2 *H-sometimes i s advantageous to mount active or pas§ive elecétrical ¢ "~
conponents directly to a flexible cable. Filter capacitors are an exanple
of a commonly used el ectrical: conponents. In such an application, filter
capacitors are connected to one or nore of the conductors in the cable to
reduce electrical noise in the signals carried by the cable. Another
exanpl e of conponents nounted to connecting cables are term nation
resistors. It is typical for an electrical e¢onponent to be directly
connected at an_ internediate portion of the cable by using surface nount

t echnol ogy (SMI), wher béBa wire | ead of the'coqgonent s electrical
connected with one oMSTHEBW FOR YOUNENCEPMPONR!

the top or bottom surface of the cable. Such conponent
BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates generally to flexible circuits and, more particularly, to

assemnblies for mounting electrical components onto flexible electrical cables.

2. Description of the Related Art .

Multi-conductor ﬂexib_le cables are constructed from multiple lengths of electrical wire
that are arranged in parallel and are provided with insulation between them. Generally, such
cables are used to carry signals between electrical devices connected by the cable. Such
cabling may be in the form of a flexible circuit cable in which conductors are typically plated
on insulation layers. Such cables are described, for example, in U.S. Patent No. 5,435,732;
U.S. Patent No. 5,261,155; and U.S. Patent No. 5,170,931; all assigned to International
Business Machines Corporation (IBM Corporation). These cables are generally referred to
as flex cables. Multi-conductor flexible cables also may be in the form of separate buf
adjacent, discrete wires, typically circular wires surrounded by an insulating layer. These
cables are generally referred to as ﬁat ribbon cable. ' '

Multi-conductor flexible cables typically are connected to electrical devices with pin
and socket connectors. Each conductor or wire in the flexible cable is electrically connected
1o a pin of a pin connector at a cable end. The pin connector is received into a socker
connector at the device or at a cable end. For example, it is common for microcomputer
components to be connected by flat ribbon cables having electrically insulated wires arranged
side-by-side, running parallel down the length of the cable. The wire diameters are such that
the flat ribbon cables are relatively flexible and therefore can be manipulated around tight
corners and small spaces typically encountered in the home and office environment where
microcomp_uters are used. Conventional flat ribbon cables typically have wires spaced apart

on 0.100 inch or 0.030 inch centers.
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cdnnecti ons conprise what are generally referred to as flexible circuits.
Unfortunately, the electrical conponents of flexible circuits can becone
damaged during handling of the cables. Mvenent of the cable such as during
connection and di sconnection of devices causes the electrical conmponent '
| eads to undergo stress nonents. That is, as cables are routed around
corners and through spaces, the wire | eads of the electrical conponents can
becone repeatedly bent where the | eads connezt to the cable, thereby
weakening the wire |ead. Eventually, the conponent wire |ead can break,

resulting in ci I‘CUI [SLl‘ﬁ%llmléE%ad ntaoe%usegﬁ-l Qt!nv QJB%%R@ ltectﬁépcg?x; %%t q?g%‘ etel y

of f the cable. The elec 2al ruc ures a SO are susce
damage duri ng Harﬁjlf'lmye@ﬁblt-heﬁbabftaeacx Regrestlroles“fmlﬂj%amintoobspseﬂcniecmcdnpl e,

can becone chi %ﬁxgonent. In such an application, filter capacitors are connected to one or more of the
conductors in the cable to reduce electrical noise in the signals carried by the cable. Another
example of components mounted to connecting cables are termination resistors. It is typical
for an electrical component to be directly connected at an intermediate portion of the cable
by using surface ‘mount technology (SMT), whereby a wire lead of the component is
electrically connected with one of the wires of the cable so that the component rests on the
top or bottom surface of the cable. Such component connections comprise what are generally
' referred to as flexible circuits.

Unfortunately, the electrical components of flexible circuits can become damaged
during handling of the cables. Movement of the cable such as during connection and
disconnection of devices causes the electrical component leads to undergo stress moments.
That is, as cables are routed around corners anci through spaces, the wire leads of  the
electrical components can become repeatedly bent where the leads connect to the cable,
thereby weakening the wire lead. Eventually, the component wire lead can break, resulting
in circuit failure. The electrical component can break completely off the cable. The electrical
component structures also are susceptible to damage during handling of the cable. Resistors
and capacitors, for example, can become chipped, altering their specified electrical values.
Again, circuit failure is the result.

From the discussion above, it should be apparent that there is a need for a cable
assembly that permits electrical components to be mounted on multi-conductor flexible cables
with reduced risk of damage to the connections and components, thereby maintaining the

“effectiveness of the flexible circuits. The present invention satisfies this need.
SUMMARY OF THE INVENTION

In accordance with the invention, a reinforcer is mounted to the front or back side of

a multi-conductor flexible cable, thereby providing a s:ress-free region of the cable in which

k4
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altering their specified electrical values. Again, circuit failure is the
It should be apparent that there is a
conponents to be nounted

result.

From t he di scussi on above,
need for a cable assenbly that permts electrical

on nulti-conductor flexible cables with reduced risk of danage to the

connections and conponents,

t hereby maintaining the effectiveness of the
flexible circuits. The present invention satisfies this' need. SUMVARY OF

THE | NVENTI ON According to one aspect of thRe invention there is provided an

assenbly conpri,sing: a multi-conductor flexible cable having a plurality of

conductors and an_insul ation |ayer:

circtut electrical components can be mounted. Because the component electrical wire leads
will not be subjected to stress moments as the cable is handled, the wire leads will not
become weakened and the electrical components will be protected from failure. The
reinforcer comprises a substantially flat rib or loop that is attached te the cable by any one
of a variety of means, including adhesive, soldering, or mechanical fastening. The flat rib
or loop defines a cable area of increased local rigidity. The reinforcer can be constructed
from any material that will provide a relatively rigid assembly, including flat or ribbed plastic
and metal. -

In one aspect of the invention, the reinforcer mounts on one side of the multi-
conductor flexible cable and enéompasses an area of the cable that is sufficiently large for the
mounting of the flexible circuit electrical components. The reinforcer can be shaped, for
example, as an open loop, semicircle, or square having a width approximately equal to that
of the multi-conductor flexible cable and the reinforcer can be glued or mechanically secured
to the cable. The flexible cable within the enclosed area is held flat and free from stress,
even as the cable-is handled. Thus, any components mounted within the enclosed area are

not subjected to bending moments from the cable. For further circuit protection, the

; components can be located within the area of increased rigidity on the same side of the cable

as the reinforcer and can then be encased in a sealant material, such as epoxy. The sealant

+ protects the components against abrasion and environmental fluctuations.

The invention also can be incorporated into cable assemblies wherein the reinforcer
is incorporated into a connector, such as a multi-pin connector located at the end of a cable.
In this way. electrical connections with flexible circuit electrical components can be made at
the same time the cable connector is attached to the cable end. Support hooks for locating
and fastening the cable with a machine can be incorporated as well, simplifving cable
handling while at the same time protecting the electrical components from such handling. Air
cooling baffles and heat sinks also can be included, protecting the components from physical

damage and also improving cooling air delivery to the components.
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3 insulation layer; and a reinforcer nmounted on a surface of the flexible
cable, die reinforcer having a |l ength and wdth such that at |east one
dimension is less than the correspondi ng di nension of the flexible cable
and wherein the Iength and width of the reinforcer define a cable enclosure
area of increased local rigidity wwthin the reinforcer than prevents
flexture of the cable and is sufficiently large to permt one or nore

el ectrical conponents to be connected withgsat | east one of the conductors
at a location within the encl osure area.

Other features and advantages of the presen: invention should be apparent from the
following description of the preferred embodiments, which illustrate, by way of example, the

principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of an assembiy showing a reinforcer, constructed in
accordance with the invention, mounted on a flexibie cable. ' - -
F igl. 2 is perspective view of an assembly showing electrical components mounted on
a side of the flexible cable opposite that of the reinforcer.

Fig. 3 is a perspective view of the assembly illustrated in Fig. 1 showing the enclosed
area within the reinforcer filled with a sealant.

Fig. 4 is a perspective view of a v-shaped reinforcer.

Fig. 5 is a perspective view of a semi-circular reinforcer.

Fig. 6 is a perspective view of an assembly showing a two-piece reinforcer.

Fig. 7isa perspectwe view of an electrical connector constructed in accordance with
the present m\«ennon. i

Fig. 8 shows the electrical connector of Fig. 7 with a support hook for mechanical
retention and strain relief.

Fig. 9 shows an assembly having an air baffle for circulation of Eooling air.

Fig. 10 is a sectional view of the assembly illustrated in Fig. 1 showing the electricgl
connection of the assembly with the flexible cable. |

Fig. 11 is a sectional view of the assembly illustrated in Fig. 1 showing a mechanical

-atmchmem to the flexible cable. _
Fig: 12 is a sectional view of the assembly iltustrated in Fig. 6.
Fi

ns

.13 is a perspective view of an assembly showing a component heat sink.
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According to another aspect of the invention there is provided an

el ectrical cable connector conprising;, a connector that attaches to a

mul ti-conductor flexible cable having a plurality of conductors; a
reinforcer attached to the connector along a first edge and having a
substantially flat surface that is nounted on a surface of the flexible
cable. the reinforcer having a |l ength and wdth such that at | east one

di mension is less than the correspondi ng di nension of the flexible cable
~and wherein the length and width of the ré& nforcer define an enclosure area
enconpassed wi thin the reinforcer that prevents flexure of the cable and is

sufficiently large to p%ﬁgé%g?f%\gb@gﬁ%ﬁg ﬁ%hﬁﬁgﬁw%%%% to be

connected with at | east one ors a I'on Wwthin the
encl osure ar ea.

Fig. 1 shows a cable assembiv 20 comprisizz a multi-conductor flexible cable 22
having a reinforcer 24, constructed in accordance wit: ihe present invention, mounted on the
top surface 26 of the cable. In the Fig. 1 embodime=:, the reinforcer comprises a flat loop
or ring, defining a closed structure with an open center, that encloses an area 28 of the cable.
The enclosed area is sufficiently large such that one or more electrical components 30, 32 can
be attached to the cable within the enclosed area using surface mount technology. “The
enclosed area is stress-free in the sense that the cable 22 can be bent, handled, and otherwise
moved about without causing bending moments and other stresses to occur at the connector
wire leads of the electrical components. That is, the 2rea 28 encompassed by the reinforcer
is a local region of increased rigidity. The enclosed area of the cable will remain
substantially flat and immovable even as the cable outside of the reinforcer 24 is moved

“about. In this way, the reinforcer reduces risk of damage to the components and thereby
improves the effectiveness of the flexible circuit. ]

One end of the cable 22 terminates in a multi-contact connector 34 that can be mated
to a matching connector 36 of another cable of of an electronic device. In Fig. 1 a portion
of the cable outer insulation is removed to show the plurality of conductors 38 contained
within the multi-conductor flexible cable 2_2'. The conductors comprisé wires that are
arranged in parallel, side-by-side. The wires are covered by an'insulation layer, which defines
the cable width. It should be understood that each of the conductors is tvpically connected
to a different contact 40 df the connector 34 and that the electrical components 30, 32 are

- connected to-one or more of the wires. In this way, the electrical components can provide
useful active and passive flexible circuits. The components can comprise, for example, filter
capacitor§ or term.ina-tion resistors. The reinforcer 24 can be constructed from a variety of
materials, including plastic, stiff laminated papers, metals, and the like. Stiffening walls can
be incorporated, if desired.

