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(54) Connector

(57) A connector reduces the occurrence of cross-
talks between connection portions of signal contacts. A
Vbus contact 310 is located so as to face a space be-
tween a TX+ signal contact 210 and a TX- signal contact
220. A ground contact 230 is located so as to face a
space between a Data- contact 320 and a Data-contact
320. The contacts 210, 220, 230 have connection por-
tions 214, 224, 234, respectively, projected from a first

block 110. The contacts 310, 320, 330 have connection
portions 314, 324, 334 projected from the second block
120. The connection portions are arranged in a line in
the order of 214, 314, 224, 324, 234, 334 at the same
height. A distance B between the connection portions
224, 324 is larger than a distance A between the con-
nection portions 214, 224 and the connection portion 314,
and larger than the distance A between the connection
portions 324, 334 and the connection portion 234.
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Description

[0001] The present invention relates to connectors
mainly used for high-speed digital transmission.
[0002] A conventional connector of this type has upper
and lower contact groups arrayed inside a body thereof.
The lower contact group includes a pair of contacts for
differential signaling, and other contacts. The upper con-
tact group includes a ground contact relating to the pair
of contacts, which is located so as to face a space be-
tween the pair of contacts, and other contacts (see par-
agraphs 0032 and 0033, and Figs. 2 and 5 of Japanese
Unexamined Patent Publication No. 2005-5272).
[0003] All the contacts of the lower contact group have
rear end portions projected from the body and bent gen-
erally into L shapes. The horizontal portions of the rear
end portions serve as connection portions to be mounted
on wiring lines on a circuit board. All the contacts of the
upper contact group also have rear end portions project-
ed from the body and bent generally into L shapes. The
horizontal portions of the rear end portions are arranged
at the same height as the connection portions of the lower
contact group and serve as connection portions to be
mounted on wiring lines on a circuit board. (See Fig. 7
of Japanese Unexamined Patent Publication No.
2005-5272).
[0004] In the above-described conventional connec-
tor, the connection portions of the contacts of the upper
and lower contact groups are lined up at the same height.
The connection portions are arranged at substantially
equal distances from each other. This arrangement may
potentially cause crosstalks between the connection por-
tions of the pair of contacts for differential signaling and
the connection portion of the adjacent contact.
[0005] The present invention has been devised in light
of the above-described situation. An embodiment of the
invention provides a connector that is less likely to cause
crosstalks between adjacent connection portions of sig-
nal contacts.
[0006] In order to solve the above-described problem,
a connector of the present invention includes a body with
insulation properties; a first contact group arrayed inside
the body and including a first contact and a pair of first
signal contacts; and a second contact group arrayed in-
side the body, substantially in parallel with and at a dif-
ferent height position from the first contact group, the
second contact group including a second contact and a
pair of second signal contacts. The first contact of the
first contact group is located so as to face a space be-
tween the second signal contacts of the second contact
group. The second contact of the second contact group
is located so as to face a space between the first signal
contacts of the first contact group. The first signal con-
tacts each have a connection portion extending outside
the body. The second signal contacts each have a con-
nection portion extending outside the body and at a same
height position as the connection portions of the first sig-
nal contacts. The first contact has a connection portion

extending outside the body, the connection portion being
located between and at the same height position as the
connection portions of the second signal contacts. The
second contact has a connection portion extending out-
side the body, the connection portion being located be-
tween and at the same height position as the connection
portions of the first signal contacts. A distance B is larger
than a distance A, wherein the distance A is a distance
between the connection portion of each of the first signal
contacts and the connection portion of the second con-
tact and also a distance between the connection portion
of each of the second signal contacts and the connection
portion of the first contact, and the distance B is a distance
between one of the connection portions of the first signal
contacts and an adjacent one of the connection portions
of the second signal contacts.
[0007] In the above-described connector, the distance
B between one of the connection portions of the first sig-
nal contacts and an adjacent one of the connection por-
tions of the second signal contacts is larger than the dis-
tance A between the connection portion of each first sig-
nal contact and the connection portion of the second con-
tact and than the distance A between the connection por-
tion of each second signal contacts and the connection
portion of the first contact. In this arrangement of the con-
nection portions, even though the connection portions of
all the contacts are arrayed at the same height, crosstalks
are less likely to occur between one of the connection
portions of the first signal contacts and an adjacent one
of the connection portions of the second signal contacts.
[0008] Moreover, the connection portions of the first
and second contacts are located between the connection
portions of the second signal contacts and of the first
signal contacts, respectively. Such location is advanta-
geous in minimizing the lengths of ground or other lines
on the signal plane of the circuit board for connection
with the connection portions of the first and second con-
tacts. More particularly, the ground or other lines can be
made shorter by connecting them to a plane (e.g., a
ground plane) that is different from the signal plane of
the circuit board when the connection portions are con-
nected onto the circuit board. It is thus possible to form
almost straight signal lines on the signal plane of the cir-
cuit board for connection with the first and second signal
contacts, facilitating the connection of the first and sec-
ond signal contacts to the signal lines of the circuit board.
Moreover, the almost straight signal lines of the circuit
board, having no bent portions, can deter reflection of
signals causing deterioration in transmission character-
istics.
[0009] The first and second signal contacts may be
contacts for differential signaling.
[0010] The first contact group may further include an
additional pair of the first signal contacts. The second
contact group may further include an additional second
contact.
[0011] If the first contact group is a USB 3.0 compliant
contact group, and the second contact group is a USB
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2.0 compliant contact group, one of the second contacts
may be a ground contact, and the other second contact
may be a power source contact. In this case, each of the
second contacts of the USB 2.0 contact group is located
so as to face the space between the first signal contacts
of the USB 3.0 contact group. Although the second con-
tacts are not reference grounds of the first signal con-
tacts, they serve as ground contacts for the first signal
contacts in terms of high frequency. The second contacts
can be thus used for impedance matching between the
first signal contacts, improving transmission characteris-
tics of the first signal contacts. Similarly, the first contact
of the USB 3.0 contact group is located so as to face the
space between the second signal contacts of the USB
2.0 contact group. Although the first contact is not a ref-
erence ground of the second signal contacts, either, it
serves as a ground contact for the second signal contacts
in terms of high frequency. The first contact thus can be
used for impedance matching between the second signal
contacts, improving transmission characteristics of the
second signal contacts. In this manner, impedances can
be matched between the second signal contacts using
the first contact of the USB 3.0 contact group, and be-
tween the first signal contacts using the second contacts
of the USB 2.0 contact group. Consequently, the con-
nector has a simple configuration, compared to a case
of adding contacts for impedance matching between the
differential pair contacts. In this respect, the connector
of the invention is advantageous in downsizing and cost
reduction.
[0012] Alternatively, the connector of the invention
may be configured such that the first contact group is
arranged in compliance with a first standard, and such
that the second contact group is arranged in compliance
with a second standard that is different from the first
standard. In this case, each second contact of the second
contact group is located so as to face the space between
the first signal contacts of the first contact group in com-
pliance with a different standard. Although the second
contact is not a reference ground of the first signal con-
tacts, it can serve as a ground contact for the first signal
contacts in terms of high frequency. The second contact
can be thus used for impedance matching between the
first signal contacts, improving transmission characteris-
tics of the first signal contacts. Similarly, the first contact
of the contact group is located so as to face the space
between the second signal contacts of the second con-
tact group in compliance with the different standard. Al-
though the first contact is not a reference ground of the
second signal contacts, either, it can serve as a ground
contact for the second signal contacts in terms of high
frequency. The first contact thus can be used for imped-
ance matching between the second signal contacts, im-
proving transmission characteristics of the second signal
contacts. In this manner, impedances can be matched
between the second signal contacts using the first con-
tact of the first contact group, and between the first signal
contacts using the second contact of the second contact

