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CONMECTING DEVICE

RepeRinNCE TO RELATED APPLICATIONS

{0001} The Present Disclosure claims priority to prior-filed Japancse Patent Application No.
2014-029524, entitied “Connecting Device,” filed on 19 February 2014 with the Japanese
Patcnt Oftice. The content of the aforementioned Patent Application 18 incorporated in its

entirety herein,

BACKGROUND OF THE PrRESENT DISCLOSURE

{#082] The Present Disclosure relates, generally, to connecting devices.

{3003} Connecting devices have been proposed in which magnets are used to convect cables.
Arn example is disclosed in Japanese Patent Application No. 1993-156104, the content of
which is hereby incorporated in its entircty herein.

{$004] Fig. 8 is a pair of perspective views of conventional connecting devices of the prior
art, in which (a) is a perspective view of the connecting device on the fixed side, and (byis a
perspective view of the connecting device on the cable side. In the Figure, 811 is the housing
for the pin connectors in the fixed-side connecting device which is connected, for example, o
the edge of a circuit board (not shown). Also, 861 denotes pin contacts molded in the
housing 811, which protrude from the front surface of the housing 811, The other end (not
shown} of the pin contacts 861 are connected electrically to a connection portion of the
circuit board using a connecting means such as soldering.

[G005] A magnet 871, having an L-shaped planar profile, is arranged at both the left and right
ends of the housing 811, The magnet 871 on the right side in the figure has the north pole
arranged on the mside m the transverse direction of the housing 811, and has the south pole
arranged on the side protruding forward on the outside in the transverse direction. The
magnet 871 on the lett side 1n the figure has the south pole arranged on the nside i the
transverse direction of the housing 11, and has the north pole arranged on the side
protruding forward on the outside in the fransverse direction. The ticred surface between the
north and south poles of cach magnet 871 1s an inclined guiding surface 872 open towards the
outside.

[3086] Here, 911 denotes the housing for the cable connector or cable-side connecting device,
and is affixed to the rear surface of a band-like cable 991 composed of a flexible printed
circuit. Alse, 992 denotes the band-like contacts or wires partially exposed in the front
surface by removing the coating from the band-like cable 991,
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{(087] A magnet 971, also having an L-shaped planar profile, is arranged at both the left and
right ends of the housing 911, The wagnet 971 oun the night side in the figure has the vorth
pole arranged on the inside 1n the transverse direction of the housing 911, and the south pole
arranged on the outside in the transverse direction. The magnet 971 on the left side in the
figure has the south pole arranged ou the inside in the transverse direction of the housing 911,
and the north pole arranged on the outside in the fransverse direction. The ticred surface
between the north and south poles of each magnet 971 is an inclived guiding surface 972
closed towards the inside.

[G088] When the pin connector and cable connector are connected, the orientation of the pin
connector and/or cable connector is adjusted so that both front ends face cach other. Here,
the north and south poles of the magnets 871 in the pin connector face the south and vorth
poles of the magnets 971 in the cable connector, and the connectors are connected by the
magnetic foree.

{#689] However, conventional connectors can only be used to connect a band-like cable 991
to a circuit board. They cannot be used to connect a band-like cable to another band-like
cable. With the dramatic increase in the amount of information transmitted to electronic
devices in recent years, many believe that waveguides, which are able to transmit
electromagnetic waves 1o higher bandwidths, will replace conventional cables. However,

conventional connecting devices cannot be used to connect waveguides to each other.

SUMMARY Or THE PresenT BNSCLOSURE

[BG18] H is an object of the Present Disclosure to solve the aforementioned problems by
providing a connecting device which is casy to manufacture, which has a simple, low-cost
structure, which 18 casy to handle despite being small, and which is able to accurately
position and connect waveguides to each other, thereby increasing overall reliability.

{0011} The Present Disclosure 1s 4 connecting device comprising a first connecting member
having a first housing receiving a connected first waveguide, and a second connecting
raember having a second housing receiving a connected sccond wavegnide. The first housing
has a first mating surface and a fivst oagnet, and the second housing has & seccond mating
surface and a second magnet. The first connecting member and the second connecting
member are displaced relative to each other 1n a mating direction orthogonal to the axial
direction of the first waveguide and the second waveguide, and are positioned relative to cach

other by the magnetic force of the first magnet and the sccond magnet.
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{4612 In another connecting device of the Present Disclosure, the first housing has a first
guide portion formed on the first mating surface, and the second housing has a second guide
portion formed on the second mating surface. The first mating surface is orthogonal to the
axial direction of the first waveguide, the second mating surface is orthogonal to the axial
direction of the second waveguide. The first connecting member and the second connecting
raember are displaced relative to cach other in the mating direction while the first mating
surface and the second mating surface are facing each other, and the first guide portion and
the second guide portion are engaged.

{6013} In another connecting device of the Present Disclosure, the fivst gunde portion and the
second guide portion cach have a reference surface. The first connecting member and the
second counecting member are posttioned relative to each other by the magnetic force of the
first magnet and the second magnet, bringing the reference surface of the first guide portion
inte contact with the reference surface of the second guide portion.

{4614} In another connecting device of the Present Disclosure, the first connecting member
and the second connecting member remain positioned relative to cach other by the magnetic
force of the first magnet. The second magnet presses the reference surface of the first guide
portion and the reference surface of the second guide portion against each other.