In the embodiment illustrated in Fig. 1, the electrical components 30, 32 of the

Nexible circuit are moynted on the same side of the mulzi-conductor flexible cable 22 as the

- —
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According to still another aspect of the invention there is provided an
assenbly conprising: a nulti-conductor flexible cable having at | east one
conductor and one insulation layer; and a reinforcer having a | ength and
wi dth wherein at |east one dinension is |ess than the corresponding

di mension of the flexible cable and the reinforcer is attached to an outer
surface of the cable such that the length and width of the reinforcer
attachnent defines a cable enclosure area®f increased local rigidity that
is shielded frombending monments that otherw se would travel along the

bl d that f tly | t ' t |
Componont's. o BBk, AFHHY-dbe FeteBedat P b el b BLe e 2 e

| ocati on wi t hi ralillhéomnbd ®Hfre:r.aSedh. an embodiment is iilustrated in Fig. 2, which shows four
electrical components 42, 44, 46, 48 mounted on a top surface 50 of the cable 22 and the
reinforcer 24 mounted on the bottom surface 52 of the cable. Again, the reinforcer is
mounted to the cable and thereby defines an area of the cable that is stress-free and of
increased rigidity, and within which the electrical components are mounted. In this way, the
components are protected from bending moments as the cable is handled.
Fig. 3 illustrates that, for added protection of the flexible circuit components",- the
electrical components 54 can be mounted on-the same side of the cable 22 as the reinforcer
24 and the enclosed area 28 can be substantially filled with a sealant material 56, such as a
workable epoxy of resin material. The sealant material encases the electrical components to
provide a protective covering that helps prevent chipping of the component bodies and helps
prevent excessive temperature swings and other harmful environmental effects that might
impair performance of the flexible circuit. In the Fig. 3 embodiment, the height of the
reinforcer 24 above the cable surface 26 is advantageously selected to be approximately equal
1 tothe height of the electrical components. This ensures greater protection of the components
from physical damage. ;
The reinforcer may take shapes other than those illustrated in Figs. 1-3, so long as the
reinforcer defines an area of the flexible cable that will be shielded from bending moments
that would otherwise travel along the cable to the wire leads of electrical components
mounted therein. For example, it is not necessary for the reinforcer to define a closed
structure in the form of a'loo,p or flat ring such as shown in Figs. 1-3. Two alternative
embodiments of open reinforcers,. are illﬁstrated in Fig. 4 and Fig. 5.

- Fig. 4 shows a v-shaped reinforcer 60 mounted on the top surface 26 of the flexible
cable 22. An open enclosure area 62 is encompassed within a cable region defined by the
two ribs or segments 64, 66 of the reinforcer "v" and an imaginary line segment 68, shown
as a dashed line connecting the respective open ends 70, 72 of the reinforcer. The open

~ enclosure area is sufficiently large to encompass one or more electrical compbnents 74 whose

electrical lead wires will be free from bending moments at the cable 22, even as the cable is
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4 O her features and advantages of the present invention should be apparent

fromthe follow ng description of the preferred enbodi nents, which

illustrate,

DESCRI PTI ON OF THE DRAW NGS Fi g.

by way of exanple, the principles of the invention. BRIEF
1 is a perspective view of an assenbly

showi ng a reinforcer, constructed in accordance with the invention, nounted
on a flexible cable. Fig. 2 is perspective view of an assenbly show ng

el ectri cal

conponent s nount ed on 7

handled. That is, tending forces due to handling of the cable 22 will not travel along the
cable and pass within the enclosure a2rea 62. In this way, the reinforcer 60 provides a cable
region of increased local rigidity where the electrical components are located.

The maximum distance between the open ends 70, 72 of the reinforcer 60 may be
generally referred to as the width of the reinforcer. Similarly, the distance from the
imaginary line segment 68 to the joint 76 of the reinforcer ribs may be referred to as the
length of the reinforcer. In view of these definitions, it should be apparent that the reinforcer
60 has a length that is less than the corresponding length of the cable 22 and has a widthrthat
is less than the corresponding width of the cable (measured across the cable).

Fig. 5 shows a semi-circular reinforcer 78 mounted on the top surface 26 of the
flexible cable 22. The reinforcer comprises an open circle or horseshoe-shaped ring 80
having two free ends 82, 84. The open circle 80 defines an open enclosure area 86

encompassed within the open circle and an imaginary line segment 88 shown as a dashed line

connecting the free ends 82, 84. The enclosure area is sufficiently large to encompass one |

or more electrical components 90 whose electrical lead wires will be free from bending
moments. That is, bending forces due to handling of the cable 22 will not be permitied to
travel within the enclosure area 86. As with the other embodiments described above, the
reinforcer 78 provides a cable area of increased local rigidity where the electrical components
are-located.

As was the case above for the v-shaped reinforcer, if the maximum distance across the
open circle 80 of the reinforcer 78 in the cross direction of the cable 22 is considered to be
the reinforcer width, and if the maximum distance across the open circlg along the length of
the cable is considered to be the reinforcer length, then it should be apparent that the length
Of the reinforcer is less than the corresponding length of the cable and the width of the
reinforcer is less than the corresponding width of the cable.

A variety of attachment schemes can be used to mount the reinforcer to the ﬂexiblg

cable 22. For example, adhesive materials such as glue, epoxy, or contact cement can be used

to bond the reinforcer to the cable. Those skilled in the art will readily appreciate the range

of adhesives that can be suitably used. without further explanation. Fig. 6 illustrates an
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a'side-of the flexible cable opposite that of the reinforcer. Fig. 3 is a

perspective view of the assenbly illustrated in Fig. 1 show ng the encl osed

area within the reinforcer filled with a seal ant.

view of a v-shaped reinforcer. Fig. 5 is a perspective view of a

sem -circul ar

reinforcer. Fig. 6 is a perspective view of an assenbly

showi ng a two-piece reinforcer. Fig. 7 is a perspective view of an

el ectrical connector constructed in accordance with the present

Fig. 8 shows the electrical connector of Fig. 7 with a support hook for
mechani cal retention and strain relief.

alternative attachment scheme in which a teinforcement assembly 100 is mounted to the cable
22 with a mechanical fastener. In Fig. 6, the reinforcer assembly comf:v’rises a top plate 102
and a bottom stiftener 104 that are held together with four screws 106. The screws clamp
the top plate 102 and the bottom stiffener 104 around the multi-wire cable 22.

Because the top plate 102 is mounted to the cable 22 by the clamping force from the
bottom stiffener 104, the top plate encloses an area 108 of the cable 22 that is stress-free and
within which can be mounted flexible circuit components, such as illustrated above. As with
the embodiments described above, the reinforcer assembly 100 reduces the risk of damage to
the components and improves the effectiveness of the flexible circuit.

In another aspect of the invention, illustrated in Fig. 7, the reinforcer is incorporated
with a cable connector. Fig. 7 shows that a multi-contact socket connector 110 can
incorporate a flange 112, similar to the top plate described above, that is attached to a length
of the cable 22 leading to the connecting pins 114 and that defines an enclosed area 116 that
is stress-free. Fig. 7 shows the electrical components 54 mounted to the cable in the enclosed
area. In this way, a cable connector and flexible circuit reinforcer assembly can be provided
in a single structure, thereby reducing the cost, complexity, and bulkiness of connecting
cables.

Additional refinements can be provided. For example, Fig. 8 shows an alternative
embodiment of a reinforcer assembly cable connector 120.in which the connector flange 122
includes a support hook 124. The support hook can be used, for example, to hang the cable
22 from a mounting point or to fasten the connector in a desired location. The connector also
can include a handling tab 126 that provides a gripping surface for easier grasping of the

" cable comnector. In Fig. 8, the handling tab is conveniently used together with the support
hook 84 for grasping the connector. It should be understood that the cable connector can be
provided with two handling tabs or two support hooks, which also provide for easier grasping
of the connector.

Yet another refinement is illustrated in Fig. 9, which shows a reinforcer assembly 130
having an air baffle 132. The air baffle includes an air inlet 134 into which an air flow can

be introduced and includes an air outlet 96 from which the air flow can exit. In Fig. 9 the
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Fi'g. 9*shows an assenbly having an air baffle for circulation of cooling
air. Fig. 10 is a sectional view of the assenbly illustrated in Fig. 1
showi ng the el ectrical connection of the assenbly with the flexible cable.
Fig. 11 is a sectional view of the assenbly illustrated in Fig. 1 showing a
mechani cal attachment to the flexible cable. Fig. 12 is a sectional view of
the assenbly illustrated in Fig. 6. Fig. 13 is a perspective view of an
assenbly showi ng a conponent heat sink. ?

air flow is indicated by the dashed lines. The air flow can provide cooling air to the
electrical components mounted to the cable 22. This feature can be especially advantageous
in the case of active flexible circuit components.

In addition to providing a stress-free enclosed area on a cable for more effective and
reliable flexible circuits, the reinforcer assembly constructed ,in accordance with the present
invention can provide improved cable performance. Fig. 10 illustrates the reinforcer assembly
24 shown in Fig. 1 in side section to show that the reinforcer assembly can comprise a flat
ring, constructed from metal, that is electrically connected to one or more of the wires of the
cable 22. In particular, the top reinforcer can be electrically connected to wires compris-ing
a ground plane of the cable. The conductive reinforcer can then be electrically connected to
ground. Alternatively, electrical components can be mounted onto the conductive reinforcer
itself. The surface area of the reinforcer thereby provides a mounting surface for active and
passive electrical components. |

Fig. 10 shows that the reinforcer 24 includes a connecting prong 138 that pierces the
electrical cable outer insulation layer 140 and is sized to make electrical contact with a
selected one of the cabie wires 142. The flexible cable 22 illustrated in Fig. 10 comprises
a multiple layer flat ribbon cable, which will be readily known to those skilled in the art.
Those skilled in the art will appreciate that the cable 22 can be a single-layer cable
comprising one layer of wires arranged side-by-side, or can include a plurality of layers, each -
layer comprising wires arranged side-by-side. It should be understood that the prong 138 can
be located at any desired point of the reinforcer such that the prong pierces any particular
desired wire in the cable 22. The prong can be insulated along its depth, except for an
exposed end, such that the prong can extend through several layers of wires. '

Connections other than to a selected cable wire can be made. For example, the prong
139 can be sized so that it extends to a copper layer 141 in the cable 22 that comprises a
ground plane. If the reinforcer 24 is then connected directly to device ground, a superior
ground plane can be provided in that signal noise in the cable will be reduced. The selection
of prong location depends on the known signals carried by the respective wires of the cable

ard the signal (or ground) with which connection is desired.
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5 DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1 shows a cable assenbly 20

conprising a multi-conductor flexible cable 22 having a reinforcer 24,
constructed in accordance with the present invention, nounted on the top

surface 26 of the cable. In the Fig. 1 enbodinent, the reinforcer conprises

a flat loop or ring, defining a closed structure with an open center, that
encl oses an area 28 of the cable. The enclosed area is sufficiently |arge
such that one or nore electrical conponentsid@0, 32 can be attached to the

cable within the enclosed area using surface nount technology The encl osed

area is stress-free II-n tl?%hé?ﬁ %ertg mourﬁe 91-'- cao%e 77warl1 z{n adg) sxde mta{e::ng\q%

and ot herw se aned "abou au5|ng end I Nng nonen
stresses to occuth sa@an epesy.cHrh@cdrdiguration permits rapid mounting of the reinforcer to the cable

without using special tools. Fig. 11 shows that the reinforcer 24 can be mounted to the cable
22 using a mechanical scheme in which a bore 144 of the reinforcer receives a screw 146 that
clamps the cable to the reinforcer. Generally, care must be taken with the Fig. 11
embodiment so that the screws 146 do not pierce the signal-carrying wires of the -cable.
Thus, the screws should be located such that they pass between the wires of the cable.

