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ELECTRICAL CONNECTOR ASSEMBLY

The present invention relates to an electrical
5 connector, more specifically to a high demsity
electrical connector such as PC card connector that uses
a flexible circuit for interconnecting the contact of
the PC connector to another connector mounted on a
circuit board.

10 Advances in electronic devices including
microprocessors have created a large market for compact
electronic apparatus using memory or PC cards, hard disk
drives (RDDs), etc. A docking connector or a memory
card connector is used in such electronic apparati. The

15 docking connector issued to interconnect another similar
electronic apparatus for creating a network, and also to
connect peripheral equipment such as a submemory
apparatus. A memory card connector receives one or more
memory card or an HDD for electrical connection thereto.

20 Recently, there are needs for card type devices
known a PC cards for expansion or additional performance
of compact electronic equipment such as notebook
personal computers. Such PC cards are normally received
in a PC card connector installed in a compact electronic

25 equipment to provide added memory capacity or
interfacing with external devices such as peripheral
equipment. Typically, PC card connectors have dual
stacked connector mating portions to permit reception of
three types of PC cards, i.e., Type I, Type II and Type

36 III.

These docking connectors and PC or memory card
connectors include a plurality of contacts often more
than one hundred disposed in a matrix having a plurality
of rows. Such contacts are bent at right angles or in

35 an L-shape with respect to the connector and are
soldered to respective conductive paths or traces on a
main PC board. One example of such memory card
connector is disclosed in US Patent No. 5,324,204. 1In

S



drives (HDDs), etc. A docking connector or a menory card connector is used
in such electronic apparati. The 15 docking connector issued to

i nt erconnect another simlar electronic apparatus for creating a network,
and al so to connect peripheral equi pnent such as a subnenory apparatus. A
menory card 4/ygRsispr receives one or nore nenory card or arpdiiisséanis4

el ectrical connection thereto. 20 Recently, there are needs for card
type devices known a PC cards_for expansion or additional performance of
conpact el ectroni dhiguipswticularhexanple o B Fs of copkpote are tpC
cards are normal | iy @f gtégderedarelationsiiy nes s cdontiesiteddtonthe coajmct

electronic PC board in eight rows.
Typical examples of such connectors also are

5 disclosed in Japanese Patent Publication No. 33257/94
and Japanese UM Publication No. 56992/94. The former
connector has contacts aligned in a connector housing
and bent at substantially right angles at the rear
position to be connected to a main circuit board. 1In

10 the latter connector, contacts of dual stacked
connectors extend at their rear positions toward each
other, i.e., toward the center position to be connected
to an auxiliary circuit board at the center positiom,
thereby interconnecting the auxiliary and main circuit

15 boards by the board-to-board connector.

Unfortunately, as the electronic egquipment becomes
more compact a higher density of contacts is required.
The individual contacts, therefore, have smaller
dimensions and pitch, which makes it difficult to form

20 reliable connections with a main circuit board using a
connector having relatively long solder tines of the
contacts of the former connector. Although the latter
connector is effective to realize relatively fine pitch
connections, the connector requires a larger number of

25 components, thus making more difficult to manufacture
and more expensive.

Moreover, a standard to form signal and ground (SG)
of PC card connectors has been added recently. One
object is to isolate signals to be tramsmitted through

30 one connector from those transmitted through another
connector, thereby preventing noise due to cross talk.
Unfortunately, however, such noise protection is not
always sufficient in conventional connectors.

Additionally, in the above conventional connectors,

35 the connection or mounting location of the connector or
its contacts on a main circuit board is required to be
predetermined; thereby restricting the design of the
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25 eqU|pnent to prOV|de added nenDry capaC|ty or |nterfacing W th

connectors have dual stacked connector natlng portlons to pern1t reception
of three types of PC cards, i.e., Type |, Type Il and Type 30 [I1I. These
docki ng cqhdsédssss and PC or menory card connectors incl ugersiioiinal ity of
contacts often nore than one hundred di sposed in a matri x having a
plurality of rows. Such contacts are bent at right angles or in 35 an

L- shape wi t h r asgiar teireutifte boandeahdr precise anagnifiieytmtret ofr eopductive

conductive pat igQudi Hoie piterns, etc. with small tolerance. It
is, therefore, desired to provide flexibility in
connection or mounting.

5 It is known in the art to use a flexible circuit

(FC) for interconnecting circuits on a substrate such as
a small-size printed circuit board (PCB) and high-
density-mounted electronic equipment. Such an
electrical connector for FC generally comprises a

10 plurality of contacts to be engaged with conductive pads
formed on the FC, a housing for disposing and holding
the contacts, and a movable plastic cover or other
member for pushing the conductive pads formed on the FC
inserted in the housing, into positive engagement with

15 the contacts in the housing. Examples of conventional
electrical connectors for FC are disclosed in a Japanese
Patent Publication No. 61-131382, a Japanese U.M.
Publication No. 2-120780, and a Japanese Patent
Publication No. 5-251140.

20 As the electronic egquipment becomes smaller with a
high density of contacts, e.g., the pitch of the
contacts is less than 0.5mm, the dimensions of the
contacts to be used therein will alsc become smaller and
therefore, be more easy to deform. It is very difficult

25 to accurately position the contacts, especially their
solder-terminating portions, to the desired location and
to maintain them so as not to deform the contacts upon
handing and mounting the connector to on the substrate.

Also, for the electrical connector utilizing the FC,

30 it is difficult to precisely and firmly urge the movable
plastic cover to engage over the full width of the FC
with the plurality of contacts without having some
deformation over the full width of the FC. Accordingly,
reliability of connection between the conductive pads

35 and the contacts has been decreased.

Therefore, an object of this invention is to provide
a small and high density electrical connector assembly,



mai n PC board. One exanple of such nenory card connector is disclosed in US
Patent No. 5,324,204. In W96/ 23331

PCT/ US96/ 01134 this particul ar exanple, four rows of contacts are bent in a
staggered rel ationship to be connected to the main PC board in eight rows.

Typi cal examngb9g2sk; such connectors also are 5  discl osed poTdssswIERC
Pat ent Publication No. 33257/94 and Japanese UM Publicati on No. 56992/ 94.

The fornmer
which utilizes the FPC and enables simple structure and

easy handling.

It is another object of this invention to provide an

electrical connector assembly having ground function and
5 permitting easy handling, in which the plurality of the

conductive pads on the FC and the contacts in the

housing are interconnected with high reliability.

It is yet another object of this invention to
provide an electrical connector assembly for card bus,

10 which enables one or more memory card connector etc., to
easily and reliably connect to the PC board.

In order to solve the problems of the prior art
electrical connector assembly and to achieve the above
mentioned objects, the electrical connector assembly of

15 the present invention comprises a housing having plural

. rows of contacts, a flexible printed circuit board (FC)
to be connected to the contacts of the housing at both
ends of the flexible printed circuit board, said printed
circuit board having a plurality of conductive traces

20 and pads, and a guide member to be inserted in the FC,
the guide member being bent in a generally U- shape to
force the FC between rows of contacts of a corresponding
connector to interconnect the conductive traces and
contacts.

25 One aspect of the present invention is a FC having
two arrays of corresponding conductive pads and
conductive traces on one surface with the plurality of
conductive pads of the arrays arranged in rows in an
opposed relationship. A plurality of openings are

30 disposed between the arrays leaving narrow bridge
portions between adjacent openings. Strengthening
plates are attached to the reversed surface at the
positions corresponding to the conductive pads with
portions of the strengthening plates extending into the

35 openings by a predetermined length.

Also, another aspect of the present invention is a
flexible circuit (FC) comprising conductive traces on
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connector has contacts aligned in a connector housing and bent at
substantially right angles at the—k ot

circuit board. In 10 the latter connector, contacts of dual stacked
connectors extend at their rear positions toward each other, i.e., toward

hia xiliary circug t the
Egﬁtg?”;ﬁ????@ﬁ#“?ﬂeﬁgbeeiﬁ?gpﬁg;ﬁgcifngntﬁg auxil?ary ang&ﬁg?ﬁth?cuip 15
boards by the board-to-board connector. Unfortunately, as the electronic
equi pnent becompe surfacenpnca eentralkrfilmsia groundodagersonsthequired.
The individual regetrde! Burfleé s’ MM e Xjlrs®disposed to cover the

conductive traces and the ground layer. A plurality of

openings are formed in the cover layers substantially in

5 rows at selected locations that avoid the conductive

traces.

The FC according to the present invention has
openings in the direction of the width at substantially
center position between the rows of the conductive pads.

10 The openings define the relatively narrow bridge
portions of the FC. The FC has a pair of strengthening
plates adhered to both sides of the openings and at
least one surface of the FC. The pair of strengthening
plates have edges extending into the openings by a

15 desired length from both sides thereof.

‘Additionally, the FC according to the present
invention has a plurality of recesses arranged
substantially in rows near the bent portion. The
recesses are preferably formed by removing a part of one

20 layer of a multiple-layer FC, thereby allowing the FC to
bend smoothly at a desired position.

The FC is bent or folded along the bridge portions
before being inserted intoc a connector along with a
guide member, and upon full insertion of the board and

25 guide member, the conductive pads of the FC are
electrically connected with contacts in the connector.
The edge portions of the strengthening plates then abut
against the bottom in the housing for proper positioning
of the FC in the connector, thereby assuring reliable

30 electrical connection between the conductive pads and
the contacts. Also, it is bent at a desired angle,
preferably right angle along the recesses, thereby
permitting connection to a connector such as the PC card
connector or other device at the edge portion. Since

35 the electrical connector assembly comprises a FC with no
individual contacts bent at right angle with respect to
a wall or L-shape as seen in the prior art electrical
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di rensions and pitch, which makes it difficult to form 20 reliable
connections with a main circuit board using a connector having relatively

| ong sol der tines of the contacts of the forner connector. Although the

| atter connector is effective to realize relatively fine pitch connecti ons,
the connect or g ‘Ms a larger nunber of 25 conponents, thySri@kbilgs MO e
difficult to manutacture and nore-expensive. Mreover, a standard to form
signal and ground (SG of PC card connectors has been added recently. One
object is to isol atcomiepturs assebly; avthei ¢commedtiom wfh the presentonnect or

fromthose transm t{ e s Ve '@1 12806866 deformation of the guide between
the contacts, and disengagement and short circuit caused
therebetween. Accordingly, stable electrical
5 connections and easy handling are achieved. Also, the
structure having the FC connected to the contacts on the
housing at the both ends thereof enables high density.

According to another aspect of the present
invention, the electrical connector comprises a housing

10 having two rows of contacts along an elongate opening, a
flexible printed circuit board having a plurality of
conductive traces on a surface corresponding to these
contacts, and a guide member having a generally planer
portion to be inserted into a U-shaped bent portion of

15 the flexible printed circuit board, wherein the
conductive traces on the flexible printed circuit board
are forced between the rows of the contacts by means of
the guide member for establishing electrical
interconnection between the conductive traces and the

20 contacts and also connection between the both ends of
the FC and the contacts of the corresponding connector.

According to the electrical connector assembly, it
is possible to connect the high frequency signals to the
contacts through the conductive traces on the surface of

25 the FC, since the FC is bent in a U~-shape to envelope

 the guide so as to contact the ground conductor of the
FC board and is engaged with the contacts of the housing
and is also engaged with ground conductive members of
the housing. Since the all conductive traces formed on

30 the FC can be signal traces, a high density and high
freguency electrical connector is obtained.

The present invention will now be described by way
of example with reference to the preferred embodiment in
conjunction with the accompanying drawings.

35 FIGURE 1 is an isometric view of an electrical
connector assembly according to a preferred embodiment
of the present invention.




connector, thereby preventing noise due to cross talk. Unfortunately,

hawever . _such noise protection is-not.alvways sulficiont o convenrttonal—
connectors. Additionally, in the above conventional connectors, 35 t he
connection or nounting |ocation of the connector or its contacts on a main
circuit bpgognissirequired to be predeterm ned; thereby rastgseéniigst he
design of the -2- WO 96/ 23331

PCT/ US96/ 01134

FIGURE 2A is a side view of the electrical connector
assembly shown in Figure 1 prior to mating with the
corresponding connector.

FIGURE 2B is a side view of the electrical connector

5 assembly shown in Figure 1 at a starting time for mating
with the corresponding connector.

FIGURE 2C is a side view of the electrical connector
assembly fully coupled with the corresponding connector.

FIGURE 3 is a cross-sectional side view where the

10 electrical connector assembly according to the present
invention is adapted to a stacked memory card connector.

FIGURE 4 is a partial model view of another
embodiment of the electrical connector assembly
according to the present invention.

15 FIGURE 5 is an isometric view of the electrical
connector assembly of another embodiment according to
the present invention.

FIGURE 6 is an isometric view showing a situation
where the guide member in the electrical connector

20 assembly shown in Figure 5 is mounted in a flexible
printed circuit board connected to the memory card
connector.

FIGURE 7A shows a front view of the housing of the
electrical connector assembly of Figure 5.

25 FIGURE 7B shows a side view of the housing of the
electrical connector assembly of Figure 5.

FIGURE 7C shows a cross-sectional view taken along
the line 7C-7C of Figure 7A.

FIGURE 8A is a plan view of the housing of Figure -

30 7a. .

FIGURE 8B is a bottom view of the housing of Figure
7A.

FIGURE 9A is a front view of a guide member of the
electrical connector assembly shown in Figure 5.

35 FIGURE 9B is a plan view of a guide member of the
electrical connector assembly shown in FPigure 5.



main circuit board and preci se manufacture of conductive through hole
patterns, etc. with small tolerance. It is, therefore, desired to provide
flexibility in connection or nmounting. 5 It is known in the art to
use a flexible circuit (FC) for interconnecting circuits on a substrate

such as a snydespizzsg Printed circuit board (PCB) and hi gh- degsosniiss Nt ed
el ectroni c equi pnent. Such an el ectrical connector for FC generally

conprises a 10 plurality of contacts to be engaged with conductive pads
formed on the FC, a h@ISURE 9Cridi apveangview dfbladigujdehwenber a6f stheind a

nmovabl e plastic CQRict¥icath@bnnector assembly shown in Figure 5.

FIGURE 10A is a cross-sectional view of the guide

member of Figure 9 taken along the line 10A-10A of
5 Figure 9A.

FIGURE 10B is an end view of the guide member of

Figure 9A-C. _
. FPIGURE 11A is a front view of a flexible circuit
inserted in an electrical connector assembly.
10 FIGURE 11B is a side view of the flexible circuit
| inserted in the electrical connector assembly of Figure
11a.

FIGURE 12A is a cross-sectional view showing a guide
member of the electrical connector assembly disposed

15 between the U-shaped flexible circuit prior to inserting
the flexible circunit into a connector housing.