group. Consequently, the connector has a simple con-
figuration, compared to a case of adding contacts for im-
pedance matching between the differential pair contacts.
The connector is thus advantageous in downsizing and
cost reduction.
[0013] Each of the first signal contacts may further
have a contact portion contactable with a contact of a
counterpart connector and a body portion continuing to
the contact portion. The distance between the body por-
tions of the first signal contacts may be adjusted in ac-
cordance with an impedance difference between the first
signal contacts. Specifically, it is preferable that the dis-
tance between the body portions of the first signal con-
tacts is adjusted to be substantially the same as the dis-
tance between the connection portion of each of the first
signal contacts and the connection portion of the second
contact.
[0014] In this aspect of the invention, the adjustment
of the distance between the body portions of the first sig-
nal contacts can prevent possible impedance mismatch
between the first signal contacts due to the arrangement
that the connection portion of the second contact is lo-
cated between and at the same height as the connection
portions of the first signal contacts so that the distance
between the connection portions of the first signal con-
tacts and the connection portion of the second contact
is smaller than the distance between the body portions
of the first signal contacts. Such matched impedance be-
tween the first signal contacts can be realized in a simple
configuration because the distance between the body
portions of the first differential signal contacts is just ad-
justed as described above.
[0015] More particularly, the distance between the
body portions of the first signal contacts may be adjusted
by extending the body portions in width of the first signal
contacts or by bending the body portions of the first signal
contacts in a direction closer to each other. In the former
solution, the first signal contacts are not bent at all or
bent to a reduced degree in a direction closer to each
other (i.e. inward). It is thus expected that the first signal
contacts are improved in transmission characteristics.
[0016] The body can be configured to have a first block,
in which the first contact group is arrayed, and a second
block, in which the second contact group is arrayed. In
this case, when the first block is attached to the second
block, the first contact is placed so as to face the space
between the pair of second signal contacts, and the sec-
ond contact is placed so as to face the space between
the pair of the first signal contacts.
[0017] In this case, simply by attaching the first block
to the second block, the first contact can be located so
as to face the space between the pair of second signal
contacts, and the second contact can be located so as
to face the space between the pair of first signal contacts.
Consequently, it is extremely easy to array the first and
second contact group in the body.
[0018] The second block may have a base portion, in
which the second contact group is arrayed, and a pair of
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guide members provided on the base portion to hold op-
posite end portions of the first block in a slidable manner.
In this case, the first block can be attached to the second
block only by inserting the first block between the guide
members of the second block.
[0019] The invention will now be described by way of
example only and without limitation by reference to the
drawings, in which:

Fig. 1 is a schematic perspective view of a connector
according to an embodiment of the present inven-
tion.
Fig. 2 is a schematic perspective view showing a
state where the connector is mounted on a circuit
board.
Figs. 3A to 3E are schematic views of the connector,
where Fig. 3A is a front view, Fig. 3B is a rear view,
Fig. 3C is a plan view, Fig. 3D is a bottom view, and
Fig. 3E is a side view.
Fig. 4 is a schematic exploded perspective view of
the connector.
Fig. 5 is a schematic plan view of the connector,
showing distances between connection portions of
contacts of first and second contact groups.
Fig. 6 is a schematic view showing an example to
match impedances between a TX+ signal contact
and a TX- signal contact of the connector.
Fig. 7 is a schematic view showing another example
to match impedances between the TX+ signal con-
tact and the TX- signal contact of the connector.