Fig. 12 is a side sectional view of the reinforcement assembly 100 illustrated in Fig.
4 to show that the top plate 102 and bottom stiffener 104 can be clamped around the cable
22 with fastening screws 108 such that the cable need not be pierced by the fastening screws.
That is, the sides of the top plate 102 and the bottom stiffener 104 extend beyond the width
of the cable and the fastening screws pass through the respective reinforcement assembly parts
102, 104 only in an area beyond the cable width. Such an arrangement preserves the integrity
of t'he cable insulation. The insulation integrity can be especially important if the
reinforcement assembly is used in severe environmental conditions.

;  The two-piece construction of the reinforcer illustrated in Fig. 4 and Fig. 10 permits
further enhancement, such as additional structural elements. Fig. 13 shows the reinforcer 200
having the two-piece construction wi!th a heat sink structure 202 mounted to the top plate 102,
which is attached to the ﬂex:ble cable 22 with the bottom stxffener 104. As with the Fig. 6
and Fig. 12 embodiments, the top plate encloses an area 208 of the cable 22 that i is stress-free
and within which are mounted circuit components 210. In the Fig. 13 embodiment, the
mounted circuit components include passive components and active components that generaie
heat. The heat sink structure 202 includes cooling fins 212 that permit heat energy 1o flow

~from the components 210 to the top plate 102 and to the cooling fins, where the heat is
radiated to the ambient air. A thermal grease 214 deposited on the components enhances the
heat flow and improves cooling.
Those skilled in the art will appreciate that a wide variety of useful elements can be
mounted to the top plate of the reinforcer. For example, support handles, power supplies,

circuit monitoring components, safety equipment. and the like can be mounted on the
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wi're | eads of the electrical conponents. That is, the area 28 enconpassed
by the reinforcer is a local region of increased rigidity. The encl osed
area of the cable will remain substantially flat and i mmovabl e even as the
cable outside of the reinforcer 24 is noved about. In this way, the

rei nforcer reduces risk of damage to the conponents and thereby inproves
the effectiveness of the flexible circuit. One end of the cable 22
termnates in a nulti-contact connector 34,that can be mated to a matching
connector 36 of _another cable or of an electronic device. In Fig. 1 a
portion of the cable outer insulation is renoved to show the plurality of
conduct ors 38 ceinfozienéed couivedienme.t Rachralentents canbtuct oredftd ity platealoltiee RttomThe

conductors COprSIEI §r§ \M‘ {o%%tht Hﬁg hédl g 8{1':@%97 fnah..- b .34 ﬁ|6’tha§ LIEL%-\QXI-C airr(ljp?rig The

Wi res are covere I NS atlon ayer whi ¢
bores 7 of the top plate 102 and bottom stiffener 10 and recelve screws 220 (only one of

which is illustrated, for simplicity). The screws can zZvantageously clamp together the top
plate, bottom stiffener, and heat sink.

The cable assemblies described above protect an enclosed area for stress-free mounting
of flexible circuit components. The flat rings of the assemblies can be provided in a wide
variety of configurations in conjunction with one or more of the features described in- the
drawings. Each of the flat rings provides a stress-free enclosed area of the flexible circuit
cable that is suitable for mounting of the flexible circuit components with reduced
susceptibility to damage.

The cable assemblies described above protect an enclosed area for stress-free mounting
of flexible circuit components. The flat rings of the assemblies can be provided in a wide
variety of configurations in conjunction with one or more of the features. described in the
drawings. Each of the flat rings provides.a stress-free enclosed area of the flexible circuit
cable that is suitable for mounting of the flexible circuit components with reduced
susceptibility to damage. .

The present invention has been described above in terms of presently preferred
embodiments so that an understanding of the present invention can be conveved. There are,
however, many other configurations for producing flexible circuit assemblies not specifically
described herein but with which the present invention is applicable. The present invention
should therefore not be seen as limited to the particular embodiments described -herein, but

- _.rather, it should be understood that the present invention has wide applicability with respect
to flexible circuit technology. All modifications, variations, or equivalent arrangements that
are within the scope of the attached claims should therefore be considered to be within the

scope of the invention.
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tHe cable width. It should be understood that each of the conductors is
typically connected to a different contact 40 of the'ConnECtUr*3ﬁ—and—rhat

the el ectrical conponents 30, 32 are connected to one ?& ﬁ%a?ms &n ]%&{es
In this way, the electrical components can provide use

passive flexible circuits. The conmponents can conprlse |Iter
capacitors or termnation resistors. The reinforcer 24 ted
froma variety of materials, including plasﬁ?c, stiff Ian1nated papers,
metals, and the [|ike. Stlffenlng wal | s can be incorporated, if desired. In

the embodiment illustrated in Fig. 1, tthgkﬁgtrlcal conmponents 30, 32 of
the flexible circuit are nounted on the sane Side of the nulti-conductor

flexible cable 22 as the
WE CLAIM:

1. An assembly comprising:

a multi-conductor flexible cable having a plurality of conductors and an insulation
layer; and

a reinforcer mounted on a surface of the flexible cable, the reinforcer having at least
one dimension that is less than the corresponding dimension of the flexible cable and defining
a cable enclosure area of increased local rigidity within the reinforcer that is sufficiently large
to permit one or more electrical components to be connected with at least one of the

conductors at a location within the enclosure area.

2. An assembly as defined in claim 1, wherein the reinforcer has a height

approximately equal to the height of the electrical components.

-

3. An assembly as defined in claim 1, wherein a surface of the reinforcer adjacent

the flexible cable includes a bore that receives a mounting device through the flexible cable.

4. An assembly as defined in claim 3, \iihefein the bore is threaded and the

mounting device comprises a screw.

5. An assembly as defined in claim 3, further including an opposing stiffening

“member for mounting to the cable opposite the reinforcer.

6. An assembly as defined in claim 5, wherein the opposing stiffening member

receives the mounting device and is thereby attached to the reinforcer.

N O O W



6 rei nforcer 24. Aternatively—the—eonponents can be nounted on the

opposite side -of the cable fronlthe reinforcer. Such an enbodi nent is

illustrated in Fi g.ThsSh flour electrical conponents 42, 44, 46,
48 mounted on a top the cable 22 and the relnforcer 24
mounted on the botto f the cable. Again, the reinforcer is

nmounted to the cable and thereby defines apyarea of the cable that is
stress-free and of increased rigidity, and within which the electrical
conponents are nmounted. In this mey, t he conponents are protected from
bendi ng nmoment S as t"he C-pr s?emb?y as d@gneggﬁ claim 6, wherein the mounting device comprises a

SCrew.

8. An assembly as defined in claim 1, wherein the electrical components are
connected to the electrical wires on the same side of the cable on which the reinforcer is

mounted.

9. An assembly as defined in claim 1, wherein the electrical components are
connected to the electrical wires on the opposite side of the cable on which the reinforcer is

mounted.

10.  An assembly as defined in claim 1, wherein the flexible cable comprises a flat

ribbon cable having multiple insulated wires.

11.  Anassembly as defined in claim 1, wherein the flexible cable comprises a flex
cable having separate layers of conductors and insulators.
! i :
12 An assembly as defined in claim 11, wherein the flex cable includes at least

one conductive layer and one insulating layer.

13.  An assembly as defined in claim 1, wherein the reinforcer includes a heat sink
structure.
- 14, An assembly as defined in claim 1, further including active electrical

components mounted in the enclosure area.

15, An assembly as defined in claim 1, further including passive electrical

components mounted in the enclosure area.

AR
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Fig. 3 illustrates that, for added protection of the fl exibl
conponents, the electrical conponents 54 can be nounted on the sane si de of
the cable 22 as the reinforcer 24 and the encl osed 'ﬁ\rssaeeﬂ&sesml aced

substantially filled wwth a sealant material 56, suc e epoxy
or resin material. The sealant material encases the onents
to provide a protective covering that hel ps prevent I ppl ng of the

conponent bodi es and hel ps prevent excedgive tenperature swi ngs and ot her
har nf ul environnmental effects that m ght inpair performance of the flexible
circuit. In thé Fig. 3 enbodinment, the height of the reinforcer 24 above

the cable surface 126 i &n&@%ﬁxlﬂlvaé}e&lﬁS dyinS@4iMCt, echddn AR RPPTEXiBRbSY agqual
to the hei ght e electri conponents This ensures greater protection

of the conpon@ﬁ?gc FOREEHYR ™ gﬁb‘ﬁéﬂﬂg@”m“m“

17.  An assembly as defined in claim 1, wherein the reinforcer further includes a

support hook.

18.  Anassembly as defined in claim 1, wherein the reinforcer further includes an

air baffle that directs a flow of air onto the electrical components.

19.  An assembly as defined in claim 18, wherein the air baffle includes an inlet
that permits a flow of air to enter the baffle and an outlet that permits the flow of air to exit

the air baffle after flowing over the electrical components.

20.  Anassembly as defined in claim 1, wherein the reinforcer includes an electrical
prong that is electrically connected to a predetermined one of the conductors.
21.  Anassembly as defined in claim;20, wherein one of the electrical components

comprises a termination resistor.

22.  An assembly as defined in claim 1, further including a sealant material

deposited within the reinforcer and surrounding the electrical components.