FIGURE 12B is a cross-sectional view showing a guide
‘member of the electrical connector assembly disposed
between the U-shaped flexible circuit with the U-shaped

20 end of the flexible printed circuit board inserted into
the connector housing.

FIGURE 12B is a cross-sectional view showing the
flexible circuit secured by the guide member in the
connector housing.

25 FIGURE 13 is a plan view at one surface of the FC
according to the present invention.

FIGURE 14 is a bottom view of the reverse surface of
the FC in Figure 13,

FIGURE 15 is a view similar to Figure 14 prior to

30 adhering the strengthening plates.

FIGURE 16 is a magnified cross-sectional view of the
FC in Pigure 1.

FIGURE 17 is a simplified cross-sectional view of
the FC in Figure 1 as inserted into a connector.

35 FIGURE 18 is an isometric view of the FC in Figure
13 showing how it is folded or bent when inserted into a
connector.
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nmenber for pushing the conductive pads forned on the FC |nserted I n the
hausing, i e . e b
Exanpl es of conventlonal el ectri cal connectors for FC are dlsclosed in a
Japanese Patent Publication No. 61-131382, a Japanese U. N. Publication No.

2- 120780wordgpissdg Japanese Patent Publication No. 5-251140pcrifsssion1zaAS the
el ectroni c equi pnent becones smaller with a high density of contacts, e.g.,

the pitch of the contacts is less than 0.5mm_, the dinensions of the
contacts to be usBéigurerkiis vin |isometnie yhewsshowingaadmaier art, be nore

easy to deforge hh efb¥@isent féf Gtld present invention adapted to an
' electrical connector assembly, such as a memory card
connector 10. Figures 2A through 2C show a process for
5§ inserting and connecting the memory card connector 10 of
Figure 1 to a mating connector 40 disposed on and
connected to a main substrate 100. That is, Figure 2a
shows a situation where the memory card connector 10 and
the mating connector 40 are separated from each other.
10 Pigure 2B shows the memory card connector 10 partially
inserted in the mating connector 40. Figure 2C shows
the memory card connector 10 fully mated with the mating
connector 40.
- As appreciated from Figures 1 and 2, the memory card
15 connector 10 of the specific embodiment comprises
overlapped two connector housings 11,12. Plural rows of
contacts 13,14 project from wall surfaces lla,l2a of
these housings 11,12. In these Figures, the plurality
of contacts 13,14 are two rows of signal contacts
20 13a,14a and one row of ground contacts 13b,14b. As
appreciated from the above mentioned U.S. Patent No.
5,324,204, these housings 11,12 comprise, at front
surfaces thereof, a memory card, or a plastic or a
metallic plate holder for receiving the HDD (not shown
25 in the Figures 1, and 2), respectively.'

An FC 20 having sufficient length is connected to
each contact 13,14 of the comnector housings 11,12 at
both ends 21,22 of the conductive traces of the FC 20 by
means of solder etc., to conventional pads with through

30 holes to form a card bus. A plurality of conductive
traces 23 having contact pads 24 are formed on an outer
surface of the FC 20.

A guide member 30 is inserted into a middle portion

of the FC 20 to bend it in a U-shape. The guide member
35 30 is preferably formed by traditionally stamping and

bending a conductive metal plate. As best seen in

Figure 2A-2C, the guide member 30 has an insertion
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25 to accurately position the contacts, especially their

sol der-termnating portions, ta.-the desired location and to maintain them
so as not to deformthe contacts upon handi ng and nmounti ng the connector to
on the substrate. Also, for the electrical connector utilizing the FC, 30

it is difficﬁwimqianrecisely and firmy urge the novabl e pl agngsesieisy t O
engage over e Tu wdth of the FCwith the plurality of contacts w thout

having sone deformation over the full width of the FC. Accordingly,
reliability of conpeartion 3letformedt by fobdingithe metaliplatentothe contacts
has been decr easedingljfielf PetwedR BB CSHE bokticts BV @ maeihg Provi de

connector 40 as hereinafter explained, and an actuating
portion 32 generally perpendicular to the insertion
5 portion and having a generally planer surface. The

actuation portion 32 is provided with a slot 33, having
a width corresponding to the FC 20, for receiving side
edges thereof. The PC 20 is inserted in the slot 33
with a generally U-shape along an outer surface of the

10 insertion portion 31.

The receptacle type mating connector 40 has an
elongate box-shaped housing 41 to be mounted on the main
substrate 100. The housing 41 has an opening 42 at an
upper surface thereof, and has a plurality of surface

15 mounted type (SMT) contacts 50 disposed and secured at
both sides of the opening 42. The housing 41 has
mounting metal fixtures 43 at both ends in the
longitudinal direction of the housing 41, and preferably
the connector housing 41 is soldered and secured on a

20 conductive layer (not shown) on the main substrate 100.

Each of the contacts 50 of the connector 40 includes
a resilient contact beam 52 having a contact surface 51
near the front end thereof, a mounting portion 53 to be
inserted and secured in a contact receiving opening of

25 the housing 41, and a connecting portion 54 to be

' surface mounted to conductive areas 102 on the main
substrate 100. Preferably, a length of the resilient
contact beam 52 is selected in various different values,
and disposed in staggered relationship to achieve high

30 density disposition. As seen from Figures 2A, the

- contact surface 51 of the contact 50 projects in the
opening 42 of the housing 41.

In a condition where the memory card connector 10 is
not mated or connected to the corresponding connector

3s 40, that is, in the situation shown in Figure 2A, the
| contact pad portion of the FC 20 is bent in a generally
u-shape. Accordingly, as shown in Figure 2B, the U-
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a small and high density electrical connector assenbly, - 3- MD 96/23331
PCT/ US96/ 01134 whi.ch utili. —an S :
handling. It is another object of thls |nvent|on to prOV|de an electrlcal

connector assenbly having ground function and 5 permtting easy handling,

in which tQedtssdgd! ity of the conductlve pads on the FC apgrigkssmipdat acts in
t he

shaped FC 20 can be easily inserted into the housing 41
with low insertion force and without essentially
engaging the contacts 50. Finally, as shown in Figure
2C, when the insertion portion 31 of the guide member 30
5 is inserted into-the opening 42 of the corresponding
connector 40 the U-shaped portion of the FC 20 formed
with contact pads 24 is forced outwardly from imnside to
urge and expand outwardly the contact beams 52 of the
contacts 50. Therefore, the contact pads 24 of the FC
10 20 of the conductive traces 23 are forced and engaged
with the contact points 51 of the contacts 50, thereby
interconnecting the contacts 13,14 of the memory card
conductor 10 to the contacts 50 of the mating connector
40, further interconnecting between pads 102 on the main
15 substrate 100.
If the FC 20 is formed with a ground conductive
layer on an inner surface thereof, the insertion portion
31 of the guide member 30 engages the conductive layer.
Although it is not shown, the guide member 30 is _
20 preferably engaged with the mounting metal fixture 43 of
the housing 41 at the both ends in the longitudinal
direction of the guide member 30 to groundingly engage
the ground conductive layer of the FC 20.
As is readily appreciated from a comparison between
25 the connectors 10,40 of the Figures 2A through 2C and
the conventional memory card connector disclosed in the
above described U.S. Patent No. 5,324,204, the
electrical connector assembly of the present invention
replaces the plurality of L-shaped contacts disposed in
30 staggered relationship of the prior art connector with
the FC 20 and the corresponding connector 40. In
accordance with the connector of the present invention
an easy handling and high density arrangement
corresponding to the conductive traces of the ¥C 20 are
35 achieved because of elimination of plural rows of the
deformable and high density li-shaped contacts. Further,
an important matter is that length of the signal traces
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housi ng are interconnected with high reliability. It is yet another object
of this invention to provi.de an electrical connector assenbly for card bus,
10 which enables one or nore nenory card connector etc., to easily and
reliably connect to the PC board. In order to solve the problens of the

prior art elwplogp®dl connector assenbly and to achieve the peergosiiis oned
obj ects, the electrical connector assenbly of 15 thepresent invention

conprises a housing having plural rows of contacts, a flexible printed
circuit board (FCirem eentxaghe tldd ldoofhtheoheoueingsilkA2 woushey at both

ends of the flexi fbsractatstl of the maktdagdconnededy 40 ¥hn be formed
such that the length is essentially constant.
Accordingly, since even in high speed date signals it is

5§ possible to make signal transmission time or signal

delay constant, the present connector is suitable for
card bus for transmitting high speed and high frequency
signals. Further, since the memory card connector 10 is
detachably connected to the connector 40 mounted on the

10 main substrate, it should be noted that the termination,
assembly of the connector and serviceability are
substantially improved.

Figure 3 is a cross-sectional view showing entire
memory card connector 10, of the present invention,

15 including a memory card retention portion 15. The
memory card retention portion 15 of the memory card
connector 10 is formed by bending a thin metal sheet.

In the preferred embodiment of the electrical connector
assembly shown in Figure 3, the contacts of the

20 connector comprises a plurality of ¢ontacts 13,14 in the
connector housings 11,12 overlapped with each other.
However, the present invention should not be limited to
such embodiment, for example, the present invention can
be applied to a card bus for intercomnecting contacts on

25 wall surfaces of a pair of housings disposed in opposite
relationship.

Another such embodiment of an electrical connector
60 is shown in Figure 4. Electrical connector assembly
60 comprises a pair of separate docking connectors or

30 memory card connectors 61,62. Each of the connectors
61,62 opposes each other at a wall surface thereof, and
preferably includes plural rows of multiple number of
contacts 63,64, including signal contacts 63a,64a and
ground contacts 63a,64b. Between both connectors 61,62

35 is a mating connector 40' soldered on a main substrate

200. The mating connector 40' can be essentially similar
to the mating connector 40 shown in Figures 1 through 3.

- 12 -



CIrCUIt board having a pIurallty of conductlve traces 20 and pads, and a

quide nenber to_.he

generally U shape to force t he PC betmeen rows of contacts of a
correspondi ng connector to interconnect the conductive traces and contacts.

25 wosgsfect of the present invention'is a FC havpggussspigsar ays of
correspondi ng conductive pads and conductive traces on one surface with the
plurality of conductive pads of the arrays arranged in rows in an posed
rel ati onshi p. 3R 70alist ponnegted; bgsthe ccutachss 6364 Bét meneaﬁeogr rays

| eavi ng narr owny icd@@uctive traces thereof, on the walls of the both
connectors 61,62 by means of a prior art technique. A
middle portion of the FC 70 is inserted into a slot of a

5 guide member 80. Contact pads {not shown) at the middle

portion of the FC 70 is forced by the guide member 80
into an opening of the connector 40' to engage contacts
50’ disposed at both sides of the opening to establish
interconnection.

10 With reference to Figures 5 through 12, another
embodiment of an electrical connector of the present
invention will be described. Figure 5 is an isometric
view of the electrical connector of the another
embodiment. Figure 6 is an isometric view where the

15 guide member to be used for the electrical comnector is
set to the FC connected to the memory card connector.
Figures 7A-C and 8A-B show a housing of the electrical
connector shown in Figure 5. Figures 9A-C and 10A-B
show the quide member of the electrical connector shown

20 in Figqure 5.

An electrical connector 110 is provided with a
housing 120 for receiving an FC 160, a plurality of
contacts 122 opposedly disposed in two rows in the
housing 120, and a guide member 140 for forcing and

25 securing the FC 160 inserted into the housing 120.
Plate-like ground conductive members 124 are provided on
both end surfaces 120a of the housing 120 by pressing
side portions 124a into slots 120b in the housings 120
to engage projections (not shown) formed at side

30 portions 124a with the housing 120 as shown in Figure
8B. When the guide member 140 is moved along an arrow
141, as will be described hereinafter, to be inserted
into the housing 120 a ground portion 142 of the quide
member 140 engages the projections 124b of the

35 conductive ground members 124. As the conductive ground
member 124 is mounted and connected on the substrate
(not shown) mounting strength of the housing 120 to the

- 13 -



portions between adjacent openings. Strengthening plates are attached to
the reversed surface at the positions corresponding to the conductive pads
with portions of the strengthening plates extending into the 35 openings
by a predetermined | ength. Al so, another aspect of the present invention is
a flexible gypekdss{ FC conprising conductive traces on -4- PCT/USIBIBU23331

PCT/ US96/ 0134
substrate is enhanced. A plurality of contacts 122
disposed in the housing 120 are engaged, respectively,
with the conductive pads 164 of the signal traces 162
formed on the FC 160.

s As shown in Figure 6, the FC 160 is bent at a middle
portion 165 and end portions 166, 168 of the FC 160 are
connected to corresponding contacts of a memory card
connector 180. A shape of the FC 160 is schematically
shown in Figures 11A-B and 12A-C. The FC 160 is

10 continuously bent at the middle portion 165 thereof to
form two wiring portions or arrays 170,172. The wiring
portions or arrays 170,172 are formed with signal traces
162 shown in Figure 6 and conductive pads 164 on both
surfaces 170a,172a of the wiring portions 170,172.

15 Also, the wiring portions 170,172 are formed with a
ground conductor or ground wiring at back surfaces

' 170b,172b, respectively such as described below with
reference to Figures 13-18. The ground wiring or
conductor preferably is formed on entire back surfaces

20 170b,172b, or alternatively may be formed only on a
portion thereof.

