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FLEXIBLE PRINTED CIRCUIT HARNESS .DEVICE AND
FLEXIBLE PRINTED CIRCUIT USED THEREOF

The present invention concerns an FPC harness device
including a flexible printed circuit board (FPC) which is
formed in order to transmit a plurality of signals at high
speed, and an FPC used therefor.

BACKGROUND OF THE INVENTION

Various types of connecting means are used to connect
computer-related devices. For example, harness devices
using twisted-pair cables.have;conventionally been used
for the mutual interconnection of devices such as disk

.'arrays and work stations. Twisted-pair cables are flat

multi-core conductor cables which have twisted parts in

which pairs of lines are twisted in helical form in order

to prevent crosstalk, and fused parts in which the lines
are fused together at appropriate intervals along the
direction of length.

In most cases, the connection of twisted-pair cables
to connectors is accomplished by pressure-welding
connections. 1In this case, fused parts of the twisted-

pair cable are accommodated in the pressure-welding slots-
of pressure-welding terminals installed on the connector.:

However, in the case of conventional harness devices
using twisted-pair cables, there is a need for improvement
in the following respects: first of all, as was described

above, the connection of twisted-pair cables is

accomplished by means of the fused parts of the cables.

- However, because of the need for impedance control, the

distances between these fused parts cannot be shortened.
Accordingly, an arbitrary length of the twisted-pair cable
employed cannot be used, so that it is necessary in some
cases to use an unnecessarily long length of cable, which
is not appropriate for compact mounting. - _

Secondly, since the individual twisted pairs of a
twisted-pair cable do not have an integral structure,
handling is difficult, e.g., the twisted pairs may become
entangled with surrounding objects, etc.
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Thirdly, conventional twisted-pair cables - are
terminated with pressure-welding type connectors. Such
pressure-welding connectors are relatively expensive, so
that the harness device as a whole also becomes expensive.
Accordingly, there is a need for a harness device which

- can be inexpensively constructed while at the same time

allowing easy assembly and connection.

The present invention can be used with computer-
related devices, etc. An FPC harness device including an
FPC is provided. The FPC (Flexible Printed Circuit) is a
two-sided FPC, i.e., an FPC which has two layeré of
circuit patterns. The intermediate parts of the circuit
patterns are substantially parallel, and are shifted in
the transverse direction, i.e., in the pitch direction.

Accordingly,” by wusing the FPC of the present
invention, it is possible to realize compact electrical
connections for differential signal transmission between
computer-related devices, in which crosstalk is prevented
while a high impedance is maintained. Furthermore, the
FPC harness device of the present invention also has
economic merit in that the manufacture of the connectors
and the assembly of the harness device can be accomplished
relatively inexpensively. In addition, since the
connectors are mechanically connected by an FPC, handling
is easy, and since the intermediate parts of the FPC are
reinforced by the conductors of the circuit patterns, the
FPC is resistant to bending. Moreover, by selecting the
FPC and circuit patterns uéed, different types of
connectors can be effectively. connected to each other, and
the harness device can also be used in applications
involving frequent movement of both connectors, so that
there is an extremely high degree of freedom.

The object of the present invention is to provide an
FPC Harness device wherein an FPC is used in the deviée,
which permits compact connections to be made between
computer-related devices while preventing crosstalk and
maintaining an appropriate impedance.
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The present invention provides an FPC harness device
comprising an FPC with circuit patterns formed on both
surfaces, and a pair of connectors mounted on the FPC at
the opposed ends on one surface, wherein at least the
intermediate portions of the respective conductors of the

upper and lower circuit patterns of the FPC extend

substantially in the same direction and are shifted in the
transverse direction from a back-to-back position.

Furthermore, the present invention also provides an
FPC with upper and lower circuit patterns in two layers
each having a plurality of conductors, wherein the FPC has
connectors mounting portions formed on the FPC at the
opposed ends on one surface thereof, with the connector
mounting portions being mutually electrically connected by
the conductors; and at least the intermediate portions of
the réspectivé conductors of the upper and lower circuit
patterns of the two-sided FPC extend substantially in the
same direction and are mutually shifted in the transverse
direction from a back-to-back position.

The FPC harness device of the present invention has
an FPC and connectors which are connected to the FPC. The
FPC is a two-sided FPC, and is constructed so that the
conductors forming ‘the circuit patterns (which include
circuit patterns with a two-layer structure) extend
substantially parallel to each other within the respective
layers and between the layers. The respective conductors
of the first layer extend in the direction of length while
maintaining positions that are shifted to one side in the
transverse direction with respect to the respective
conductors of the second layer.

An embodiment of the invention will now be described
by way of example with reference to the accompanying-
drawings in which: - '

Figure 1 is plan view of the FPC harness of the
present invention. _ |

Figure 2 is a side view of the FPC harness shown in
Figure 1.