[0020] In the description which follows, relative spatial
terms such as "upper", "lower", "top", "bottom", "front",
"rear", etc., are used for the convenience of the skilled
reader and refer to the orientation of the connector and
its constituent parts as depicted in the drawings. No lim-
itation is intended by use of these terms, either in use of
the invention, during its manufacture, shipment, custody,
or sale, or during assembly of its constituent parts or
when incorporated into or combined with other appara-
tus.
[0021] A connector according to an embodiment of the
present invention will be hereinafter described referring
to Figs. 1 to 7.
[0022] A connector shown in Figs. 1 to 3E is a recep-
tacle connector adapted to be mounted on a circuit board
10 and connectable with a plug compliant with USB 3.0
or USB 2.0 standard (not shown). The connector has a
body 100, a USB 3.0 contact group 200 (first contact
group), a USB 2.0 contact group 300 (second contact
group), and a shell 400. Each of these components will
be hereinafter described in detail.
[0023] The circuit board 10 is a well-known multilayer
printed circuit board. In the circuit board 10, the surface
of the top layer (i.e., the upper surface of the circuit board)
serves as a signal plane, while the surface of the bottom
layer (i.e., the lower surface) of the circuit board 10 serves
as a ground plane. On the upper surface of the circuit

board 10, pairs of signal lines 11a, 12a, 13a, a power
source line 11b and ground lines 12b, 13b are arranged
as shown in Fig. 2. More particularly, the power source
line 11b is disposed between the signal lines 11a and is
connected to an intermediate layer of the circuit board
10. The ground line 12b is disposed between the signal
lines 12a and is connected to the ground plane of the
circuit board 10. The ground line 13b is disposed between
the signal line 13a and is connected to the ground plane
of the circuit board 10.
[0024] The USB 3.0 contact group 200 as shown in
Figs. 1 to 4 includes a TX+ signal contact 210 (one of a
pair of first differential signal contacts), a TX- signal con-
tact 220 (the other of the pair of first differential signal
contacts), a ground contact 230 (a first contact), a RX+
signal contact 240 (one of a pair of first differential signal
contacts), and a RX-signal contact 250 (the other of the
pair of first differential signal contacts).
[0025] As shown in Fig. 4, the TX+ signal contact 210
has a plate-like body portion 211, a contact portion 212
in a substantially reverse V-shape in section view con-
tinuing to a front end of the body portion 211, a bent
portion 213 in a substantial reverse L shape in section
view continuing to a rear end of the body portion 211,
and a cuboid connection portion 214 continuing to a rear
end of the bent portion 213.
[0026] The contact portion 212 is adapted to contact
a USB 3.0 plug contact of a USB 3.0 compliant plug. The
rear end portion of the body portion 211 is embedded or
buried by insert molding in a first block 110 (to be de-
scribed) of the body 100. When the first block 110 is at-
tached to a second block 120 (to be described) of the
body 10 as shown in Fig. 3, the front end portion of the
body portion 211 is inserted into a guide groove 123a of
the second block 120. The front end portion of the body
portion 211 is elastically deformed downward when con-
tacted by a USB 3.0 plug contact of the USB 3.0 plug,
and then the front end portion enters a long hole 121a
(to be described) of the second block 120 together with
the contact portion 212. The connection portion 214 ex-
tends out of the first block 110 of the body 100, and it is
connectable to one of the signal lines 11a formed on the
circuit board 10, as shown in Fig. 2.
[0027] The TX- signal contact 220, as shown in Figs.
2 and 3C, is almost identical to the TX+ signal contact
210, except that its connection portion 224 is to be con-
nected to the other signal line 11a on the circuit board
10. A body portion 221, a contact portion 222, and a bent
portion 223 of the TX- signal contact 220 are shown in
Fig. 4. Accordingly, further descriptions of the TX- signal
contact 220 are not given.
[0028] The RX+ signal contact 240, as shown in Figs.
2 and 3C, is almost identical to the TX+ signal contact
210, except that its connection portion 244 is to be con-
nected to one of the signal lines 13a on the circuit board
10. The RX- signal contact 250 is also almost identical
to the TX+ signal contact 210, except that its connection
portion 254 is to be connected to the other signal line 13a
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on the circuit board 10. A body portion 241, a contact
portion 242, and a bent portion 243 of the RX+ signal
contact 240 and a body portion 251, a contact portion
252, and a bent portion 253 of the RX- signal contact 250
are shown in Fig. 4. Accordingly, further descriptions of
the RX+ signal contact 240 and the RX- signal contact
250 are not given.
[0029] The ground contact 230, as shown in Figs. 2
and 3C, is almost identical to the TX+ signal contact 210,
except that its connection portion 234 is to be connected
to the ground line 12b on the circuit board 10. A body
portion 231, a contact portion 232, and a bent portion
233 of the ground contact 230 are shown in Fig. 4. Ac-
cordingly, further descriptions of the ground contact 230
are not given.
[0030] The USB 2.0 contact group 300 as shown in
Figs. 1 to 4 includes a Vbus contact 310 (a second con-
tact), a Data- contact 320 (one of a pair of second differ-
ential signal contacts), a Data+ contact 330 (the other of
the pair of second differential signal contacts), and a GND
contact 340 (a second contact).
[0031] The Vbus contact 310, as shown in Figs. 3D
and 4, has a plate-like body portion 311, a plate-like con-
tact portion 312 continuing to a front end of the body
portion 311, a bent portion 313 continuing to a rear end
of the body portion 311, and a cuboid connection portion
314 continuing to a rear end of the bent portion 313.
[0032] The front end portion of the body portion 311 is
embedded or buried by insert molding in a base portion
121 (to be described) of the second block 120 of the body
100. The rear end portion of the body portion 311 is pro-
jected backward from a rear end surface of the base por-
tion 121. The contact portion 312 inserted into a guide
hole 121b (to be described) of the base portion 121 is
exposed from an upper surface of the base portion 121.
The upper surface of the contact portion 312 is adapted
to contact a USB 2.0 plug contact of a USB 2.0 plug.
When pressed by a USB 2.0 plug contact, the contact
portion 312 is elastically deformed downward inside the
guide hole 121b. The bent portion 313 is bent downward
in such a manner that a lower surface of the connection
portion 314 is brought to the same height as a lower sur-
face of the connection portion 214 of the TX+ signal con-
tact 210. The connection portion 314 extending outside
the second block 120 is adapted to be connected to the
power source line 11b on the circuit board 10.
[0033] The GND contact 340, as shown in Figs. 2, 3D,
and 4, is almost identical to the Vbus contact 310, except
that its connection portion 344 is adapted to be connected
to the ground line 13b on the circuit board 10. A body
portion 341, a contact portion 342, and a bent portion
343 of the GND contact 340 are shown in Fig. 4. Accord-
ingly, further descriptions of the GND contact 340 are not
given.
[0034] The Data- contact 320, as shown in Figs. 2, 3D
and 4, is almost identical to the Vbus contact 310, except
that its contact portion 322 is shorter in length than the
contact portion 312, and that its connection portion 324

