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CONNECTOR

RELATED APPLICATIONS

{6001} This application claims priority to Japanese Application No. 2017-006007, filed

January 17, 2017, which is incorporated herein by reference in tts entirety.

TECHNICAL FIELD

{0002} The present disclosure relates to a connector.

BACKGROUND ART

{6003] Conventionally, harness-shaped multi-core cables formed by gathering and
integrating a multiplicity of electric wires are used in transport equipment, and the like, as
wiring inside the equipment or to connect an equipment main unit and display. While flat cables,
in which a multiplicity of electric wires, both ends of which are connected to electrical
connectors, are aligned 1n parallel at a predetermined pitch are typically used in such cases,
cylindrical cables are sometimes configured by winding flat cables helically in order to make
handling easier (for example, see Patent Document 1).

{6004} FIG. 16 1s a perspective view of a conventional cylindrical cable.

18005} In the figure, 801 is a flat cable in which a plurality of electric wires 851 aligned
in parallel have been integrated using an insulator. The flat cable 801 ts wound helically around
a circumference of a core material 811 made from a material having superior tensile resistance
made from aramid fiber, and the like. Furthermore, a circumference of the helically wound fiat
cable 801 1s covered by a cylindrically rounded metal tape 861, and a circumference of the
cvhindrically rounded metal tape 861 is covered by a resin sheath 821, Therefore, the helically

wound flat cable 801 is reliably protected fror wear and damage.

{0006] Patent Document 1. JP H10-134640

SUMMARY

{6007} However, with this conventional technology, if the dimensions of the flat cable
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801 are made fine and the electric wires 851 are thus made even finer, it becomes difficult to
reliably connect the flat cable 801 to a circuit board or a counterpart member, such as a

connector, and the like.

{0008} Here, an object is to resolve the conventional problems and to provide a connector
that can be provided even in a small diameter, narrow space, and that can reliably mate with a

counterpart connector.

{6009] Therefore, a shaft member and a wire substrate wound helically on a surface of
the shaft member are provided in a connector, where the wire substrate includes a band-shaped
base material, a plurality of conductive wires provided on one surface of the base material, and
a plurality of contact pads provided on the other surface of the base material, each of the
conductive wires is connected to each of the contact pads, and the contact pads are exposed on
an outside of the wire substrate aligned so as to open a gap in a length direction of the shaft
member, in a state where the wire substrate 1s wound helically onto the surface of the shaft

member.

{0016} In another connector, the base material also includes a margin on both width
direction ends, where neither the conductive wires nor the contact pads are present, and the
margins of adjoining base materials at least partially overlap one another, in a state where the

wire substrate is helically wound onto the surface of the shaft member,

{0011} In yet another connector, the contact pads are also formed connected in a length
direction of the wire substrate and are exposed on the outside of the wire substrate over a
predetermined length with respect to the length direction of the shaft member, in a state where

the wire substrate is helically wound onto the surface of the shaft member.

{0012} In vet another connector, the contact pads are also separated and formed mnto a
plurality of pad parts so as to align opening a gap in the length direction of the wire substrate,
where the pad parts form a long thin row longitudinal to the shaft member, in a state where the

wire substrate ts helically wound onto the surface of the shaft member,

{6013} In yet another connector, the wire substrate also includes a main body part wound
helically onto the surface of the shaft member and a free end not wound helically onto the
surface of the shaft member, where a plurality of electric wire connecting pads able to connect
a terminus of an electric wire, which are electric wire connecting pads each connected to a

corresponding conductive wire, are connected to the free end.

{6014} In yet another connector, a length direction of the free end 1s also inclined with
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respect to a length direction of the main body part and paraliel to the length direction of the
shaft member, where the free end includes a narrow part and a folding part that 1s wider than
the narrow part, and the folding part matches a slit extending the length direction and 15 folded

using the slit as a fold.

{0015} In yet another connector, several of the conductive wires are also provided in the
narrow part on one surface of the base material while the other conductive wires are provided
on the other surface of the base matenal, and all of the conductive wires and electric wire
connecting pads are provided in the folding part on the other surface of the base material.

10016} In yet another connector, a securing pad is also formed in the folding part on one

surface of the base material, and the securing pad is secured via soldering near one end of the

shaft member,

{60617} According to the present disclosure, it is possible to provide a connector that can

reliably mate with a counterpart connector, even in a small diameter, narrow space.