23.  An electrical cable connector comprising:
a connector that attaches to a multi-conductor flexible cable having a pluralitv of
conductors; _

a reinforcer attached to the connector along a first edge and having a substantially flat
surface for mounting on a surface of the flexible cable, the reinforcer having at least one
dimension that is less than the corresponding dimension of the flexible cable and defining an

enclosure area encompassed within the reinforcer that is sufficiently large to permit one or

* C L M s *
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THe retnforcer may. take shapes other than those illustrated in Figs. 1-3,
so long as the ‘reinforcer defines an area of—the ftexibie cable that w |

be shi el ded from bendi ng nonents that woul d o e&we BLAYEac®d ONg the
cable to the wire | eads of electrical conpone %%ing el n. For

exanple, it is not necessary for the reinforcer | osed
structure in the formof a loop or flat ring su Figs 1-3.
Two alternative enbodi nents of open reinforcers are illustrated in Fig. 4
and Fig. 5. Fig, 4 shoms a v-shaped reinforcer 60 nounted on the top
surface 26 of t ?le|e cable 22. An open enclosure area 62 is
enconpassed W'teﬁf eqinigal compprogentsigivg ﬁ°“&é‘1“?dn‘@‘ﬂ1 PHiFattgae PABe FINERCIRT Atedpitith s 64,
66 of the rewnfiotteenclésufe aaad an i nagi nary |ine segnent 68, shown as a
dashed |ine connecting the respective open ends 70, 72 of the reinforcer.
The open

24, An electrical cable connector as defined in claim 23, wherein the reinforcer has

a height approximately equal to the height of the electrical components.

25. An electrical cable connector as defined in claim 23, wherein the reinforcer

further includes a support hook. -

26. An electrical cable connector as defined in claim 23, wherein the reinforcer

further includes an air baffle that directs a flow of air onto the electrical components.

27.  An electrical cable connector as defined in claim 26, wherein the air baffle
includes an inlet that permits a flow of air to enter the baffle and an outlet that permits the
flow of air to exit the air baffle after flowing over the electrical components.

i
28.  An electrical cable connector as defined in claim 23, wht,_erein the reinforcér

further includes a heat sink structure.

29.  An assembly comprising:

a multi-conductor flexible cable having at least one conductor and one insulation layer;
and

a reinforcer having at least one dimension that is less than the corresponding
dimension of the ﬂe.\'il_Jle cable and attached to an outer. s.urface of the cable such that the
reinforcer encompasses a cable enclosure area of increased local rigidity that is shielded from
bending moments that otherwise would travel along the cable and that is sufficiently large to
permit one or more electrical components to be connected with at least one of the conductors

at a location within the enclosure area.

* ¢C L KM s =
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encl osure area is sufficiently large to enconpass one .or nore el ectrical
conponents 74 whose electrical lead wires will be free from bendi ng nonents
at the cable 22, even as the cable is 7 handl ed. That is, bending forces
due to handling of the cable 22 will not travel along the cable and pass
within the enclosure area 62. In this way, the reinforcer 60 provides a
cable region of increased local rigidity where the electrical conponents
are |l ocated. The maxi mum di st ance betweeqy t he open ends 70, 72 of the
reinforcer 60 may be

£l

ASSEMBLY FOR MOUNTING COMPONENTS TO FLEXIBLE CABLES

ABSTRACT

A support structure is attached to the front or back side of a flexible circuit by
direct mounting to the flexible circuit flat ribbon cable (22) thereby providing a stress-
free region of the cable (22) in which the flexible circuit electrical components (30, 32)
can be mounted. The support structure comprises a flat ring that is attached to the cable
by adhesive, soldering, or mechanical fastening. The flat ring mounts on one side of the
flat ribbon cable (22) and encloses an area of the cable that is sufficiently large for the
mounting of the flexible circuit electrical ¢omponents. The flat ribbon cable (22) within
the enclosed area is held flat and free from stress, even as the cable is handled. Thus,
any components mounted- within the enclosed area are not .s'ubjected to bending moments.
The invention also can be incorporated into cable connectors, such as multi-pin
connectors at the endé of cables. -

Fig. 1.

- This Sheet Has Been Replaced ' -

(U




§éndral ly referred.-to as the width of the reinforcer. Similarly, the

di stance fromthe inmaginary |ine segnent 68 to the joint 76 of the
reinforcer ribs may be referred to as the length of the reinforcer. In view
of these definitions, it should be apparent that the reinforcer 60 has a

|l ength that is | ess than the corresponding I ength of the cable 22 and has a
width that is I ess than the corresponding w dth of the cable (neasured
across the cable). Fig. 5 shows a seni-tif%cul ar reinforcer 78 nounted on
the top surface 26 of the flexible cable 22. The reinforcer conpr2@es an
open.circle or horseshoe-shaped ring 8Naving two free endiﬁg;(,84. The

open circle 80 defines an ea 86 enconpassed whin the
open circle and an imagina%&'e Rown as a dash l'i ne
connecting the free ends 82, 84.

Osure arsa is suff¥ciently |arge
t o enconpass one -



6r note electrical.conponents 90 whose electrical lead wires will be free
from bendi ng nonents. That is, bending forces due to handling of the cable
22 will not be permitted to travel within the enclosure area 86. As with

t he ot her enbodi ments descri bed above, the reinforcer 78 provides a cable
area of increased local rigidity where the electrical conponents are

| ocated. As was the case above for the v-shaped reinforcer, if the maxi num
di stance across the open circle 80 of the/9einforcer 78 in the cross
direction of the cable 22 is considered to be the reinforcer width, and if
t he maxi num di stance across the open circle along the length of the cable
is considered to be the reinforcer length, then it should be apparent that
the length of the reinforcer is |ess than the corresponding | ength of the
cable and the width of the _

2
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Ffeinfbrcer is less.than the corresponding width of the cable. A variety of
attachnment schenes can be used to nount the reinforcer to the flexible
cable 22. For exanple, adhesive materials such as glue, epoxy, or contact
cenment can be used to bond the reinforcer to the cable. Those skilled in
the art will readily appreciate the range of adhesives that can be suitably
used, wthout further explanation. Fig. 6 illustrates an alternative
attachnment scheme in which a reinforcengpd assenbly 100 is nounted to the
cable 22 with a mechanical fastener. In Fig. 6, the reinforcer assenbly
conprises a top plate 102




and a bottomstiffener 104 that are held together with four screws 106. The
screws clanp the top plate 102 and the bottom stiffener 104 around the
multi-wire cable 22. Because the top plate 102 is nmounted to the cable 22
by the clanping force fromthe bottomstiffener 104, the top plate encl oses
an area 108 of the cable 22 that is stress-free and within which can be
mounted flexible circuit conponents, such as illustrated above. As with the
enbodi ments descri bed above, the reinforcer assenbly 100 reduces the risk
of damage to the conmponents and4i/flproves the effectiveness of the flexible
circuit. In another aspect of the invention, illustrated in Fig. 7, the
reinforcer is incorporated with a.gable connector. Fig. 7 shows that a

mul ti-contact socket connector 110 ca A a flange 112, simlar to




bf the cable 22 leading to the connecting pins 114 and that defines an

encl osed area 116 that is stress-free. Fig. 7 shows the electrical
conponents 54 nounted to the cable in the enclosed area. In this way, a
cabl e connector and flexible circuit reinforcer assenbly can be provided in
a single structure, thereby reducing the cost, conplexity, and bul ki ness of
connecting cabl es. Additional refineneq%&)can be provided. For exanpl e,

Fig. 8 shows an alternative enbodi nent Tf” a reinforcer assenbly cable
connector 120 in which the connector flange 122 includes a support hook
124. The support hook can be used, for exanple, to hang the cable 22 froma
nmounting point or to fasten the connector in a desired |ocatiron. The
connector also can include a handling tagk 8.t hat provides a gripping
surface for easier grasping of the 36

116

FIG. 7



tabl e connector. In Fig. 8, the handling tab is conveniently used together
with the support hook 84 for grasping the connector. It should be
understood that the cable connector can be provided with two handling tabs
or two support hooks, which also provide for easier grasping of the
connector. Yet another refinement is illustrated in Fig. 9, which shows a
reinforcer assenbly 130 having an air baffle 132. The air baffle includes
an air inlet 134 into which an air flowtan be introduced and includes an
air outlet 96 fromwhich the air flow can exit. In Fig. 9 the

3
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9 air*flowis indicated by the dashed lines. The air flow can provide
cooling air to the electrical conponents nounted to the cable 22. This
feature can be especially advantageous in the case of active flexible
circuit conponents. In addition to providing a stress-free encl osed area on
a cable for nore effective and reliable flexible circuits, the reinforcer
assenbly constructed in accordance with the present invention can provide
i nproved cable performance. Fig. 10 illdg®¥rates the reinforcer assenbly 24
shown in Fig. 1 in side section to show that the reinforcer assenbly can
conprise a flat ring, constructed fromnetal, that is electrically
connected to one or nore of the wires of the cable 22. In particular, the
top reinforcer can be electrically connected to wires conpri sing

130

FIG. 10



4 ground plane of the cable. The conductive reinforcer can then be

el ectrically connected to ground. Alternatively, electrical conmponents can
be mounted onto the conductive reinforcer itself. The surfiace area of the
rei nforcer thereby provides a nounting surface for active and passive

el ectrical conponents. Fig. 10 shows that the reinforcer 24 includes a
connecting prong 138 that pierces the electrical cable outer insulation

| ayer 140 and is sized to nake electricgtgcontact with a sel ected one of
the cable wires 142. The flexible cable. 22 illustrated in Fig. 10 conprises
a multiple layer flat ribbon cable, which will be readily known to those
skilled in the art. e skilled in the art will appreciate that the cable
22 can be a single-layer/ cable conprising one |ayer of wires arranged

si de- by- si de, o%Azan inglude a plurality of l|ayers, each

\

FIG. 71
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41 ayer conprising wires arranged side-by-side. It should be understood that
the prong 138 can be |located at any desired point of the reinforcer such
that the prong pierces any particular desired wire in the cable 22. The
prong can be insulated along its depth, except for an exposed end, such
that the prong can extend through several |ayers of wires. Connections
other than to a selected cable wire can -be nade. For exanple, the prong 139
can be sized so that it extends to a c®ym®er |layer 141 in the cable 22 that
conprises a ground plane. If the reinforcer 24 is then connected directly
to device ground, a superior ground plane can be provided in that signal

noise in the cable will be reduced. ‘The sel ection of prong | ocati on depends
on the known signals carried by the respective wires of the cable and the
signal (or ground) wth which conneg¥ i s desired.

220

216

216
202

100

208 ! —




10 I'np Fig. 10, the reinforcer
adhesive nmaterial 143,

24 is nmounted to the cable 22 with an
such as an epoxy. Such a configuration permts rapid

mounting of the reinforcer to the cable without using special tools. Fig.
11 shows that the reinforcer 24 can be nounted to the cHiibé. 22 weplacpment sheet
mechani cal schene in which a bore 144 of the reinforcer receives a screw

146 that clanps the cable to the reinforcer.

Ceneral ly

care ‘HQSfEBemaken

with the Fi'g. 11 enbodi ment so that the screws 146 do ngﬁt‘bi erce the
signal -carrying wires of the cable. '

ASSEMBLY FOR MOUNTING COMPONENTS TO FLEXIBLE CABLES
BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates generally to .flexible circuits and, more particularly, to

assemblies for mounting electrical components onto flexible electrical cables.