is adapted to be connected to one of the signal lines 12a
on the circuit board 10. A body portion 321 and a bent
portion 323 of the Data-contact 320 are shown in Fig. 4.
Accordingly, further descriptions of the Data- contact 320
are not given.
[0035] The Data+ contact 330, as shown in Figs. 2, 3D
and 4, is almost identical to the Data- contact 320, except
that its connection portion 334 is adapted to be connected
to the other signal line 12a on the circuit board 10. A body
portion 331, a contact portion 332, and a bent portion
333 of the Data+ contact 330 are shown in Fig. 4. Ac-
cordingly, further description of the Data+ contact 330
are not given.
[0036] As shown in Figs. 1 to 4, the body 100 has the
first block 110 and the second block 120, both made of
insulating resin. The first block 110 is generally T-shaped
in plan view, while the second block 120 is generally L-
shaped in section view.
[0037] The second block 120 has the said base portion
121, a pair of guide plates 122 (guide members), and a
contact guide 123. The guide plates 122 are disposed
on the rear end portions at opposite widthwise ends of
the base portion 121. The contact guide 123 is provided
on the rear end portion of the base portion 121 and be-
tween front end portions of the guide plates 122.
[0038] In the rear end portion of the base portion 121,
there are buried front end portions of the body portions
311, 321, 331, 341 of the Vbus contact 310, the Data-
contact 320, the Data- contact 320, and the GND contact
340 of the USB 2.0 contact group 300. These front end
portions are spaced apart from one another in the width
direction of the second block 120.
[0039] The front end portion of the base portion 121
has four guide holes 121b formed vertically therethrough,
as shown in Figs. 2, 3A and 3C. The guide holes 121b
receive the contact portions 312, 322, 332, 342 of the
Vbus contact 310, the Data- contact 320, the Data+ con-
tact 330 and the GND contact 340 of the USB 2.0 contact
group 300. The contact portions 312, 322, 332, 342 are
exposed from the upper surface of the base portion 121,
particularly from the guide holes 121b.
[0040] As shown in Figs. 3C and 4, the base portion
121 further has the said five long holes 121a communi-
cating with the guide grooves 123a and arranged be-
tween the body portions 311, 321, 331, 341 of the Vbus
contact 310, the Data- contact 320, the Data+ contact
330 and the GND contact 340. In other words, the long
holes 121a and the body portions 311, 321, 331, 341 are
alternately arranged.
[0041] The guide plates 122 are each provided, along
the rear end portion of the inner surface thereof, with a
guide recess 122a for receiving a guide projection 111
(to be described) of the first block 110. That is, the guide
recesses 122a are used to guide the guide projections
111, thereby holding the first block 110 between the rear
end portions of the paired guide plates 122 of the second
block 120.
[0042] The contact guide 123 has the said five guide
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grooves 123a, which are arranged at the same spacing
as the long holes 121a. Each guide groove 123a exclud-
ing the central one has a beam portion 123b suspended
between its edges.
[0043] A width dimension of the first block 110 is slight-
ly smaller than a distance between the pair of guide plates
122 of the second block 120. That is, the first block 110
can be inserted between the pair of guide plates 122 of
the second block 120. Moreover, the guide projections
111 extend along widthwise end surfaces of the first block
110 as shown in Fig. 4. These guide projections 111 are
inserted into the respective guide recesses 122a of the
guide plates 122. A pair of flanges 112 projects outward
from the opposite widthwise ends at the rear end of the
first block 110. The flanges 112 are to abut on rear ends
of the guide plates 122 of the second block 120.
[0044] As shown in Fig. 4, an inclined recess 113 is
formed in a central portion of the upper surface of the
first block 110. The inclined recess 113 is used to lock a
locking piece 411 of the shell 400 so as to prevent the
first block 110 from falling off backward.
[0045] Moreover, the first block 110 has the TX+ signal
contact 210, the TX- signal contact 220, the ground con-
tact 230, and the RX+ signal contact 240 and the RX-
signal contact 250 of the USB 3.0 contact group 200 bur-
ied therein, in a spaced relationship from one another in
the width direction of the first block 110.
[0046] When the first block 110 is held by the guide
plates 122 of the second block 120, the front end portions
of the body portions 211, 221, 231, 241, 251 of the TX+
signal contact 210, the TX- signal contact 220, the ground
contact 230, the RX+ signal contact 240, and the RX-
signal contact 250 enter the respective guide grooves
123a. At the same time, the front end portions of the body
portions 211, 221, 231, 241, 251, and the contact portions
212, 222, 232, 242, 252 are brought over the long holes
121a of the base portion 121 of the second block 120.
As a result, the USB 3.0 contact group 200 and the USB
2.0 contact group 300 extend in the same direction but
substantially in parallel at different height positions with
each other.
[0047] More specifically, as shown in Figs. 3A to 3D,
the Vbus contact 310 is located so as to face a space
between the TX+ signal contact 210 and the TX- signal
contact 220. The GND contact 340 is located so as to
face a space between the RX+ signal contact 240 and
the RX- signal contact 250. The ground contact 230 is
located so as to face a space between the Data-contact
320 and the Data+ contact 330. In other words, in plane
position, the Vbus contact 310 is located between the
TX+ signal contact 210 and the TX-signal contact 220,
the GND contact 340 between the RX+ signal contact
240 and the RX- signal contact 250, and the ground con-
tact 230 between the Data- contact 320 and the Data+
contact 330. In such arrangement of the contacts of the
USB 3.0 contact group 200 and the USB 2.0 contact
group 300, their connection portions are lined up in the
order of 214, 314, 224, 324, 234, 334, 244, 344, 254, as