BRIEF DESCRIPTION OF THE DRAWINGS

10018} FIG. 1 is a perspective view illustrating a connector and a counterpart connector
prior to being joined together according to a first embodiment.

{0019] FIG. 2 is a perspective view illustrating the connector and the counterpart
connector after being joined together according to the first embodiment.

{0020} FIG. 3 is a first view illustrating a state at the start of winding a wire substrate
onto a shaft member according to the first embodiment.

10021} FIG. 4 is an enlarged view of Part A in FIG. 3, which is an enlarged view of the
main components of the wire substrate according to the first embodiment.

{0022} FIG. 5 is a second view illustrating a state at the start of winding the wire substrate
onto the shaft member according to the first embodiment.

{6023} FIGS. 6A and 6B are views illustrating a state at the end of winding the wire
substrate onto the shaft member according to the first embodiment, where FI(G. 6A is an overall
view thereof, and FIG. 6B is an enlarged view of Part B in FIG. 6A.

10024} FIGS. 7A and 7B are side cross-sectional views of the wire substrate according to

the first embodiment, where FIG. 7A 18 a view illustrating a state during winding, and FIG. 7B
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is a view itlustrating a state after winding has been completed.

{0025] FIG. 8 illustrates a state where a cable is connected to the wire substrate according

to the first embodiment.

{0026} FIG. 915 a view iHustrating a state at the start of winding a wire substrate onto a
shaft member according to a second embodiment.

10027} FIG. 10 1s an enlarged view of main components illustrating a state at the end of
winding the wire subsirate onto the shaft member according to a second embodiment.

{6028} FiG. 11 1s a view illustrating a part near a free end in a state at the start of winding
a wire substrate onto a shaft member according to a third embodiment.

{0029} FIG. 12 1s a view illustrating a part near a free end in a state at the end of winding
the wire substrate onto the shaft member according to the third embodiment.

10030} FIG. 13 illustrates a state where the free end of the wire substrate is folded
according to the third embodiment.

{0031} FIG. 14 s an enlarged, exploded view of main components of a cable connector
in a state where the free end of a wire substrate is folded according to a fourth embodiment.
{0032} FIG. 15 153 an enlarged perspective view of main compouents of the cable
connector in a state where the free end of the wire substrate is folded according to the fourth

embodiment.

{0033] FIG. 16 15 a perspective view illustrating a conventional cylindrical cable.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
{0034} Embodiments will be described in detail below with reference to the drawings.

{6035} FIG. 1 1s a perspective view illustrating a connector and a counterpart connector
prior to being joined together in a first embodiment, and FI1G. 2 is a perspective view illustrating
the connector and the counterpart connector after being joined together according to the first

embodiment.
{0036] In the figures, 1 is a cable connector serving as a connector according to the
present embodiment and is connected to a terminus of a cable 90 provided with a plurality of

electric wires 91. As long as the cable 90 is used as a wire in various types of electronic
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equipment, medical equipment, industrial equipment, transport equipment, and the like, such
as, for example, a personal computer, a smart phone, and the like, said cable can be of any type,
however, said cable is described here as an extremely fine cable where an outer diameter of the

electric wire 91 is no more than .01 mm.

{0037} Furthermore, 101 is a mating connector serving as a counterpart connector
according to the present embodiment, and 1s mounted on a surface of a substrate, such as a
printed circuit board, a flexible printed circuit (FPC), and the like, and used after being
connected to a terminus of a cable such as an electric wire cable, a flexible tlat cable (FFC),
and the like, however, said connector may be of any type as long as it can mate with the cable

connector 1.

{0038} Note that expressions for indicating directions such as up, down, left, right, front,
back, and the like, used to describe the operations and configurations of the parts of the cable
connector 1 and the mating counnector 101 according to the present ernbodiment are not
absolute but rather relative directions, and though appropriate when the parts of the cable
connector 1 and the mating connector 101 are in the positions tHlustrated in the figures, these
directions should be interpreted ditferently when these positions change, so as to correspond

to said change.

{6039} Tn the example ilustrated in the figures, the mating connector 101 1s provided with
a counterpart housing 111 made from an insulating material such as resin, and the like, and a
plurality (four in the example illustrated in the figures, but not limited thereto) of counterpart
terminals 151 mounted in the counterpart housing 111. The counterpart terminals 151 are
provided in a length direction of the counterpart housing 111 with predetermined gaps open
therebetween. Furthermore, the counterpart housing 111 is a long thin rod-shaped member
extending upward from an upper surface, and includes a convex part 112 extending in a length
direction of the counterpart housing 111, Each of the counterpart terminals 151 includes a pair

of contacting arm parts 152 provided so as to sandwich the convex part 112 from both sides.