2. Description of the Related Art _ .

Multi-conductor flexible cables are constructed from multiple lengths of electrical wire
that are arranged in parallel and are provided with insulatioq between them. Generally; sucﬁ
cables are used to carry signals between electrical devices connected by the cable. Such
cabling may be in the form of a ﬂ.éxible circuit cable in which conductors are typically plated
on insulation layers. Such cables are described, for example, in U.S. Patent No.:5,435,732;
U.S. Patent No. 5,261,155; and U.S. Patent No. 5,170,931; all assigned to International
Business Machines Corporation (IBM Corporation). These cables are generally referred to
as flex cables. Multi-conductor flexible cables also may be in the form of separate but
adjacent, discrete wires, typically circular ‘wires surrounded by an insulating Iayexl. These
cables are generally referred to as flat ribbon cable.

Multi-conductor flexible cables typically are connected to electrical devices with pin
and socket connectors. Each conductor or wire in the flexible cable is electri’célly-connected
to a pin of a pin connector at a cable end. The pin connector is received into a socket
connector at the device or at a cable end. For example, it is-common for microcomputer
components to be connected by flat ribbon cables having électrically insulated wires arranged
side-by-side, running parallel down the length of the cable. The wire diameters are such that
the flat ribbon cables are relatively flexible and therefore can be manipulated around tight
corners and small spaces typically encountered in the home and office environment where
microcomputers are used. Conventional flat ribbon cables typically have wires spaced apart

on 0.100 inch 0r-0.050 inch centers.
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Thus,* the screws should be | ocated such that they pass between the wires of
the cable. Fig. 12 is a side sectional view of the reinforcenent assenbly.
100 illustrated in Fig. 4 to show that the top plate 102 and bottom
stiffener 104 can be clanped around the cable 22 with fastening screws 108
such that the cable need not be pierced by the fastening screws. That is,
the sides of the top plate 102 and the boti omstiffener 104 extend beyond
the width of the cable and the fastening screws pass through the respective
rei nforcenent assenbly parts 102, 104 only in an area beyond the cable

width. Such arm sdth@ns@TeadvantaeQis\s mouhtactiDé 69pdstive Sectiiat GaoRehiSttkaty on.
The insulation integrity can be especially inportant if the reinforcenent

assenbl y tPsa iexible rrabley e rfdltem ¢apaoiters nare | anc example ovls 2 qimempnky- psasic electrical

constructdgihoBlnt M LRhHnChitatin el 2gadichd it LonsbcBA% % of hoPE LTS
conductors in the cable to reduce electrical noise in the signals carried by the cable. Another
example of components mounted to connecting cables are termination resistors. It is typical
for an electrical component to be directly connected -at an intermediate portion of the cable
by using surface ‘mount technology (SMT), whereby a wire lead of the component is
electrically connected with one of the wires of the cable so that the component rests on the
top or bottom surface of the cable. Such component connections comprise what are generally

. referred to as flexible circuits.

Unfortunately, the electrical components. of flexible circuits can become damaged
during handling of the cables. Movement of the cable such aé ddriﬁg connection and
disconnection of, devices causes the electrical component leads to undergo stress moments.
That is, as cables’ are .routéd around corners and through spaces, the wire leads of the
electrical components can become repeatedly bent where the leads connect to the cable,
thereby weakening the wire lead. Eventially, the corn.pom-:nt'i wire lead can break, resuiting
in circuit failure. The electrical component can break completely off the cable. The electrical
component structin:.gs also are susceptiblé to damage during handling of the cable. Resistors
and capacitors, fd‘i‘-’z"example, can become chipped, altering their specified electrical values.

 Again, circuit failure is the result. '

From the discussion above, it should be apparent that there is 2 need for a cable
assembly that permits electrical components to be mounted on ﬁulﬁ-conductor flexible cables
with redtced risk of damage to the connections and components, thereby maintaining the

effectiveness of the-flexible circuits. The present invention satisfies this need.
SUMMARY OF THE INVENTION

In accordance with the invention, a reinforcer is mounted to the front or back side of

- a mulu-conductor flexible cable, thereby providing a stress-free region of the cable in which
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further enhancenent, such as additional structural elenents. Fig. 13 shows
the reinforcer 200 haV|ng t he two-piece construction wth a heat sink
structure 202 nounted to the top plate 102, which is attached. to the
flexible cable 22 with the botton1st|ffener 104. As with the Fig. 6 and
Fig. 12 enbodi ments, the top plate encloses an area 208 of the cable 22
that is stress-free and within which are hounted circuit conponents 210.
the Fig. 13 enbodi ment, the nmounted circuit conponents include passive
conponent s. and act| e conponents t hat ggn rate heat. The heat sink

struct ur eSHOB IRITIEA £OMPEREIH gAY b movat fausethy FOrRRRRENERIEFGFak Witk IGAfs
fromthe gaMpeN8AtsSL d,%é@dtte &l }n%emsa&semloc’ab?@& ﬁ&diéae tROUiteNfafid RE1 per e

the heat is radiate he anbient air. hermal grease 214 deposited on

t he conpobenore mhlemséQntlhélehelacttntdlownwumennapwdl/ebs pootictadg from failure. The

' reinforcer comprises a substantially flat rib or loop that is attached to the cable by any one
of a variety of means, including adhesive, soldering, or mechanical fastening. The flat rib
or loop defines a cable area of increased local rigidity. The reinforcer can be constructed
from any material that will provide a relatively rigid assembiy, including flat or ribbed plastic
and metal.

In one aspect of the invention, the reinforcer mounts on one side of the multi-
conductor flexible cable and encompasses an area of the cable that is sufficiently large for the
mounting of the flexible circuit electrical components. The reinforcer can be shaped, for
example, as an open loop, semicircle, or square having a width .approxir'-'nately equal to that
of the multi-conductor flexible cable and the reinforcer can be glued or mechanically secured
to the cable. The flexible cable within the enclosed area is held flat and free from stress,
even as‘the cable is handled. Thus, any components mounted within the enclosed area are
not subjected to B’ending moments from the | cable. For further circpit protection, the
components can bé located within the area of increased rigidity oii the same side of the cable
.as the reinforcer and can then be encased in a seglant in_aterial, sﬁch as époxy. The Sealant
protects the components against abrasion and environmental fluctuations.

The invention also can be incorporated into cable assemblies wherein the reinforcer
is incorporated into a tbnﬁector, such as a multifpin connector located at the end of a cable:
In this way._'electrical_ connections with flexible circuit electgiéal- co'mponen;s can be madé at
the same time the cable connector is attached to the cable end. Suppoft hooks for locating
and fastening the cable with a machine can be incorporated as well, simpiif__ving cable
handling while at the same time protecting the electrical components from such handling. Air
cooling baffles and heat sinks also can be included, protecting the components from physical

damage and also improving cooling air delivery to the components.
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Those<skilled in the art will appreciate that a wide variety of useful

el enents can be nounted to the top plate of the reinforcer. For exanple, .
support handl es, power supplies, circuit nonitoring conponents, safety

equi pnent. and the |i ke can be nmounted on the rei nforcer for

conveni ence. Such el enents can be nounted to the top plate, to the bottom
"stiffener, or to both. The heat sink straucture 202 i ncludes bores 216 that
align with clanping bores 218 of the top plate 102 and bottom stiffener 104
and receive screws 220 (only one of which is illustrated, for sinplicity).

The screws canogy Feiaas Al aivant38P of BRrBRAt RBnd@Pshould be apparent from the

following description of the preferred embodiments, which illustrate, by way of example, the

principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective'view of an assembly showing a reinforcer, constructed in
accordance with the invention, mounted on a flexible cable.

Fig. 2 is perspective view of an assembly showing electrical components mounted on

= a side of the flexible cable opposite that of the reinforcer.

Fig. 3 is a perspective view of the assembly illustrated in Fig. 1 showing the enclosed
area within the reinforcer filled with a sealant. 'A

Fig. 4 is a perspective view of a v-shaped reinforcer:

Fig. 5 is a perspective view of a semi-circular reinforcer.

I-:ig. 6isa p_erépective view of an assembly showing a ﬁvo-piece reinforcer.

Fig. 7isa pérspective view of an electrical connector constructed in accordance with
the present invention. N . |

Fig. 8 shows the electrical connector of Fig. 7 with a support hook for mechanical
retention and straih relief,

Fig. 9 shows an assembly -having a air baffle for circulation of cooling air.

Fig. 10 is a sectional view of the assembly illustrated in F}g. 1 showing the electrice_ll
connection of the assembly with the flexible cable.

Fig. 11 is a.sectional view of the assembly illustrated in Fig. 1 showing a mechanical
attachment to the flexible cable. o

Fig. 12 is a sectional view of the assembly illustrated in Fig. 6.

-Fig. 13 is a perspective view of an assembly showing a component heat sink.
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plate, bottom stiffener, and heat sink. The cabl e assenblies described
above protect an enclosed area for stress-free nounting of flexible circuit
conponents. The flat rings of the assenblies can be provided in a w de
variety of configurations in conjunction with one or nore of the features
described in the drawi ngs. Each of the flat rings provides a stress-free
encl osed area of the flexible circuit cable that is suitable for nmounting
of the flexible circuit conponents with reduced susceptibility to damage.
The cabl e assenblies descri bed above protect an encl osed area for
stress-free nounti @Eﬁff?Rﬂ’"él@HI@F&'HEIBREEERMIEMBOWEI\%S rings of the
assenblies can be provided in a wi de variety of configurations in
conjunction with one or nore of the features described in the

