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(54) Test apparatus

(57) A test equipment (100) for providing a cable lay-
ing technology satisfying limitation of curvature of a plu-
rality of optical fibers, comprising a test head (102) having
a plurality of test boards for applying a test pattern to a
device under test, a main frame (104) for controlling a
test sequence by the test head (102), an optical fiber
cable unit (106) having a plurality of flat cables (200) for
connecting the test head (102) with the main frame (104)

optically, a plurality of optical fiber cables (108), a dam
(107) for connecting the optical fiber cable unit (106) with
the plurality of optical fiber cables (108), a unit (110) for
offsetting a difference in circumferential length among
the plurality of flat cables (200) in the optical fiber cable
unit (106), and a cable guide unit (112) for holding the
optical fiber cables (108) being connected with a test
board (612) in the main frame (104) while bending them.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a test appara-
tus. Particularly, the present invention relates to a tech-
nique for cable installation, thereby satisfying the curva-
ture restriction of a plurality of fibre optic cables.

BACKGROUND ART

[0002] With recent speed improvement of electronic
devices, it is desirable that the operation speed of a test
apparatus for testing the electronic devices is also high.
Accordingly, in order to realize high-speed transmission
of a test or control signal, it has been recently proposed
that a test head for applying a test pattern to a device
under test and a main frame for controlling a test se-
quence of the test head are coupled by a fibre optic cable.

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0003] When a fibre optic cable is used for a signal
transmission line, it is required to satisfy the curvature
restriction of the fibre optic cable, and particularly there
is a crucial problem that the line is connected to a moving
device such as the test head. Moreover, there is a prob-
lem that the curvature restriction of a plurality of fibre
optic cables installed in narrow space such as the test
head should be satisfied.
[0004] Therefore, it is an object of the present invention
to provide a test apparatus and a cable guide unit, which
is capable of overcoming the above drawbacks accom-
panying the conventional art. The above and other ob-
jects can be achieved by combinations described in the
independent claim. The dependent claim defines a fur-
ther advantageous and exemplary combination of the
present invention.

MEANS FOR SOLVING THE PROBLEMS

[0005] According to a first embodiment of the present
invention, a test apparatus for testing a device under test
includes a test head for applying a test pattern to the
device under test, a main frame for controlling a test se-
quence of the test head, and a fibre optic cable unit for
optically coupling the main frame and the test head. The
fibre optic cable unit includes a cable group including a
plurality of fibre optic cables layered in an overlapped
direction, the fibre optic cable including a plurality of fibre
optic cores arranged in an arrangement direction, and a
cable containing chain for holding the layered plurality of
fibre optic cables so that the fibre optic cables can slide
each other and be bent in the overlapped direction.
[0006] The test apparatus further includes a circum-
ferential difference absorption apparatus for adjusting

difference in circumferential length between the plurality
of fibre optic cables with respect to a part of a section of
the plurality of fibre optic cables not contained in the cable
containing chain and absorbing difference in circumfer-
ential length with respect to entire length of the plurality
of fibre optic cables. The circumferential difference ab-
sorption apparatus may fix the cable containing chain,
hold the plurality of fibre optic cables with respect to a
part of the section of the plurality of fibre optic cables not
contained in the cable containing chain so that the fibre
optic cables are bent with different curvature from each
other, and form space between the plurality of fibre optic
cables with respect to the bending section of the plurality
of fibre optic cables, thereby absorbing the difference in
circumferential length caused by difference in the bend-
ing radius between the plurality of fibre optic cables.
[0007] The summary of the invention does not neces-
sarily describe all necessary features of the present in-
vention. The present invention may also be a subcombi-
nation of the features described above. The above and
other features and advantages of the present invention
will become more apparent from the following description
of the embodiments taken in conjunction with the accom-
panying drawings.

EFFECTS OF THE INVENTION

[0008] According to the present invention, it is possible
to provide a cable installation technique by which satis-
fying the curvature restriction of a plurality of fibre optic
cables.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 shows an exemplary configuration of a test
apparatus 100.

Fig. 2 shows an exemplary configuration of a fibre
optic cable unit 106.

Fig. 3 shows an exemplary configuration of a circum-
ferential difference absorption apparatus 110.

Fig. 4 shows an exemplary configuration of a cable
guide unit 112.