{06040} The cable connector 1 s provided with a long thin cylindrical shaft member 11,
and a wire substrate 51, onto which a main body part 52 is wound helically, on a circumference
of the shatt member 11. The shaft member 11 may be made from any material, such as, for
exampie, a metal, such as stainless steel, and the like, or an insulating material, such as resin,
and the like. Note that when the shaft member 11 is made from a conductive material, such a

metal, and the like, an insulating layer not illustrated tn the figures is formed on a
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circumferential surface of the shaft member 11. A proximal end vicinity of the wire substrate
51 is a free end 53 not wound onto the shaft member 11 or otherwise constrained, and a
terminus of the cable 90 is connected to the free end 53. A contact pad 54 is exposed in a
plurality of locations (four in the example illustrated in the figures, but not limited thereto) on
an outer surface of the main body part 52 wound on the circumference of the shaft member 11
Each of the contact pads 54 is connected to each of the conductive wires 55 to be described

below provided on the wire substrate S1.

{0041} Furthermore, as illustrated 10 FIG. 2, when the cable connector 1 and the mating
connector 101 are mated together, the cable connector 1 is sandwiched by the contacting arm
parts 152 of the counterpart terminals 151 and thus secured in the counterpart housing 111,
while each of the contact pads 54 makes contact with and is thus electrically connected to a
corresponding contacting arm part 152, Therefore, corresponding conductive wires 55 and

counterpart terminals 151 are electrically connected.
10042} A configuration of the cable connector 1 will be described in detail below.

10043} FIG. 3 is a first view illustrating a state at the start of winding a wire substrate
onto a shaft member according to the first embodiment, FIG. 4 is an enlarged view of Part A in
FIG. 3, which is an enlarged view of the main components of the wire substrate according to
the first embodiment, FIG. 5 1s a second view illustrating a state at the start of winding the wire
substrate onto the shaft member according to the first embodiment, FIGS. 6A and 6B are views
iltustrating a state at the end of winding a wire substrate onto a shaft member in a second
embodiment, FIGS. 7A and 7B are side cross-sectional views of the wire substrate according
to the first embodiment, and FIG. § illustrates a state where a cable 13 connected to the wire
substrate according to the first embodiment. Note that, FIG. 6A1s an overall view, and FIG. 6B
is an enlarged view of Part B in FIG. 6A, and, FIG. 7A 1s a view illustrating a state during

winding, and FIG. 7B is a view illustrating a state after winding has been completed.

{6044} As illustrated in the figures, the wire substrate 51 is, for example a member known
as a flexible printed circuit board, and is a member where a plurality (four in the example
tltustrated in the figures, but not limited thereto) of conductive wires 55 made from, for
example, a conductive metal, such as a copper alloy, and the like, are aligned in parallel at a
predetermined pitch extending in a fength direction of a long thin band-shaped insulating base
material 56 made from an insulating material such as a flexible resin, and the like, on one

surface of said base material 56. Note that the wire substrate 51 does not necessarily have to
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be a flexible printed circuit and thus may be any type of member so long as it is a member
where the plurality of conductive wires 55 are provided on the surface of the tape-like flexible,
insulating base material 56, Furthermore, an insulating film for covering the surface of the

conductive wires 55 provided on the surface of the base material 56 can be formed as needed.

{0045} As illustrated in FIG. 3, the length direction of the wire substrate 51 is inclined
with respect to the length direction of the shaft member 11, and the winding of the substrate
onto the shaft member 11 begins in a position where the one surface on which the conductive
wires 55 are provided is an inner surface, that is, in a position where said surface faces the

surface of the shaft member 11, and the substrate is thus helically wound onto the

circumference of the shaft member 11, Furthermore, when the winding of the wire substrate 51
onto the shaft member 11 is finished, the substrate and the shaft member appear as illustrated
in FIG. 6A. Tt is preferable that the fully wound wire substrate S1 be secured to the shaft
member 11 via securing means, such as an adhesive, or the like, using some part of said
substrate, for example, both end parts, or the like, of the main body part 52 wound onto the
shaft member 1. For example, an insulating layer formed between the circumferential surface

of the shaft member 11 and an inner surface of the main body part 52 wound onto the shaft

member 11 may be provided with adhesive properties.