Fig. 1 shows a cable assembly 20 comprising a multi-conductor flexible cable 22

having a reinforcer 24, constructed in accordance with the present invention, mounted on the
top surface 26 of the cable. In the Fig. 1 embodiment, the reinforcer comprises a flat loop
or ring, defining a closed structure with an bpen center, that encloses an area 28 of :'c:he cable.
The enclosed area is sufficiently large such that one or more electrical components 30, 32 can
be attached to the cable within the enclosed area using surface mount technology. The
enclosed area is stress-free in the sense that the cable 22 can be bent, handled, and otherwise
. moved about without céﬁsing bending moments and other stresses to occur at the connector
wire leads of the electrical components. That is, the area 28 encompassed by the reinforcer
is a local region of increased rigidity. The enclosed area of the cable will remain
substantially flat and -immovable even as the cable outside of the reinforcer 24 is moved
‘about. In this way, the reinforcer reduces risk of damage to the components and thereby
improves the effectiveness of the flexible circuit. |
One end of the cable 22 terminates in a'multi-contact connector 34 that can be mated
‘to a matching connector 36 of another cable or of an electronic cie_vice. In Fig. 1 a portion
of the cable outer insulation is removed to show the plurality of conductors 38 contained
within the multi-conductor flexible cable 22. The conductors comprise wires that are
arranged in parallel, side-by-side. The wires are covered by an insulation layer, which defines
the cable width. It should be understood that each of the conductors is typically connected
to a different contact 40 of the .con.nei:tor 34 and that the electrical components 30, 32 are -
connected to one or more of the wires. In this way, the electrical components can provide
useful active and passive ﬂexiblé circuits. The corhpbnents can comprise, for example, filter
capacitors or termination resistors. The reinforcer 24 can be constructed from a variety of
materials, including plastic, stiff laminated papers, metals, and the like. Stiffening walls can
be incorporated, if desired.
In the embodiment illustrated in Fig. 1, the electrical components 30, 32 of the

flexible circuit are mounted on the same side of the multi-conductor flexible cablz 22 as the
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drawi ngs. Each of the flat rings provides a stress-free encl osed area of
the flexible circuit cable that is suitable for nmounting of the flexible
circuit conponents with reduced susceptibility to damage. The present
invention has been described above in terns of presently preferred
enbodi nents so that an understandi ng of éhe present invention can be
conveyed. There are, however, many other” configurations for producing
flexible circuit assenblies not specifically described herein but wth

whi ch the ‘ﬁ sent24| n%Fnt | on i s applicable. The present invention should
t her ef or e "ABCTHE “Seeht'GL21YSlY 1 Y LHPORIIDH SR PE metntes bR dhsrRPRasita side Pl

herein, buiblé FHorEthe fetnfofrer! SubE N REBHS: E%ﬁg id {IRGthDE 1R FES O bwih;BY EF{)\R? Bol}as
exl

wi de appllcablllty V\nthrespect to e circult technology
nodi f i cat Fisagicalepmpanenis 42, 9, quiS/mbented anrampeswefacs S0heHtthe cable 22 and the

reinforcer 24 mounted on the bottom surface 52 of the cable. Again, the reinforcer is
mounted to the cable and thereby defines an area of the cable that is stress-free and of
increased rigidity, and within which the electrical components are mounted. In thlS ‘way, the
components are protected from bending moments as the cable is handled. _

Fig. 3 illustrates that, for added protection of the flexible circuit components, the
electrical components 54 can be mounted on the same side of the cable 22 as the reinforcer
24 and the enclosed area'28 can be substantially filled with a sealant material 56, such as a

_ workable epoxy or resin material. The sealant material encases the electrical components to
provide a protective covering that helps prevent chipping of the eompone-ht bodies and helps |
prevent excessive temperature swings and other harmful environmental effects that might
impair performance of the ﬂe\nble circuit. ‘In the Fig. 3 embodiment, the height of the
reinforcer ‘74 above the cable surface 26 is advantageously selected to be approximately equal
to the height of the ¢lectrical components. This ensures greater protection of the components
from physical damage.

The reinforcer may take shapes other than those illustrated in Figs. 1-3, so long as the
 reinforcer defines.an area of the flexible cable that will be shielded from bending moments
: that ‘would otherwise travel alono the cable to the wire leads of electrical components
. mounted therein. For example, it is not necessary for the reinforcer to define a closed

structure in the form of a loop or flat ring such as shown in Figs. 1-3. Two alternative
embodiments of open reinforcers are illustrated in Fig. 4 and Fig. 5.

Fig. 4 shows a v-shaped reinforcer 60 mounted on the top surface 26 of the flexible
c'xble 22. An open enclosure area 62 is encompassed within a cable region defined by the
two ribs or segments 64, 66 of the reinforcer "v" and an imaginary line segment 68, shown
as a dashed line conhecting the respective open ends 70, 72 of the reinforcer. The open
enclosure area is sufficiently large to encompass oné or more electrical components 74 whose

electrical lead wires will be free from bending moments at the cable 22, even as the cable is
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are within the scope of the attached clains should therefore be considered
to be within the scope of the invention. 12 WVE CLAIM 1. An assenbly
conprising: a nulti-conductor flexible cable having a plurality of
conductors and an insul ation |ayer; and

7

handled. That is, bending forces due to handling of the cable 22 will not travel along the
cable and pass within the enclosure area 62. In this way, the reinforcer 60 provides a cable
region of increased local rigidify where the electrical components are located.

The maximum distance between the open ends 70, 72 of the reinforcer 60 may be
generally referred to as the width of the reinforcer. Similarly, the distance from the
imaginary line segment 68 to the joint 76 of the reinforcer ribs may be referred to as the
length of the reinforcer. In view of these definitions, it should be apparent that the reinforcer
60 has a length that is less than the corresponding length of the cable 22 and has a width that
is less than the corresponding width of the cable (measured across the cable).

= Fig. 5 shows a semi-circular reinforcer 78 mounted on the top surface 26 of the
flexible cable 22. The reinforcer comprises an open circle or horseshoe-shaped ring 80
having two free ends 82, 84. The open circle 80 defines an open."enclosure area 86
encompassed within the open circle and an imaginary line segment 88 shown as a dashed line
connecting the freé ends 82, 84. The enclosure area is sufficiently large to encdmpéss one
or more electrical components 90 whose electrical lead wires will be free from bending
moments. That is, bending forces due to handling of the cable 22 will not be permitted to
travel within the enclosure area 86. As with the other embodiments described above, the
reinforcer 78 provides a cable area of increased local rigidity where the electrical components
are -located. | |

As was the case above for the v-shaped reinforcér, if the maximum distance across the
open circle 80 of the reinforcer 78 in the cross direction of the cable 22 is considered to be
the reinforcer width, and if the maximum distance across the open circle along the length of
the cable is considered to be the reinforcer length, then it ‘should be apparent that the length
of the reinforcer is’less thar} the corresponding leh;gth of the cable and the width of the
reinforcer is less than the corresponding width of the cable.

A variety of attachmen-t schemes can be used to mount the reinforcer to the flexible
cable 22. For example, adh'e';ivé materials such as glue, epoxy, or contact cement can be used
to bond the reinforcer to the cable. Those skilled in the art will readily appreciate the range

of adhesives that can be suitably used, without further expianation. Fig. 6-illustrates an
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a reinforcer nounted on a surface of the f]exible cable, the reinforcer
having at | east one dinension that is |ess than the correspondi ng di mension
of the flexible cable and defining a cable enclosure area of increased
local rigidity within the reinforcer that is sufficiently large to permt
one or nore electrical conponents to be connected with at | east one of the
conductors at a location within the encl®sure area. 2. An assenbly as
defined in claim 1, wherein the reinforcer has a hei ght approximately
equal to the height of the electrical conponents. An assenbly as defined in

claiml, xskeheiveatachiicntschee ih Mpidhel einfsrcaheds@aay 1008 hbexediethe adble
I ncludes a bore that receives a mounting device through the flexible cable.

4, An 35 6thin peghanigak faseden nindiigi tnthe rawfercer assepbln eeapiises arop apse 18Ad
the and a bottom stiffener 104 that are held together with four screws 106. The screws clamp
the top plate 102 and the bottom stiffener 104 around the multi-wire cable 22.

Because the top plate' 102 is mounted to the cable 22 by the clamping force from the
bottom stiffener 104, the top plate encloses an area 108 of the cable 22 that is stress-free and
within which cén be mounted flexible circuit components, such as illustrated above. As with
.the embodiments described above, the reinforcer assembly 100 reduces the risk of damage 10
the components and improves the effectiveness of the flexible circuit.

% . In another aspect 6f the invention, illustrated in Fig. 7, the reinforcer is incorporated

. with a cable connector. Fig. 7 shows that a multi-contact socket connector 110 can

incorporate a flange 112, similar to the top plate described above, that is attached to a length

of the cable 22 leading to the connecting pins 114 and that defines an enclosed area 116 that

' is stress-free. Fig. 7 shows the electrical components 54 mounted to the cable in the enclosed

area. In this way, a cable connector and flexible circuit reinforcer assembly can be provided

in a single structure, fhereby reducing the cost, complexity, and bulkiness of connecting
~cables. ' _

Additional refinements can be provided. For exaimple, Fig. 8 shows an alternarive

| embodiment of a reinforcer assembly cable cdnn_ector 120 in which the connector flange 122

includes a support hook 124. The support hook can be used, for example, to hang the cable

'- ?.2 from a mounting point or to fasten the connector in a desired location. The connector also

can include a handling tab 126 that provides a gripping surf:ace for easier grasping of the

cable connector. In Fig. 8, the handling tab is i:omienientl'y used together with the support

hook 84 for grasping the connector. It should be ﬁnciersto'od thaf the cable connector can be

provided with two handling tabs or two supp;art hooks, which also provide for easier grasping

of the: connector. ) '

Yet another reﬁnemem is illustrated in Fig. 9, which shows a reinforcer assembly 130

having an air baffle 132. Tile air baffle includes an air inlet 134 into which an air flow can

be introduced and includes an air outlet 96 from which the air flow can exit.- In Fig. 9 the
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nount irng devi ce conprises a screw. 5. An assenbly as defined in claimS3,
further including an opposing stiffening nenber for nmounting to the cable.

opposite the reinforcer. 6. An assenbly as defined in claim5, wherein
t he opposing stiffening nenber receives the nmounting device and is thereby
attached to the reinforcer. This is the replacenent sheet CLANS

9

air flow is indicated by the dashed lines. The air flow can provide cooling air to the
electrical components mounted to the cable 22. This feature can be especially advantageous
in the case of active flexible circuit components.

In addition to providing a stress-free enclosed area on'a cable for more effective and
reliable flexible circuits, the reinforcer assembly constructed in accordance with the present
invention can provide improved cable performance. Fig. 10 illustrates the reinforcer assembly
24 shown in Fig. 1 in side section to show that the reinforcer assembly can comprise a flat
ring, constructed from metal, that is electrically connected to one or more of the wires of the
cable 22. In particular, the top reinfofcer can be electrically connected to wires comprising
a ground plane of the cable. The conductive reinforcer can then be electrically connected to

-ground. Alternatively, electrical components can be mounted onto the conductive reinforcer
itself. The surface area of the reinforcer thereby provides a mounting surface for active and
passive electrical components.

Fig. 10 shows that the reinforcer 24 includes a connecting prong 138 that pierces the
electrical cable outer insulation layer 140 and is sized to make electrical contact with a
selected one of the cable wires 142. The flexible cable 22 illustrated in Fig. 10 comprises

_a multiple layer flat ribbon cable,. which will be readily known fo those skilled in the art.

' Those skilled in the art will appreciate that the cable 22 can be a single-layer cable
comprising one layer of wires arranged side-by-side, or can include a plurality of layers, each
layer comprising wirés arranged side-by-side. It should be understood that the prong 138 can

| be located at any desired point of the reinforcer such that the prong pierces any particular
‘desired wire in the cable 22. The prong can be insulated along its depth, except for an
exposed end, such that the prong can extend through several layers 6f wires.