The guide member 140 as shown in Figures 9A-C and 10
A-B is, for example, integrally formed by stamping and
bending a sheet of metal made by copper alloy such as

25 phosphorous copper, and is formed with the above
described ground portions 142 at both end portions of
the guide member 140. Upon forming the guide member
140, the stamped metallic sheet is bent at the middle
portion 140a, and is ocutwardly bent at end portions, and

- 30 the end, portions corresponding to the ground portions
142 are downwardly bent to form the ground portions 142.
The ground portions 142 have resiliency, thereby holding
the housing 120 from both sides when assembled thereto.
The guide member 140 is disposed between the wiring

35 portions or arrays 170,172. Until the guide member 140
is inserted into the housing 120, the guide member 140

- 14 -



one surface on a central film a ground | ayer on the reverse surface, and
cover layers di.sposed to cover t i : ayer .
A plurality of openings are fornmed in the cover |ayers substantially in 5
rows at selected |ocations that avoid the conductive traces. The FC

accor di ng ghPodidigsPr €SENt invention has openings in the di pevassspieds t he

w dth at substantially center ‘position between the rows of the conductive
pads. 10 The openings define the relatively narrow bridge portions of the
PC. The FC has i® pxieenghagedr wighhproiecpion® sl ¥kiHaeae) Riguwre B13i des of the

openi ngs and atgormed on the FC.160.
Now, with reference to Figures l11A-B and 12 A-C, a
sequence will be described in which the FC 160 is
5 4inserted into the housing 120 and is secured by means of
the guide member 140. In order to secure the FC 160 in
the housing 120 by the guide member 140, first, as shown
in Figure 12A, the guide member 140 is disposed at a
~ position spaced apart from the middle portion 165 of the
10 PC 160. Then, as shown in Figures 11A-B and 12B, the
middle portion 165 of the PC 160 is inserted into the
housing 120. After inserting the middle portion 165 of
the FC 160 into the housing 120, as shown in Figure 12C,
the guide member 140 rides over the projections 160a of
15 the FC 160 to be inserted into the housing 120, and the
middle portion 165 of the FC 160 inserted into the
housing 120 is forced by the guide member 140.
Accordingly, the ground wiring formed on the back
surfaces 170b,172b of the FC 160 are positively engaged
20 with the guide member 140, and also the ground portions
142 of the guide member 140 engage the projections 124b
of the ground conductive member 124, as above described.
The guide member 140 is made of metal, thereby
eliminating deformation or breaking of the guide member
25 when the guide member 140 is inserted into the housing
120. Accordingly, the conductive pads 164 (see Figure
6) can be readily and firmly engaged with the contacts
122 more easily than can a plastic cover or guide
member, thus enabling excellent reliability and easy
30 operation. Further, in the situation where the metallic
guide member 140 is inserted into the housing 120, since
the guide member 140 engages both the ground conductive
members 124 secured in the housing 120 and the ground
conductor or wiring (not shown) on the FC 160, the guide
35 member 140 also functions as a ground member.
Illustrated in Figure 13 through 16 is a preferred
embodiment of the FC 160 in accordance with the present

- 15 -



| east one surface of the FC. The pair of strengthening plates have edges

thereof. Additionally, the FC according to the present invention has a
plurality of recesses arranged substantially in rows near the bent portion.

The recesses ﬁég‘,%gﬁf erably formed by renoving a part of onepggusesoiyrar of
a nultiple-layer FC, thereby allowing the FC to bend snoothly at a desired

position. The FC is bent or folded along the bridge portions before being
inserted into a codimwvengionkonBiguxe 13 ghaks omebsurfage i66a of| the FC

insertion of the bqgpdwh?¥e Figure 14 shows the reverse surface 160b

thereof. Alsoc shown in Figure 15 is the surface 150b
before adhering strengthening plates 190,196 which will

5 be described hereinafter. Furthermore, Pigure 16 shows
an enlarged cross-sectional view in the thickness
direction from the slot to the edge portion.

As shown in Figure 16, the FC 160 is formed as a

multi-layer structure. A central film ‘182 of polyamide

10 or the like separates one side structure 182a to form
the surface 160 and a reverse side structure 182b to
form the surface 160b. Each structure 182a,182b, is
made by an electrically conductive film of copper or the
like and a cover layer 185 of polyamide or the like

15 adhered on the surface of the central film 182 by
-adhesive material 183a,183b,. The electrically
-conductive film is further etched to form conductive
patterns 162 and a ground layer 176 which will be
described hereinafter.

20 As shown in Figures 13 and 16, the structure 160a on
one side of the FC comprises conductive arrays 170,172,
conductive pads 164 including conductive traces 162,
connection portions 167 connected to conductive traces
162 and having through-holes 169 extending to the other

25 surface 160b. Each conductive trace 162 interconnects
the respective conductive pads'164 and connection
portion 167. As best shown in Figure 16, the conductive
pads 164 having gold or solder plating layer 163. The
pads 164 are arranged in corresponding positions to the

30 connector. contacts, such as in connector 110 shown in
Figures 5-12, to receive the FC 160 and are staggered in
the particular embodiment shown in Figure 13. Note that
ground contact pads 174 are mixed in the rows of the
conductive pads 164 as shown in Figure 13. The ground

35 contact pads 174 are disposed at locations to engage
with desired contacts in the connector. Also, the
ground contact pads 174 are electrically connected to a

- 16 -



25 gui de nmenber, the conductive pads of the FC are electrically connected
with contacts in the connectar The. pdg&]nnrf ions.of the ot tg_ng_t_h_e_m_ng

pl ates then abut against the bottomin the housing for proper positioning
of the FCin the connector, thereby assuring reliable 30 el ectrical
connect i ofvgRkygN the conductive pads and the contacts. perfédenifaei S bent
at a desired angle, preferably right angle along the recesses, thereby
permtting connection to a connector such as the PC card connector or other
devi ce at thegrégadpdayevnl76i tecsxdesdribed hereinafternbgcway efsenbl y

conprises a FeiW hB18e 179! keeidiny i Gine BPectlioh! 88t ta8II € W th respect
to thickness of the FC. The connection portions 167 formed
at the edge portions of the FC 160 are in a ring form to
5 be soldered to the contacts of a PC card connector and
are formed with through-holes 169 as mentioned above.
The structure 182a also includes a plurality of
recesses 184 which extend into the cover layer 185 and
are formed by partly removing the cover layer 185 and
10 are arranged substantially in rows, as seen in Figure
18.

The FC 160 is preferably formed with openings or
slots 186 extending therethrough and at substantially
center position between the rows of the conductive pads

15 164. The openings 186 provide the FC 160 with
relatively narrow bridge or belt-like portions 188
therebetween.

As best shown in Figures 14 through 16, the reverse
structure 182b includes the ground layer 176 and

20 connection portions 178. The ground layer 176 includes
a plate portion 175 and mesh portions 177. The plate
portion 175 comprises an electrically conductive film of
copper or the like extending in two dimension while the
mesh portions 177 are formed by etching the electrically

25 conductive film in a slanted mesh as shown in Figure 14
through 15. Also, the ground layer 176 extends from the
edges of the meshed portions 177 to the edges of the FC
160 for connection to the connection portions 178 which
are substantially similar configuration as the above

30 mentioned connection portions 167. The connection
portions 178 receive ground connection terminals of the
PC card connector at the through-holes 179 extending to
the surface 160a for making solder connections to
contacts of a connector (not shown). The FC 160 further

35 comprises first and second plastic strengthening plates
190, 196 made from glass-filled epoxy resin 183a or the
like which are adhered on the surface 160b as shown in

- 17 -



a wall or L-shape as seen in the prior art electrical WD 96/ 23331

PTC/ US96/ 01134 connector assembly, the connector of the present invention
el im nates defornmati on of the gui de between the contacts, and di sengagenent
and short circuit caused therebetween. Accordingly, stable electrical 5
connecti ons wedeeBsY handl i ng are achieved. Al so, the strucpormsssming t he
FC connected to the contacts on the housing at the both ends thereof

enabl es hi gh density.
Figure 14. The first strengthening plates 190 are

positioned at both sides of the openings 186 as a pair
and at the immediate reverse side of the conductive pads
164. Note that the first strengthening plates 190
5 include and edge 192 having projecting portions 191
which extend into the openings 186 when the first
strengthening plates 190 are adhered. The edges 192 are
parallel with the openings 186. As shown in Figures 14
and 15 the first strengthening plates 190 substantially
10 cover the plate portion 175. Also, at least one of the
pair of the first strengthening plates 190 is formed
with engaging slots 194 or projections 191 to be
preliminary retaining the FC 10 with a guide member 140
when it is inserted into the connector, as previously
15 described with reference to Figure 1l.
on the other hand, the second strengthening plate
196 is adhesively secured at the locations of the
connection portions 167,178 using adhesive material 183b
such as a liquid solder resist. This makes it easy to
20 solder the connector to the PC card connector. The
second strengthening plate 196 has through-holes at
location corresponding to the connection portions 167,
178.
Shown in Figure 17 is a cross-sectional view of the
25 FC 160 according to the present invention as inserted
into the connector 110 having a FC receiving slot 121.
The FC 160 is folded at the bridge portions 188 with the
conductive pads 164 facing outwardly.
: A guide member or guide member 140 is used to insert
30 the FC 160 into the FC receiving slot 121. As shown in
Figure 18, the FC 160 is bent at a substantially right
angle along the recesses 184 the reverse surface 160a
near the edges 193 of the first strengthening plates
190. In the inserted portion the edges 193 of the first
35 strengthening plates 190 abut against the bottom surface
123 of the FC receiving slot 121. This provides precise
alignment of the conductive pads 164 with contact points

- 18 -



Accordi ng to anot her aspect of the present |nvent|on the el ectrical

connector conprises a housing lLOhavi=-Rg=t=wo—-gns—ef—contacts—at-ony arn
el ongate opening, a flexible printed circuit board having a plurality of
conductive traces on a surface corresponding to these contacts, and a guide

nmenber h3yé bghsasgeneral [y planer portion to be inserted }ai-mm;ahaped
bent portion of 15 the flexible printed circuit board, wherein the

conductive traces on the flexible printed circuit board are forced between
the rows of thefceontagts binate shown) incthei conmester ¥lfl, &hexebyshi ng

el ectrical intgg QRS treNidiile'3aRerbEnfi8BEi6h | ¥ietdretifeaild t he

It is to be understood that the FPC shown in Figures

1 through 4 may be modified to include the support

5 plates 190 and 193 as shown in Figure 18. The support
of reinforcing plates 190 protects the inner surface of
the FC.

While a plurality of exemplary embodiments of the
electrical connector assembly according to the present

10 invention has been described herein, it is apparently
not intended that this invention be limited to the
embodiments. It will be appreciated by those skilled in
the art that various modifications can be made for
specific applications without departing from the scope

15 and spirit of the invention. For example, the recesses
184 may not be limited to the particular shape but may
have a constricted portion along the outer periphery or
may have wider portions. The strengthening plates 190
may not be limited to plastic material but may be

20 replaced by metal plates.

The electrical connector assembly according to the
present invention, as appreciated from the above
description, provides following various excellent
advantages. It is suitable for an application where an

25 high density electrical connector such as an memory card
connector having a plurality of contacts is
interconnected to corresponding conductive areas on the
printed circuit board. By using the flexible substrate
the right angle contact legs can be eliminated, thus

30 enabling the high density contacts of the connector to
be reliably and easily interconmected to the PC board
conductive areas without having the problems associated
with deformation of the contact legs.

A high density electrical connector is achieved,

35 since the conductive traces or the conductive pads
formed at the middle portion of the FC are engaged with
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20 contacts and al so connection between the both ends of the FC and the
contacts of the correspondi ng connector. According to the electrical
connector assenbly, it is possible to connect the high frequency signals to
the contacts through the conductive traces on the surface of 25 t he FC,
since the FC wpdgasdsy1i N a U-shape to envel ope the guide so aPpcrusscsiisct

t he ground conductor of the FC board and is engaged with the contacts of

t he housing and is al so engaged with ground conductive nmenbers of the

housi ng. Since theaapﬂucenguztcﬂecwm.fmmaonoagentﬁenﬂ: FQn be signal

traces, a high dengdnneatdrhifhehghget Eherdt’r st ode eAdn6s! ke i¥c pbt ai ned.
The electrical connection between the conductive
pads and the contacts are established by inserting the
5 guide member into the FC bent in a generally U-shape.
Since the guide member is forced between the rows of the
contacts, which provide steady interconnection even for
the FC having sufficiently large width. Further, if a
conductive metal guide member is used for the FC having

10 ground conductor on the reverse side thereof to ground
contact to ground conductive members at both ends of the
housing, minimized and high density connector assembly
for high frequency signals is obtained.

The flexible circuit according to the present

15 invention assures highly reliable electrical connection
while maintaining a relatively narrow pitch between
contacts by folding it along the relatively narrow
bridge portions and by the provision of the
strengthening plates abutting against the housing for

20 accurate alignment or registration between the
conductive pads and the contacts. Especially, the
bridge portions are relatively narrow to permit smooth
folding of the FC, thus avoiding undesirable force to be
applied to the arrays of the conductors thereon.

25 Fnrtherﬁore, the provision of the ground layer on
the inner surface of the FC and the conductive patterns
for transmitting signals on the outer surface
effectively reduces crosstalk noise between the
conductive patteras.

30 Additionally, the recesses formed by removing a part
of layers near the bending positions of the FC permit
bending of the FC at desired position and angle.

- 20 -



The present invention wll
nce ne e

=Yal= > tQ nref er r 6d e odi-fRRi—t=fR=—ga4a=tl-ct--0-A—W aecerpanyH Ng
drawi ngs. 35 FIGURE 1 is an isonetric view of an electrical connector
assenbly according to a preferred enbodi mrent of the present invention.

WO 96/ 233 o 9623331 PCTUSOp&Prbasfbfals CURE 2A
Is a side view of the electrical connector assenbly shown in Figure 1 prior

to mating with the
CLAIMS
1. An electrical connector comprisings
a housing having plural rows of contacts;
a flexible substrate connected to the contacts of
5 the housing at both ends of the flexible substrate and
having a plurality of conductive traces thereon; and
a guide member adapted to be inserted into the
flexible substrate that has been bent into a U-shape,
and to cause the flexible substrate to be inserted in
10 the mating contact rows to engage the conductive traces
with the contacts.

2. The electrical connector of claim 1 wherein said
guide member is a conductive member adapted to further
provide a connection to ground for the assembly.

15 3. An electrical connector assembly comprising:
a housing having two rows of contacts along an
elongate opening;
a flexible substrate formed with a plurality of
conductive traces thereon corresponding to the contacts;
20 and

r a a

a guide member having a generally flat portion to
be inserted in a U-shaped bent portion of the flexible
substrate, and to be inserted, with the substrate,
between the contact rows of the housing to establish

25 electrical engagement between the contacts and the
conductive traces;
whereby both ends of the flexible substrate are
connected to contacts of a corresponding connector.
4. The electrical connector of claim 3 wherein said
30 guide member is a conductive member adapted to further
provide a connection to ground for the assembly.
5. An electrical connector assembly comprising:

a housing having a plurality of contacts disposed

along an elongate opening and having ground conductive
35 member at both ends of the housing;

a flexible substrate having a width corresponding

to the opening of the housing, and having conductive

- 21 -
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correspondi ng connector. FIGURE 2B is a side view of the electrical
connector 5 assenbly shown in Figure 1 at a starting time for mating with

t he correspondi ng connector. FIGURE 2C is a side view of the electrical
connector assenbly fully coupled with the correspondi ng connector. FIGJRE 3
IS a cross-wde2sssl side view where the 10 el ectrical coarausd®1IdEsenbl y
according to the present invention is adapted to a stacked nenory card
connector. FIGURE 4 is a partial nodel view of another enbodi nent of the

el ectrical connectEpces SARTeFPRRding 9 the (spntaActs. an PRe-Ruripce
thereof and formed with ground conductor on the other

surface; and
a conductive guide member having a plate portion to
5§ be disposed in a flexible substrate bent in a generally
U-shape with the one surface outside, and to be inserted
into the opening of the housing;

whereby the contacts and the conductive traces are
electrically connected by the guide member and the

10 ground conductor is connected to the ground conductive
member by the guide member.

