) extending longitudinally along one side of
the insulating substrate (2); and

a grounding grid (4) disposed on an opposite side
of the insulating substrate (2), the grounding grid having
a random geometric pattern.

9. The flat flexible cable of claim 8 wherein
said grounding grid (4) covers substantially the entirety
of the insulating substrate (2).

10. The flat flexible cable of claim 8 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) defining . randomly
unequal-in-shape open spaces (7) therebetween.

11. The flat flexible cable of claim 8 wherein
said grounding grid (4) comprises a plurality of
intersecting ground conductors (5) defining randomly
unequal-in-size open spaces (7) therebetween.

12. The flat flexible cable of claim 8 wherein
said grounding grid (4) comprises a plurality of ground
conductors (5) defining a plurality of intersections (§),
the intersections being in a random pattern.
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ABSTRACT

GROUNDED FLEXIBLE PRINTED CIRCUITRY WITH IMPROVED!| IMPEDANCE

CHARACTERISTICS

A flat flexible cable (1) includes an elongated
flexible insulating substrate (2). A plurality of signal
conductors (3) extend longitudinally along at one side of
the substrate. A grounding grid (4) is disposed on the
opposite side of the substrate. The grounding grid (4) has
a random geometric pattern.

FIG. 1