{0046} Asillustrated in FIG. 5, the wire subsirate 51 according to the present embodiment
is provided with the contact pad 54 made from, for example, a copper alloy, or the like,
provided on the other surface (surface on the side opposite the surface where the conductive
wires 55 are provided) of the base material 56. As was described above, the contact pads 54
are members that are connected to the conductive wires 55, provided in a quantity that just
matches the guantity of the conductive wires 35, and are provided aligned in tandem at
predetermined intervals in the length direction of the base material 56. Note that while the
insulating laver can be formed so as to cover the other surface of the base material 56 as needed,
however, even in such cases, the upper surfaces of the contact pads 34 must be left uncovered.
That is, the contact pads 54 are formed so as to be exposed on the outside surface of the wire

substrate 51 wound onto the shaft member 11,

{0047} Aun opening not illustrated in the figures is formed in the base material 56
penetrating in a thickness direction in a position corresponding to each of the contact pads 54,
and the conductive wires 55 and contact pads 54, which face each other, are connected by a
conductive member not illustrated in the figures passing through the opening. For example, as

illustrated in FIG. 4 and FIG. 5, a first conductive wire 551 and a first contact pad 541 are
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connected, a second conductive wire 552 and a second contact pad 542 are connected, a third
conductive wire 553 and a third contact pad 543 are connected, and a fourth conductive wire

554 and a fourth contact pad 544 are connected.

{0048} Note that, as illustrated in FIG. 4, it is preferable that a wide part 55a, which is
wider than other parts, be formed in a part that is connected to the contact pad 54 in each of the
conductive wires S5. This allows the narrow conductive wires 55 to be eastly and reliably
connected to the contact pads 54, Furthermore, it is preferable that a terminal part 55b be
formed in each of the conductive wires 55 closer to a tip than the wide part 55a, and that the
conductive wires 55 not be present closer to the tip than the terminal part 55b. Note that the

wide part 552 and the terminal part 55b can also be omitted as appropriate.

{0049} Furthermore, it is preferable that a dimension of the contact pad 54 relating to the
fength direction of the wire substrate 51 be longer than one wind of the wire substrate 51
helically wound onto the shaft member 11 in a state where the main body part 52 1s corapletely
wound onto the shaft member 11. For example, as illustrated in FIG. 6B, said dimension is one
exposed continuously across about three winds of the main body part 52 of the wire substrate
51 helically wound onto the shaft member 11, and is set so as to be exposed across a
predetermined length in the length direction of the shaft member 11. It is preferable that the
predetermined length be a dimension corresponding to a length in the length direction of the

counterpart housing 111 of the contacting arm part 152 in the counterpart terminal 151

{06050] Furthermore, as tllustrated in FIGS. 7A and 7B, 1t is preferable that a dimension
relating to a width direction of the wire substrate 51 of the contact pad 54 be shorter than a
width direction of the base material 56, and the same as a dimension of a range where the
plurality of conductive wires 55 are present with respect to the width direction of the wire
substrate 51. Because this forms a margin 56a where neither the contact pad 54 nor the
conductive wire 55 are present on either width direction end of the base material 56, even if
adjoining base materials 56 overlap one another when the wire substrate 51 1s helically wound
onto the shaft member 11, an overlapping part will not become thick because at least parts of
the margins 56a will also overlap one another. Accordingly, the thickness of the main body part
52 of the wire substrate 51 wound onto the shaft member 11 becomes almost entirely uniform.
{6051} As was described above, the terminus of the cable 90 is connected to the proximal
end of the free end 53 of the wire substrate 51. Specifically, as illustrated in FIG. 8, an electric

wire connecting pad 57 is connected to a proximal end side of the free end 53 of each of the
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conductive wires 55. The electric wire connecting pads 57 are thin film or thin plate like
members made trom, for example, a conductive metal, such as a copper alloy, or the like, and
are provided aligned on one surface of the base material 56 at about the same pitch as the
conductive wires 55, Note that the surface of the electric wire connecting pad 57 is not covered
by the insulating layer, and is thus exposed. Furthermore, an insulating cover 1s removed from
the terminals of the plurality (four in the example illustrated in the figures, but not limited
thereto) of electric wires 91 of the cable 90, and thus a core wire 92 made from a conductive
metal such as a copper alloy, and the like, is exposed. Furthermore, each of the core wires 92
is electrically and securely connected to the surface of a corresponding electric wire connecting

pad 57 via, for example, soldering, and the like.

