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ABSTRACT

A plug includes a connection part to be connected to a board,
a contact, and a conductor part that connects the contact and
the connection part. The connection part and the contact are
perpendicular to each other. The contact is turned 45 degrees
relative to the conductor part about a direction in which the
contact extends from the conductor part.
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PLUG, JACK, AND CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Thepresentapplicationis based upon and claims the
benefit of priority of the prior Japanese Patent Application
No. 2011-285124, filed on Dec. 27, 2011, the entire contents
of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a plug, a jack, and a
connector suitably applied to signal exchanges between
boards and electrical connections for grounding.

[0004] 2. Description of the Related Art

[0005] Inelectronic apparatuses, connectors are commonly
used, for example, to electrically interconnect boards includ-
ing a signal line and a ground line in a detachable manner.
Examples of connectors for such a purpose include the con-
nector described in Japanese National Publication of Interna-
tional Patent Application No. 2004-500684.

[0006] The connector described in Japanese National Pub-
lication of International Patent Application No. 2004-500684
employs a right-angle plug connected to a daughter card,
which is one board, and a straight-angle jack connected to a
mother board, which is another board perpendicular to a
butting direction, in connecting the mother board to the
daughter card. The right-angle type refers to a connector
whose contacts and connection with the daughter card are
perpendicular to each other. The straight-angle type refers to
a connector whose contacts and connection with the mother
board are parallel to each other.

SUMMARY OF THE INVENTION

[0007] According to an aspect of the present invention, a
plug includes a connection part to be connected to a board; a
contact; and a conductor part that connects the contact and the
connection part, wherein the connection part and the contact
are perpendicular to each other, and the contact is turned 45
degrees relative to the conductor part about a direction in
which the contact extends from the conductor part.

[0008] According to an aspect of the present invention, a
jack includes a connection part to be connected to a board; a
contact; and a conductor part that connects the contact and the
connection part, wherein the connection part and the contact
are perpendicular to each other, and the contact is turned 45
degrees relative to the conductor part about a direction in
which the contact extends from the conductor part.

[0009] According to an aspect of the present invention, a
connector includes a first connector member that includes a
plurality of first connection parts to be connected to a first
board; a plurality of first contacts; and a plurality of first
conductor parts, wherein each of the first conductor parts
connects a corresponding one of the first contacts and a cor-
responding one of the first connection parts, wherein the first
connection parts and the first contacts are perpendicular to
each other, and each of the first contacts is turned 45 degrees
relative to a corresponding one of the first conductor parts
about a direction in which each of the first contacts extends
from the corresponding one of'the first conductor parts; and a
second connector member that includes a plurality of second
connection parts to be connected to a second board;
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[0010] a plurality of second contacts connected to the first
contacts of the first connector member; and a plurality of
second conductor parts, wherein each of the second conduc-
tor parts connects a corresponding one of the second contacts
and a corresponding one of the second connection parts,
wherein the second connection parts and the second contacts
are perpendicular to each other, and each of the second con-
tacts is turned 45 degrees relative to a corresponding one of
the second conductor parts about a direction in which each of
the second contacts extends from the corresponding one of
the second conductor parts, wherein the first contacts and the
second contacts are turned in a same direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic perspective view of a connec-
tor according to an embodiment of the present invention,
illustrating a plug and a jack before fitting, taken from the
plug side;

[0012] FIG. 2 is a schematic perspective view of the con-
nector before fitting according to the embodiment, taken from
the jack side;

[0013] FIGS. 3A and 35 are schematic diagrams illustrat-
ing a plug module in the plug of the connector according to
the embodiment;

[0014] FIG. 4is a schematic diagram illustrating a terminal
arrangement of the adjacent plug modules arranged in a row
direction in the plug of the connector according to the
embodiment;

[0015] FIG. 5 is a schematic perspective view of conductor
plates arranged in the row direction in the plug modules in the
plug of the connector according to the embodiment;

[0016] FIG. 6 is a schematic side view of the conductor
plates in the plug module in the plug of the connector accord-
ing to the embodiment;