4. A flexible circuit including a plurality of
conductive pads and conductive traces formed on one
surface of a flexible substrate, the flexible circuit

15 Dbeing characterized in that:

said plurality of conductive pads and traces are
disposed in two arrays in opposed relationship;

a plurality of openings are formed between the
arrays of said conductive pads to define relatively

20 narrow bridge portions; and

strengthening plates are disposed on the other
surface of said flexible substrate at the locations
corresponding to said conductive pads with parts of said
strengthening plates extending into said openings by

25 predetermined length.

5. A flexible circuit comprising:

a flexible film having conductive arrays of
conductive traces and conductive pads formed on one
surface thereof, a ground layer disposed on the other

30 surface of said flexible film, and cover layers disposed
to cover both of said conductive arrays and said ground
layer; wherein a plurality of openings are formed
substantially in a line on said cover layer covering
said conductive arrays but at locations where said

35 conductive traces and conductive pads are not formed.
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15 FIGURE 5 is an isonetric view of the electrical connector assembly

of .another enbodinent according ta.the prasent jinvention EIGQRE G IS an

i sometric view showing a situation where the guide nmenber in the electrica
connector 20 assenbly shown in Figure 5 is nounted in a flexible printed
circuit bogpde¢sspected to the nenory card connector. GHEEF£6W€‘$MB
front view of the housing of the electrical connector asse y 0 | gure 5,
25 FI GURE 7B shows a side view of the housing of the electrical
connector assenbly of Figure 5.
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FI GURE 7C shows a cross sect [ onal Vi ew taken al ong the line 7C7C of Figure
2 ZA——ElLGCJRE. QB i g

a bottom vi ew of the housmg of Fi gure?A FI GURE9A|s a front view of a
gui de nmenber of the electrical connector assenbly shown in Figure 5. 35

FI GURE 9B iwoderdssin vi ew of a guide menber of the electric or
assenbly shown in Flgure 5 -7- i%Tﬁﬁ&Hﬁih
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W96/ 23331

| s—a—fear Vi

PCTU896/01134 FIGURE 9C

in Figure 5. FlI GURE 10A is a cross-sectional view of t hegw de menber of )

Figure 9 taken along the line OA-10A of 5
view of twosssss nenber of Figure 9A-C. FIGURE 11A is a

Figure 9A. FIGURE |OB is an end

PEHOSosIBY OF 2

flexible circuit inserted in an electrical connector assenbly.

0
12
14b 22
T
” WH , 14
142 -
B L
—
N/ 13l 13
i
~—2
|

30
41
A 40
if . 50
' 102

h 12 k

N

.’Zzg’ , & &
10
12 — 20
N\ M
it
!il “” s |
| i
i4a 31
-
13b —
,{ 2 "
13 I
1 |
133 ~tIl!] '

. p—— mo)

3/15



10 FIGURE 11B is a side view of the flexible CIrCUIt inserted in the

electrical_conn
cross-sectional view showi ng a guide nenber of the electrical connector
assenbly di sposed 15 bet ween the U shaped flexible circuit prior to

I nserti nowdbgIpsexi ble circuit into a connector housi ng. pbr/oshdmiisdB i s a
cross-sectional view show ng a guide nenber of the electrical connector
assenbly di sposed between the U shaped flexible circuit with the U shaped
20 end of the flexible printed circuit board inserted into the connector

housi ng.
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FIGURE 12B is a cross-sectional view showing the flexible circuit secured

by—t+he—gti-de-rerber—-A—the CORREEI-Si—hReoLsl-g—=5 ELGIRE 13 is a plan
view at one surface of the FC according to the present invention. FIGJRE 14
is a bottomview of the reverse surface of the FCin Figure 13. FIGURE 15
is a vienwws9ei2say to Figure 14 prior to 30 adhering thW%%GﬁQ?m ng
plates. FIGJURE 16 is a magnified cross-sectional view of the I'n Figure
1. FIGURE 17 is a sinplified cross-sectional view of




the FCin Figure 1 as inserted into a connector. 35 FIGURE 18 is an
i i i i i ] ) i Lt |

: shouwi-ag-—hou s—t-ol=tlod—or—Bent—when—
inserted into a connector. W96/ 23331

PCT/ US96/ 01134 Figure 1 is an isonetric view show ng a major part of an

embodi MeRge e present invention adapted to an el ectrp&usspnagct or

assenbly, such as a nenory card connector 10. Figures 2A through 2C show a
process for
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5 |nsert|ng and connectlng t he nenDry card connector 10 of Figure 1 to a
........... i at.e 100 That

IS, F|gure 2A shoms a S|tuat|on mhere t he nenDry card connector 10 and the
mat i ng connector 40 are separated from each other. 10 Fi gure 2B shows the
menory cawdesessector 10 partially inserted in the mati ngcgRIRDEGSY 40

Fi gure 2C shows the nenory card connector 10 fully nated wth the mating
connector 40. As appreciated fromFigures 1 and 2, the nmenory card 15
connector 10 of the specific enbodi nent conprises overl apped two connect or
housi ngs 11, 12. Plural rows of
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contacts 13,14 project fromwall surfaces Ila,12a of these housings 11, 12.
In these Fiqures, the plurality of contacts 1314

contacts 20 13a, 14a and one row of ground contact s 13b, 14b. As
appreciated fromthe above nentioned U S. Patent No. 5,324,204, these

housi ngs % nprise, at front surfaces thereof, a nermgryososoris or a
plastic o allic plate holder for receiving the HDD (not shown 25 I n
the Figures 1, and 2), respectively. An FC 20 having sufficient length is
connected to each contact 13,14 of the connector housings 11,12 at both

ends 21,22 of the condq&tlve traces of the FC ZOIQQ
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holes to form

means of sol der etc., ~to conventional pads W|th through 30

formed on an outer surface of the FC 20. A gui de rrenber 30 is inserted into
a mddle portion of the FC 20 to bend it in a U shape. The gui de nenber 35
30 is prevesasssyr forned by traditionally stanping and bepgrpgogpiganducti ve
netal plate. As best seen in Figure 2A-2C, the guide nenber 30 has an

insertion -9-
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WO 96/ 23331 PCT/ US96/ 01134 portion 31
f i i en rows of cantacts

50 of a mating connector 40 as hereinafter explained, and an actuating
portion 32 generally perpendicular to the insertion 5 portion and having a
general | yonl @84y surface. The actuation portion 32 is pr%%h%ﬁﬂs@i a slot
33, havingng MAé?h corresponding to the FC 20, for receiving Si éﬁgdges
thereof. The FC 20 is inserted in the slot 33 with a generally U shape
along an outer surface of the 10 insertion portion 31.
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The receptacle type natlng connector 40 has an eIongate box shaped housi ng
4 a - - ila - - S . L -

42 at an upper surface thereof and has a pIuraI|ty of - surface 15 nount ed
type (SMI) contacts 50 dlsposed and secured at both sides of the opening
42. The Rpgs¢mestl has nounting netal fixtures 43 at bot Pepisesoiidst he

| ongi tudinal direction of the housing 41, and preferably the connector
housing 41 is soldered and secured on a 20 conductive layer (not shown)
on the main substrate 100. Each of the contacts 50 of the connector 40

I ncludes a resilient contact beam 52 having a contact surface 51

L‘ -
| m\\\\\\“
-bl

o~
&~
o
o o
<
— 0 o = w
~
= 2 A
| =4 N
N
- Sy N\ -~
’ |
o o~ I =
©
'::og — \I
e W g =
o S
7] e o
o~
o~
° ——
~N
= S S8 g
<

T DN — o
_\\\\\\\\\\%—_,




near the front end thereof, a nounting portion 53 to be inserted and
secured in a contact receiving ogpening of 25 the housihe—4t—eant=a

connecting portion 54 to be surface nounted to conductive areas 102 on the
mai n substrate 100. Preferably, a length of the resilient contact beam 52
Is selected in various different values, and di sposed i npgymgssnies
reIationéHPB“Fﬁ’hchieve high 30 density disposition. As seen from Fi gures
2A, the contact surface 51 of the contact 50 projects in the opening 42 of
the housing 41. In a condition where the nenory card connector 10 is not
mat ed or. connected to the correspondi ng connect or

169\\
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35 40, that is, in the situation shown in F| gure 2A, the contact pad
portion of the FC20|s be 38 -6-OHmtHft g gp——ara—3e
in Figure 2B, the U - 10 - W)96/ 23331

PCT/ US96/ 01134 shaped FC 20 can be easily inserted into the housing 41 with

| ow i nseréi ggw%ce and wi thout essentially engagi ng the pg@riso66133450.
Finally, 9 in Figure 2C, when the insertion portion 31 of the guide

menber 30
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5 is inserted into[err] the opening 42 of the corresponding connector 40

the Lk shaped portion of the PC 20 f.or : ds 24 js.forced
outwardly frominside to urge and expand outwardly the contact beans 52 of
the contacts 50. Therefore, the contact pads 24 of the FC 10 20 of the
conductiv 23 are forced and engaged with the cont | 51 of

t he conta??%ﬁggsﬁthereby i nt erconnecting the contacts 13,€§hg$8@ﬁ%§nennry
card conductor 10 to the contacts 50 of the mating connector 40, further

i nt erconnecti ng between pads 102 on the main 15 substrate 100. If the FC

20 is formed with a ground conductive
|l
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| ayer on an inner surface thereof, the insertion portion 31 of the guide

- Alt hr‘\ngh it s not chn‘.".ﬂ, h
menber 30 is 20 preferably engaged with the nmounting nmetal fixture 43 of
the housing 41 at the both ends in the |ongitudinal direction of the guide

menber 3@vgssngsmundi ngly engage the ground conductive | apampsboise FC 20.
As is readily appreciated froma conpari son between 25 the connectors
10,40 of the Figures 2A through 2C and the conventional nenory card
connector disclosed in the above described U S. Patent No. 5,324,204, the
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‘corresponding to the conductive traces o

- 11 -

replaceﬁ§hgg %kﬁ{allty of L-shaped contacts di sposed in %DU 9ggg§52d

relatio he prior art connector with the PC 2 ] .
correspondi ng connector 40. I n accordance with the % NS: PpRB

present invention an easy h%ﬂﬁb&ﬁﬂcﬁﬂdc5§ﬁ?ﬁ§6ﬁ$' ggﬁgbqngenent

e FC are 35 achi eved because.
of elimnation of plural rows of the defornable and high density L-shaped
contacts. Further rha) préeentaihvention rélubeb kengihelbctiecalgnal traces

connector, more specifically to a high density
5 electrical connector such as a PC card connector that
uges a flexible circuit for intercomnecting the contact
of the PC connector to another connector mounted on a
circuit board. . '
Advances in electronic devices including

10 microprocessors have created a large market for compact
electronic apparatus using memory or PC cards, hard disk
drives (HDDg), etc. A docking comnector or a memory
card connector is used in such electronic apparati. The
docking connector is used to interconnect.another

15 similar electronic apparatus for creating a network and
alsc to conuect peripheral equipment such as a submemory
apparatus. A memory card connector receives gne or more
-membry card or an HDD for electrical connection thereto,

) Recently, needs have arisen for card type devices

20 known a PC cards for expansion or additional performance
of compact electronic equipment such as notebook
perscnal computers. Such PC cards are normally received
in a PC card comnector installed in a compact electronic
equipmant to provide added memory capacity or

25 interfacing with extermal devices such as peripheral
equipment. Typically, PC card connectors have dual
stacked comnector mating portions to permit reception of
three types of PC cards, i.e., Type I, Type II and Type

o IIT. _ -

30 These docking comnectors and PC or memory card
connectors include a plurality of contacts often more
than one hundred disposed in a matrix having a plurality
of rows. Such contacts are bent at right angles or in
an L-shape with respect to the connector and are _

35 @soldered to respective conductive paths or traces on a
main PC board. One example of such memory cazd
connector is disclosed in US Patent No. 5,324,204. 1In
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WO 96/ 23331 PCT/ US9 /01 4 from

cont rad®’ 3 B of the housings 11,12 to the contacts S5 /HS2HE W3y
QFW@W%dﬂgﬁ%

.connector 40 can be fornmed such that the length is e

Accordi ngly, lgﬁ A to nake:
si gnal transrﬁ%s:g%f{ ﬁése%;r@ del ay cozﬁ&s aac%é %%né&é cbo%'nﬁf-ect or is
suitabl e for igural gnaggered (et iansiyimith @mm g&Pf&r@]m
signals. Furtptehositd Cin tdiyHE W card connector 10 is detachably

EgnzgfégdtLgttPﬁég&ggﬁﬁnor 40 ggy@&gsué%tég%ﬁg%toggua égﬂgggeue it should

5 disclosed in apanese Patent Puklication No. 6-332573
and Japanese UM Publication No. 6-56%92. The former
connector has contacts aligned in a connector housing
and bent at substantially right angles at the rear
position to be connected to a main circuit board. In

10 the latter comnector, contacts of dual stacked
connectors extend at their rear poasitions toward each
other, i.e., toward the center position to be connected
to an auxiliary circuit board at the center position,
thereby interconnecting the auxiliary and main circuit

15 boards by the board-to-board connector.

Unfortunately, as electronic equipment becomes more
compact, a higher density of contacts is required. The
individual contacts, therefore, have smaller dimensions

. and piteh, which makes it difficult to form reliable
20 comnections with a main circuit board using a connactor
having relatively long solder tinea of the contacts of
the former connector. Although the latter connector is
effective to realize relatively fine pitch connections,
the connector raquires a larger number of components,
25 thus making it more difficult to manufacture and more
expensive. . '

Moreover, a standard to form signal and ground (8G)-

of PC card connectors has been added recently. One
_ object is to isclate signals to be transmitted through
30 one connector from those transmitted through another
connector, theresby preventing noise due to cross talk.
Unfortunately, however, such noise protection is not
always sufficient in conventional connectors.