{0052] In this way, the cable connector 1 according to the present embodiment is provided
with the shaft roember 11 and the wire substrate ST helically wound onto the surface of the
shaft member 11. Furthermore, the wire substrate 51 includes the band-shaped base material
56, a plurality of conductive wires 535 provided on one surface of the base material 56, and the
plurality of contact pads 54 provided on the other surface of the base material 56, each of the
conductive wires 35 is connected to each of the contact pads 54, and the contact pads 54 are
exposed on the cutside of the wire substrate 51 aligned so as to open a gap in a length direction
of the shaft member 11, in a state where the wire substrate 51 1s wound helically on the surface

of the shaft member 11,

{0053] Therefore, the long thin cable connector 1 having the same cuter diameter as the
shaft member 11 can be obtained. Because the cable connector 1 1s small in diameter, it can be
provided even in narrow spaces. Furthermore, because the contact pad 54 is exposed to the
outside, it can make reliable contact with the counterpart terminals 151 of the mating connector
101,

{0054] Moreover, the base material 36 includes a margin 56a on both width direction ends
thereof, where neither the conductive wires 55 nor the contact pads 54 are present, and the
margins 56a of the adjoining base materials 56 at least partially overlap one anocther, in a state
where the wire substrate 51 is helically wound onto the surface of the shaft member 11
Accordingly, the thickness of the main body part 52 of the wire substrate 51 wound onto the
shaft member 11 becomes almost entirely uniform, and the overlapped part does not become
thick.

{0055} Additionally, the contact pads 54 are also formed connected in the length direction
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of the wire substrate 51 and are exposed on the ocutside of the wire substrate 51 over a
predetermined length with respect to the length direction of the shaft member 11, in a state
where the wire substrate 51 is helically wound onto the surface of the shaft member 1.
Accordingly, the contact pads 54 can be brought into contact and thus made conductive with

the corresponding counterpart terminals 151 of the mating connector 101

{0056] Furthermore, the wire substrate 51 also includes the main body part 52 wound
helically on the surface of the shaft member 11 and the free end 53 not wound helically on the
surface of the shaft member 11, where the plurality of electric wire connecting pads 57 able to
connect the terminals of the electric wires 91, which are the electric wire connecting pads 57
connected to the corresponding conductive wires 35, are connected to the free end 53.
Accordingly, even if the electric wire 91 is extremely thin, it can be connected to a

corresponding conductive wire 55,

{0057} A second embodiment will be described next. Note that the description orits
descriptions of items with the same structure as in the first embodiment by attaching the same
reference numbers thereto. Furthermore, the description of operations and effects that are the

same as in the first embodiment will also be omitied.

{0058} FIG. 91s a view illustrating a state at the start of winding a wire substrate onto a
shaft member according to a second embodiment and FIG. 10 is an enlarged view of main
components illustrating a state at the end of winding the wire substrate onto the shaft member

according to a second embodiment.

{0059} While the wire substrate 51 according to the present embodiment is provided with
a contact pad 54 provided on the other surface (surface on the side opposite the surface where
the conductive wire S5 is provided) of the base material 56, just as in the first embodiment,
each of the contact pads 54 is divided into a plurality of pads, as illustrated in FIG. 9. Note that
FIG. 915 a view that corresponds to FIG. S described in the first embodiment, and 18 a view of
state where the winding of the wire substrate 51 onto the shaft member 11 is started, as seen

from the other side surface of the base material 56.

10060} As illustrated in FIG. 9, the first contact pad 541, the second contact pad 542, the
third contact pad 543, and the fourth contact pad 544, provided aligned in tandem at
predetermined intervals in the length direction of the base matenal 56, are each divided into
three parts forming a first pad part 54a, a second pad part 54b, and a third pad part 54c,

respectively.

10
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10061} Furthermore, while the first pad part 54a, the second pad part 54b, and the third
pad part 54c¢ each form a long thin planar parallelogram as illustrated in FIG. 9, a length axis
thereof 1s inclined with respect to the length direction of the wire substrate 51, and the parts are
preferably parallel to the length direction of the shaft member 11 in a state where winding onto

the shaft member 11 has begun.

{0062} Therefore, as illustrated in FIG. 10, the first pad part 54a, the second pad part 54b,
and the third pad part 54¢ form a long thin row extending in the length direction of the shatt
member 11 in a state where the winding onto the shaft member 11 of the wire substrate 51 has

been completed.