[0017] FIGS. 7A and 7B are schematic diagrams illustrat-
ing a jack module in the jack of the connector according to the
embodiment;

[0018] FIG. 8 is a schematic perspective view of the con-
nector after fitting according to the embodiment;

[0019] FIG.9 is a schematic perspective view of the plug of
the connector according to the embodiment, illustrating a
ground metal plate (a metal plate for grounding) included in
the plug;

[0020] FIG. 10 is a schematic diagram illustrating a termi-
nal arrangement of the plug of the connector with the ground
metal plate according to the embodiment; and

[0021] FIG. 11 is a schematic perspective view of the
ground metal plate, a fitting opening part, and the plug mod-
ules of the plug of the connector in an assembled state accord-
ing to the embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] As described above, the conventional connector that
employs a right-angle connector and a straight-angle connec-
tor is used in the form of connection where an end of one
board is butted against the surface of another board. However,
such a connector is prevented from establishing a proper
electrical connection when one board and another board are
in a mutually twisted positional relationship and are perpen-
dicular to each other.

[0023] According to an aspect of the present invention, a
plug that makes it possible to suitably connect boards that are
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positioned to be twisted relative to each other and are perpen-
dicular to each other, a jack corresponding to the plug, and a
connection including the plug and the jack are provided.
[0024] According to an aspect of the present invention, a
plug to be connected to a first board, a jack to be connected to
asecond board, and a connector that includes the plug and the
jack are provided that make it possible to suitably connect the
first board and the second board that are to be connected when
the first board and the second board are in a twisted positional
relationship where the first board and the second board are
perpendicular to each other about a connecting direction. This
makes it possible to improve signal transmission quality and
to reduce cost.

[0025] A description is given, with reference to the accom-
panying drawings, of one or more embodiments of the present
invention.

[0026] Referring to FIG. 1, a connector 1 according to an
embodiment includes a plug 2 and a jack 3, and a first board
P1 and a second board P2 are in a mutually twisted positional
relationship and are perpendicular to each other. FIG. 1 is a
perspective view of the connector 1 before the plug 2 and the
jack 3 are fitted, taken from the plug 2 side. Here, the twisted
positional relationship refers to a positional relationship
where turning the first board P1 90 degrees about a direction
in which the plug 2 and plug 3 are fitted, that is, connected,
causes the first board P1 to be parallel to the second board P2.
[0027] FIG. 2 is a perspective view of the connector 1
before the plug 2 and the jack 3 are fitted, taken from the jack
3 side. The first board P1 and the second board P2 are suitably
supported by a support structure of a housing, that is, a shell,
of an electronic apparatus (not graphically illustrated).
[0028] The plug 2 is configured to be mounted on the first
board P1. As illustrated in FIG. 1, the plug 2 includes multiple
plug modules 20 and a fitting opening part 23. Referring to
FIG. 3A along with FIG. 5, each of the plug modules 20
includes multiple first conductor plates 21 and a frame 22.
Each of the first conductor plates 21 includes a first connec-
tion part 21a (a press fit part) configured to be electrically
connected to the first board P1, a first contact 215, and a first
conductor part 21¢ that connects the first contact 215 and the
first connection part 21a. The first connection part 21« and the
first contact 215 are perpendicular to each other. The first
contact 215 is turned 45 degrees on its root (an end that
continues from the first conductor part 21¢) relative to the first
conductor part 21c¢ (that is, the first contact 215 is turned 45
degrees relative to the first conductor part 21¢ about a direc-
tion in which the first contact 215 extends from the first
conductor part 21c¢), so that an end of the first contact 215 on
the side opposite to the root is in a position twisted 45 degrees
relative to the position of the root.

[0029] Referring to FIG. 5, each of the first conductor
plates 21 is shaped like a flat plate having an inverted L-letter
shape, and includes two bent parts that are bent at an angle of
135 degrees. The first conductor plates 21 include two kinds
of conductor plates: signal conductor plates 21A for signals
(signal transmission) and ground conductor plates 21B for
grounding.