shown in Fig. 5. It should be noted here that a distance
B between the connection portion 224 and the connection
portion 324 or between the connection portion 334 and
the connection portion 244 is larger than a distance A
between the connection portion 214 and the connection
portion 314, between the connection portion 224 and the
connection portion 314 or the like.
[0048] Moreover, in the above described arrangement
where the connection portions of the USB 3.0 contact
group 200 and the USB 2.0 contact group 300 are lined
up at the same height in the order of 214, 314, 224, 324,
234, 334, 244, 344, 254, the distance A between the con-
nection portion 224 and the connection portion 314 or
the like should be smaller than a distance C between the
body portion 211 and the body portion 221 or the like,
which should result in impedance mismatching between
the TX+ signal contact 210 and the TX- signal contact
220 or the like. To avoid such mismatching, the distance
C between the body portion 211 and the body portion
221 is adjusted in accordance with the impedance differ-
ence between the TX+ signal contact 210 and the TX-
signal contact 220. In the present embodiment, as shown
in Fig. 6, the body portion 211 of the TX+ signal contact
210 and the body portion 221 of the TX- signal contact
220 are extended inward in the width dimension to reduce
the distance C. Alternatively, as shown in Fig. 7, the body
portion 211 of the TX+ signal contact 210 and the body
portion 221 of the TX- signal contact 220 may be bent in
a direction close to each other (i.e. inward) to reduce the
distance C, whereby the distance A and the distance C
are set to be almost the same. In either case, the TX+
signal contact 210 and the TX- signal contact 220 can
be matched in impedance. Particularly, the former case
can obviate the necessity for bending the TX+ signal con-
tact 210 and the TX- signal contact 220 inward when
arranging the connection portion 314 between the con-
nection portions 214 and 224. Consequently, the TX+
signal contact 210 and the TX- signal contact 220 can
be improved in high-frequency characteristics. Another
advantage in simply adjusting the distance C between
the body portion 211 and the body portion 221 is that the
connector has a simplified structure with matched imped-
ance between the TX+ signal contact 210 and the TX-
signal contact 220. It should be noted that a similar dis-
tance adjustment is made between the body portion 241
of the RX+ signal contact 240 and the body portion 251
of the RX- signal contact 250. No further description on
this adjustment should be unnecessary here.
[0049] The shell 400 has a metal shell body 410 of a
square-cylindrical shape and a pair of leg portions 420
extended downward from the shell body 410. The shell
body 410 surrounds the assembled first and second
blocks 110 and 120. A space between the shell body 410
and a front end portion of the base portion 121 of the
second block 120 forms a plug insertion hole α for re-
ceiving a USB 3.0 plug or a USB 2.0 plug. As shown in
Fig. 4, the rear end portion of the upper surface of the
shell body 410 has the locking piece 411 cut out and bent
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downward. The locking piece 411 is locked by the inclined
recess 113 of the first block 110 to prevent the first block
110 from coming off backward. Moreover, a lower portion
of the rear end portion of the shell body 410 is cut out.
The leg portions 420 are continuously provided in the
rear end portion of the shell body 410. The leg portions
420 are to be inserted into locking holes (not shown) of
the circuit board 10 and locked against edges of the lock-
ing holes.
[0050] The receptacle connector configured as de-
scribed above is assembled in the following manner.
First, the TX+ signal contact 210, the TX- signal contact
220, the ground contact 230, the RX+ signal contact 240,
and the RX- signal contact 250, which are embedded or
buried in the first block 110, are inserted into the guide
grooves 123a of the second block 120 at their contact
portions 212, 222, 232, 242, 252, while the guide projec-
tions 111 of the first block 110 are inserted into the guide
recesses 122a of the paired guide plates 122 of the sec-
ond block 120. As a result, the front end portions of the
body portions 211, 221, 231, 241, 251 of the TX+ signal
contact 210, the TX- signal contact 220, the ground con-
tact 230, the RX+ signal contact 240 and the RX- signal
contact 250 are received in the respective guide grooves
123a, and then the front end portions of the body portions
211, 221, 231, 241, 251 and the contact portions 212,
222, 232, 242, 252 are placed over the long holes 121a
of the base portion 121 of the second block 120. The first
and second blocks 110, 120 are thus assembled and
then inserted into the shell body 410. This allows the
locking piece 411 of the shell body 410 to be fitted in the
inclined recess 113 of the second block 120.
[0051] The receptacle connector assembled as de-
scribed above is mounted on the circuit board 10 in the
following steps. First, the leg portions 420 of the shell
400 are inserted into the locking holes of the circuit board
10. Upon the insertion, the connection portion 214 is
placed on the one signal line 11a on the circuit board 10;
the connection portion 314 is placed on the power source
line 11b on the circuit board 10; the connection portion
224 is placed on the other signal line 11a on the circuit
board 10; the connection portion 324 is placed on the
one signal line 12a on the circuit board 10; the connection
portion 234 is placed on the ground line 12b on the circuit
board 10; the connection portion 334 is placed on the
other signal line 12a on the circuit board 10; the connec-
tion portion 244 is placed on the one signal line 13a on
the circuit board 10; the connection portion 344 is placed
on the ground line 13b on the circuit board 10; and the
connection portion 254 is placed on the other signal line
13a on the circuit board 10.
[0052] In this state, the connection portion 214 is con-
nected to the one signal line 11a on the circuit board 10
by soldering. The connection portion 314 is connected
to the power source line 11b on the circuit board 10 by
soldering. The connection portion 224 is connected to
the other signal line 11a on the circuit board 10 by sol-
dering. The connection portion 324 is connected to the