{0063} Thus, while the contact pads 54 according to the present embodiment are exposed
across the full extent of the circumferential direction on the cuter surface of the main body part
52 wound onto the circumference of the shaft member 11, the contact pads 54 according to the
present embodiment are only exposed 1in a limited narrow range in the circumferential direction
on the outside surface of the main body part 52 wound onto the circumference of the shatt
member 11, That is, each of the contact pads 54 is formed divided into a plurality of parts, those
being the first pad part 54a, the second pad part 54b, and the third pad part 54¢, so as to align
opening intervals in the length direction of the wire substrate 51, and thus the first pad part 54a,
the second pad part 54b, and the third pad part 54¢ form a long thin row extending the length
direction of the shaft member 11 in a state where the wire substrate 51 is helically wound onto
the shaft member 11, Accordingly, the contact pads 54 are only exposed o an extent necessary
to make contact with the counterpart terminals 151 in the circumferential direction on the
outside of the main body part 52, and are not exposed to any other extent, which thus
dramatically reduces the chances of short circuits caused by their coming into contact with

other conductive members, and the like.

{0064} Because the other points of the configurations of the cable connector 1 and the
mating connector 101 according to the present embodiment are the same as in the first
embodiment, descriptions thereof are omitied. Furthermore, because the operation for fitting
the cable connector 1 and the mating connector 101 according to the present embodiment

together is the same as in the first embodiment, a description thereof 15 omitted.

{0065] A third embodiment will be described next. Note that the description omits
descriptions of items with the same structure as in the first and second embodiments by

attaching the same reference numbers thereto. Furthermore, descriptions of operations and

11
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effects that are the same as in the first and second embodiments are also omitted.

{0066} FIG. 11 is a view illustrating a part near a free end in a state for commencing the
winding of a wire substrate onto a shaft member 1o a third embodiment, FIG. 12 15 a view
lustrating a part near a free end in a state for finishing the winding of the wire substrate onto
the shaft member according to the third embodiment, and FIG. 13 illustrates a state a where the

free end of the wire substrate according to the third embodiment is folded.

{6067} Although the wire substrate 51 according to the present embodiment is provided
with the free end 53 near a proximal end thereof] just as in the first embodiment, the free end
53 is connected via a corner 53a bent with respect to the main body part 52, as illustrated in
FIG. 11, In other words, the length direction of the free end 53 is inclined with respect to the
fength direction of the main body part 52 and is thus parallel to the length direction of the shaft
member 11 in a state where the winding of the main body part 52 onto the shaft member 11 has

begun.

{0068} Furthermore, the free end S3 includes a narrow part 53b with a narrower width
than other parts such as the main body part 52 or the like, and a folded part that is wider than
the narrow part 53b and is connected to the narrow part 53b. Furthermore, a slit 53d is formed
in the folded part 53¢ to extend in the longitudinal direction of the free end 53 around the width

direction

{0069} By the way, not all of the conductive wires 55 can be provided in parallel because
the narrow part 53b is too narrow. Therefore, as illustrated in FIG. 11, only some (a second
conductive wire 552 and a third conductive wire 553 in the example illustrated in the figure)
of the plurality of conductive wires 55 are provided in the narrow part 53b on one surface of
the base material 36, while, as illustrated in FIG. 12, the other conductive wires (a first
conductive wire 551 and a fourth conductive wire 554 in the example iliustrated in the figure)
are provided oun the other surface of the base material 56, In other words, several of the
conductive wires 55 are provided in the narrow part 53b on both sides of the surface of the base
material 56, Furthermore, all of the conductive wires 35 in the folding part 53¢, which 13 wider
than the narrow part 53b, are provided in the other surface of the base material 56.

18070} In the example illustrated in the figure, the first conductive wire 551 and the fourth
conductive wire 554 move from the one surface to the other surface of the base material 56
between the corner 53a and the narrow part 53b, and are thus present on the other surface of

the base material 56 10 the narrow part 53b and the folding part 53¢. Note that an opening not
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iltustrated in the figure is formed penetrating through the thickness direction of the base
material 56 in a position facing the location where the first conductive wire 551 and the fourth
conductive wire 554 end in the one surface of the base material 56, and a conductive member
not illustrated in the figure connected to the location where the first conductive wire 551 and
the fourth conductive wire 554 end is connected to the location where the first conductive wire
551 and the fourth conductive wire 554 start in the other surface of the base material 56

tllustrated in FIG. 12,

{0071} Furthermore, the second conductive wire 552 and the third conductive wire 553
are parts that are close to the narrow part 53b in the folding part 53¢ and move from the one
surface to the other surface of the base material 56, and are thus present on the other surface of
the base material 56. Note that an opening not iHlustrated in the figure is formed penetrating
through the thickness direction of the base material 56 in a position facing the location where
the second conductive wire 552 and the third conductive wire 553 end in the one surface of the
base material 56, and a conductive member not illustrated in the figure connected to the location
where the second conductive wire 552 and the third conductive wire 553 end is connected to
the location where the second conductive wire 552 and the third conductive wire 553 start in

the other surface of the base material 56 illustrated in FIG. 12.