[0030] The signal conductor plates 21A include multiple
pairs of the positive (+) signal conductor plate 21A for a
positive signal and the negative (-) signal conductor plate
21A for a negative signal. The first contacts 215 of each pair
of the signal conductor plates 21A are a positive signal con-
tact 21ba and a negative signal contact 21b5. In correspon-
dence to the positive signal contact 21ba and the negative
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signal contact 2155, the first conductor parts 21¢ of each pair
of the signal conductor plates 21A are a positive signal con-
ductor plate 21ca and a negative signal conductor plate 21c¢b,
and the first connection parts 21a of each pair of the signal
conductor plates 21A are a positive signal connection part
21aa and a negative signal connection part 21ab.

[0031] The first contact 215 of each of the ground conduc-
tor plates 21B is a ground contact 21b¢. The first conductor
part 21¢ of each of the ground conductor plates 21B is a
ground conductor part 21cc. The first connection part 21a of
each of the ground conductor plates 21B is a ground connec-
tion part 21ac.

[0032] Referring to FIG. 3A and FIG. 5, the first conductor
plates 21 having an inverted L-letter shape are arranged so
that the four pairs of the signal conductor plates 21A and the
four ground conductor plates 21B alternate with each other in
a direction from the outside (the outermost side) to the inside
(the innermost side) of their bends. The first conductor plates
21 are enclosed by the frame 22. The frame 22 is formed by
injection molding using an insulator of suitable material qual-
ity.

[0033] Comparing the direction of the inverted L-letter
shape to a circumferential direction, the frame 22 includes
suitable skeletal parts 224 that extend radially and circumfer-
entially, so that the heat of the first conductor plates 21 is
radiated through air gaps (openings) formed between the
skeletal parts 22a.

[0034] FIG. 3B is a view of the plug module 20 of FIG. 3A
taken from a fitting direction in which the plug 2 is fit into the
jack 3. As illustrated in FIG. 3B, in an opposing plane that
faces toward the jack 3 (for example, a surface 20a of the plug
module 20 or a plane parallel to the surface 20a), the pairs of
the signal contacts 21ba and 21bb and the ground contacts
21bc are alternately arranged in the above-described direc-
tion from the outermost side to the innermost side. In each
pair of the signal contacts 21ba and 21565, the positive signal
contact 21ba is in a higher position, and the negative signal
contact 21bb is in a lower position.

[0035] In this case, as illustrated in FIG. 3A, the positive
and negative signal connection parts 21aa and 21ab and the
ground connection parts 21ac are arranged at equal intervals
in the fitting direction in the plane of connection to the first
board P1.

[0036] Referring to FIG. 4, the plug modules 20 include
two different kinds of plug modules 20A and 20B, which are
alternately arranged in a row direction of the plug 2 to be
adjacent to each other. The plug module 20A has the signal
contacts 21ba and 21556 on the outermost side, that is, at the
top, while the plug module 20B has the ground contact 21b¢
at the top.

[0037] Correspondingly, in the plane of connection to the
first board P1, the ground connection parts 21ac and the
positive and negative signal connection parts 21aa and 21ab
of the plug module 203 are arranged at equal intervals in the
fitting direction while being offset by the half of the equal
interval in the fitting direction relative to the ground connec-
tion parts 21ac and the positive and negative signal connec-
tion parts 21aa and 21ab of the adjacent plug module 20A.
[0038] FIG. 5illustrates an arrangement and formationof'a
group of the first conductor plates 21 of the plug module 20A
and a group of the first conductor plates 21 of the plug module
203. The group of the first conductor plates 21 of the plug
module 20A is illustrated on the right side and the group of the
first conductor plates 21 of the plug module 20B is illustrated
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onthe left side in FIG. 5. The pairs of the positive and negative
signal contacts 21ba and 2156 alternate with the ground con-
tacts 215¢ both in a vertical direction, that is, a column direc-
tion, and in a lateral direction, that is, the row direction in FIG.
5

[0039] Referring to FIG. 5, the ends of the positive signal
contacts 21ba and the negative signal contacts 21bb are in
positions twisted 45 degrees in the same direction relative to
the positions of their roots on the side of the positive and
negative signal conductor parts 21ca and 21cb of the first
conductor plates 21. The positive signal contacts 21ba are
turned while being offset leftward in FIG. 5 relative to the
positive signal conductor parts 21ca. The negative signal
contacts 21bb are turned while being offset rightward in FIG.
5 relative to the negative signal conductor parts 21cb.