Additionally, in the above conveantional connectors,

35 the connection or mounting location of the connector or
its contacts on a main circuit board is required to be
predetermined, thereby restricting the design of the |
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assenbl of the connector and serviceability are substanti roved.
Figure 35q'599a EGDss- sect i onal vi ew showi ng entire nenorf”{fn%alﬁ)@mééﬂb 10,

of the present invention, i.ncluding a nmenory car

15. The nenor r t ﬁﬁg ﬁgﬂnﬂ L :
Is formed by b“yea'ngfl %%%%r#%fqﬁﬁﬁa e erre e?ﬁoo e of the

el ectrical corfifaugh AdSPALLHIGH 9F T Qﬂr"é’- 351“% tkRERRCeH tIve 20 '

connect or conpiid Sahdrdliara) idesidfanentas rrokdided fTetdrel Xigneigt or housi ngs
11, 12 overl appceoqmvgcttqoeﬁacgr ?rtuquer{ti Iélowever the present invention should not
5 - Using a ’lex:blﬂ circuit (¥C) for 1nte*connectzhg
circuits on a substrate such as a small-size printed
circuit board (PCB) and high-density-mounted electronic
aquipment is known in the art. Such an electrical
~connector for an FC generally'ccmprises a plurality of

10 contacts to be engaged with conductive pads formed on
the FC, a housing for disposing and holding the
contacts, and a movable plagtic cover or other member
for pushing the FC into the housing and the conductive
pads formed thereon into pogitive engagement with the

15 contacta in the housing. Examples of conventional
electrical connectors for FC are disclosed in a Japanese
Patent Publication No. 61-131382, a Japanese UM
Publication No. 2-120780, and a Japanese Patent

. Publication No. 5-251140.

20 U.S. Patent No. 3,923,364 discloses an electrical
connector aggerbly including a housing having a
plurality of contacts disposed along an elongate
opening; a shielded flexible substrate having a width
corresponding to the opening of the hoﬁsing and

25 conductive signal traces and pads and ground conductive
pads on one surface therect corresponding to the
contacts in the housing; and a guide member having a
plate portion to be disposed in a flexible substrate
bent in a generally U-shape with the one surface outside

30 to be ingerted into the opening of the housing whereby,
uponl inserting the guide member and substrate into the
housing opening, the signal and ground pads on the one
surface of the substrate are electrically engaged to
corresponding contacts in the housing.

. 35 As electronic equipment becomes smaller with a
higher density of contacts, e.g., the pitch of the
contacts is less than 0.5mm, the dimensions of the
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such embodi ment . for exawﬁHlﬁ SHERT HASBEEN fi nvention can be a gl ied to a
card bus5P8P%i RETr connec}ing REPAGEB on vl | surf ace®/Be 6/PaLE3Ibf
holsi ngs di sposed i n oppbsiteTerartonshi p. Another suBREEAEEMENENPAGE an
el ectrical connec shown ctr cal conneigor assenbl y

60 conprises a®f% %PCEF §8p5?a?§eﬂoﬁﬁ?ﬁgEEoﬁﬁé% ege nENdryeEar d

connectors 61, &4, Eabtlerefoirke benmerEOeasﬁlt62deﬁpU$es dhchsovery at a wal |
surface thereoﬁaf?&ﬁugﬁeESrQEE&FAESigdéésﬁgg?ﬁ ?Q“@fﬁﬁa?EEt'ple nunber of

contacts 63, 64 err[ and ground
contacts 63a, GEPGFFPllBeFRGéﬁ BelferohRERigrsipg portions, in the

5 desired location and to maintain them so as not to
deform the contacts upon handing and mounting the
connector on to the substrate.

Algo, for the electrical conmector utilizing the FC,
it is difficult to precisely and firmly urge the movable
10 plastic cover to engage over the full width of the FC
with the plurality of contacts without having some
deformation over the f£ull width of the FC. Accordingly,
reliability of connection between the conductive pads
and the contacts has been decreased. _
15 Therefore, an object of this invention is to provide
| "a small and high density electrical connector assembly,
that utilizes the FC and enables simple structure and
easy handling. |
It is another cbject of this invention to provide an
20 electrical connector assembly having a ground function
 and permitting easy handling in which the plurality of
the conductive pads on the FC and the contacts in the
hausing are interconnected with high reliability.
It is yet another object of this invention to
25 provide an electrical connector assembly for card bus,
which enables one or more memory card connector etc. to
connect easily and reliably to the PC board.
In order to solve the problems of the prior art
electrical connector assembly and to achieve the above
30 mentioned objects, the electrical connector assémb;y of
the pfesent invention comprises a housing having plural
rows of contacts, a flexible printed eircuit board (FC)
" to be connected to the contacts of the housing at both
ends of the flexible printed circuit bhoard, said printed
35 circuit board having a plurality of conductive traces
and pads, and a guide member to be inserted in the FC,
the guide member being bent in a generally U-ghape to

-

This Sheet Has Been Replaced ' e
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-in Figures 1 through 3

-

ti connec a4 BEENOD a main substrate 200. The mating
connect 53 gg g&n be es%—gl $%&fy"§?§;€%o the mati n&eﬁhﬁﬁ%ﬁmomghom '

PLACEMENT PAGE

7T S90T 011348 BCLT0 B AROBELHahe bR ocSREAREd ol e e o 1

conducti ve traces t
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|nto a sl ot oktoAtacts.
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In accordance with one aspect of the present
invention, the electrical connector assembly includes a
housing having a plurality of contacts disposed along an
elongate onening, flexible substrate having a width

' corresponding to the opening of the housing and

conductive traces on one surface thereof coxrresponding
to the contacts in the housing; and a guide member
having a plate portion to be disposed in a flexible
substrate bent in a generally U-shape with the one
surface outside to be inserted into the opening of the
housing. The connector assembly is characterized in
that: the housing includes a ground conductive member
at at least one end thereof: the flexible substrate is
formed with a ground cenductor on the other surface
thereof; and the guide member is a conductive member
adapted to further provide a connection to ground for
the assembly whereby the contacts and the‘conductive
traces are electrically connected by the force exerted
by the guide member on the flexible substrate and the
ground conductor of the substrate is coanected to the
ground conductive member of the housing by the guide
member.

In the preferred embodimén:, the asgembly further
includes strengthening plates disposed on the other
surface thereof at the locations corresponding to the
conductive pads. '

 One aspect of the present invention is an FC having
two arrays of corresponding conductive pads and
conductive traces on one surface with the plurality of
conductive pads of the arrays artanged in rows in an.
opposed relationship. A plurality of openings are
disposed between the arrays leaving narrow bridge'
portions between adjacent openings. Strengthening

‘plates are attached to the reversed surface at the

[
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to the menory car
2

engage contacts 50" di sposeb—at " the open

i nterconnecti OnpodQticns MWhiPebBbRd £AG O b Ockk O86A&uat LBE OHRls 191 p@not her
enbodi nent of an electrlcgl'connector of %ge ﬁtgsent i nvention wll be
described. Fi guPETEIPBE,AT| ERGeBIFERGEROPLRT  RLAEPR BFPRARIRG RS FHDf t he
anot her enbodi nepenifkgguby & psedetesoheedi tengeh. where the 15  guide
member 1o be used faf gbheafhPRLE! £abeSOBECLRE pPedbhe ' Sublig FG, capnECt o

5 gui de Cont act DadEs SHERT BASWBEENat the i ddl Li e FC
70°) 5" Tor 844°8y *Re qui de mbrber FEBLAGED. an apeni ng of égﬁlﬁggﬁﬁ e
H—at—pet-h—stdes—of 0 establ

flexible circuit (FC) comprisizig conductive traces on
one surface of a central film, a ground layer on the
reverse surface, and cover layers diéposed to cover the
conductive traces and the ground layer. A plurality of
openings are formed in the cover layers substantially in
10 rows at selected locations that avoid theiconductive
traces. ' -
The FC according to the present invention hasg
openings in the direction of the width at substantially
. center position between the rows of the conductive pads.
Cw " 15 The openings define the relatively narrow bridge
portions of the FC. The FC hag a pair of strengthening
plates adhered to both aides of the openings and at
least one surface of the FC. The palr of strengthening
~ plates have edges extending into the cpenings by a

20 desired length from both sides thereof.

) Additionally, the FC according to the present
invention has a plurality of_recesses arranged
substantially in rows near the bent portion. The
recesses are preferably formed by removing a part of one

25 layer of a multiple-layer FC, thereby allowing the FC to
bend smoothly at a desired positlon. )

The FC is bent or folded along the bridge portions
before being ingerted into a connector along with a
. guide member, and upon full insertiom of the board and

- 30 guide member, the conductive pads of the FC are
electrically connected with contacts in the connector.
The edge portions of the strengthening plates then abut
the bottom in the housing for proper positioning of the
FC in the connector, thereby assuring reliable

35 electrical connection hetween the conductive padsfand
the contacts. Also, it is bent at a desired angle,
preferably a right angle along the recesses, thereby

' -6 - . .
* This Sheet Has Been Replaced : e
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connector shown 20 in Figu connec
wi th a housing f 6 t 2
opposedl y dlspggg%ﬁ€§?§§Q$§%§%?ﬁaﬂ €6 éugPﬁieEkB&aE gﬁ %% Eg@ @énga£&14o

for forcing an@oRsectQi: gy ﬁ&hﬁﬁédﬁﬁlfﬁann§gPtSééﬁnPSrFﬁgnhou§Fﬁaelzo
Plate-like growhd eledtaticsd wenbersol24sasrbpyovonptieesbat keepderunbaces

R hous! me " A1 SR s BeRt {5 P 2 5hR" nd 147w hOrReBEE 160" 1T
S5 a wall or L-shape as seen in the prior art electrical
connector agsembly, the connectoxr of the present
jinvention eliminates deformation of the guide between
the contacts and disengagement and short circuit caused
, therebetween, Accordingly, stable electrical
10 connections and easy handling are achieved. Also, the
structure having the FC connected to the contacts on the
housing at the both ends thereof enables high density.
- According to another aspect of the present
invention, the electrical comnector comprises a housing
15 having two rows of contacts along an elongate opening, a
flexible printed circuit board having a plurality of '
conductive traces on a surface correspoﬁding to these
contacts, and a guide member having a generally planer
. portion to be insérted into a U-shaped bent portion of
20 the flexible printed circuit board, wherein the
conductive traces on the flexible printed circuit boazrd
are forced between the rows of the contacts by means of
the guide member for establishing electrical |
interconnection between the conductive't:aces and the
25 contacts in the housing. thus electrically'connecting
the contacts with corresponding contacts of at least one
electrical comnector terminated to the ends of the FC.
According to the electrical connector assembly, it
i possible to connect the high frequency.signals to the
30 contacts through the conductive traces on the surface of
the FC. The FC is bent in a U-shape to envelope the
guide such that the guide electrically engages the
ground conductor of the FC board and upon inserting the
FC into the housing, the guide electrically engages the
35 ground conductive members of the housing. Since all the
conductive traces formed on the one surface of the FC

-~
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fo épgaQ§§%rmﬁ3¥|0ns (not shown) forned at side 30 porEl &é@th t he
o,

housi ng as Shown in Figure 8B. Wen the guide ne al.ong

-an arrow 141, as will be described hereinafter, to be |nser

housi ng 120 acﬁzplﬂlddi :nta.'J.O'Er%:%so‘c al ngﬂuH@ﬁs%?bﬁhdlﬂQgﬁnﬁégaﬁehéf
proj ections 1§§ﬁﬁ th 35 = cog u tlvgtgroggo nmbers 124. As'the
conductive gr °P§53F§ frodft 884 ®8onnect ed on the substrate (not
shown) nounting sthengikiesehtt haventiongwi2l howt be desdribed by way
of example with reference to the preferred embodiment in
5 cenjunction with the acccmpanylng drawings.

FIGURE 1 is an isometric view of an electrical
connector asgembly according to a preferred embodiment
of the present invention.

FIGURE 2A is a side view of the elactrical connector

10 assembly shown in Figure 1 prior to mating with the
corresponding connector. .

FIGURE 2B is a side view of the electrlcal connector
assembly shown in Figure 1 at a starting time for mat;ng
with the corresponding connector.

15 FIGURE 2C is a side view of the electrical connector
assembly fully coupled with the corresponding connector.

FIGURE 3 is a cross-sectional side view where the
electrical comnnector assembly according to the present

. invention is adapted to a stacked memory card connector.
20 FIGURE 4 is a partial model view of another
embodiment of the electrical connector assembly
according ta the present invention.

FIGURE 5 is an isometric view of the electrical

connector assembly of another embediment according to
25 the present lnvention. : .

FIGURE 6 is an isometric view showing a situation
where the guide member in the electrical connector
assembly shown in Figure 5 is mounted in a flexible
printed circuit board connected to the memory card

30 connector.

FIGURE 7A shows a front view of the housing of the
electrical comnector assembly of Figure 5. .

FIGURE 7B shows a side view of the housing of the
electrical connector assembly of Figure 57 _ '

35 FIGURE 7C shows a cross-sectional view taken along
‘the line 7C-7C of Figurxe 7A.
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W96/ 233 . PCT/ US9 34 s ) trate
IS enhan%éaggﬁgﬂ?urallty of contacts 122 di sposed in tﬁgé%éﬁéﬁ%&%

engaged, respectively, wi.th the conductlve pads 164 of

162 formed on the §fy d¥ Rl nfaidd o5 e éqg_,é s bent
at a mddle portion 165 alg enc?portlons 166 168 of theé]FC 161

connected to c%?respondlng contacts. of a nmenory card connector 180. A shape

of the PC 160 is SPIGUREismliy =wytonn Hiawures tHaA-Hbuaihgl % @igﬁn FC 160

is 10 contlnﬂgusly bent at the m ddle portion 165 thereof to

-

5 FIGURE 93 is a front view of a guide membexr of the .
electrical connector agssmbly shown in Figure 5.
FIGURE 9B is a plan view of a guide member of the
electrical connector assembly shown in Figurae 5.
FIGURE 9C is a rear view of a guide member of the
10 elactrical connector assembly shown in Figure 5. '
FIGURE 10A is a cross-sectional view of the guide
mamber of Figure 9 taken along the line 10A-10A of
_ Figure 9A.

2, FIGURE 10B is an end view of the guide member of

B 15 F*gure SA-C.

FIGURE 11A is a fromt view of a flex;ble circuit
inserted in an electrical connector assembly.

FIGURE 11E is a side view of the flexible circuit

- ingerted in the electrical connactor assembly of Figure

20 11A.

PIGURR 123 is a cross-sectional view showing a guide
member of the electrical connector assembly disposed
between the U-shaped flexible circuit prior to inserting
the flexible circuit into a connector housing.

25 FIGURE 12B is a cross-sectional view showing a guide
member of the electrical connector assémbly disposed
betwean the U-shaped flexible circuit with the U-shaped
end of the flexible printed circuit board ingerted into
the connector housing.

30 FIGURE 12B is a cross-sectional view showing the
flexible circuit secured by the guide member in the
connector housing. _

FIGURE 13 is a plan view at one surface of the FC
according to the present invention.

35 FIGURE 14 is a bottom view of the reverse surface of
the PC in Figure 13. |

;.u\, ;*’r";J i "_ﬂ !