{0072} The conductive wires 55 are provided in the folding part 53¢ on both sides of the
slit 53d. In the example illustrated in FIG. 12, the first conductive wire 551 and the second
conductive wire 552 are provided on a lower side of the slit 53d in the figure, and the third
conductive wire S53 and the fourth conductive wire 554 are provided on an upper side of the
slit 53d in the figure. Furthermore, the electric wire connecting pad 57 is connected to a base
end side (left end side in FIG. 12), of the folding part 53¢ in each of the conductive wires 55,
and the core wire 92 exposed on the termunus of the electric wire 91 corresponding to the cable

90 is electrically and securely connected to the electric wire connecting pad 57.

{6073} As illustrated in FIG. 12, the length direction of the free end 53 is parallel to the
length direction of the shaft member 11 in a state where the winding of the main body part 52
onto the shaft member 11 has ended. When, from this state, at least part (a part including all of
the narrow part S3b and part of the folding part 53¢) of the free end 53 is caused to abut the
circumferential surface of the shaft member 11, and the folding part 53¢ is folded using the slit
53d as a fold, the free end and the folding appear as illustrated in FIG. 13, That 13, the free end
53 of the cable 90 and the wire substrate 51 is able to achieve a state of extending linearly on

the same axis as the shaft member 11.
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{0074} In this way, the length direction of the free end 53 according to the present
embodiment 15 also inclined with respect to a length direction of the main body part 52 and
parallel o the length direction of the shaft member 11, and the free end 53 includes the narrow
part 53b and the folding part 53¢ that is wider than the narrow part 53b, and the folding part
53¢ matches the slit 53d extending the length direction and is folded using the slit 53d as a fold.
Furthermore, several of the conductive wires 55 are also provided in the narrow part 53b on
the one surface of the base material 56 while the other conductive wires 55 are provided on the
other surface of the base material 56, and all of the conductive wires 55 and the electric wire
connecting pads 57 are provided in the folding part 53¢ on the other surface of the base material
56. Therefore, because at least part of the free end 53 1s caused to abut the circumferential
surface of the shaft member 11 and the folding part 53¢ can be folded, the entire outer diameter
of the free end 53 becomes small to the same degree as the outer diameter of the shaft member
11. Accordingly, the cable connector 1 as a whole can become a rod-like member with a very

small outer diameter.

106075} Because the other poiuts of the configurations of the cable connector 1 and the
mating connector 101 according to the present embodiment are the same as in the first and
second embodiments, descriptions thereof are omitted. Furthermore, because the operation for
fitting the cable connector 1 and the mating connector 101 according to the present embodiment

together is the same as in the first and second embodiments, a description thereof 18 omitted.

{0076} A fourth embodiment will be described next. Note that the description omits
descriptions of iterns with the same structure as in the first through the third embodiments by
attaching the same reference numbers thereto. Furthermore, descriptions of operations and

effects that are the same as in the first through the third embodiments are also omitted.

10077} FIG. 14 1s an enlarged, exploded view of main components of a cable connector
in a state a where the free end of a wire substrate in a forth embodiment is folded and FIG. 15
is an enlarged perspective view of main components of the cable connector in a state a where

the free end of the wire substrate according to the fourth embodiment 1s folded.

10078} Just as in the third embodiment, the free end 53 of the wire substrate 51 according
to the present embodiment is connected bent with respect to the main body part 52, and includes
the narrow part 53b and the folding part 53¢ in which the slit 53d has been formed. Furthermore,

just as in the third embodiment, several of the plurality of conductive wires 55 are also provided

in the narrow part 53b on both sides of the base material 56, and all of the conductive wires 55
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are provided in the folding part 53¢ on the other surface of the base material 56. Moreover, just
as in the third embodiment, in a state where the winding of the main body part 52 onto the shaft
member 11 has been completed, at least part of the free end 53 is caused to abut the
circumferential surface of the shaft member 11, and the folding part 53¢ is folded using the slit

53d as a fold.