10

15

20

25

30

35

- 4 -

Figure 3 is a plan view showing one side of the FPC
harness illustrating the conductor pattern.on side A as
identified in Figure 2. For the purposes of illustration,
the top surface in this view is assumed to be transparent
so that the conductor patterns are visible.

Figure 4 is a plan view showing the opposite side of
the FPC harness illustrating the conductor pattern on
side B as identified in Figure 2. For the purposes of
illustration, the top surface in this view is assumed to
be transparent so that the conductor patterns are visible.

Figure 5 is a cross-sectional view taken along line
5-5 of Figure 3 showing the conductors in a first end part
of the harness.

Figure 6 is a cross-sectional view taken along line
6-6 of Figure 3 showing the conductors in an intermediate
part of the harness.

Figure 7 is a cross-sectional view taken along line
7-7 of Figure 3 showing the conductors in a second end
part of the harness. .

Figures 1 and 2 show the FPC harness device 10 of the
present invention. FPC harness device 10 has a first
connector 30, a second connector 40, and an FPC (flexible
printed circuit) 50 which electrically connects the first
and second connectors 30 and 40. As was described above,
the FPC 50 is a flexible printed circuit which has circuit
patterns on both its upper and lower faces. For clarity,
these circuit patterns are not shown in Figure 1. As is
shown in Figure 1, the FPC 50 is formed so that it
corresponds to the widths of the first connector 30 and
second connector 40, with the portion of the FPC 50
between the connectors being formed in a substantially
trapezoidal shapé. Furthermore, as is shown in Figure 2,
reinforcing plates 61 and 62 are installed- at the
respective positions of the first connector 30 and second
connector 40. These reinforcing plates 61 and 62 are
formed from a heat-resistant material "such as a glass-
added epoxy material, and are bonded to the FPC 50. The
reinforcing plates 61 and 62 facilitate the attachment of
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the respective connectors and smooth the bending of the
FPC 50. Furthermore, the reason that the surfaces of the
FPC 50 to which the reinforcing plates 61 and 62 are
bonded are on oppdsite sides of the FPC 50 is that the
contacts of the first and second connectors 30 and 40 have

‘different forms (as will be described later).

The contacts of the first connector 30 have post-form
tines or through hole solder tails 31. These tines 31 are
inserted into through-holes (first connector connecting
parts) 51 formed in the FPC 50(see Figure 3), and are
connected thereto by soldering'. As a result, the first

connector 30 is fastened and connected to the FPC 50.

Meanwhile, the contacts of the second connector 40 are
soldered to pads (second connector connecting parts) 52
formed on the FPC 50 (see Figure 3). These pads are
typically referred to as. surface mount solder pads. 2As a

result, the second conriectqr 40 is fastened to the FPC 50.

Figure 3 and 4 show a see-through view from one side
(side A in Figure 3) of the circuit patterns formed in two
layers on the FPC 50 of the present invention. Of the two
layers of circuit patterns, the upper-side circuit
pattern, i.e., the circuit pattern on side A in Figure 2,
is shown in Figure 3. Each of the conductors (copper foil

conductors) 20a forming the circuit pattern has a first

end part 21la which extends from the corresponding through-
hole 51 in a direction substantially perpendicular to the
direction of length of the rows in which the through-holes

51 are arranged, an intermediate part 22a which extends

diagonally from the first end part 2l1a, and a second end
part 23a which extends from said intermediate part 22a
toward the second connector 40 in substantially the same
direction as the first end part 2la. Each second end
part 23a is connected to a pad 52a in the front row of
pads 52. Furthermore, the pads 52b in the rear -row of
pads 52 are connected to through-holes 53, and are
electrically connected with the circuit pattern on the
lower side of the FPC 50, i.e., the circuit pattern on
side B in Figure 2 (as will be described hereafter).
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Figure 4 shows the lower-side circuit pattern of the
two layers of circuit patterns, i.e., the circuit pattern
on side B in Figure 2. As in the case of the conductors
20a, each of the conductors 20b forming the circuit
pattern has a first end part 21b, intermediate part 22b
and second end part 23b. The respective first end parts
21b, intermediate parts 22b and second end parts 23b
extend parallel to the respective first end parts 21a,
intermediate parts 22a and second end parts 23a of the
upper-side circuit pattern. The second end,parEs 23b are
connected to the upper-side circuit pattern via the
through-holes 53, and are electrically connected to pads
52b in the rear row of the pads 52.

Figures 5,6 and 7 are respective part cross-sectional
views of the arrangement of the circuit patterns in the
first end parts 21la and 21b, intermediate parts 22a and
22b, and second end parts 23a and 23b. The conductors 20a
and 20b are installed at an appropriate pitch (interval)
on both surfaces of a polyimide base 24, and are covered
by respective polyimide covering layers 25a and 25b.