{6015} In another connecting device of the Present Disclosure, the first magnet and the
second magnet shift relative to the mating direction. These magnets are attracted to each
other when the first connecting meraber and the second connecting waember have been
positioned relative to cach other and mated.

{6016} In another connecting device of the Present Disclosure, the leading end surface of the
first waveguide and the leading end surface of the second waveguide face cach other, and a
gap is present between the leading end surface of the first waveguide and the leading end
surface of the second waveguide when the first connecting member and the second
connecting meraber are positioned relative to cach other and mated.

{6617] In another connecting device of the Present Disclosure, the first mating surface and
the second mating surface contact cach other.

{3818} The Present Disclosure is thus able to provide a connecting device which is easy to
marufacture, which has a simple, low-cost structure, which is casy to handle despite being
small, and which is able to accurately position and connect waveguides to each other, thereby

increasing overall reliability.

20
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Bripr BesCripTioN OF Tar FIGURES

{3819} The organization and manner of the structure and operation of the Present Disclosure,
together with further objects and advauntages thereof, may best be understood by reference to
the tollowing Detailed Description, taken in connection with the accompanying Figures,
wherein like reference numerals identify like elements, and in which:

{0028] Figure 1 1s a perspective view showing a first connecting member and a sccond
connecting member connected to each other, according o the Present Disclosure;

18021} Figure 2 is a pair of figures showing the first connecting member and the second
component of Fig. T convected to cach other in the embodiment of the Present Disclosure, in
which {a} is a top view, and (b) is a cross-sectional view from A-A in (a};

{0022} Figure 3 1s a perspective view showing the back surface of the first connecting
member and the back side of the second connecting member of Fig. 1;

{0023} Figure 4 1s an cxploded view of the first connecting member of Fig. 1

{4024} Figure S is a pair of figures used to explain the operations performed to attach the first
waveguide in the first connecting member of Fig. 1, in which (a) shows the sttuation before
the waveguide has been attached, and {(b) shows the situation afterwards;

18025} Figure 6 is another perspective view showing the back surface of the first connecting
member and the back side of the second connecting vaember of Fig. 1;

{0026} Figure 7 is a sct of figures used to cxplain the operations performed to connect the
first connecting meraber and the second connecting mewaber of Fig. 1 to cach other; and
180271 Figure & 15 a pair of perspective views of conventional connecting devices, in which
{a} 1s a perspective view of the comnecting device on the fixed side, and (b) is a perspective

view of the connecting device on the cable side.

DESCRIPTION O3F THE PREFERRED EMBODIMENTS

{0028] While the Present Disclosure may be susceptible to embodiment in different forms,
there is shown in the Figures, and will be described herein in detat], specific embodiments,
with the understanding that the Present Disclosure s to be considered an cxemplification of
the principles of the Present Disclosure, and is not intended to limtt the Present Disclosure to
that as iHustrated.

[6029] As such, references to a feature or aspect are intended to describe a feature or aspect
of an example of the Present Disclosure, not to imply that every embodiment thereof must
have the described feature or aspect. Furthermore, 1t should be noted that the description
illustrates a number of features. While certain features have been combined together to
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ithustrate potential system designs, those features may also be used in other combinations not
expressly disclosed. Thus, the depicted combinations are vot intended to be hmiting, unless
otherwise noted.

{0038} In the emnbodiments iltustrated in the Figures, representations of directions such as up,
down, left, right, front and rear, used for explaining the structure and movement of the
various clements of the Present Disclosure, are not absolute, but relative. These
representations are appropriate when the elemeuts are n the position shown in the Figures. If
the description of the position of the elements changes, however, these representations are to
be changed accordingly.

{#031] Referring to Figs. 1-5, 1 is the first connector inn the embodiment of the Present
Disclosure. This is sometimes referred fo as the one connecting member or the first
connecting member. The terminal end of a first waveguide 91 is attached to this connecting
merber. In the embodiment, 101 1s the second connector. This is sometimes referred to as
the other counecting member or the second connecting member. The terminal end of a
second waveguide 191 1s attached to this connecting merber. The first connector | and the
second connector 181 are mated with and connected to each other as shown in Figs. 1-2.
180321 The first waveguide 91 and the sccond waveguide 191 are waveguides having
substantially identical configurations, and function as a transrmssion route for fransnutting
clectromagnetic waves in the higher frequency bands such as microwaves and millimeter
waves. The first waveguide 91 and the second waveguide 191 are usually long cormponents.
in the example shown in the figures, for the sake of convenience, the length has been
shortened. The first waveguide 91 and the second waveguide 191 may be any type of
waveguide and have any type of structure. However, here, the waveguides are composed of a
rod or wire-shaped diclectrie, and an outer conductor covering the outer peripheral surface of
the dielectric. The diclectric may be made of a flexible dielectric material such as a synthetic
resin, Examples include fluororesing such as polytetrafluorocthylene, cycloolefin polymer
resing, cyclic olefin copolymer resins, polypropylene resins and polyethylene resins. The
outer conductor may be made of a lghly conductive material such as mctal. Examples
include copper, gold, sibver, aluroinum and alloys of these elements,

18033} The first connector 1 is an integrated unit comprising a first housing 11 having a
substantially rectangular parallelepiped shape, a first actuator 27 or first holding moember
attached to the first housing 11 to hold in place the first waveguide 91 connected fo the first
housing 11, and a first upper magnet 71a and a first lower magnet 71b which are permanent
magnets used to connect the first connector 1 and the second connector 101, In the following
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explanation, the first upper magnet 71a and the first lower magnet 71b are sometimes referred
to collectively as the fivst magnets 71.