{0079] Meanwhile, as tllustrated in FIG. 14, the shaft member 11 according to the present
embodiment is provided with a metal exposed part 11a where an insulating layer is not formed
on a surface thereof near one end of a side corresponding to the free end 53 of the wire substrate
51. Note that the part other than the metal exposed part 1la, is an insulating film cover 11b

where an insulating layer is not formed on a surface thereof.

{0080] Furthermore, a securing pad made from a metal, which is a part of one surface
{(surface where the conductive wire 55 1s not provided) of the base material 56, 1s formed in the
folding part 53¢ on a facing part 53¢ facing the metal exposed part 11a. Moreover, as tllustrated
in FIG. 15, at least part of the free end 53 is caused to abut the circumferential surface of the
shatt member 11 in a state where the winding of the main body part 52 onto the shaft member
11 has been completed, and is securely connected to the securing pad formed on the metal
exposed part 11a of the shatt member 11 and the folding part 53¢ 1n a state where the folding
part S3¢is folded using the shit 53d as a fold. Note that, as illustrated in FIG. 15, when soldering
is performed, soldering can be performed by melting solder through the application of heat to
a location where the metal exposed part 11a is exposed between both ends of the folding part

53¢,

{0081} Tn this way, according to the present embodiment, the securing pad is formed o
the folding part 53¢ on one surface of the base material 56, and the securing pad is secured via
soldering to the metal exposed part 1la near one end of the shaft member 11. Therefore, the
free end 53 1s thus reliably secured to the shaft member 11 because at least part of the free end
53 is secured to the circumferential surface of the shaft member 11

{0082} Note that the disclosure of the present specification describes charactenstics
related to preferred and exemplary embodiments. Various other embodiments, modifications
and variations within the scope and spirit of the claims appended hereto could naturally be
conceived by persons skilled in the art by summarizing the disclosures of the present

specification.

{0083} The present disclosure can be applied to connectors.
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CLAIMS

1. A connector comprising:

a shaft member; and

a wire substrate wound helically onto a surface of the shaft member,

wherein the wire substrate includes a band-shaped base material, a plurality of
conductive wires provided on one surface of the base material, and a plorality of contact
pads provided on the other surface of the base matenial,

each of the conductive wires is connected to each of the contact pads, and the
contact pads are exposed on an outside of the wire substrate aligned so astoc openagapina
fength direction of the shaft member, in a state where the wire substrate 1s wound helically

onto the surface of the shatt member.

2. The connector according to claim 1, wherein the base material also includes a
margin on both width direction ends, where neither the conductive wires nor the contact pads are
present, and the margins of adjoining base materials at feast partially overlap each, in a state

where the wire substrate is helically wound onto the surface of the shaft member,

3. The connector according to claim 1, wherein each of the contact pads are also
formed connected in a length direction of the wire substrate and are exposed on the outside of
the wire substrate over a predetermined length with respect to the length direction of the shaft
member, in a state where the wire substrate is helically wound onto the surface of the shaft

member.

4. The connector according to claim 1, wherein each of the contact pads is
formed split into a plurality of pad parts aligned with a gap open in the length direction of
the wire substrate, where the pad parts form a long thin row longitudinal to the shaft
member, in a state where the wire substrate is helically wound onto the surface of the shaft
member.

5. The connector according to claim 1, wherein the wire substrate also includes
a main body part wound helically on the surface of the shaft member and a free end not
wound helically onto the surface of the shaft member, where a plurality of electric wire

connecting pads able to connect a terminus of an electric wire, which are electric wire
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connecting pads each connected to a corresponding conductive wire, are connected to the

free end.

6. The connector according to claim 5, wherein a length direction of the free end
is also inclined with respect to a length direction of the main body and parallel to the length
direction of the shaft member, where the free end includes a narrow part and a folding part
that s wider than the narrow part, and the folding part matches a shit extending the length
direction and is folded using the slit as a fold.

7. The connector according to claim 6, wherein several of the conductive wires
are also provided in the narrow part on one surface of the base material while other
conductive wires are provided on another surface of the base material, and all of the
conductive wires and electric wire connecting pads are provided in the folding part on the

other surface of the base material.
8. The connector according to claim 7, further comprising:

a securing pad formed in the folding part on one surface of the base material, wherein

the securing pad is secured via soldering near one end of the shaft member.
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