Figures 5 and 7 show respective sectional views of
the first end parts 2la and 21b and second end parts 23a
and 23b located near the first and second connectors 30
and 40. As 1s shown in Figures 5 and 7 and in Flgures 3

_and 4, the conductors 20a and 20b are installed at a

greater pitch in the first end parts 2la and 21b than in
the second end parts 23a and 23b.

~ In the second end parts 23a and 23b, the conductors
20a and 20b are arranged substantially back-to-back in

.order to facilitate connection with the second connector

40. On the other hand, in the first end parts 21a and 21b
and intermediate parts 22a and 22b, the conductors 20a and
20b are shifted in the transverse direction by a
substantially equal pitch, as shown in Figures 5 and 6.
As a result, the capacitance between conductors is
uniformly increased, so that the impedance can be set at
a2 uniform and relatively high value.
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Next, one example of the operation of the FPC

harness device of the present invention will be described.
S1 through S3 and Gl through G3 in Figures 5, 6 and 7
indicate that the respective conductors are for signal use
(S1 through S3) or ground use (Gl through G3). In this
case, differential transmission is performed using the
corresponding pairs of conductors S1 and G1, S2 and G2,
and S3 and G3 (hereafter indicated as S1 and Gl, etc.).
In the second end parts 23a and 23b, as is shown in Figure
7, S1 and G1, etc., are dispose& back-to-back. As a
result, crosstalk is prevented. Meanwhile, in the first
end parts 21a and 21b and intermediate parts 22a and 22b,
as is shown in Figures 5 and 6, S1 and Gl are shifted in
the transverse direction. Accordingly, crosstalk is
prevented while a high impedance is maintained.

Returning to Figures 1 and 2, the first connector 30
and second connector 40 are attached with their engagement
surfaces facing the same side of the FPC 50. Since the
FPC 50 is flexible, the first and second connectors 30.and
40 can be oriented in any desired direction and engaged
with mating connectors. In this cése, gsince the FPC is
installed in a bent position, the FPC is subjected to a
bending load. Since the intermediate parts 22a and 22b
are shifted in the transverse direction, i.e., in the
pitch direction, as shown in Figuré 6, the mechanical
strength with respect to such a bending load is improved
compared to that obtained in the case of a back-to-back
configuration such as that shown in Figure 7.

A ﬁreferred embodiment of the present invention has
been described above. However, the preferréd embodiment
does not 1limit the present invention; various
modifications and changes could be made by a person
skilled in the art. _ -
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comprising a flexible printed circuit with circuit
patterns formed on both surfaces, and connectors mounted

5 on the flexible printed circuit at opposite ends,
characterized in that:

at least the intermediate portions of the respective
conductors of the upper and lower circuit patterns of said
flexible printed circuit extend substantially in the same

10 direction and are shifted in the transverse direction from
a back-to-back position.

2. The flexible printed circuit harness device of
claim 1 in which the conductors on each surface include
first and second end portions joined by said intermediate

15 portions, conductors in one of said first and second end
portions being shifted in the transverse direction from a
back-to-back p031t10n.

_ 3. The flexible printed circuit harness device of
claim 1 in which one of said connectors includes contacts

20 having through hole leads and the other of said connectors
includes contacts with surface mount leads.

4. The flexible printed circuit harness device of
claim 3 wherein the contacts having through hole leads are
positioned in four rows in one connector and the contacts

25 with surface mount leads are p051tloned in two rows in the
other connector.

S. The flexible printed circuit harness device of
claim 1 including reinforcing plates bonded to the
flexible printed circnit adjacent each commnector to

30 improve the resistance of the flexible printed circuit to
bending so that the harness device can be used in
applications involving frequent movement of Dboth
connectors. #

6. The flexible printed circuit harness dev1ce of

35 claim 1 wherein one connector is laterally offset relative
to the other connector, the intermediate portions of the
respective conductors being angled relative to each
connector.
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7. The flexible printed circuit harness deﬁice of
claim 1 wherein the portion of the flexible printed
circuit Dbetween the connectors is formed in a
substantially trapezoidal shape.

5 8. The flexible printed circuit harness device of
claim 1 wherein the intermediate portions of the
conductors are shifted in the transverse direction from a
back-to-back position by a sufficient amount to prevent
crosstalk and maintain a high impedénce.

10 - 9. The flexible printed circuit harness device of
claim 1 wherein the connectors are mounted on the same
side of the flexible printed circuit.

10. The flexible prlnted circuit harness device of
clalm 1 wherein the conductors formlng flexible printed

15 circuit patterns extend substantially parallel to each
other on each surface and substantially parallel to
conductors on the other surface.