{1834 The second connector 107 is an integrated unit comprising a second housing 111
having a substantially rectangular parallelepiped shape, 8 sccond actuator 127 or second
holding member attached to the second housing 111 to hold in place the second waveguide
191 connected to the second housing 111, and a second upper magnet 171a and a second
iower magnet 171b which are permanent magnets used to connect the first connector 1 and
the second connector 101, In the following explanation, the second upper magnet [71a and
the secound lower magnet 171b are sometimes referred to collectively as the second magnets
171

{3835] In the present erobodiment, the first actuator 27 and the second actuator 127 are
substantially identical components and are referred to collectively in the explanation as

7
7

actuators 27 and 127, Because the first upper magnet 7la, the first lower magnet 71b, the
second upper magnet 171a, and the second lower magnet 171b are substantially identical
componcuts, they are referred to collectively in the explanation as magnets 71 and 171,
{3036 The first housing 11 and the second housing 111 may be made of a conductive
material such as a synthetic resin. However, from the standpoint of preventing leakage of
electromagnetic waves, a conductive metal 1s preferred. Examples include copper, gold,
stiver, aluminum and alloys of these metals. In the following explanation, the first housing
11 and the second housing 111 are compouents integrally formed frovo a copper alloy or
aluminum alloy.

{6037} The first houstng 11 has a substantially rectangular parallelepiped shape, but a
waveguide connecting portion 21 is integrally formed in the front surface 11a which
protrudes forward, and a guiding recessed portion 12 1s formed as a first guiding portion in
the rear surface 11b serving as the first mating surface. The first housing 11 inchudes a
waveguide insertion hole 18 which passes through the first housing 11 i the thickness
direction, opens into the front surface 11a and the rear surface 11b, and has a narrow shit-like
cross-sectional profile sirntlar to that of the first waveguide 91 extending in the transverse
divection of the first housing 11, An upper magnet accornmodating recessed portion 13a and
a lower magnet accommodating recessed portion 13b are formed as recessed portions in the
frout surface 11a of the first housing 11.

{#038] The waveguide inscrtion hole 18 receives the terminal end or leading end of the first
waveguide 91, and is formed orthogonal to the flat rear surtace 11b. It preferably opens into

the rear surface 11b along the center line of the first housing 11 in the transverse direction,
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and opens into the rear surface 11b along the centerline of the first housing 11 in the vertical
divection as well. The upper magoet accommodating recessed portion 13a and the lower
magnet accommodating recessed portion 13b are formed, respectively, above and below the
waveguide insertion hole 18, As a result, the first upper magnet 71a and the first lower
magnet 71b accommodated inside the upper magnet accommodating recessed portion 13a
and the lower magnet accoramodating recessed portion 13b arce also positioned above and
below the waveguide insertion hole 1K,

18039} The guiding recessed portions 12 have a substantially rectangular parallelepiped
shaped and are formed ou both the left and the right sides of the rear surface 11b and extend
in the vertical direction. The bottom end of cach opens into the lower surface of the first
housing 11, and the side ends on the outside in the trausverse direction of the fivst housing 11
open into the side surfaces of the first housing 11. The bottom surface 12¢ of each guiding
recessed portion 12 has a flat, rectangular profile extending in the vertical divection; the upper
end wall 12a of each guiding recessed portion 12 extends in the transverse direction, and has
a flat surface substantially orthogonal to the rear surface 11b, and the side end wall 12b of
gach guiding recessed portion 12 on the inside in the transverse direction of the first housing
11 extends in the vertical direction, and has a flat surface substantially orthogonal to the rear
surface 11b.

{4048} Each upper end wall 12a functions as a reference surface for positioning the first
housing 11 and the second housing 111 relative to cach other 1u the vertical divection. Each
side end wall 12b functions as a reference surface for positioning the first housing 11 and the
second housing 111 relative to each other n the transverse divection.

{¢041] The waveguide connecting portion 21 inchides a band-like waveguide passage
recessed portion 28 cornmunicating with the waveguide insertion hole 18, and an actuator
mounting portion 22 formed on both the left and the night side of the waveguide passage
recessed portion 28, The waveguide passage recessed portion 28 1s a groove-shaped portion
formed in the central portion of the waveguide connecting portion 21 in the transverse
direction, and has an upper surface formed s0 as to extend in the thickness divection of the
first housing 11, and a bottoro surface flush with the lower surface of the wavegnde 1osertion
hole 18. An arm accommodating opening 23 is formed in the actuator mounting portion 22
so as to rotatably accomomoedate the arm portion 27¢ of the first actuator 27.