one signal line 12a on the circuit board 10 by soldering.
The connection portion 234 is connected to the ground
line 12b on the circuit board 10 by soldering. The con-
nection portion 334 is connected to the other signal line
12a on the circuit board 10 by soldering. The connection
portion 244 is connected to the one signal line 13a on
the circuit board 10 by soldering. The connection portion
344 is connected to the ground line 13b on the circuit
board 10 by soldering. The connection portion 254 is con-
nected to the other signal line 13a on the circuit board
10 by soldering.
[0053] The receptacle connector is thus mounted on
the circuit board 10 and then is ready for connection with
a USB 3.0 plug or a USB 2.0 plug.
[0054] When a USB 3.0 plug is inserted into the plug
insertion hole α of the connector, USB 3.0 plug contacts
of the USB 3.0 plug come into contact with respective
tops of the contact portions 212, 222, 232, 242, 252 of
the TX+ signal contact 210, the TX- signal contact 220,
the ground contact 230, the RX+ signal contact 240, and
the RX- signal contact 250. At this time, the USB 3.0 plug
contacts press the contact portions 212, 222, 232, 242,
252, so that the front end portions of the body portions
211, 221, 231, 241, 251 are elastically deformed down-
ward. Consequently, the front end portions of the body
portions 211, 221, 231, 241, 251 and the contact portions
212, 222, 232, 242, 252 enter the respective long holes
121a of the second block 120.
[0055] When a USB 2.0 plug is inserted into the plug
insertion hole α of the connector, USB 2.0 plug contacts
of the USB 2.0 plug come into contact with upper surfaces
of the contact portions 312, 322, 332, 342 of the Vbus
contact 310, the Data- contact 320, the Data- contact
320, and the GND contact 340, respectively. At this time,
the USB 2.0 plug contacts of USB 2.0 plug press the
contact portions 312, 322, 332, 342, so that the contact
portions 312, 322, 332, 342 are elastically deformed
downward inside the guide holes 121b of the second
block 120.
[0056] In the above-described receptacle connector,
the distance B between the connection portion 224 and
the connection portion 324 or between the connection
portion 334 and the connection portion 244 is larger than
the distance A between the connection portion 214 and
the connection portion 314 or the like. This arrangement
can reduce the occurrence of crosstalks between differ-
ential contact pairs at their connection portions. More par-
ticularly, the occurrence of crosstalks is reduced between
the connection portions 214, 224 of the TX+ and TX-
signal contacts 210, 220 and the connection portions
324, 334 of the Data- and Data+ contacts 320, 330. The
occurrence of crosstalks is similarly reduced between
the connection portions 324, 334 of the Data- and Data+
contacts 320, 330 and the connection portions 244, 254
of the RX+ and RX-signal contacts 240, 250.
[0057] Further, the connection portion 314 of the Vbus
contact 310 is located between the connection portion
214 of the TX+ signal contact 210 and the connection
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portion 224 of the TX- signal contact 220. This location
is advantageous in minimizing the length of the power
source line 11b on the signal plane of the circuit board
10, by connecting the power source line 11b for connec-
tion with the connection portion 314 on the circuit board
10 to the intermediate layer (that differs from the signal
plane) of the circuit board 10. Consequently, the signal
lines 11a on the circuit board 10 for connection with the
connection portions 214, 224 can be formed almost
straight, thus facilitating the connection by soldering of
the connection portions 214, 224 to the signal lines 11a
on the circuit board 10. Similarly, the connection portion
234 of the ground contact 230 is located between the
connection portion 324 of the Data-contact 320 and the
connection portion 334 of the Data+ contact 330. This
location is advantageous in minimizing the length of the
ground line 12b on the signal plane of the circuit board
10, by connecting the ground line 12b to the ground plane
of the circuit board 10. Consequently, the signal lines 12a
on the circuit board 10 for connection with the connection
portions 324, 334 can be formed almost straight, thus
facilitating the connection by soldering of the connection
portions 324, 334 to the signal lines 12a on the circuit
board 10. Moreover, the connection portion 344 of the
GND contact 340 is located between the connection por-
tion 244 of the RX+ signal contact 240 and the connection
portion 254 of the RX- signal contact 250. This location
is advantageous in minimizing the length of the ground
line 13b on the signal plane of the circuit board 10, by
connecting the ground line 13b for connection with the
the connection portion 344 on the circuit board 10 to the
ground plane of the circuit board 10. Consequently, the
signal lines 13a on the circuit board 10 for connection
with the connection portions 244, 254 can be formed al-
most straight, thus facilitating the connection by soldering
of the connection portions 244, 254 to the signal lines
13a on the circuit board 10. Moreover, the almost straight
signal lines 11a, 12a, 13a of the circuit board 10, having
no bent portions, can deter reflection of signals causing
deterioration in transmission characteristics.
[0058] Furthermore, the Vbus contact 310 of the USB
2.0 contact group 300 is located so as to face the space
between the TX+ signal contact 210 and the TX- signal
contact 220 that make a differential pair in the USB 3.0
contact group 200. Although the Vbus contact 310 is not
a reference ground of the TX+ signal contact 210 and
the TX- signal contact 220 making the differential pair, it
serves as a ground for the TX+ signal contact 210 and
the TX- signal contact 220 in terms of high frequency.
Consequently, the Vbus contact 310 can be used for im-
pedance matching between the TX+ signal contact 210
and the TX- signal contact 220, thus improving transmis-
sion characteristics of the TX+ signal contact 210 and
the TX- signal contact 220. Similarly, the GND contact
340 of the USB 2.0 contact group 300 is located so as
to face the space between the RX+ signal contact 240
and the RX- signal contact 250 that make another differ-
ential pair in the USB 3.0 contact group 200. Although