[0040] That is, the positive signal contact 21ba and the
negative signal contact 21bb of each pair are turned in the
same direction while being offset in opposite directions in the
row direction in the opposing plane so as to be parallel to each
other while facing each other in the opposing plane. That is, in
the opposing plane, the outlines of the respective rectangular
shapes of the positive signal contacts 21ba and the negative
signal contacts 2155 are parallel to each other, and the posi-
tive signal contacts 21ba and the negative signal contacts
21bb are arranged with their respective longitudinal (length-
wise) ends of the rectangular shapes being aligned.

[0041] Here, each of the first conductor plates 21 is formed
by suitably performing processing such as press working and
bending on a single elastic member of, for example, a copper
alloy, having electrical conductivity and elasticity. That is, the
above-described turning is performed during this process.
The surfaces of the first contacts 215 of the first conductor
plates 21 may be suitably subjected to plating.

[0042] Referring to FIG. 5, in each pair of the signal con-
ductor parts 21c, the positive signal conductor part 21ca is
positioned outside the negative signal conductor part 21cb.
The positive and negative signal conductor parts 21ca and
21cb have an overall shape of an inverted L letter, and are
substantially equal in width in a radial direction to the corre-
sponding ground conductor part 21cc positioned inside the
positive and negative signal conductor parts 21ca and 21c¢b.
According to this embodiment, as illustrated in FIG. 5, four
groups of signal terminals and four groups of ground termi-
nals are arranged in a direction from the outermost side to the
innermost side.

[0043] The positive signal conductor part 21ca and the
negative signal conductor part 21¢b of the signal conductor
plates 21 on the innermost side are smaller in width (nar-
rower) in a radial direction than the positive signal conductor
parts 21ca and the negative signal conductor parts 21¢b of the
other signal conductor plates 21. Further, as illustrated in FIG.
6, in the group of the first conductor plates 21 of the plug
module 20B, the ground first conductor plate 21B is posi-
tioned on the outermost side, and the pairs of the signal first
conductor plates 21A and the ground first conductor plates
21B are alternately arranged toward the innermost side.

[0044] Asillustrated in FIG. 1, these plug modules 20A and
20B of different kinds are alternately stacked in eight rows in
the row direction and are combined into a unit by the fitting
opening part 23 that allows fitting into the jack 3, so that the
plug 2 is formed. The fitting opening part 23 is formed by
performing injection molding using an insulator of suitable
material quality.
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[0045] By thus configuring the plug 2, in the plane of con-
nection to the first board P1, the positive and negative signal
connection parts 21aa and 21ab and the ground connection
parts 21ac are alternately arranged in the row direction, so
that a staggered terminal arrangement is achieved.

[0046] The jack 3 is configured to be mounted on the sec-
ond board P2. As illustrated in FIG. 1, the jack 3 includes
multiple jack modules 30 and a fitting opening part 33. Refer-
ring to FIG. 7A, each of the jack modules 30 includes multiple
second conductor plates 31 and a frame 32. Each of the
second conductor plates 31 includes a second connection part
21a configured to be electrically connected to the second
board P2, a second contact 315 corresponding to the first
contact 215 of the plug 2, and a second conductor part 31¢ that
connects the second contact 315 and the second connection
part 31a. The second connection part 31a and the second
contact 315 are perpendicular to each other. The second con-
tact 315 is turned 45 degrees on its root (an end that continues
from the second conductor part 31¢) relative to the second
conductor part 31c¢ (that is, the second contact 315 is turned
45 degrees relative to the second conductor part 31¢ about a
direction in which the second contact 315 extends from the
second conductor part 31c¢), so that an end of the second
contact 315 on the side opposite to the root is in a position
twisted 45 degrees relative to the position of the root. The
second conductor plates 31 have the same configuration as the
first conductor plates 21 of the plug 2 as illustrated in FIG. 3A
except for the second contacts 315, so that a semi-finished
product before the turning process in press working is com-
mon to the plug 2 and the jack 3.