{0042} The first actuator 27 includes a pressurc-applying portion 27a able to apply pressure
to the upper surface of the first waveguide 91, a flat, strip-like operating portion 27b
extending in the direction orthogonal to the axial direction from the pressure-applying portion
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27a, and an arm portion 27¢ extending in the axial direction from both the left and the right

sides of the pressure-applying portion 27a. When the arm portion 27¢ 18 rotatably
accommodated inside arm accommodating opening 23, the first actuator 27 can be switched
from the first posture or open posture shown in Fig. 5{(a) to the second posture or closed
posture shown in Fig. 5(b}, and vice versa. Because the pressure-applying portion 27a is
positioned vpward when the first actuator 27 1s 1 the first posture, the leading end of the first
waveguide 91 can be 1nserted into the waveguide insertion hole 18 via the waveguide passage
recessed portion 28, When the insertion of the waveguide inte the waveguide insertion hole
18 has been completed, the operator operates the operating portion 27b using a finger to
change the posture of the first actuator 27 from the first posture to the sccond posture. As a
result, the pressurc-applying portion 27a applics downward pressure on the upper surface of
the first waveguide 91, as shown in Fig. 2(b)}, and the first connector | is connected in a
manner that prevents displacement.

{4043} As in the case of the first housing 11, the second housing 111 has a substantially
rectangular paraliclepiped shape, but 8 waveguide connecting portion 121 18 integrally
formed in the front surface 111a which protrudes forward. The second housing 111 includes
a waveguide inscrtion hole 118 which passes through the second housing 111 in the thickness
direction, opeuns into the front surface 11 1a and the rear surface 111b or second mating
surface, and has a narrow slit-like cross-sectional profile similar to that of the second
waveguide 191 exiending in the transverse direction of the second housing 111, An upper
magnet accommodating recessed portion 113a and a lower magnet accommodating recessed
portion 113b are formed as recessed portions in the front surface 111a of the second housing
111

{0044] As in the case of the first housing 11, the waveguide insertion hole 118 recetves the
terminal end or leading end of the second waveguide 191, and is formed orthogonal to the flat
rear surface 111b. It preferably opens into the rear surface 111b along the center line of the
second housing 111 in the transverse direction, and opens into the rear surface 111b along the
centerline of the second housing 111 in the vertical direction as well. The upper muagnet
accommodating recessed portion 113a and the lower roagnet accommodating recessed
portion 113b are formed, respectively, above and below the waveguide insertion hole 118.

As aresult, the second upper raagnet 171a and the second lower magnet 1711 accommodated
inside the upper magnet accommuodating recessed portion 113a and the lower magnet
accomumodating recessed portion 113b are also posttioned above and below the waveguide
insertion hole 118,

~
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{$045] However, this differs from the first housing 11 in that guiding protrusion portions 112
are formed wn the rear surface 1111 of the second housing 111, The guiding protrusion
portions 112 have a complementary relationship o the guiding recessed portions 12 in the
first housing 11, and engage the guiding recessed portions 12, The guiding protrusion
portions 112 function as second guiding portions by engaging the guiding recessed portions
12, and shding the sccond housing 111 vertically with respect to the first housing 11, When
the guiding recessed portions 12 and the guiding protrusion portions 112 shide the second
housing 111 vertically with respect to the first housing portion 11, the second housing 111 is
positioned 10 the transverse direction with respect to the first housing 11. When the shding
stops, the second housing 111 is positioned vertically with respect to the first housing 11 as
well,

180461 More specifically, the guiding protrusion portions 112 have a substantially rectangular
paraliclepiped shape and are formed oun both the left and the night sides of the rear surface
111b and extend in the vertical direction. The bottom end wall of cach is flush with the lower
surface of the second housing 111, and the side end walls to the outside in the transverse
direction of the second housing 111 are flush with the side surfaces of the second housing
111, The ceiling surface 112¢ of cach guiding protrusion portion 112 is a flat, rectangular
surface extending vertically, and the upper end wall 112a of cach guiding protrusion portion
112 s a flat surface extending in the transverse direction and is substantially orthogonal to
the rear surface 111b. The inner end wall to the inside wn the transverse direction of the
griding protrusion portion 112 18 a flat surface extending in the vertical direction and is
substantially orthogonal to the rear surface 111b.

{$047] Each upper end wall 112a functions as a reference surface for positioning the first
housing 11 and the second housing 111 relative to cach other in the vertical divection. Each
side end wall 112b functions as a reference surface for positioning the first housing 11 and
the second housing 111 relative to each other in the transverse direction.

{(048] As in the case of the first housing 11, the waveguide connecting portion 121 includes
a band-like waveguide passage recessed portion 128 cornmunicating with the waveguide
insertion hole 118, and an actuator wmounting portion 122 formed on both the left and the night
side of the waveguide passage recessed portion 128, The waveguide passage recessed
portion 128 18 a groove-shaped portion formed in the central portion of the waveguide
connecting portion 121 in the transverse direction, and has an upper surface formed so as to
extend in the thickness direction of the sccond housing 111, and a bottorn surface flush with
the lower surface of the wavegumide insertion hole 118, An arm accommeodating opening 123
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is formed in the actuator mounting portion 122 so as to rotatably accommedate the arm
portion 127¢ of the second actuator 127.