——

formtwo wiring portions or arrays 170, 172.- The wiring portions or arrays

170, 172 8P8%PoPREd with signal traces 162 shown in Fi gur eTAUSRE/@OREIEt i ve
pads 164 on both surfaces 170[err], 172[err] of the w RERGABBMENGNEAGE

170, 172. 15 Al so, irLng_portions 170 172 are.formed with a ground
conduct or or groungkgﬁgﬁgéga?sbﬁdﬁlgﬁr?%%%§a575?e???yf72?ﬁrPf}oFeg%ectiver
such as descri bdterdhgwthet Btrefigtbeséngopkageses 13-18. The ground wiring

or conductor prefe | gpf Ldg € - SHE () .
Lroferr], 172 er] bRGUNE 26, bR pdin ERLpACrR0RE BUEF26RA1 View of the
t hereof . The g8Fda&PnE#EBFe120 as shown in Figures 9A-C and 10 -

5 -~  FIGURE 17 is & simplifiad cross-secticnal view of
the FC in Figure 1 as inserted into a connector.
'FIGURE 18 is an isometric view of the FC in Figure
13 showing how it is folded or bent when inserted into a
. connector, :
10 Pigure 1 i3 an isometric view showing a major part
of an embodiment of the present invention adapted to an
' electrical connector assembly, such as a memofy card
connector 10. Figures 2A through 2C show a process for
~ inserting and connecting the memory card connector 10 of
15 Figure 1 to a mating connector 40 disposed on and
connected to a main substrate 100. That is, Figure 2A
ghows a situation where the memory card comnnector 10 and
the mating connector 40 are separated from each cother.
Figure 2B shows the memory card conhector 10 partially
20 inserted in the mating connector 40. Figure 2C shows '
the memory card connector 10 fully mated with the mating
connactor 40.
As appreciated from Figqures 1 and 2, the memory caxd
conmnector 10 of thea specific enbodiment comprises two
25 stacked connector housings 11,12. Plural rows of
contacts 13,14 project from wall surfaces 11a,12a of
these housings 11,12. In these Figures, the plurality
of contacts 13,14 are two rows of gignal eontacts
l3a,14a and one row of ground contacts 13b,l4b. 2as
30 appreciated_from'the above mentioned U.S. Patent No.
5,324,204, these housings 11,12 comprise,:at front
surfaces thereof, a memory card, or a plastic or a
metallic plate holder for receiviﬁg the HDD (not shown
in the Figures 1, and 2), respectively. )
35 An FC 20 having sufficient length is connected to
each contact 13,14 of the connector housings 11,12 at
both ends 21,22 of the conductive traces of the FC 20 by

- 10 -

AMENDED SHEET i



l A-Bis nple, integrally forned by stanping énd S eet of
nmet at %%%gébgé?opper all oy such as 25 phosphorous ¢ Rﬁﬁ é?
-with the above described ground portions 142 at both the

gui de menbery 4l og°%§%91ggcth@°gaa errfgﬁéﬁéégdstaftﬁtgﬁaﬁg% gretal lic

sheet is bent at t e portlon 140 | S_out war nt at end

portions, anePhe® t?hﬁoﬁﬁda cRFE | s (REERLLRY 06- ?ﬂ%dﬁ?%ﬁﬁﬂ portions
142 are dovmmdés bsnhaw‘rméoemﬁm ggsmmdzpoafeoﬂesrﬁéa od heen gHtEel

portions 142 e nc ereby hol ding the housing 120 from both
si des when a%%F%%?édéﬁh $ ﬂc %@e gui de nmenber 140 is di sposed between the

wiring S A guide membe* 30 iz inserted into a middle portion
of the FC 20 to bend it in a U-shape. The guide member
30 is preferably formed by stamping and bending a
conductive metal plate in a traditional manner. As best
seen in Figure 2A-2C, the guide member 30 has an
10 insertion portion 31 formed by folding the metal plate
to be inserted between rows of contacts 50 of a mating
connector 40 as hereinafter explained, and an actuation
portion 32 generally perpendicular to the insexrtion
portion and having a generally planer surface. The
15 actuation portion 32 is provided with a slot 33, having
a width corresponding to the FC 20, for receiving side
edges thereof. The FC 20 is inserted in the slot 33
with a generally U-shape along an outer surface of the
ingertion portiom 31. _ i
20 The receptacle Eype mating connector 40 has an
' elongate“box-shaped housing 41 to be mounted on the main
substrate 100. The housing 41 has an opening 42 at an
upper surface thereof, and has a plurality of surface
mounted type (SMT) contacts 50 disposed and secured at
25 both sides of the opening 42. The housing 41 has metal
' mounting fixtures 43 at both ends in the longitudinal
direction of the housing 41, and preferably the
connector housing 41 is soldered and secured on a
conductive layer (not shown) on the main substrate 100.
30 Each of the contacts 50 of the connector 40 includes
a resilient contact beam 52 having a contact surface 51
near the front end théreof, a mounting portion 53 to be-
ingerted and secured in a contact“receiving opening of
the housing 41, and a connecting portion 54 to be
35 surface mounted to conductive pads 102 on the main
substrate 100. Preferably, a length of the resilient
contact beam 52 is selected in various different

- 11 -
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35 portions or arrays 170,172. Until the guide nenber 140 is inserted into
the housiS#JIL2@CH he gui de menber 140 -14 - WO 96/ 2333F/US96/001134
PCT/ US96/ 01134 is preengaged with prOJectlons 191 (see BEPLACEMENY PAGEed on

Wil be descri HEFHSPRMATE AHepesedodt BEReRRTER 28 Labegueiienshci ng 120
and i s secured dohimvandigh density disposition. As seen from Figuras -
2A, the contact surface 51 of each contact 50 projects
into the opening 42 of the housming 41.-
5 In a condition in wnicr the memory card ccn,ectcr 10
ig not mated or connected to the co:respcnding connector
40, that is, in the situation shown in Fiéure 2A, the
contact pad portion of the FC 20 is bent in a generally
ﬁ-shape. Accordingly, as shown in Figure 2B, the U-
10 shaped PC 20 can be easily inserted into the housing 41
with low insertion force and essentially without
. engaging the contacts 50. Finally, as shown in Figure
2C, when the insertion portidn 31 of the guide member 30
is inserted into the opening 42 of the corresponding
15 connector 40 the U-shaped portion of the FC 20 formed
with contact pads 24 is forced ocutwardly from inside to
urge and expand ocutwardly the contact beams 52 of the
eontacts 50.. Therefore, the contact pads 24 of the FC
20 of the conductive traces 23 are forced and engaged
20 with the contact surfaces 51 of the contacts 50, thereby
intercomnecting the contacts 13,14 of the memory card
conductor 10 to the contacts 50 of the mating connector
40, further ¢nterconnect;ng between pads 102 on the main
substrate 100,
25 . If the FC 20 ia formed with a ground conductive
layer on an ipner surface thereof, the insextion portion
31 of the guide member 30 engages the conductive layer.
Although it is not shown, the guide member 30 is
preferably engaged with the mounting metal fixture 43 of
30 the housing 41 at the both ends in the longitudinal
direétion of the gquide member 30 to electrically engage
the ground conductive layer of the FPC 20.
As is readily appreciated from a comparison between
the connectors 10,40 of the Pigures 2A through 2¢ and
35 the conventional memory card connector disclosed in the
above described U.S. Patent No. 5,324,204, the
electrical connector assembly of the presént invention

AMENDED SHEET .
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t he gui de_nenber 140. In order to secure the FC 160 in the hou5|nﬁ 120 by

the gui dSHENHHCH40, first, as shown in Figure 12A, the’ 3440
is disposed at a position spaced apart fromthe mddle Hﬁﬁﬁfua
10 FC 160. Then s_sho [ B.,and 12 he m tlon 165 .
of the Fe 160 SeRTRESH crhe Muiahing AF iy aiped i rnt T FH PR T ddi ¢
portion 165 of smmeﬁmémmmmmm richel o1 wbvmmmﬂt@undmc t he
guide member Liths | HeS20VeRe |11k REHREAAGINAD Voltadbor |46, PG00 10 be
inserted into '

inserted into
5

10

15

20

25

30

35

e B e Sy Ben T
an easily handled and a highly Jdense arrangenent
corresponding to the conductive traces of the FC 20 is
achievad because of el*mznation of plural rows of the
deformable and high density L-shaped contacts. Further,
an important matter is that length of the.sigmal traces

- from contracts 13,14 of the housings 11,12 to the

contacts 50 of the mating connector 40 cap be formed
such that the iength igs essentially conatant.
Accordingly, since even in high speed data signals it is
possible to make signal transmission time or signal
delay constant, the present connector is suitable for a
card bus for transmitting high speed and high frequency
signals. Further, since the memory card connector 10 is
detachably connected to the connector 40 mounted on the
main substrate, it should be noted that the termimation
assembly of the connector and serviceability are '
substantially improved. '

. Pigure 3 is a cross-sectional view showing entire
memory card connector 10, of the present invention,
including a memory card retention portion 15. The
memory card retention portion 15 of the memory card
connector 10 is formed by bending a thin metal sheet.

In the preferred embodiment cf.the electrical connector
assemhly shown in Figure 3, the connector housings 11,12
are in a stacked arrangement with the respective
contacts 13,14 overlying each other. However, the
present invention ig not limited to such an embodiment;
for example, the present invention can be applied to a
card bus for interconnecting contacts on wall surfaces
of a pair of housings disposed in oppomite relationship.
Another such embodiment of an electrical connector
60 is shown in Figuré 4. Electrical connector assembly
60 comprises a pair of separate docking comnectors or

- 13 -
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Accordin t ground wiring fornmed on the back surfag
170[er 55€éq%ﬁf] of the FC 160 are positively engag L 6 18 %E gui de
- menber 140, and also the ground portions 142 of the T & engage
the projecti n ti. I '
descri bed. T%{e&bw de rrenber 58'% %g'd?igf %{ﬁ%ﬁ&%g’ :ﬁ‘% m nat| ng
def or mat i on @&l S HRRAFeR aarh QENET Anfewald SSRGS ERaReRL fBFber 140
i s inserted 'p&‘éféﬂ%ﬂ)l Li&idl%dle%o 1/6&(‘aqr HAR@ br e Y Id ehimbPd¥s 164 (see
- Figure 6) can be readll and f . en ed wth the co tacts 122 nore
easi |y than CHREEGH c“t!m?é’rc %é' tlaﬁff'? el | ent

reliabilisgy qmmunﬁACOn;acts 3a, 64b ‘Batween both connectcrs 61,62
is a mating connector 40' soldered on a main substrate
200. The mating connector 407 can be essentially
gimilar to the mating connector 40 shown in Figures 1

_ through 3. A FC 70 is connected to the contacts 63,64

10 at one end of the conductive traces thereof on the walls
of the both comnectors 61,62 by means of a prior art
technique. A middle portion of the FC 70 is inserted
into a slot of a guide member B80. Contact pads (not
shown) at the middle portion of the FC 70 are forced by

15 the guide member 80 into an opening of thé connector 40'
o engage contacts 50' disposed at both sides of the
opening to establish-interconnection.

With reference to Figures 5§ through 12, ancther
embadiment of an slectrical connector of the present

20 invention will be described. Figure § is an isometric
view of the electrical connector of the another
embodiment. Figure 6 ig an isometric view in which the
guide member to be used for the electrical connector is
positioned on the FC that is connected to the memory

25 card coﬁnectcr. Figures 7A-C and 8A-B show a housing of
the electrical comnector shown in Figure 5. Figures 9A-
C and 10A-B show the guide member of the electrical
connector shown in Figure 5.

An electrical connector 110 is provided with a

30 housing 120 having an opening 121 for receiving an FC
160, a plurality of contacts 122 opposedly disposed in
two rows in the housing 120, and a guide member 140 for
forcing and securing the FC 160 inserted into the
housing 120. Plate-like ground conductive members 124

35 are provided on both end surfaces 120a of the housing
120 by pressing side portions 124a into slots 1200 in
the housings 120 to engage projections (not shown)

- 14 =
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30 operation. Further, in the situation where the netallic quide nenber
140 is i ns@P788 PAFo the housing 120, since the gui de menueF/Yade
bot h the ground conductive nenbers 124 secured in the hoﬂg?ﬁﬁcgﬁﬁﬂﬁ Ee

740 a1 so funct | ofgrabaabietBR' pirbiPls Mabaiyitnte hBGsR %20 Ba o0 16
is a preferred eRboWRnbAt FhgurecS®C 1Wnenntheconidacecmpen 148 b3 asevrd - 15
- in the direction of arrow 141, as will be deacribed
hereinafter, to be inserted inte the housing 120, a -
S ground portion 142 of the guide member 140 engages the
projections 124b of the conductive ground members 124.
As the conductive ground member 124 is mounted and
connected on the substrate (not shown), the mounting
' strength of the housing 120 to the substrate is
10 enhanced. A.piurality of contacts 122 disposed in the
housing 120 are engaged, reaspectively, with the
conductive pads 164 of the signal traces 162 formed on
the FC 160, _
As shown in Figure 6, the FC 160 is bent at a middle
15 portion 165 and end portions 166,168 of the PC 160 are_
connected to corresponding contacts of a memory card
' connector 180. A shape of the PC 160 is schematically
shown in Figures 11A-B and 12A-C. The FC 160 is
continuously bent at the middle portiohllss therecf to
20 form two wiring portions or arrays 170,172. The wiring
. portions or arrays 170,172 are formed with signal traces
. 162 shown in Pigure 6 and conductive pads 164 on both
surfaces 170a,172a of the wiring portions 170,172.
Also, the wiring portiomns 170,172 are formed with a
25 ground conductor or ground wiring at back surfaces
170b,172b, respectively, such as described below with
reference to Figures 13-18. The grcund'wiring or
conductor preferably is formed on entire back surfaces
170b,172b or, alternatively, may be formed only on a
30 portion thereof. _
‘The guide member 140, as shown in Figures SA-C and
10 A-B is, for example, integrally formed.by stamping
and bending a sheet of metal made of copper alloy such
as phosphorous copper, and is formed with’the above
35 described ground portions 142 at both end portions of
the guide member 140. Upon forming the guide member
140, the stamped metallic sheet is bent at the middle

-

- 15 -
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WO 96/ 23331 PCT/ US96/ 01134 i nventi on.

i

Fi.gure 1302R8WECEne surface 160a of the FC 160 while Fj gef 364434 he
reverse surface 160b. thereof. Al so shown in Figure 15 PAENENT RACGE 50h

bef ore adherin reng i pl at ' [ch wiy; escribed
her ei nafter. ﬁ?#ﬁé’rgn%{‘]gg %?%unr'% %tg%ﬁ%%%l%&%é cér:,%%sé)%étg %‘Ca%'al Vi ew
in the thi ckneTheder@cpeshlrnymre denthidewwardlylgec pbexm othe Aramsin in

Figure 16, thepBecibflsi $450r MBle agrduddl port B0 B4 Usdve Credi TRaHSR! film
182 of polyan1g§ 10,  or,the IIH&% epar at es e'S|dgbgé£uct re1m8%a to form
the surface 16BR&REPE FEVERLNI <F Sl’é&ﬁ&%r’e&g%mf‘o gldes when
' S5 assembled theretfo. The guide member 140 is disposed
.~ between the wiring portions or arrays 170,172. Until

the guide member 140 is inserted into the housing 120,

the guide member 140 is preengaged with projections 191

(sea Figures 11 and 14) formed, on the FC 160.