[0047] Each of the second contacts 315 includes an inclined
part that is inclined (angled) relative to the fitting direction
and a bifurcate part that is bifurcated into two portions in
correspondence to the first contacts 215 of the plug 2, so that
when the plug 2 and the jack 3 are fit to each other, the second
contacts 31 are pressed aside (sideward) by the inserted first
contacts 215 to ensure contact pressure.

[0048] The second conductor plates 31 include two kinds of
conductor plates: signal conductor plates for signals (signal
transmission) and ground conductor plates for grounding.
[0049] The signal conductor plates include multiple pairs
of'the positive (+) signal conductor plate for a positive signal
and the negative (=) signal conductor plate for a negative
signal. The second contacts 315 of each pair of the signal
conductor plates 31 are a positive signal contact 31ba and a
negative signal contact 315b. In correspondence to the posi-
tive signal contact 31ba and the negative signal contact 3155,
the second conductor parts 31c of each pair of the signal
conductor plates 31 are a positive signal conductor plate 31ca
and a negative signal conductor plate 31¢b, and the second
connection parts 31a of each pair of the signal conductor
plates 31 are a positive signal connection part 31aa and a
negative signal connection part 31ab.

[0050] The second contact 315 of each of the ground con-
ductor plates 31 is a ground contact 31b¢. The second con-
ductor part 31c¢ of each of the ground conductor plates 31 is a
ground conductor part 31cc. The second connection part 31a
of each of the ground conductor plates 31 is a ground con-
nection part 31ac.

[0051] In this case as well, the positive and negative signal
connection parts 31aa and 31ab and the ground connection
parts 31ac are arranged at equal intervals in the fitting direc-
tion in the plane of connection to the second board P2. The
second conductor plates 31 are enclosed by the frame 32 to
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form the jack module 30. Like the frame 22 of the plug 2, the
frame 32 is formed by injection molding using an insulator of
suitable material quality. Like in the plug 2, by alternating the
jack modules 30 of two different kinds in the row direction
and offsetting their terminal arrangements in the fitting direc-
tion, the positive and negative signal connection parts 31aa
and 31ab and the ground connection parts 3lac are alter-
nately arranged in the row direction, so that a staggered ter-
minal arrangement is achieved.

[0052] Referring to FIG. 7A, the ends of the positive signal
contacts 31ba and the negative signal contacts 31bb are in
positions twisted 45 degrees in the same direction relative to
the positions of their roots on the side of the positive and
negative signal conductor parts 31ca and 31¢b of the second
conductor plates 31. The positive signal contacts 31ba are
turned while being offset rightward in FIG. 7B relative to the
positive signal conductor parts 31ca. The negative signal
contacts 31bb are turned while being offset leftward in FIG.
7B relative to the negative signal conductor parts 31cb.
[0053] Thatis, the positive signal contact alba and the nega-
tive signal contact 3165 of each pair are turned in the same
direction while being offset in opposite directions in the row
direction in an opposing plane that faces toward the plug 2
(for example, a surface 30a of the plug module 30 or a plane
parallel to the surface 30a) so as to be parallel to each other
while facing each other in the opposing plane. That is, as
illustrated in FIG. 7B, in the opposing plane, the positive
signal contacts 31ba and the negative signal contacts 3165 are
arranged with the width directions of their respective bifur-
cate shapes (in which the two portions of the bifurcate shapes
are arranged) being parallel to each other and the respective
widthwise ends of the bifurcate shapes being aligned.
[0054] Here, cach of the second conductor plates 31 as well
is formed by suitably performing processing such as press
working and bending on a single elastic member of, for
example, a copper alloy, having electrical conductivity and
elasticity. The surfaces of the second contacts 314 of the
second conductor plates 31 may be suitably subjected to
plating.