the GND contact 340 is not a reference ground of the
RX+ signal contact 240 and the RX- signal contact 250,
it serves as a ground for the RX+ signal contact 240 and
the RX-signal contact 250 in terms of high frequency.
Consequently, the GND contact 340 can be used for im-
pedance matching between the RX+ signal contact 240
and the RX- signal contact 250, thus improving transmis-
sion characteristics of the RX+ signal contact 240 and
the RX- signal contact 250. Moreover, the ground contact
230 of the USB 3.0 contact group 200 is located so as
to face the space between the Data-contact 320 and the
Data+ contact 330 of the USB 3.0 contact group 200.
Although the ground contact 230 is not a reference
ground of the Data- contact 320 and the Data+ contact
330, it serves as a ground for the Data- contact 320 and
the Data- contact 320 in terms of high frequency. Con-
sequently, the ground contact 230 can be used for im-
pedance matching between the Data- contact 320 and
the Data+ contact 330, thus improving transmission char-
acteristics of the Data-contact 320 and the Data+ contact
330.
[0059] In short, the Vbus contact 310 of the USB 2.0
contact group 300 is used for impedance matching be-
tween differential pair contacts of the USB 3.0 contact
group 200, namely the TX+ signal contact 210 and the
TX- signal contact 220. The GND contact 340 of the USB
2.0 contact group 300 is used for impedance matching
between the other differential pair contacts of the USB
3.0 contact group 200, namely the RX+ signal contact
240 and the RX- signal contact 250. The ground contact
230 of the USB 3.0 contact group 200 is used for imped-
ance matching between the differential pair contacts of
the USB 2.0 contact group 300, namely the Data- contact
320 and the Data+ contact 330. Consequently, the con-
nector has a simple configuration, compared to a case
of adding contacts for impedance matching between dif-
ferential pair contacts. In this respect, the present recep-
tacle connector is advantageous in downsizing and cost
reduction.
[0060] The foregoing connector is not limited to the
above-described embodiment, but can be modified in de-
sign can be in any manner within the scope of the claims.
Modifications will be hereinafter described in detail.
[0061] The body 100 according to the above embodi-
ment has the first and second blocks 110, 120. However,
the body 100 may be made of a single block. Obviously,
the body 100 can be divided into three or more blocks.
[0062] In the above-described embodiment, the guide
projections 111 are provided on the opposite widthwise
end surfaces of the first block 110, and the guide recess-
es 122a are provided in the inner surfaces of the guide
plates 122 of the second block 120. However, the first
and second blocks 110, 120 can be assembled using
any other attachment means. For example, the first block
110 may have a locking piece or a locking hole to be
locked by a locking hole or a locking piece, respectively,
of the second block 120. It is also obviously possible to
provide the guide projections 111 on the inner surfaces
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of the guide plates 122 and the guide recesses 122a in
the opposite end surfaces of the first block 110.
[0063] The contacts of the USB 3.0 contact group 200
and the USB 2.0 contact group 300 may be or may not
be buried in the first and second blocks 110, 120, respec-
tively. For example, the body may have attachment holes
for receiving the contacts of the USB 3.0 contact group
200 and the USB 2.0 contact group 300.
[0064] The connector according to the above-de-
scribed embodiment includes the USB 3.0 contact group
200 and the USB 2.0 contact group 300. However, the
connector only need to include first and second contact
groups of any kind that are arrayed substantially in par-
allel and at different heights inside the body. Along the
same lines, the first contact group can be arranged pur-
suant to a certain first standard, and the second contact
group can be arranged pursuant to a second standard
that is different from the first standard. The minimum re-
quirements are that the first contact group has at least a
pair of first signal contacts and a first contact, and that
the second contact group has at least a pair of second
signal contacts and a second contact.
[0065] Alternatively, the first signal contacts of the first
contact group may be for differential signaling, while the
second signal contacts of the second contact group may
be for single-ended signaling. Similarly, the second sig-
nal contacts of the second contact group may be for dif-
ferential signaling, while the first signal contacts of the
first contact group may be for single-ended signaling.
[0066] Furthermore, the present invention is not limited
to the case of the embodiment where the distance C be-
tween the body portion 211 and the body portion 221 is
adjusted in accordance with the impedance difference
between the TX+ signal contact 210 and the TX- signal
contact 220, and where the distance between the body
portion 241 and the body portion 251 is adjusted in ac-
cordance with the impedance difference between the
RX+ signal contact 240 and the RX- signal contact 250.
Moreover, each distance between the body portions only
need to be adjusted in accordance with the impedance
difference between the differential signal contacts, and
each distance between the portions other than the body
portions (the foregoing contact portions and/or bent por-
tions) may be adjusted in accordance with the impedance
difference between the differential signal contacts. How-
ever, such impedance matching does not need to be con-
ducted when unnecessary. Similarly to the body portions
211 and 221, a distance between the body portions 321
and 331 of the USB 2.0 contact group 300 can also be
adjusted in accordance with impedance difference be-
tween Data-contact 320 and the Data+ contact 330.
[0067] Lastly, the present invention is not limited to a
receptacle connector mountable on a circuit board 10.
[0068] For example, the connector may be a plug con-
nector having contacts whose connection portions are
connectable to a cable or the like.