10 Now, with reference to Figures 11A-B and 12 A-C, a
sequence will be described in which the FC 160 is
‘inserted into the housing 120 and is secured by means of
the guide member 140. In order to secure the FC 160 in
the housing 120 by the guide member 140, first, as shown

15 in Figure 12A, the gquide member 140 is disposed at a
position spaced apart from the middle portion 165 of the
FC 160. Then, as shown in Figures 11A-B and 12B, the
middle portion 165 of the FC 160 is inserted into the

. housing 120. After ingerting the middle portion 165 of

20 the FC 160 into the housing 120, .as shown in Figure 12C,

: the guide member 140 rides over the projections 161 of
the FC 160 to be ingerted into the housing 120, and the
middle portion 165 of the FC 160 inserted-into the
houging 120 and is forced into position by the guide

25 member 140. Accordingly, the ground wiring formed on

" the back surfaces 170b,172b of the FC 160 are positively -
engaged with the guide member 140, and, additiomally the
ground portioms 142 of the guide member 140 engage the

. projections 124b of the ground conductive member 124, as

30 described above. The guide member 140 is made of metal,
thereby eliminating deformation or breaking of the guide
member when the guide member 140 is inserted into the
housing 120, Accordingly, the conductive pads 164 (sae
Figqure 6) can be réadily and firmly engaged with the

35 contacts 122 more easily than can a plastic cover or
guide member, thus enabling excellent reliability and
easy operation. Further, in the situation in which the

- 16 -
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formthe surface 160b. Each structure 182a, 182b, is nade by an electrically
canduct i 8878P| REEf copper or the like and a cover |ayer. 1BSIS#6/003484 de or
the like 15 adhered on the surface of the central fiREPLRCEMENTFAZE ve

materi al 183a,183b,., The electrically conductive filmis further etched to
for m conduct i vBepatLEFnguige Eﬁﬂb%xg}%%ngEIHQ%?rﬁ9@ WRER ER® | BowEingscr i bed
hereinafter. 2020, theAguidavmexdberfi D40 cendagendodth the gidwed ure 160a on

'nl ndi ng condGRrrYECLy 8 AnEE8 4E) AfeRheETEn Yhe Mt H iR 10 T

‘conducti ve trathe ground conductor or wiring (not shown! on the FC

-

5 160, the guide member 140 alsc functions as a ground
member.
' A preferred embodiment of the FC 160 in accordance
with the present invention is illustrated in Figures 13
through 1&. Figure 13 shows one surface 160a of the FC
10 160 while Figure 14 shows the reverse surface 160b
. thereof. Also shown in Figure 15 is the surface 150b
before adhering strengthening plates 190,196, which will
be described hereinafter. Furthermore, Figure 16 shows

e ‘an enlarged cross-sectional view in the thickness

15 direction from the slot to the edge portion.

As shown in Figure 16, the FC 160 is formed as a
multi-layer structure. A central film 182 of polyamide
or the like separates one side structure 182a to form

 the surface 160 and a reverse side structure 182b to

20 form the surface 160b. Each structure 182a,182b, is
made by an électrically conductive film of copper or the
like and a cover layer 185 cof polyamide or the like
adhered on the surface of the central f£ilm 182 by
adhesive material 183a,183b,. The electrically

25 conductive film is further etched to form conductive
patterns 162 and a ground layer 176, which will be
described hereinafter. :

As shown in Figures 13 and .16, the structure 182a on
surface 160a of the FC comprises conductive arrays

30 170,172, having conductive pads 164, including
conductive traces 162, connection portions 167 connected
to conductive traces 162, and through-holes 169
extending to the other surface 160b. [Each conductive
trace 162 interconnects the respective conductive'pads

35 164 and connection portion 167. As best shown in Pigure
16, the conductive pads 164 have a gold or solder
plating layer 163. The pads 164 are arranged in

&
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162 ‘and havi ng t hrough-hol es 169 extending to the other 25 surface 160b.

Each co@&2 iB& trace 162 interconnects the respective V896V 008LpAds 164

. and connection portion-167. As best shown in Fi gure REPLAGEMENRJIEAGEve pads

164 having gold or solder plating |ayer 163. The pads 164 are arranged in
cor r espondi nFIFRH % Ft‘??é“é%ns Eohida 6’t°°&ﬂﬁfta°crt Sondacsas Sph
connect or 11Gss howromédgtpr ast b -shdwn dir cigured % 12C 160 recdizee

staggered in Mot d . i i QLU ... Not e that ground
contact pads Ef%af %?elér?\c%ergi ia??%ga%?#qlwgﬂéo?éucti%\?jel%gads 164 as shown

in Figure 13.cmhdimenteheyn igofigurepdds 1Wete £haits gasuadaconsasti ons to

engage 5 pads 174 are mixed in the rows of tche conductive pads

164 as shcown in Figure 13. The ground contact pads 174
are digposed at locations to engage with desired
contacts in the conmector. Also, the ground contact
pads 174 are electrically connected to a ground layer

10 176 to be described hereinafter by way of via holes 173
extending in the direction of the thickness of the FC.
The connection portions 167 formed at the edge portions
of the FC 160 are in a ring form to be soldered to the -
contacts of a BC card connector and are formed with

15 through-holes 169 as mentioned above.

The structure 182a on surface 160a also includes a
plurality of recesses 184 that extend into the cover
layer 185 and are formed by partly removing the cover

. layer 185 and are arranged substantially in rows, as
20 seen in Figures 13 and 14. ' |

The FC 160 is preferably formed with openings or
slots 186 extending therethrough and at substantially
center position between the rows of the conductive pads
164. The openings 186 provide the FC 160 with

25 relatively narrow bridge or belt-like portions 188
therebetween.

As best shown in Figures 14 through 16, the reverse
structure 182b on surface 150b includes the ground layer
176 and connection porticns 178.. The ground layer 176

30 includes a plate porticn 175 and mesh portions 177. The
plate portion 175 comprises an electrically conductive
"£1lm of copper or the like extending in two dimensions
while the mesh portioms 177 are forxmed by etching the

_ elsctrically conductive £ilm in a slanted mesh as shown

35 in Figure 14 through 15. Alsoc, the ground layer 176.
exterds from the edges of the meshed portions 177 to the
edges of the FC 160 for connection to the comnection

.= 18 -
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Qﬁth de acts in the connector. Al so, the ground.,g s 174
are ele |caﬁ$€$connected to a- 16 - WO 96/ 23331 fﬁgéﬁ?06x¥%

PCT/ US96/ 01134 ground | ayer 176 to be described hermlﬁﬁ%ﬁﬁcﬁﬂgm%jHEF:V|a

hol es 173 ext Gaekiifodd) 198 Gl Gl e dift ddN AL 0L L FC The
connecti on por o s 167 r med at B &? CNtIOﬂS of the FC 160 are in a
rlngformto5° 135 tihe lopsgst cORReCioR AFTions

167. The connection portions 178 recéive ground
connection terminals of the PC card ccnnector at the
5 through-holes 179 extending to the surface 160a for
making solder connactions to contacts of a connector
(not shown). s
' The FC 160 further includes first and second plastic
strengthening plates 130,196 made from glass-filled
10 epoxy resin or the like that are adhered on the surface
160b as shown in Figure 14. The first strengthening
plates 190 are positicned at both mides of the copenings
186 as a pair and at the immediate reverse side of the
conductive pads 164. Note that the first strengthening
15 plates 130 include opposed edges 192,193 with edge 152
having projections 151 that extend into the cpenings 186
when the first strengthening plates 190 are adhered.
The edges 192 are parallel with the openings 186. As
- shown in Figures 14 and 15, the first strengthening
20 plates 130 substantially cover the plate portiom 175.
Also, at least one of the pair of the Eirst
strengthening plates 190 is formed with engaging slots
194 or projectibns 191 to be used preliminary for
- retaining the FC 160 to guide member 140 when it is
25 inserted into the comnector, as previously described
with reference tc Figure 11.

_ Additionally, the second strengthening plate 196 is
adhesively secured at the locations of the connection
portions 167,178 using adhesive material 183b such as a

30 liquid golder resist. - This makes it easy to solder the
connector to the PC card connector. The gecond
strengthening plate 196 has through-holes at location
corresponding to the connection portions 167, 178.

A cross-sectional view of the FC 160 according to
35 the present invention as inserted into the connector 110
having a FC receiving opening 121 is showr in Figure 17.

- 19 -
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are formed wth through-holes 169 as nentioned above. The structure 182a
al so incko@es acwl urality of recesses 184 which extend [ nrgushe/coresal ayer
185 and are fornmed by partly renoving the cover | ayer REBLAGEMENT PAGE

arranged substantially in rows, as seen in F[gure 18. The FC 160 is -
preferably for %88 WFt A68péAi Agsded aFothe1bridgechRarhionfetB8B8hybtightad at

substantial |y eeftifetRoel ph@l DeitVegaififconwsr@lyt he conductive pads 15
164. The openings_186,provide the FC 160 with relatiyely naryow, bridge or
bel t-1ike portions®1881HRFENRETEH guide member §6'Y8 4a88'LS"nger

the FC 160 into the FC receiving slot 121. As shown in
5 Figure 18, the FC 160 is bent at a substantially right
angle along the recesges 184 and the reverse surface
160b near the edges 193 of the first strengthening
_ plates 190. In the ingerted portion, the.adges 193 of
' the first strengthening plates 180 abut against the
10 bottom surface 123 of the FC receiving opening 121.
This provides precise alignment of the conductive pads
164 with contact points of contacts (not shown) in the
connector 110, thereby aésuring reliable interconnecticn |
therebetween. - : _
15 = It is to be understood that the shown in Figures 1
through 4 may be modified to include the support plates
190, as shown in Figure 18 and additional plataes 196

-

,.
.

(not shown). The support of reinforcing plates 190
protects the inner surface of the FC.
20 While a plurality of exemplary embodiments of the

electrical connector assembly according to the present
invention has been described herein, it is not intended
‘that this invention be limited to the embodiments. It
will be appreciated by'those skilled ih.:he art that

25 various modifications can be made for speqific .
applications without departing.from the scope and spirit
of the invention. For example, the recesses 184 may not
be limited to the particular shape but may have a
constricted portion along the outer periphery or may

30 have wider portions. The strengthening plates 190 may
not be limited to plastic material but may be replaced
by metal plates. . B |

The electrical comnector assembly according to the

present invention, as appreciated from the above .

3s descriptién; provides following various excellent
advantages. It is suitable for an application in which
an high density electrical connector such as an memory

- 20 - > -
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176 includes a plate portion 175 and nesh portions 17778

As best LA-Fi gures 14 through 16, the reverse stru | hel udes
t he grou%€9$gyg¢Tl76 and 20 connection portions 178. $£§g§$§§§%§§%§gr

i on
175 conpri ses I ' % i | f nBORRE t i ke
extending in tégrgi%%%%%gﬁbth?%gﬂgﬁgiH%gﬁ?#%$%?oﬂ§ €§§£3§%5f£§ned by
etching the eligF?FEQPF?CESd LR FRREEFRENRLRS, FARGUCELVR cRXPRR RS ’BMown i n

Figure 14 throppingéd éisouit bogrdundsy ayeind 7€hexfkesdibleosubseragges of
connect on por iansid8t tflela eRitids e ort, B8 ol By SEEAET e 0’ o
the above S enabling the high density ccntacts of the connecter to
be reliably and easily intercomnected to the PC board
conductive areas without having the preblems associated
with deformation of the contact legs.

A high density electrical connector assembly is

10 achieved, since the conductive traces or the conductive
pada formed at the middle portion of the FC are engaged
with a plurality of contacts in one connector and the
other ends of the traces are connected to corresponding
contacts of at least one conventicnal FC ¢onunector

15 terminated at the ends of the FC. .

The electrical comnection between the conductive
pads and the contacts are established by inserting the
guide member into the FC bent in a generally U-shape.
Since the guide member is forced between the rows of the

20 contacts, an assured interconnection is provided even
 for an the FC having sufficiently large width. Further,
if a conductive metal guide member is used for the FC
having a ground conductor on the reverse side thereof
the guide member can be electrically engaged to ground

25 c¢onductive members at one or both ends of the housing.

" Thus a high Qensity comnector assembly for high
frequency signals is obtained. o

The flexible circuit according to the present
invention assures highly reliable elactrical connection

30 while maintaining a relatively narrow pitch between
contacts by folding it along the relatively narrow
bridge portions and by the provision of the
strengthening plates abutting against the housing for
-accurate alignment or registration between the .

35 conductive pads and the contacts. Especially, the
bridge portiona are relatively narrow to permit smooth

G
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L ment i nnection portions 167. The connection p

recelve 5P§§§d gﬁnnectlon termnals of the PC card conggﬁgéggggggﬁ 134
t hrough-hol es 179 extending to the surface 160a for 1

connecti ons tog Sﬂaiﬁgtéfo hé fé””éﬁﬁ@raéaﬂa O&HthIQQbEQ £84

conprises first and Secon astic sire g at es , S% it e from-
gl ass-filled eﬁBR%lFésFﬁ E55a35¥aY%e°¥|R emﬂ?Eﬁ“S @rﬁdH§P€E°Bn the surface

160b as shown in -pirfthermore; the provision of the ground layer on

the inner surface of the FC and the conductive patterns

5 for transmitting signals on the outer surface
effectively reduces crosstalk noise batween the
conductive patterms.