[0055] As illustrated in FIG. 1, these jack modules 30 of
different kinds are alternately stacked in eight rows in the row
direction and are combined into a unit by the fitting opening
part 33 that allows fitting to the plug 2, so that the jack 3 is
formed. The fitting opening part 33 also is formed by per-
forming injection molding using an insulator of suitable
material quality.

[0056] Here, as illustrated in FIG. 1 and FIG. 2, the first
contacts 215 and the second contacts 314 are turned in the
same direction in the opposing plane. This allows the plug 2
and the jack 3 to be fit to each other as illustrated in FIG. 8.
[0057] When the first contacts 215 and the second contacts
3156 are viewed from the fitting direction with the plug 2 and
the jack 3 being fit to each other, the first and second contacts
21b and 315 are arranged in a matrix, and of adjacent com-
binations of the first and second contacts 215 and 314 in the
column direction, one is for grounding and the other is for
signals (signal transmission). The first contacts 215 are
arranged in the column direction in each of the plug modules
20 that are provided row by row. The second contacts 315 are
arranged in the column direction in each of the jack modules
30 that are provided row by row.

[0058] Further, of adjacent combinations of the first and
second contacts 215 and 315 in the row direction, one is for
grounding and the other is for signals (signal transmission).
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Further, the first conductor parts 21¢ and the second conduc-
tor parts 31c are arranged in a matrix, and of adjacent com-
binations of the first and second conductor parts 21¢ and 31¢
in each of the column direction and the row direction, one is
for grounding and the other is for signals (signal transmis-
sion).

[0059] In addition, as illustrated in FIG. 9, the connector 1
may further include a ground metal plate (a metal plate for
grounding) that electrically connect the ground contacts 215¢
to each other. As illustrated in FIG. 10, the outline of the
ground metal plate 24 has a rectangular shape so as to allow
the ground metal plate 24 to be housed inside the fitting
opening part 23 of the plug 2. The ground metal plate 24
includes multiple holes 24a of, for example, an octagonal
shape that avoid contact with the corresponding pairs of the
positive and negative signal contacts 21ba and 2155 of the
plug 2. The ground metal plate 24 further includes fitting
holes 245. Each of the fitting holes 245 is fittable to the side
surfaces of the ground contact 215 other than its contact
surface that comes into contact with the ground contact 314
and the surface facing away from the contact surface.

[0060] Each of the fitting holes 245 is provided with a pair
of holding parts 24ba that holds the side surfaces of the
ground contact 215 from each side. Referring to FIG. 11,
when attaching the ground metal plate 24 to the plug 2 by
sliding the ground metal plate 24 backward (in the direction
opposite to the fitting direction), each of the holes 244 allow
the corresponding pair of the positive and negative signal
contacts 21ba and 2155 to pass through forward (in the fitting
direction), and each of the fitting holes 245 allows the holding
parts 24ba alone to come into contact with the side surfaces of
the corresponding ground contact 21bc. As a result, the
ground metal plate 24 is fixed relative to the ground contacts
21bc of the plug 2, and is connected to a suitable ground path
(not graphically illustrated) to ground the multiple ground
contacts 21bc¢ together.

[0061] In the above-described embodiment, the column
direction refers to an in-plane direction perpendicular to a
plane of contact to a board to which the plug 2 and the jack 3
connect in the plug 2 and the jack 3, respectively, and is a
direction in which terminals are arranged in the plug modules
20 and the jack modules 30. The row direction refers to a
direction in which the plug modules 20 and the jack modules
30 are stacked (arranged) in the plug 2 and the jack 3, respec-
tively. The fitting direction is a direction perpendicular to both
the column direction and the row direction.