Connections other than to a selected cable wire can be made. For example, the prong
139 can be sized so that it éxtends to a copper layer 141 in the cable 22 that comprises a
groﬁﬁd plane. If the reinforcer 24 is then connected directly to device ground, a superior
ground plane can be provideéd in that signal noise in the cable will be reduced. The selection
of prong location depends on the known signals carried by the respective wires of the cable

and the signal (or ground) with which connection is desired.
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1. Am assenbly conprising:, a nulti-conductor flexible cable having a
plurality of conductors and an insulation |ayer; and a reinforcer nounted
on a surface of the flexible cable, the reinforcer having a | ength and

wi dt h such that at |east one dinension is |ess than the corresponding

di rension of the flexible cable and wherein the length and wdth of the
reinforcer define a cable enclosure area D increased |local rigidity wthin
the reinforcer than prevents flexure of the cable and is sufficiently |arge
to permit one or_nore electrical conponents to be connected with at | east
one of the conduEielS the reinforrent svmonpntes o theeatds 27 yailaa adhesive material 143,

such as an epoxy. Such a configuration permits rapid mounting of the reinforcer to the cable -
without using special tools. Fig. 11 shows that the reinforcer 24 can be mounted to the cable
22 using a mechanical scheme in which a bore 144 of the reinforcer receives a screw 146 that
clamps the cable to the reinforcer. Generally, care must be taken with the Fig. 11
embodiment so that the screws 146 do not pierce the signal-carrying wires of the cable.
Thus, the screws should be located such that they pass between the wires of the ééble.

Fig. 12 is é side sectional view of the reinforcement assembly 100 illustrated in Fig.
4 to show that the top plate 102 and bottom stiffener 104 can be clamped around the cable
22 with fastening screws 108 such that the cable need not be pierced by the fastening screws.
That is, the sides of the top plate 102 and the bottom stiffener 104 extend beyond the width
of the cable and the fastening screws pass through the respective reinforcement assembly parts
102, 104 only in an area beyond the cable width. Such an arrangement preserves the integrity
of the cable insulation. .' The insulation integrity can be especially important if the
reinforcement assembly is used in severe environmentél conditions.

The two-piete construction of the reinforcer illustrated in Fig. 4 and Fig. 10 permits
further enhancement, such as additional structural elements. Fig. 13 shows the reinforcer 200
having the two-piece construction with a heat sink structure 202 mounted to the top plate 102,
which is attached. to the flexible cable 22 with the bottom stiffener 104. As with the Fig. 6
and Fig. 12 embodiments, the top plate encloses an area 208 of the cable 22 that is stress-free
and within which are mounted circuit components 210. In the Fig. 13 emBodiment_. the
mounted circuit components include passive components and active components that genera.te
heat. The heat sink_structure- 202 includes cooling fins 212 that permit heat energy to flow
ﬁjom the components 210 to the top plate 102 and. to the cooling fins, where the hear is
radiated to the ambient air. A thermal greasé 214 deposited on the components enhances the
heat flow and improves cooling.

| Those skilled in the art will appreciate that a wide variety of useful elements can be
mounted to the top plate of the reinforcer. For example, support handles, power supplies,

circuit monitoring components, safety equipment. and the like can be mounted on the
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2. An assenbly as defined in claim 1, wherein the reinforcer has a height
approxi mately equal to the height of the electrical conponents. 3. An
assenbly as defned in claim1, wherein a surface of the reinforcer adjacent
the flexible cable includes a bore that receives a nmounting device through
the flexible cable. 4. An assenbly as defined in claim3, wherein the bore
i s threaded and the mounting device conpyises a screw. 5. An assenbly as
defined in claim3, further including a opposing stiffening menber for
nounting to the cable opposite the reinforcer. 6. An assenbly as defined

., Lt o LB PRS0 LSS B B0y 55 AR BLAD
stiffener, or to both. The heat sink structure 202 includes bores 216 that align with clamping
bores 218 of the top plate 102 and bottom stiffener 104 and receive screws 220 (only one of
which is illustrated, for simplicity). The screws can advantageously clamp together the top
plate, bottom stiffener, and heat sink.

The cable assemblies described above protect an enclosed area for stress-free mounting
of flexible circuit components. The flat rings of the assemblies can be provided in a. wide
variety of configurations in conjunction with one or more of the features described in the
drawings. Each of the flat rings provides a stress-free enclosed area of the flexible circuit

.. cable that is suitable for mounting of the flexible circuit components with reduced
- susceptibility to damage.

The cable assemblies described above protect an enclosed area for sftess-free mounting
of flexible circuit components. The flat rings of the assemblies can be provided in a wide
variety of configurations in conjunction with one or more of the features- described in the
drawings. Each of the flat rings provides.a stress-free enclosed area of the flexible circuit
cable that is suitable for mounting of the”flexible circuit components with reduced
susceptibility to damage. -

| The present invention has been described above in terms of presently preferred
embodiments so that an understanding of the present invention can be conveyed. There are,
however, many other configurations for producing flexible circuit assemblies not specifically
déscribed herein but with which the present invention is appli_cal;le.- The present invention
should therefore not be seen as limited to the particular embodiments described -herein, but
réther, it should be.understood that the present invention has wide applicability with respect
to flexible circuit tqchnolbgy. All modiﬁcations,'variatior;s, or equivalent arrangei'nents that
are within the scope of the attached claims ;hohld therefore be considered fo be within the

scope of the invention.
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This Sheet Has Be Re |aced 16. An assenmbly as defined in claim 1,
wherein the reinforcer conprises an electrical connector in which the cable
termnates. 17. An assenbly as defined in claim1, wherein the reinforcer
further includes a support hook. 18. An assenbly as defined in claiml,
wherein the reinforcer further includes an air baffle that directs a fl ow
of air onto the electrical conponents. 12

This Sheet Has Been Replaced

cLams TR

WE CLAIM:

1. An assembly comprising:
a multi-conductor flexible cable having a plurality of conductors and an insulation
layer; and
a reinforcer mounted on a surface of the flexible cable, the reinforcer having at least
one dimension that is less than the corresponding dimension of the flexible cable and defining
. a cable enclosure area of increased local rigidity within the reinforcer that is sufficiently large
to permit one or more electrical components to be connected with at least one of the

conductors at a location within the enclosure area.

2. An assembly as’defined in claim 1, wherein the reinforcer has a height

approximately equal to the height of the electrical components.

3. An assembly as defined in claim 1, wherein a surface of the reinforcer adjacent

the flexible cable includes a bore that receives a mountihg' device through the flexible cable.

4, An assémbly as defined in claim 3, wherein the bore is threaded and the
mounting device comprises a screw.
5. An assembly as deﬁned in claim 3, further including an OppOSan snffemno

member for mounting to the cable opposite the reinforcer.

- 6. An assembly as defined in claim 5, wherein the opposing stiffening member

receives the mounting device and is thereby attached to the reinforcer.
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19. -~An assenbly as defined in claim18, wherein the air baffle includes
an inlet that permits a flow of air to enter the baffle and an outlet that
permts the flow of air to exit the air baffle after flow ng over the

el ectrical conponents. 20. An assenbly as defined in claiml, wherein the
reinforcer includes an electrical prong that is electrically connected to a
predet erm ned one of the conductors. 21.13 An assenbly as defined in claim
20, wherein one of the electrical conponents conprises a term nation
resistor. 22. An .assenbly as defined in claim 1, further including a

| depos; | d di
o ectrica componentd wg oty shdbihe f cffi®. Hiln B mBitind Bl oriipes -

SCrew.

8. An assembly as defined in claim 1, wherein the electrical components are
connected to the electrical wires on the same side of the cable on which the reinforcer is

mounted.

9. An assembly as defined in claim 1, wherein the electrical components are
connected to the electrical wires on the opposite side of the cable on which the reinforcer is

mounted.

10.  An assembly as defined in claim 1, wherein the flexible catzﬂe comprises a flat

ribbon cable having multiple insulated wires.

11.  Anassembly as defined in claim 1, wherein the flexible cable comprises a flex
. : . i
cable having separate layers of conductors and insulators.

12.  An assembly as defined in claim 11, wherein the flex cable includes at least

one conductive layer and one insulating layer.

-~

13.  Anassembly as defined in claim 1, wherein the reinforcer includes a heat sink

structure.

14.  An :assembly as defined in claim 1, further including active electrical

components mounted in the enclosure area.

15. An assembly as defined in claim 1, further including passive electrical

components mounted in the enclosure area.
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a conmector that attaches to a multi-conductor flexible cable having a
plurality of conductors; a reinforcer attached—t—om ong a

first edge and having a substantially flat surf L&(H@U&tﬁe gec®N a
surface of the flexible cable, the reinforcer ne ‘di mensi on
that is |l ess than the correspondi ng di nensi on of | NM abl e and
defining an enclosure area enconpassed ythin t he S
sufficiently large to permit one or . 14

16. An assembly as defined in claim 1, wherein the reinforcer comprises an

electrical connector in which the cable terminates.

17. An assembly as defined in claim 1, wherein the reinforcer further includes a

support hook.

18.  An assembly as defined in claim 1, wherein the reinforcer further includes an

air baffle that directs a flow of air onto the electrical components.

19.  An assembly as defined in claim 18, wherein the air baffle includes an inlet
that permits a flow of air to enter the baffle and an outlet that permits the. flow of air to exit

the air baffle after flowing over the electrical components.

20.  Anassembly asdefined in claim 1, wherein the reinforcer includes an electrical

prong that is electrically connected to a predefermined one of the conductors.

21.  An assembly as defined in claim 20, wherein one of the electrical components

-comprises a termination resistor.

22.  An assembly as defined in claim 1, further including a sealant material

deposited within the reinforcer and surrounding the electrical components.

23.  An electrical cable connector compnsmo

a connector’ that attaches to-a mult1~conductor flexible cable having a plurality of
conductors;

a reinforcer attached to the éonnector along a first edge and having a substantially flat
surface for mounting on a surface of the flexible cable, the reinforcer having at least one
dimension that is less than the correspbnding dimension of the flexible cable and déﬁning an

enclosure area encompassed within the reinforcér that is sufficiently large to permit one or
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16. An assenbly as defined in claim11, wherein the reinforcer conprises an
el ectrical connector in which the cable term nates. IT7—An—assenbly—as—
defined in claim1, wherein the reinforcer further inﬂliu&%s l?u ort dh_ook.
18. An assenbly as defined in claim1, wherein the rei g : ed -
includes an air baffle that directs a flow of air onto i wj

conponents. 19. An assenbly as definedPn claim 18, ‘wh affle
includes an inlet that permts a flow of air to enter the baffle and an
outlet that permts the flow of air to exit the air baffle after flow ng
over the glogctleti€iahl @aiHRABRE kS be dbhnefied aaHedtbast 88e FLiHeRHdhdIogladk Mbdation

wherein the reinforcer includes an electrical
within the enclosure area.

24, An electrical cable connector as defined in claim 23, wherein the reinforcer has
a height approximately equal to the height of the electrical components. '
25.  An electrical cable connector as defined in claim 23, wherein the reinforcer

further includes a support hook.

= 26. An electrical cable connector as defined in claim 23, wherein the reinforcer

further includes an air baffle that directs a flow of air onto the electrical components.

27.  An electrical cable connector as defined in claim 26, wherein the air baffle
includes an inlet that permits a flow of air to enter the baffle and an outlet that permits the
_ flow of air to exit the air baffle after flowing over the electrical components.

i

28. An electrical cable connector.as defined in c_laim 23, wherein the reinforcer

further includes a heat sink structure.