{10491 As in the case of the first actuator 27, the second actuator 127 includes a pressure-
applying portion 127a able to apply pressure to the upper surface of the second waveguide
191, a flat, strip-like operating portion 127b extending in the direction orthogonal to the axial
direction frorn the pressurc-applying portion 127a, and an arm portion 127¢ extending in the
axtal direction from both the left and the right sides of the pressurc-applying portion 127a.
When the arm portion 127¢ is rotatably accommodated inside arm accommodating opening
123, the second actuator 127 can be switched from a first posture or open posture to a second
posture or closed posture, and vice versa. Because the pressurc-applying portion 127a is
positioned upward when the second actuator 127 s in the fitst posture, the leading end of the
second waveguide 191 can be inserted into the waveguide insertion hole 118 via the
waveguide passage recessed portion 128, When the msertion of the waveguide into the
waveguide insertion hole 118 has been completed, the operator operates the operating portion
127b using a finger to change the posture of the sccond actuator 127 from the first posture to
the second posture. As a result, the pressurc-applying portion 127a applies downward
pressure on the upper surface of the second waveguide 191, as shown in Fig. 2(b), and the
second connector 101 is connected in a manner that prevents displacement,

{0058} The first magnets 71 and sccond magnets 171 are arranged so that the magnetic poles
facing each other are different. v other words, wheu the first connector 1 and the second
connector 101 have been connected to each other, as shown in Fig. 2{b), the first magnets 71
and the second maguoets 171 are arranged so that the magnetic poles facing each other are
different. For example, when the magnetic pole of the first upper magnet 71a on the second
connector 101 (the right side in Fig. 2(b}} is a south pole, the magnetic pole of the second
upper magnet 171a on the first connector 1 (the left side in Fig. 2{(b}} is a north pole.
Similarly, when the raagucetic pole of the first lower magnet 71b on the second connector 101
is a north pole, the magnetic pole of the second lower magnet 171b oun the first connector 1 is
a south pole. Because the opposing first magnets 71 and sccond roagocets 171 are attracted to
cach other, the fivst bousing 11 and the second housing 111 are brought together, and the rear
surfaces 11b and 111b come into close contact.

{6051} The positions of the opposing fivst magnets 71 and second magnets 171 are staggered
in the vertical direction. In other words, as shown in Fig. 2(b), the first upper magnet 71a and
the first lower magnet 71b arranged in the first housing 11, which has an upper ond wall 12a

with a downward facing reference surface for positioning the first housing 11 and the second
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housing 111 relative to cach other in the vertical direction, are positioned above the second
upper magnet 171a and second lower magnet 171b arranged 1u the second housing 111,
which has an upper end wall 112a with an upward facing reference surface. When the
opposing magnets 71 and 171 are attracted to cach other, the sccond housing 111 1s pulled
upward relative to the first housing 11, the upper end walls 112a of the guiding protrusion
portions 112 come into contact with the upper end walls 12a of the guiding recessed portions
12, and the fivst housing 11 and the secound housing 111 are positioned with respect to the
vertical direction. The side end walls 112b of the guiding protrusion portions | 12 come into
contact with the side end walls 12b of the guiding recessed portions 12 to position the first
housing 11 and the second housing 111 with respect to the transverse direction.

{88521 When the first connector 1 and the second connector 131 have been connected to each
other, the first housing 11 and the second housing 111 are positioned correctly, the leading
end surface 91a of the first waveguide 91 connected to the first connector 1 1s properly
oriented relative to the leading end surface 191a of the second waveguide 191 connected to
the second connector 101, and electromagnetic waves can be transmitted between the first
waveguide 91 and the second waveguide 191, The first waveguide 91 and the second
waveguide 191 are flexible, bendable components but, at the very least, the portions inserted
into the waveguide insertion hole 18 of the first housing 11 and into the waveguide insertion
hole 118 of the second housing 111 are straight. As shown in Fig. 2(b}, when the leading end
surface 91a of the fivst waveguide 971 aud the leading end surface 191a of the second
waveguide 191 are properly positioned with respect to cach other, the central axis of the
portion of the first waveguide 91 1nserted into the waveguide insertion hole 18 of the first
housing 11 is, at the very least, coaxial with the central axis of the portion of the second
waveguide 191 inserted into the waveguide msertion hole 118 of the sccond housing 111,
{30531 With the first waveguide 91 connected to the first connector 1, the leading end surface
91a is cither flush with the rear surface 11b of the first housing 11, or 1s shightly lower
{recessed) in the direction of the frout surface 11a from the rear surface 11b. Similarly, with
the second waveguide 191 connected to the second connector 101, the leading end surface
191a is either flush with the rear surface 111h of the second housing 111, ov is slightly lower
{recessed) in the direction of the front surface 111a from the rear surface 111b. Even though
there is a gap (for exarople, 0.05 wm or less) between the leading end sorface 91a of the first
waveguide 91 and the leading end surface 191a of the second waveguide 191,
clectrornagnetic waves can be transmitted between the first waveguide 91 and the second
waveguide 191, Because the rear surface 11b of the first housing 11 is in close contact with
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the rear surface 111b of the second housing 111, there is no gap around the leading end
surface 91a of the first waveguide 91 aund the leading end surface 191a of the second
waveguide 191, and so there is no leakage of electromagnetic waves on the periphery.
{0034} Figs. 6-7 tllustrate the operations performed to mate and connect a first connector 1
and a second connector 101 having the configurations described above. Before the first
connector 1 and the second connector 181 are mated with each other and connected, the
operator connects the fivst waveguide 91 and the second waveguide 191 to the first connector
1 and the second connector 131, More specifically, as described above, when the first
actuator 27 and the secound actuator 127 are both 1u the first posture, the leading ends of the
first waveguide 91 and the second waveguide 191 arc inserted, respectively, into the
waveguide insertion hole 1R via the waveguide passage recessed portion 28 of the first
housing 11, and into the waveguide insertion hole 118 via the waveguide passage recessed

7
7

portion 128 of the second housing 111, Both the first actuator 27 and the second actuator 127
arc then changed to the second posture to connect the first waveguide 91 and the second
wavegnide 191 to the first connector 1 and the sccond connector 101 in a manner that
prevents dispiacement. To simplify the following explanation the first waveguide 91 and the
second waveguide 191 are not depicted in Figs. 6-7.