Additionally, the recesses formed by removing a part

of the layers near the bending positions of the FC

10 parmit bending of the FC at a desired position and
angle. '

- 22 - . e
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W96/ 23331 - | PCTUS96/ 01134 Figure 14.
The firs30%%9ePgFheni ng plates 190 are positioned at bot RTVERE/ 88113k
openings 186 as a pair and at the i mediate reverse si REPBACEMENE FRGE! | ve

pads 164. th§¥é££$§the first strengthening plates 190 5 i ncl ude and edge
192 having pr g portions 191 which extend into the openings 186 when
the first strengt hkni ninpébheesricl cenrettordasdembly gbscl@ing o3 par al | el

l“tEQné?ﬁe‘n’f’ﬁg'%?%‘2%5&%%2%&%g@”&%f“ﬁ%léé? TP Eofeattd (50,0231
‘Al'so, at | eastIbFROBPd: ALORG; 31 #1 Wﬁg#?rgﬁeg ?%néf%eﬁgﬁg'p?af%§xﬁkkﬁls
formed £ substrate having 2z width corresponding to the cpenirg
' (42,121) of the housing (41,120}, and having conductive
traces (23,162) on one surface thereof corresponding to
the contacts (50,122) in the housing; and a guide member
(30,140) having a plate portion to be disposed in a
10 flexible substrate bent in a generally U-shape with the
cne surface cutside, and to be inserted inte the opening
- {42,121) of the housing (41,120); the connector assembly
being charactarized in that: : _
the housing (41,120) includes a ground conductive
15 member (43,124) at least one end thereof; _
the flexible substrate is formed with a ground
conductor (176) on the other surface thereof; and
the guide member (30,140) is a conductive member
: adapted to further provide a connection to ground for
20 the assembly '
wﬁereby the contacts (50,122) and the ‘conductive
traces (23) are alectrically connected by the force
- axerted by the guide member (30,140) on the flexible
subgtrate and the ground conductor (176) of the
25 substrate is connected to the ground cenductive member
(43,140} of the housing (41,120) by the guide member
(30,140) . | - _
2. The electrical connector assembiy.of claim 1
wherein the flexible substrate further includes
30 strengthening places (190) disposed on the other surface
' thereof at the locations corresponding to the conductive
pads (164). _ ' _
3. The electrical connector assembly of claim 2
wherein the flexible substrate further includes a
.35 plurality of openings (186) formed between the afrays of
the conductive pads (164) to define relatively narrow
bridge portions (188); and parts of the streagthening

-

-
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'mdth eaga ing slots 194 or projections 191 to be prelimnary retaining the
on €3

FC 10 98 BGTde nember 140 when it is inserted into_t REUEBRARBREEI4 as

-previously 15 described with reference to Figure 11REBHACEMENTBAGKand,

e Beoon ot LERRL oL 88, P Sed 25k s FHICRHEEIGBCRHREY B85 Locot 0"
| i qui d sol der predesermihed dekgthit easy to 20 sol der the connector to
the PC card C@Dne%herelezhﬁiaszoeéngé&eagtasﬁgmgl9lake¢12§mh§8_z ox 3
t hrough- hol es at i qcatjon _corresponding to the connection_portions 167,
178. wherein the flexible submtrate further includes a cover
5 layer (185) dispcsed over the conductive traces with
conductive pads (164) of the traces being free of the
cover layer (185) to enable electrical connection:
thereto, the cover including a plurality &f recesses
(184) formed substantially in a line therecn at
10 locations where the conductive traces (162) and
conductive pads (164) are not formed to facilitate
bending of the flexible circuit (160) at a salected
location.’
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Shown in Figure 17 is a cross-sectional view of the 25 FC 160 according
to the present invention as i nser 86@Bnt'& tHe connector 110 havi ng a FC

_feceiving slot 121. The FC 160 is folded at the bridge portions 188 with

t he conductive pads 164 facing outwardly. A guide nenber or gui de nenber
140 is used to insert 30 the FC 160 into the FC receiving slot 121. As
shown in Figure 18, the FC 160 is bent at a substantially right angle al ong
the recesses 184 the reverse surface 160a near the edges 193 of the first
strengthening plates 190. In the inserted portion the edges 193 of the
first 35 strengt heni ng plates 190 abutuggainst t he bottom surface

o

A

> AMENDED SHEET -,



e

" 123 of the FC receiving slot 12%4 J8igs ¥ oyi des precise alignment of the
conductive pads 164 with contact pol nts WO 96/ 23331

. PCT/ US96/ 1134 of contacts (not shown) in the connector 110, thereby _
assuring reliable interconnection therebetween. It is to be understood that
the FPC shown in Figures 1 through 4 may be nodified to include the support
5 plates 190 and 193 as shown in Figure 18. The support of reinforcing

pl at es 190 prot ects the inner surface of
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“the FC. Wiile a plurality of ex
connector assenbly according to

~descri bed herein,

it

i s apparently not

eE{Eﬁtséresen

dinents of the electrical
i nvention has been
|ntended that this invention be

limted to the enbodi nents.

It wll

be appreciated by those skilled in the

art that various nodifications can be made for specific applications

W t hout departing fraomthe scope 15 -and spirit of the invention.

exanpl e,

portions. The strengtheninglalates 190

ng—

For

the recesses 184 may not be limted to the.particul ar shape but -

may have a constricted portion along the outerhery or may have w der

12 20 33

2 ,30
l4n\ 22
L =
!i 12a - "
; ]43 \ 3
i ; Ray [ » : 41
IE; 13b- | I! 40
a3 T*“' 3 - ‘ |
| 133 -FHI l |,: : | ]0;0
iT"'i . ,

" 0 20
\_ 1§n. B \ =30
T~ (=) 25
‘ l\ I‘I“li;f 14 5 S
IAaH&'\— 3 32 40
ll 128 pmt _l_ IR | 23 40
! ' 23 ! 41
b Yla ¢ 13 ' : \ 52
138 et 54
| \h i ~21K e
| ~ N
2—"’;7 . ww %
- AMENDED SHEET -



A )
may not be linmted to plastic natgoral Bt 1Pay be 20

=

pl ates. The el ectri cal
i nventi on,

It
hi gh density el ectrical

repl aced by netal

connector assenbly according to the present
as appreciated fromthe above description,
“various excell ent advant ages.

provi des follow ng

Is suitable for an application where an 25
connector such as an nenory card connect or

havi ng a

plurality of contacts is interconnected to correspondi ng conductive areas

on the printed circuit board.
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"be reliably and easily interconnected to the PC board conductive areas
w t hout havi ng the problens assoSoFEEI S 1R deformation of the contact
_legs. A high density electrical connector is achieved, 35 since the
conductive traces or the conductive pads fornmed at the mddle portion of
the FC are engaged with - 19 - W96/ 3331 -

PCT/ US96/ 01134 a plurality of contacts, with a conventional FC

e
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connector is engaged thereto at O”E?ofﬁ@ b yishe FC. The el ectri cal

connection between the conductive pads and the contacts are established by
.inserting the 5 gui de nmenber into the FC bent in a generally U shape.
Since the guide nenber is forced between the rows of the contacts, which
provi de steady interconnection even for the FC having sufficiently |arge
width. Further, if a conductive nmetal guide nmenber is used for the FC
havi ng 10 ground conductor on the reverse side thereof to ground contact
to ground conductive nmenmbers at both &nds of 4he housing, mininized and

hi gh density connector assenbly for HT'\?h freg@ency signals is obtained.
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The fiexible circuit accordi ng to %%Qr,e;q@t 15 invention assures highly
“reliable electrical connection whi i

_ e muintaining a relatively narrow pitch
bet ween contacts by folding it along the relatively-narrow bridge portions
and by the provision of the strengthening plates abutting agai nst the
housi ng for 20 accurate alignnment or registration between the conductive
pads and the contacts. Especially, the bridge portions are relatively
narrow to pernmt snooth folding of the FC, thus avoi di ng undesirable force
to be applied to the arrays of theesonductors thereon. 25

Furthernore, the provision of t & ound | ayer on
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the inner surface of the FC and t dg-&oNduaig ve patterns for transmtting -
-signals on the outer surface effectively reduces crosstal k noi se between

> the conductive patterns. 30 Additionally, the recesses fornmed by
renoving a part” of layers near the bending positions of the FC permt

bending of the FC at desired position and angle. - 20 - WO 96/ 2331
PCT/ US96/ 01134 ' , :
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1. An electrical connector conpri si ng: $&788usisngs havi ng plural rows of ~
a flexible substrate connected to the contacts of 5 the housing

contacts;
at both ends of the flexible substrate and having a plurality of conductive

traces- thereon; and a guide nenber adapted to be inserted into the flexible
substrate that has been bent into a U shape, and to cause the flexible '

substrate to be inserted in 10 the mating contact rows to engage the
conductive traces with the contacts. 2. The electrical connector of claiml
wherein said guide nenber is a conductive nenberﬁfdapted to further
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provi de a connection to ground foﬁqﬂﬂgk%géﬁbly. 15 3. An electrical
connector assenbly conprising: a housing having two rows of contacts al ong
-an el ongate opening; a flexible substrate formed with a plurality of
conductive traces thereon corresponding to the contacts; 20 and a gui de
menber having a generally flat portion to be inserted in a U shaped bent
portion of the flexible substrate, and to be inserted, with the substrate,
bet ween the contact rows of the housing to esta@g:wlaﬁ el ectrical

engagenent between the contacts and the = ;ﬂ
_ o ' iy
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connected to contacts of a correéspondi ng connector. 4.

» 5078511 15 - | B
conductive traces; whereby both en s%) the flexible substrate are

: The el ectri-cal
connector of claim3 wherein said 30 guide nmenber is a conductive nenber

adapted to further provide a connection to ground for the assenbly. 5. An
el ectrical connector assenbly conprising a housing having a plurality of
contacts disposed al ong an el ongate openi ng and havi ng ground conductive 35
menber at . both ends of the housing; a flexible substrate having a width
correspondi ng to the opening of the housing, %EQ havi ng condusj i ve
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PCT/ US96/ 01134

_ 507981215 : :
traces corresponding to the contacts on one surface thereof and fornmed with

WD 96/ 23331

21 -

e

havi ng

and a conductive gui de nenber

* ground conductor on the other surface;

in a

and to be inserted into the

a plate portion to'5 be disposed in a flexible substrate bent

general |y U-shape with the one surface out si de,

openi ng of the housing;

P
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mhéreby t he contact's and the_condﬁe??eéaf?ﬁies are electrically connected
‘by the gui de nenber and the 10 ground conductor is-connected to the ground
~conductive nenber by the guide nenber. 4. Aflexible circuit including a

plurality of conductive pads and conductive traces fornmed on one surface of
a flexible substrate, the flexible circuit 15 bei ng characterized in
that: said plurality of conductive pads and traces are disposed in two
arrays in opposed relatiggship; a plurality of openings are forned between
the arrays of sai dgondu_lve p;s_;ls ga defi ne ‘rnel atively
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.20
.ot her

narrow bri

sai d openi ngs by 25

surface of said flexible su

dge portions; and

2et

gggg@wgr@ pl ates are di sposed on the
rate at the | ocations corresponding to

. said conductive pads with parts of said strengthening plates extending into
predetermned length. 5. A flexible circuit

conprising: a flexible filmhaving conductive arrays of conductive traces
and conductive pads forned on one surface thereof,

on the ot her

30

a ground | ayer disposed

to cover both of said conducti%g arrays and said ground
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Iayér;" wherein a plurality of opg_%pﬁé,lg; %orrred substantially in a line
on said cover |ayer covering sai oRguctT v arrays but at |ocations where
‘said 35 conductive traces and conductive pads are not formed. 22 -
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4

contacts to be used therein will also bgcbme smaller énd, therefore, be more

easy to deform. It is very difficult to accurately position the contacts,

especially their solder-terminating portions, in the desired location and to

maintain them so as not to deform the éontacts upon handing and mounting
5  the connector on to the substrate. , '

Also, for the electrical connector utilizing the FC, it is difficult to
precisely and firmly urge the movable plastic cover to engage over the full
width of the FC with the plurality of _contacts without having some
deformation over the full width of the FC. Accordingly, reliability of

10 connection between the conductive pads and the contacts has been decreased.

Therefore, an object of this invention is to provide a small and high
density electrical connector assembly, that utiiizes the FC and enables simple
structure and easy handling.

It is another object of this invention to provide an electrical connector

15  assembly having a ground function and permitting easy handling in which the
plurality of the conductive pads on the FC and the contacts in the housing are
interconnected with high reliability.

It is yet another object of this invention to provide an electrical
connector assembly for card bus, which enables one or more memory card

20  connector efc. to connect easily and reliably to the PC Board.

In order to solve the problems of the prior art electrical connector
assembly and to achieve the above mentioned objects; the electrical connector
assembly includes a housing having a plurality of contacts disposed along an
elongate opening; a flexible substrate having a width corresponding to the

25 opening of the housing and conductive traces on one surface thereof
corresponding to the contacts in the hoilsing; and a guide member having a
plate portion to be .disposed‘ in a flexible substrate bent in a generally U-
shaped with the one surface outside to be inserted into the opening of the
housing. The connector assembly is characterized in that; the housing includes

30 a ground conductive member at at least one end thereof;, the flexible substrate
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S :
is formed with & groumd conductor on the other surface thereof; and the guide

member is a conductive member adapted to further provide a connection to
ground for the assembly whereby the contacts and the conductive traces are
electrically connected by the force 'exe;rted by the guide member on the
flexible substrate and the ground conductor of the substrate is connected to the
ground conductive member of the housing by the guide member.

In the preferred embodiment, the assembly further includes
strengthening plates disposed on the other surface thereof at the locations
corresponding to the conductive pads.

One aspect of the present invention is that the FC includes a plurality
of openings disposed between the arrays leaving narrow bridge portions
between adjacent openihgs. Portions of the strengthening plates extend into
the openings by a predetermined length.

Also, another aspect of the present invention is a flexible circuit (FC)
having a cover layers disposed over the conductive traces and the ground layer
with the conductive pads being free of thé cover layer to enable electrical
connection thereto.

Additionally, the cover of the F C according to the present invention has
a plurality of recesses arranged substantially in rows near the bent portion and
at locations spaced from the conductive pads and traces.

According to another aspect of the present invention, the electrical

connector comprises a housing having two rows of contacts along an elongate

~ opening, a flexible printed circuit board having a plurality of conductive traces

on a surface corresponding to these contacts, and a guide member having a
generally planer portion to be inserted into a U-shaped bent portion of the
flexible printed circuit board, wherein the conductive traces on the flexible

printed circuit board are forced between the rows of the contacts by means of
the guide member for establishing electrical interconnection between the
conductive traces and the contacts in the housing, thus electrically connecting

the contacts with corresponding of at least one electrical connector terminated
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to the ends of the FC.

According to the electrical connector assembly, it is possible to connect
the high frequency signals to the contacts through the conductive traces on the
surface of the FC. The FC is bent in a U-shépe to envelope the guide such
that the guide electrically engages the ground conductor of the FC board and
upon inserting the FC into the housing, the guide elebtrically engages the
ground conductive members of the housing. Since all the conductive traces

formed on the one surface of the FC
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