Reference Signs List

[0069]

100 body
110 first block
120 second block
122 guide plate (guide member)

USB 3.0 contact group (first contact group)
210 TX+ signal contact (first signal contact)

211 body portion
212 contact portion
213 bent portion
214 connection portion

220 TX- signal contact (first signal contact)
221 body portion
222 contact portion
223 bent portion
224 connection portion

230 ground contact (first contact)
231 body portion
232 contact portion
233 bent portion
234 connection portion

240 RX+ signal contact (first signal contact
241 body portion
242 contact portion
243 bent portion
244 connection portion

250 RX- signal contact (first signal contact)
251 body portion
252 contact portion
253 bent portion
254 connection portion

300 USB 2.0 contact group (second contact group)
310 Vbus contact (second contact)
314 connection portion
320 Data- contact (second signal contact)
324 connection portion
330 Data+ contact (second signal contact)
334 connection portion
340 GND contact 340 (second contact)
344 connection portion

400 shell

Claims

1. A connector comprising:

a body (100) with insulation properties;
a first contact group (200) arrayed inside the
body and including a first contact (230) and a
pair of first signal contacts (210, 220; 240, 250);
and
a second contact group (300) arrayed inside the
body, substantially in parallel with and at a dif-
ferent height position from the first contact
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group, the second contact group including a sec-
ond contact (310, 340) and a pair of second sig-
nal contacts (320, 330), wherein
the first contact of the first contact group is lo-
cated so as to face a space between the second
signal contacts of the second contact group,
the second contact of the second contact group
is located so as to face a space between the first
signal contacts of the first contact group,
the first signal contacts (210, 220; 240, 250)
each have a connection portion (214, 224; 244,
254) extending outside the body,
the second signal contacts (320, 330) each have
a connection portion (324, 334) extending out-
side the body and at a same height position as
the connection portions (214, 224; 244, 254) of
the first signal contacts,
the first contact (230) has a connection portion
(234) extending outside the body, the connec-
tion portion being located between and at the
same height position as the connection portions
(324, 334) of the second signal contacts,
the second contact (310, 340) has a connection
portion (314, 344) extending outside the body,
the connection portion being located between
and at the same height position as the connec-
tion portions (214, 224; 244, 254) of the first sig-
nal contacts, and
a distance B is larger than a distance A, wherein
the distance A is a distance between the con-
nection portion of each of the first signal contacts
and the connection portion of the second contact
and also a distance between the connection por-
tion of each of the second signal contacts and
the connection portion of the first contact, and
the distance B is a distance between one of the
connection portions of the first signal contacts
and an adjacent one of the connection portions
of the second signal contacts.

2. The connector according to claim 1, wherein the first
(210, 220; 240, 250) and second (320, 330) signal
contacts are contacts for differential signaling.

3. The connector according to claim 2, wherein
the first contact group (200) further includes an ad-
ditional pair of the first signal contacts (210, 220;
240, 250), and
the second contact group (300) further includes an
additional second contact (310, 340).

4. The connector according to claim 3, wherein
the first contact group (200) is a USB 3.0 compliant
contact group, and the second contact group (300)
is a USB 2.0 compliant contact group, and
one of the second contacts is a ground contact (340),
and the other second contact is a power source con-
tact (310).

5. The connector according to any one of claims 1 to
3, wherein the first contact group (200) is arranged
in compliance with a first standard, and the second
contact group (300) is arranged in compliance with
a second standard that is different from the first
standard.

6. The connector according to claim 2, wherein
the first signal contacts (210, 220; 240, 250) each
further have a contact portion (212, 222; 242, 252)
contactable with a contact of a counterpart connector
and a body portion (211, 221; 241, 251) continuing
to the contact portion, and
a distance between the body portions of the first sig-
nal contacts is adjusted in accordance with an im-
pedance difference between the first signal contacts.

7. The connector according to claim 6, wherein the dis-
tance between the body portions (211, 221; 241,
251) of the first signal contacts (210, 220; 240, 250)
is substantially the same as the distance between
the connection portion (214, 224; 244, 254) of each
of the first signal contacts and the connection portion
(314, 344) of the second contact.

8. The connector according to claim 6 or 7, wherein the
body portions (211, 221; 241, 251) of the first signal
contacts (210, 220; 241, 250) are extended in width
dimension.

9. The connector according to claim 6 or 7, wherein the
body portions (211, 221; 241, 251) of the first signal
contacts (210, 220; 240, 250) are bent in a direction
closer to each other.

10. The connector according to any one of claims 1, 2,
and 6 to 9, wherein
the body (100) has a first block (110), in which the
first contact group (200) is arrayed, and a second
block (120), in which the second contact group (300)
is arrayed, and
when the first block is attached to the second block,
the first contact (230) is placed so as to face the
space between the pair of second signal contacts
(320, 330), and the second contact (310, 340) is
placed so as to face the space between the pair of
the first signal contacts (210, 220; 240, 250) to face
the first signal contacts.

11. The connector according to claim 10, wherein the
second block (120) has a base portion (121), in which
the second contact group (300) is arrayed, and a pair
of guide members (122, 122a) provided on the base
portion to hold opposite end portions of the first block
(110) in a slidable manner.
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