{6035} Here, the first magnets 71 and the second magoets 171 are arranged as shown i Fig.
6 so that the opposing magnetic poles are different. In other words, the magnetic poles on the
second counector 101 side of the first upper magoet 71a and fivst lower magnet 71b of the
first connector 1 are a south pole and a north pole, respectively, and the magnetic poles on the
first connector 1 side of the sccond upper magnet 171a and second lower magnet 171b of the
second connector 131 are a north pole and a south pole, respectively.

10056} First, as shown in Fig. 7(a), the operator orients the rear surface 11b or mating surface
of the first housing 11 of the first connector 1 so that it faces the rear surface 111b or mating
surface of the second housing 111 of the second connector 101, Next, the operator, as shown
in Fig. 7 (b}, positions the second housing 111 below the first housing 11, and brings the rear
surface 11b of the first housing 11 into contact with the rear surface 111h of the second
housing 111, Here, the operator engages the guiding recessed portions 12 of the first housing
11 with the corresponding gniding protrusion portions 112 of the sccond housing 111, This
positions the first housing 11 and the second housing 111 with respect to cach other 1o the
transverse direction.

{00587} Next, while keeping the rear surface 11b of the first housing 11 facing the rear surface

111b of the second housing 111, and the guiding recessed portions 12 of the first housing 11
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engaged with the guiding protrusion portions 112 of the second housing 111, the operator
displaces the first connector 1 and the second connector 181 relative to each other in the
mating direction, that is, in the vertical direction orthogonal to the axial direction of the first
waveguide 91 and the sceond waveguide 191, More specifically, the sccond housing 111 s
shd upward relative to the first housing 11, Here, the first lower magnet 71b and second
upper magnet 171a repulse cach other, but the force applicd by the user’s fingers is greater
than the repulsive force of the first lower magnet 71b and the second upper roagoet 171a. As
a result, the second housing 111 can be slid upward relative to the first housing 11, while
keeping the rear surface 11b of the first housing 11 facing the vear surface 111b of the secound
housing 111, and the guiding recessed portions 12 of the first housing 11 enpaged with the
guiding protrusion portions 112 of the second housing 111,

10058] While sliding in this manner, the first lower magnet 71b of the first connector |
moves lower than the second upper magnet 171a of the second connector 101, the first upper
magnet 71a of the first connector 1 and the second upper magnet 171a of the second
connector 101 are attracted to cach other, and the first lower magnet 71b of the first
connector 1 and the second lower magnet 1710 of the second connector 101 are attracted to
cach other. As a result, even when the force applied by the operator’s fingers is released, the
second housing 111 slides above the first housing 11 while the rear surface 11b of the first
housing 11 remains facing the rear surface 111b of the second housing 111, and the guiding
recessed portions 12 of the first housing 11 remain engaged with the guiding protrusion
portions 112 of the second housing 111

{6039} Theun, when the upper end walls 112a of the guiding protrusion portions 112 of the
second housing 111 come into contact with the upper end walls 12a of the guiding recessed
portions 12 of the first housing 11 as shown in Fig. 7{¢), the sccond housing 111 stops sliding
upward relative to the first housing 11, and the first connector 1 and the second connector
101 are positioned relative to cach other in the vertical direction, which is the mating
direction. In this way, the first connector 1 and the second connector 101 are mated with
cach other and connected as shown in Figs. 1-2, the leading end surface 91a of the first
waveguide 91 and the leading cod surface 191a of the second waveguide 191 are positioned
properly so that the central axis of the first waveguide 91 is coaxial with the central axis of
the second waveguide 191, and electromagnetic waves can be transmitted between the first
waveguide 91 and the second waveguide 191,

10068] In this state, as shown in Figs. 2(b) and 7{¢), the first upper magnet 71a and the first
lower magnet 71b arranged in the first housing 11 are positioned above the second upper
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magnet 71a and the second lower magnet 171b arranged in the second housing 111, Asa
result, the attractive force of the first magnets 71 and the secoud magnets 171 for cach other
acts as a force that lifts the second housing 111 relative to the first housing 11, and this
reliably keeps the upper end wall 112a of the guiding protrusion portions 112 of the second
housing 111 pressed against the upper end wall 12a of the guiding recessed portions 12 of the
first housing 11, Similarly, the attractive foree of the first magnets 71 and the second
roagnets 171 for cach other reliably keeps the rear surface 111bh of the second housing 111
pressed against the rear surface 11b of the first housing 11. The positional relationship of the
first housing 11 and the second housing 111 relative to the transverse divection s maintained
by the guiding recessed portions 12 of the first housing 11 engaged with the guiding
protrusion portions 112 of the second housing 111, As a result, the leading end surface 91a
of the first waveguide 91 and the leading end portion 191a of the second waveguide 191 are
properly posttioned and aligned, and the ability to transmit clectromagnetic waves between
the first waveguide 91 and the second waveguide 191 is reliably maintained.