[0062] The above-described connector 1 according to this
embodiment produces advantageous effects as follows. That
is, even when the first board P1 and the second board P2 are
perpendicular to each other, the first board P1 and the second
board P2 may be electrically connected without interposing a
so-called backplane that is perpendicular to both the first
board P1 and the second board P2 between the first board P1
and the second board P2 by connecting the plug 2 and the jack
3 to the first board P1 and the second board P2, respectively,
and fitting the plug 2 and the jack 3 to each other.

[0063] This configuration makes it possible to prevent sig-
nal degradation due to transmission by avoiding an increase
in contact resistance and impedance mismatching by reduc-
ing the number of contacts in connection paths and omitting
the above-described backplane and its connector components
in electrically connecting electronic components on the first
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board P1 and electronic components on the second board P2.
Further, it is also possible to reduce cost by reducing the
number of components.

[0064] Further, by providing different kinds of modules for
each of a group of the plug modules 20A of the plug 2 and a
group of the jack modules 30 of the jack 3 and alternating
signal terminals with ground terminals in the row and the
column direction, it is possible to connect the first board P1
and the second board P2 by fitting the plug 2 and the jack 3 to
each other even when the relative positions of the first board
P1 and the second board P2 illustrated in FIG. 1 are rotated
180 degrees.

[0065] Further, since it is possible to omit a backplane,
consideration may be given to application to a relatively large
electronic apparatus such as a large-size server or a super-
computer, where multiple first boards P1 and multiple second
boards P2 are connected by the connector 1 including the plug
2 and the jack 3. In this case, the direction of cooling air that
cools the electronic components of the multilayer first boards
P1 and the direction of cooling air that cools the electronic
components of the multilayer second boards P2 may be
aligned with the fitting direction of the connector 1, thereby
making it possible to simplify a flow of cooling air. By thus
simplifying a flow of cooling air, the number of installed fan
motors is reduced, so that it is possible to reduce cost.
[0066] Inaddition, even without the above-described back-
plane, signal transmission between any combination of two or
more of the multilayer first boards P1 may be performed by
any ofthe multilayer second boards P2, and conversely, signal
transmission between any combination of two or more of the
multilayer second boards P2 may be performed by any of the
multilayer first boards P1.

[0067] Further, by arranging terminals in a matrix with a
ground terminal and signal terminals being adjacent to each
other, it is possible to improve transmission characteristics.
Further, the signal terminals may be a positive terminal and a
negative terminal for differential transmission. This also
makes it possible to improve transmission characteristics.
[0068] All examples and conditional language provided
herein are intended for pedagogical purposes of aiding the
reader in understanding the invention and the concepts con-
tributed by the inventor to further the art, and are not to be
construed as limitations to such specifically recited examples
and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority or
inferiority of the invention. Although one or more embodi-
ments of the present invention have been described in detail,
it should be understood that the various changes, substitu-
tions, and alterations could be made hereto without departing
from the spirit and scope of the invention.

[0069] For example, in the above-described embodiment,
the plug 2 and the jack 3 employ a press-fit shape for a
connection part that connects to a board, while a through hole
of the board corresponding to the press-fit shape may be
replaced with a pad, and the press-fit shape may be replaced
with a contact shape or a shape for soldering.