29.  An assembly comprising:
a m_ulti-conductdr flexible cable having at least one conductor and one insulation laver;
- and |

a reinforcer ‘having at least one dimension that is less than the corresponding
dimension of the flexible cable and attached to an outer surface of the cable such that the
reinforcer encompasses a cable enclosure area of increased local rigidity that is shielded from
bending moments that otherwise would travel along the cable and that is sufficiently large to
permit one or more electrical components to be connected with at least one of the conductors

at a location within the enclosure area.
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prong+<t hat

Is electrically connected to a predeterm ned one of the

conductors. 21. An assenbly as defjned in clajm20, wherein one of the

el’ectri cal

conponents conprises a termnation resistor. 22. An assenbly as

defined in claim1, further including a sealant material deposited within
the reinforcer and surrounding the el ectrical conponents. 23. An electrical
cabl e connector conprising: a connector that attaches to a nulti-conductor
flexi bl e cable having a plurality of contfuctors; a reinforcer attached to
the connector along a first edge and having a substantially flat surface
that is nounted on a surface of the flexible cable, the reinforcer having a

ASSEMBLY FOR MOUNTING COMPONENTS TO FLEXIBLE CABLES
ABSTRACT

A support structure is attached to the front or back side of a flexible circuit by
direct mounting to the flexible circuit flat ribbon cable (22) thereby providing a stress-
free region of the cable (22) in which the ﬂexit_)le circuit electrical components (30, 32)
can be mounted. The support structure comprises a flat ring that is attached to the cable
by adhesive, soldering, of mechanical fastening. The flat ring mounts on one side of the
flat ribbon cable (22) andiencloses an area of the cable that is sufficiently large for the
mounting of the flexible circuit electrical components. The flat ribbon cable (22) within
the enclosed area is held ﬂat and free from Stress, even as the cable is handled. Thus,
any components mounted within the enclosed area are not subjected to bending moments.
The invention'also can be incorporated into cable connectors, such as multi-pin

connectors at the ends of cables.

Fig. 1.
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_ _ ) REPLACEMENT SHEETS '
| ength and width such that at |east one di K 3 st

correspondi ng di nension of the flexible cahl Fri 011§§gg»,/4& ng% m
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rei nforcer that prevents flexure of the call
permit one or nmore electrical conponents t S ct eBa%ﬁ e B ?@éﬁst‘ 0

of the conductors at a location within2he jencl osure area. 24. fﬁi
el ectrical cable connector as defined in cliaidDB, OW@MEQ al9Sce

e

has 2t 9N SRR ) Bk o i SR o ek SRl bonens
dicectly to a flexible cable. Filter capacitors are an example of a commonly used
elccirical components. In such an application, filter capacitors are connected to one or
more of the conductors in the cable to redqce electrical noise in the signals carried by the
cable. Another exanple of components mounted to connecting cables are termination
resistors. It is typical for an electrical component to be directly connected ar an
intermediate portion of the cable by using surface m'ountl technology (SMT), whereby a
wire lead of the cotnponent is e)ectriczilly connected with one of the wires of the cable so
that the component rests oﬁ the top or bottom surface of the cﬁble. Such component
connections compriso what are generally referred to as flexible circuits.
| Unfortunately, the electrical coniponents of flexible circuits can become damaged
during handling of the cables. Movement of the cable such as during connection and
disconnection of. devices cavses the electrical component leads to underéo stress
moments. That is, as cables are ro;ited_ around corners and through spaces, the iwire_
leads of the electrical components can become repeatedly bent where the leads connect to
the cable, thereby weakening the wire lead. Eventually, the component wire lead can
biieak, resulting in circuit failure. The electrical component can break completely off the
cable. The electrical component structures also are susceptible to damage during
handling of the cable. Resistors and capacitors, for example, can become chipped,
altering their speciﬁed electrical values. Again, circuit failure is the result.
From the discussion above, it should be apparent that there jis a need for a cable
assembly that permits electrical corponents to be mounted on multi-conductor'ﬂexible
_ cables with _ redi:t:t:d risk of damage to the copnections and components, thereby
maintaining the effcctiveness of the flexible circuits. The present invention satisfies this’
need, |
~ SUMMARY OF THE INVENTION
According to one aspect of the invention there is provided an assembly comprising:
a lhulti-oonductor flexible cable having a piurality of conductors and an insulation Jayer;
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25. An . electrical cable connector as defined in claim23, wherein the
reinforcer further includes a support hook. 26. An electrical cable
connector as defined in claim23, wherein the reinforcer further includes
an air baffle that directs a flow of air onto the electrical conponents.

27. An electrical cable connector as defined in claim26, wherein the air
baffl e includes an inlet that permts flow of air to enter the baffle and
an outlet that permts the flow of air to exit the air baffle after flow ng

e s SUBSAAAE My E Ry ol i i SCMSSIROBEESE 8
struct ur e. reinforcer having a length and width such that at least one dimension is less than the
| corresponding dimension of the flexible cable and wherein the length and width of the
reinforcer define a cable enclosure area of increased local rigidity within the reinforcer
than prevents flexire of the cable and is sixfficiently large to permit one or more
electrical components to be éoxxxmctcd with at least one of the conductors at a location
within the enclosure area.

According to another aspect of the invention there is provided an electrical cable
connector comprising: 2 connector that attaches to a multi-conductor flexible cable
having a plurality of conductors; a reinforcer attached to the connector along a first edge
and having a substantially flat surface that is mounted on a surface of the flexible cable.
the reinforcer lmviug a length and width sﬁ'ch that at least one dimension is less than the
corresponding dimension of the flexible cable and wherein the length and width of the
reinforcer define au enclosure area encompassed within the reinforcer that prevents
flexure of the cable and is sﬁf.ficicnt!y large to permit one or more electrical components |
to be connected with at least one of the conductors at a location within the enclosure
arca.

According to still another aspect of the invention there is provided an assembly
comprising: a mulli-conductor flexible cable having at least one conductor and one
msulation layer; awl a reinforcer having a length and width wherein at least one
dimension is less than the corresponding dimension of the flexible cable and the
reinforcer is attached to an onter surface of the cable such that the length and width of
the reinforcer attachment defines a cable enclosure area of increased local rigidity that is
shielded from bendivg moments that otherwise would travel along the cable and that is
sufficiently large to permit one or more electrical components to be connected with at

least one of the conductors at a location within the enclosure area.
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29. An assenbly conprising; a nulti-conductor flexible cable having at

| east one conductor and one insulation |ayer;- and a reinforcer having a

| ength and width wherein at |east one dinmension is |ess than the
correspondi ng di nensi on of the flexible cable and the reinforcer is
attached to an outer surface of the cable such that the I ength and wi dth of
the reinforcer attachnent defines a cab2e encl osure area of increased | ocal
rigidity that is shielded frombending nonents that otherw se would travel
al ong the cable and that is sufficie ilﬁ l.arge to permt one or nore

el ectrical conponents to be connecte at | east one of the conductors

at a locatiion within,the enclosure area.
_ 1°" Xn assembfy comprising:”,

a multi-conduetor flexible cable having a plurality of conductors and an insulatiqn
layer; and
a reinforcer mounted on a surface of the flexible cable, the reinforcer having a
fength and width such that at least one dimension is less than the corresponding
dimension of the ﬂcxibie cable and wherein the length and width of the reinforcer define
a cable enclosure area of increased local rigidity within the reinforcer than prevents
fiexure of the cable and is sufficiently large to permit ane or more electrical components
to be connected with at least ;me of the conductors at a location within the enclosure
aléa. | |
2.  An assembly as definéd in claim 1, wherein the reinforcer bas a height
appfoxiﬁmtely equal (o the height of the electrical components.-
3. - Anassembly as defined in-claim 1, wherein a surface of the reinforcer adjacent the
flexible cable includes a bore that receives a mounting device through the flexible cable.
4. An asscmblﬁ as defined in clajim 3, wherein the bore is threaded and the mounting
device comprises a screw. |
5.  An assembly as defined in claim 3, further including an opposing stiffening
" member for mounting to the cable opposite the reinforcer.
6. An assembly as defined in claim 5, wherein the opposing stiffening membef -

receives the mounting device and is thereby attached to the reinforcer.
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16. An assembly a8 defined in claim 1, wherein the reinforcer comprises an electrical
connector in which the cable terminates.
17. An assembly as defined in claim 1, whereip the reinforcer further includes a
support hook. |
18. An assembly as defined in claim 1, wherein the reinforcer further includes an ajr
baffle that directs a flow of air onto the electrical components.
19. An assembly as defined in claim 18, wherein the air baffle includes an iﬂct that
permits a flow of air (o enter the baffle and an outlét that permits the ﬁow of air to exit
the air baffle after flowing over the electrical components.
20. An assembly as defined in claim 1, wherein the reinforcer includes an electrical
prong that is electrically connected to a predetermined one of the conductors.
~ 21, An assembly as defined in claim 20, wherein one of the electrical components
~ comprises a termination resistor.
22. An assembly as defined in claim 1, further including a sealant material deposited
 within the reinforcer and sun(;unding the electrical components.
23.  An electrical cable connector comprising:
a connector that attaches to a multi-conductor ﬂeﬁble cable having a plurality of |
conductors; _ |
a reinforcer attached to the connector along a first edge and having a substantially |
flat surface that is mounted on a surface of the ﬂexibie cable, the reinforcer having a
length and width such that. at least one dimension is less than the corresponding
dimension of the flexible cable and wherein the length and width of the reinforcer define
an enclosure area cicompassed within the reinforcer that prevents flexure of the cable
and is sufficiently larpe to permit one or more electrical componénts to be connecred
with at least one of the conductors at a location within the enclosure area.
24.  An electrical cable connector as defined in claim 23, wherein the réinforcer has a

height approximately cqual to the height of the electrical components.
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25. An electrical cable convector as defived in claim 23, wherein the reinforcer further
includes a support hook. '
26. An electrical cable connector as defined in claim 23, wherein the reinforcer further
includes an air baffle that directé a flow of air onto the electrical components. |
27. An electrical cable connector as defined in claim 26, wherein the air baffle includes
an inlet that permits a flow of air to cnter the baffle and an outlet that permits the flow of
air to exit the air baffle after flowing over the electrical components.
-28. An elecirical cable connector as defined in claim 23, wherein the reinforcer further
includes a heat sink structure.
©29.  An assembly comprising;

a multi-conductor flexible cable h'aving'at least one conductor and one insulation
layer; and |

a reinfofcer having a length and width {whercin at least one dimension is less than

the corresponding dimension of the flexible cable and the reinforcer is artached to an

outer surface of the cable such that the length and width of the reinforcer attachment

defines a cable’ enclosure arca of increased local rigidity that is shielded from bendiog

moments that otherwise would travel along the cable and that is sufficiently large to

permit one or more electrical components to be connected with at least one of the

conductors at a location within the enclosure area.
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