{0061} In the explanation of the present embodiment, the means used to connect the first
waveguide 91 and the second waveguide 191 to the first housing 11 and the second housing

~3
/
1

111, respectively, were a first actuator 27 and a second actuator 127. However, the means
used to connect the first waveguide 91 and the second waveguide 191 {o the first housing 11
and the second housing 111, respectively, do not have to be a first actuator 27 and a second
actuator 127. OUther means can be used. For example, the leading ends of the first waveguide
91 and the second waveguide 191 may be inserted, respectively, into the waveguide insertion
hole 18 of the first housing 11 and the waveguide insertion hole 118 of the second housing
111, and an adhesive may be applied to bond the first waveguide 91 and the second
wavegnide 191 to the first housing 11 and the second housing 111, respectively. Here, the
waveguide conmecting portions 21 and 121 protruding forward from the first housing 11 and
the second housing 111 can be omiatted in addition to the first actuator 27 and the second
actuator 127,

{0062] In the cxplanation of the present embodiment, substantially rectangular parallelepiped
guiding recessed portions 12 and guiding protrusion portions 112 were used as the fivst guide
portion and second guide portion when the second housing 111 was slid vertically relative to
the first housing 11, However, the guiding recessed portions 12 and guiding protrusion
portions 112 do not have to have a substantially rectangular parallelepiped shape. They can
assume any shape. For cxample, the guiding recessed portions 12 may be slit-shaped grooves,

and the guiding protruding portions 112 may be slender column-shaped protrusions that can
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be inserted into the grooves. In other words, members of any shape can be used as long as
the second housing 111 can be positioned relative to the first housing 11 in the transverse
direction, and as long as the second housing 111 is positioned vertically with respect to the
first housing 11 when the shding has stopped.

{4063} In the explanation of the present embodiment, there were two first magnets 71
arranged m the first housing 11 and two sccond magnets 171 arranged 1o the sccond housing
111, However, the number of first magnets 71 and second magoets 171 18 not restricted to
two. There may be one, or three or more. The positions at which the first magnets 71 are
arranged in the first housing 11 and the positions at which the second magnets 171 are
arranged in the second housing 111 are not restricted to the positions shown in the drawings.
They may be placed 1o any position.

18064} In the embodiment described above, the connecting device included a first connector
I having a first housing 11 receiving a connected first waveguide 91, and a second connector
101 having a second housing 111 receiving a connected second wavegutde 191, The first
housing 11 has a rear surface 11b and first magnets 71, and the second housing 111 has a rear
surface 111b and second magunets 171, The first connector 1 and the second connector 101
are dispiaced relative to each other in 8 mating direction orthogonal to the axial direction of
the first waveguide 91 and the second waveguide 191, and are posttioned relative to each
other by the magnetic force of the first magnets 71 and the second magnets 171,

{3865] As aresult, the first connector 1 and the second connector 1071 are easy to handle
during the mating operation, and can be connected so that the first waveguide 91 and the
second waveguide 191 are properly aligned. Because the first connector T and the second
connector 101 are small and have a simple configuration, costs can be reduced and
rnanufacturing siraplified.

{30661 Also, the first housing 11 has guiding recessed portions 12 formed in the rear surface
11b, the second housing 111 has guiding protrusion portions 112 formed in the rear surface
111b, rear surface 11b is orthogonal to the axial direction of the first waveguide 91, rear
surface 111b 1s orthogonal to the axial divection of the second waveguide 191, and the first
connector 1 and the second connector 101 are displaced with respect to each other n the
mating direction while rear surface 11b and rear surface 111b are facing cach other and the
guiding recessed portions 12 and guiding protrusion portions 112 are engaged. Because the
first connector | and the second connector 101 can be displaced relative to cach other in the
rating direction while the first housing 11 and the second housing 111 are positioned with
respect to the transverse direction, the mating operation s easy to perform.
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{4067} The guiding recessed portions 12 and the guiding protrusion portions 112 include
upper end wall 12a and upper end wall 112a, respectively, and the first connector 1 and the
second connector 181 are positioned relative to each other with the upper end wall 12a of the
guiding recessed portions 12 in contact with the upper end wall 112a of the guiding
protrusion portions 112 by the magnetic force of the first magnets 71 and the second magnets
171, As a result, the first connector | and the second connector 101 can be casily and
properly positioned i the mating direction.

10068] The first connector 1 and the second connector 101 remain positioned relative to cach
other due to the roagoetic force of first magnets 71 and the second magnets 171 pressing the
upper ond wall 12a of the guiding recessed portion 12 and the upper end wall 112a of the
guiding protrusion portion 112 against cach other. As a result, the first connector 1 and the
second connector 101 can be reliably positioned in the mating direction using a simple
configuration.

{4069} The first magnets 71 and the second magpets 171 shift relative to the mating direction
and are attracted to cach other when the first connector 1 and the sccond conmector 101 have
been positioned relative to each other and mated. As a result, the rear surfaces 1iband 1110
reliably come into contact with cach other and the first connector | and the second connector
101 can be reliably positioned in the mating direction using a sitaple configuration.