[0070] Further, in the above-described embodiment, the
signal contacts 21ba and 21bb are positive and negative ter-
minals and the signal contacts 31ba and 3155 are positive and
negative terminals in consideration of improvement of trans-
mission characteristics due to differential transmission. How-
ever, the signal contacts 21ba and 2155 may be replaced with
a single signal contact, and the signal contacts 31ba and 3155
may be replaced with a single signal contact. The matrix
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formed by a terminal arrangement is not limited to the above-
described square matrix, and may be a non-square matrix.
[0071] Embodiments of the present invention are related to
a connector, and includes a plug, a jack, and a connector
including the plug and the jack that make it possible to estab-
lish suitable electrical connection between a first board and a
second board that are twisted relative to each other in a
positional relationship. Therefore, embodiments of the
present invention are beneficially applied to industrial elec-
tronic apparatuses that are particularly desired to be cooled
with more efficiency among configurations where both the
first board and the second board are multilayered. Embodi-
ments of the present invention may also be applied to home
and office electronic apparatuses.
What is claimed is:
1. A plug, comprising:
a connection part to be connected to a board;
a contact; and
a conductor part that connects the contact and the connec-
tion part,
wherein the connection part and the contact are perpen-
dicular to each other, and
the contact is turned 45 degrees relative to the conductor
part about a direction in which the contact extends from
the conductor part.
2. A jack, comprising:
a connection part to be connected to a board;
a contact; and
a conductor part that connects the contact and the connec-
tion part,
wherein the connection part and the contact are perpen-
dicular to each other, and
the contact is turned 45 degrees relative to the conductor
part about a direction in which the contact extends from
the conductor part.
3. A connector, comprising:
a first connector member that includes
a plurality of first connection parts to be connected to a
first board;
a plurality of first contacts; and
a plurality of first conductor parts, wherein each of the
first conductor parts connects a corresponding one of
the first contacts and a corresponding one of the first
connection parts,
wherein the first connection parts and the first contacts
are perpendicular to each other, and
each of'the first contacts is turned 45 degrees relative to
a corresponding one of the first conductor parts about
a direction in which each of the first contacts extends
from the corresponding one of the first conductor
parts; and
a second connector member that includes
aplurality of second connection parts to be connected to
a second board;
aplurality of second contacts connected to the first contacts
of the first connector member; and
a plurality of second conductor parts, wherein each of the
second conductor parts connects a corresponding one of
the second contacts and a corresponding one of the sec-
ond connection parts,
wherein the second connection parts and the second
contacts are perpendicular to each other, and
each ofthe second contacts is turned 45 degrees relative
to a corresponding one of the second conductor parts
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about a direction in which each of the second contacts
extends from the corresponding one of the second
conductor parts,

wherein the first contacts and the second contacts are

turned in a same direction.

4. The connector as claimed in claim 3, wherein

the first contacts are arranged in a matrix,

the first contacts include ground contacts for grounding

and signal contacts for signal transmission, and

the ground contacts and the signal contacts are alternately

arranged to be adjacent to each other.

5. The connector as claimed in claim 4, wherein

the first connection member includes a plurality of mod-

ules, the modules each including a frame that encloses
corresponding ones of the first connection parts, the first
contacts, and the first conductor parts, and

the modules are provided in a row direction of the matrix,

so that the first contacts are arranged in a column direc-
tion of the matrix in each of the modules.

6. The connector as claimed in claim 4, wherein the ground
contacts and the signal contacts are adjacent to each other in
a row direction of the matrix.

7. The connector as claimed in claim 6, wherein

the first conductor parts include ground conductor parts for

grounding and signal conductor parts for signal trans-
mission, and

the ground conductor parts and the signal conductor parts

are alternately arranged to be adjacent to each other in
the row direction.
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8. The connector as claimed in claim 7, wherein

each of the signal contacts includes a positive signal con-

tact and a negative signal contact,

each of the signal conductor parts includes a positive signal

conductor part and a negative signal conductor part that
correspond to the positive signal contact and the nega-
tive signal contact, respectively, and

the first connection parts include signal connection parts

for signal transmission, and each of the signal connec-
tion parts includes a positive signal connection part and
a negative signal connection part that correspond to the
positive signal contact and the negative signal contact,
respectively.

9. The connector as claimed in claim 8, wherein

the first connection parts further include ground connec-

tion parts for grounding, and

the signal connection parts and the ground connection parts

are alternately arranged at equal intervals in a fitting
direction in which the first connection member is fit into
the second connection member.

10. The connector as claimed in claim 9, wherein the signal
connection parts and the ground connection parts are alter-
nately arranged in the row direction.

11. The connector as claimed in claim 4, further compris-
ing:

a ground metal plate that electrically connects ground ter-

minals for grounding of the first contacts.
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