{0078} The leading ond surface 91a of the first wavegnide 91 and the leading end surface
191a of the second waveguide 191 are facing cach other and a gap is present between the
leading end surface 91a of the first waveguide 91 and the leading end surface 191a of the
second waveguide 191 when the fivst connector 1 and the second connector 101 have been
positioned relative to each other and mated. In this way, electromagnetic waves can be
transmitted betwoeen the first waveguide 91 and the second waveguide 191,

{3071 Rear surface 11b comes into contact with rear surface 111b. Because no gap occurs
on the periphery of the leading end surface 914 of the first wavegnide 91 and the leading end
surface 191a of the second waveguide, leakage of electromagnetic waves does not occur.
{0672] While a preferred embodiment of the Present Disclosure is shown and described, it is
covisioned that those skilled in the art may devise various rodifications without departing

from the spirit and scope of the foregoing Description and the appended Claims.
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£1LATMS

WHAT IS Cramen Is:

1. A connecting device, the connecting device comprising

a first connecting member, the first connecting member inchuding a first
housing, the first housing receiving a connected first waveguide, the first housing including a
first mating surface and a fivst magnet; and

a second connecting member, the second connecting member including a
second housing, the second housing receiving a conuecied second waveguide; the second
housing including a second mating surface and a second magnet;

wherein the first connecting member and the second connecting mernber are
displaced relative to cach other in @ mating direction orthogonal to the axial divection of the
first waveguide and the sccond waveguide, and relative to cach other by the magnetic foree of

the first magnet and the second magnet.

2. The connecting device of Claim 1, wherein the leading end surface of the first
waveguide and the leading end surface of the second waveguide face cach other, a gap being
present between the leading end surface of the first waveguide and the leading end surface of
the second waveguide when the first connecting member and the second connecting member
have been positioned relative to cach other and voate
3. The connecting device of Claim 2, wherein the furst mating surface and the

second mating surface come into contact with each other.

4. The connecting device of Claim 1, wherein the first housing further includes a

first guide portion, the first guide portion being formed on the first mating surface.
5. The connecting device of Claim 4, wherein the second housing further
includes a secound guide portion, the second guide portion bemg formed on the second mating

surface.

6. The connecting device of Claim 5, wherein the first mating surface is

orthogonal to the axial dircction of the first waveguide.
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7. The connecting device of Claim 6, wherein the second mating surface is

orthogonal to the axial direction of the second waveguide.

8. The connecting device of Claim 7, wherein the first connecting meraber and
the second connecting member are displaced relative to each other in the mating direction
while the first mating surtace and the sccond mating surface face cach other and the first

guide portion and the second guide portion are engaged.

9. The connecting device of Claim 8, wherein the leading end surface of the first
waveguide and the leading end surface of the sccond waveguide face cach other, a gap being
present between the leading end surface of the first waveguide and the leading end surface of
the second waveguide when the first connecting member and the second connecting member

have been positioned relative to each other and mated.

10, The connecting device of Claim 9, wherein the first mating surface and the

second mating surface come into contact with each other.

11, The connecting device of Claim 8, whereiu the first guide portion and the

second guide portion cach have a reference surface.

12, The comnecting device of Claim 11, wherein the first connecting member and
the second connecting member are positioned relative to each other by the magnetic force of
the first magnet and the second magnet, bringing the reference surface of the first guide

portion inte contact with the refercnce surface of the sccond guide portion.

13, The connecting device of Claim 12, wherein the leading ond surface of the
first waveguide and the leading end surface of the second waveguide face cach other, a gap
being present between the leading end surface of the first waveguide and the leading end
surface of the second wavegunde when the first counecting member and the second

connecting member have been positioned relative to each other and mated.

14, The connecting device of Claim 13, wherein the first mating surface and the

second mating surface come into contact with cach other.

Page 180120



WO 2015/126770 PCT/US2015/015995

15.  The connecting device of Claim 12, wherein the first conpecting member and
the second connecting raember remain positioned relative to cach other by the magnetic force
of the first magnet and the second magnet, pressing the reference surface of the first guide

portion and the reference surface of the second guide portion against each other.

16.  The connecting device of Claim 15, wherein the leading end surface of the
first wavegnde and the leading end surface of the second waveguide face each other, a gap
being present between the leading end surface of the first waveguide and the leading end
surface of the second waveguide when the first connecting mernber and the second

connecting member have been positioned relative to cach other and mated.

17.  The connecting device of Claim 16, wherein the first mating surface and the

second mating surtace come into contact with each other.

18 The connecting device of Claim 15, wherein the first rnaguoet and the second
magnet shift relative to the mating direction and are attracted to each other when the first
connecting member and the second connecting member have been positioned relative to cach

other and mated.

19, The convnecting device of Claim 18, wherein the leading end surface of the
first waveguide and the leading end surface of the second waveguide face cach other, a gap
being present between the leading end surface of the first waveguide and the leading end
surface of the second wavegnide when the first connecting member and the second

connecting member have been positioned relative to cach other and mated.

20.  The connecting device of Claim 19, wherein the first mating surface and the

second mating surface come into contact with cach other.
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