BEST MODE FOR CARRYING OUT THE INVENTION

[0010] The invention will now be described based on
the preferred embodiments, which do not intend to limit
the scope of the present invention, but exemplify the in-
vention. All of the features and the combinations thereof
described in the embodiment are not necessarily essen-
tial to the invention.
[0011] Fig. 1 shows an exemplary configuration of a
test apparatus 100 related to an embodiment of the
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present invention. It is an object of the test apparatus 100
of the present embodiment to satisfy the curvature re-
striction of fibre optic cables which perform signal trans-
mission between a test head 102 and a main frame 104
and thus to prevent the fibre optic cables from being dam-
aged. Moreover, it is another object of the test apparatus
100 particularly to adjust the difference in circumferential
length between a plurality of fibre optic cables coupled
to a moving device such as the test head 102 and to
satisfy the curvature restriction of the plurality of fibre
optic cables installed in narrow space such as the main
frame 104.
[0012] The test apparatus 100 includes a test head
102 including a plurality of test boards for applying a test
pattern to a device under test, a main frame 104 for con-
trolling a test sequence of the test head 102, a fibre optic
cable unit 106 including a plurality of flat cables 200 which
optically couple the test head 102 and the main frame
104, a plurality of fibre optic cables 108, a dam 107 for
coupling the fibre optic cable unit 106 and the plurality of
fibre optic cables 108 with different structures, a circum-
ferential difference absorption apparatus 110 for absorb-
ing the difference in circumferential length between the
plurality of flat cables 200 included in the fibre optic cable
unit 106, and a cable guide unit 122 for bending and
holding the fibre optic cables 108 coupled to a test board
612 included in the main frame 104.
[0013] According to the test apparatus 100 related to
the present embodiment, even though the difference in
circumferential length between the plurality of flat cables
200 occurs due to the movement of the test head 102
when a test board is attached or detached to or from the
test head 102, the device under test is attached or de-
tached to or from a handling apparatus, etc., it is possible
to absorb the difference by using the circumferential dif-
ference absorption apparatus 110. Moreover, by holding
the plurality of fibre optic cables 108 coupled to the test
board 612 included in the main frame 104 using the cable
guide unit 112, it is possible to satisfy the curvature re-
striction of the fiver optic cables 108, thereby realizing
the prevention of the breakage of them and the reduction
of losses of the signal transmission level.
[0014] Fig. 2 shows an exemplary configuration of the
fibre optic cable unit 106 related to the present embodi-
ment. Figs. 2A and B are side views of the fibre optic
cable unit 106, and Fig. 2C is a cross-sectional view of
the fibre optic cable unit 106 along AA’. Further, Fig. 2A
shows the fibre optic cable unit 106 which is not bent,
and Fig. 2B shows the unit 106 being bent.
[0015] The fibre optic cable unit 106 includes a flat ca-
ble group 202 including a plurality of flat cables 200 lay-
ered in an overlapped direction B, and a cable containing
chain 204, which can be bent in the overlapped direction
B, for holding the layered plurality of flat cables 200 so
that they can slide each other. The cable containing chain
is provided to protect the flat cables 200 transmitting elec-
tronic or optical signals by surrounding them and prevent
them from being damaged.

[0016] As shown in Figs. 2A and 2B, the cable con-
taining chain 204 is configured so that a plurality of pieces
206 are rotatably connected to each other. Each of the
plurality of pieces 206 includes a groove 208 and a claw
210 respectively provided on the left and right, and the
groove 208 of one piece 206 is fitted with the claw 210
of another adjacent piece 206. Accordingly, since the
movement of the claw 210 of one piece 206 and is re-
stricted to the range of the groove 208 of another adjacent
piece 206, the bending angle between the adjacent piec-
es 206 is limited. Consequently, the minimum bending
radius of the cable containing chain 204 is limited. It is
desirable that the minimum bending radius of the cable
containing chain 204 is larger than an allowable bending
radius of the plurality of flat cables 200 which is accept-
able for the cable containing chain 204, and thus it is
possible to maintain the bending radius of the plurality of
flat cables 200 to be larger than the allowable bending
radius. The allowable bending radius of the flat cables
200 is, for example, 50 mm.
[0017] Moreover, as shown in Fig. 2C, the flat cable
200 has a plurality of fibre optic cables tied together in
an arrangement direction C and including a plurality of
fibre optic cores arranged in the arrangement direction
C. Moreover, the cable containing chain 204 has a rear
split section 212 at a side face thereof in the overlapped
direction B, where the cable containing chain 204 is split
along a longitudinal direction thereof. Accordingly, the
cable containing chain 204 can have flexibility against
the twist of the fibre optic cable unit 106.
[0018] Further, it is desirable that the cable containing
chain 204 leaves space where the flat cables 200 are not
layered in the overlapped direction B so as to layer and
hold the flat cables 200. It is desirable that the cable con-
taining chain 204 layers and holds the flat cables 200 at
the most 60% of the width of the space which the cable
containing chain 204 has in the overlapped direction B.
Since the cable containing chain 204 has room in the
overlapped direction B so as to hold the flat cables 200,
the flat cables 200 freely slide each other, thereby reduc-
ing the influence on the flat cables 200 caused by the
twist occurring in the cable containing chain 204.
[0019] Fig. 3 shows an exemplary configuration of the
circumferential difference absorption apparatus 110 re-
lated to the present embodiment. The circumferential dif-
ference absorption apparatus 110 adjusts the difference
in circumferential length between the plurality of flat ca-
bles 200a and 200b with respect to a part of a section of
the plurality of flat cables 200a and 200b not contained
in the cable containing chain and absorbs the difference
in circumferential length with respect to the entire length
of the plurality of flat cables 200a and 200b.
[0020] The circumferential difference absorption ap-
paratus 110 fixes the end of the cable containing chain
204 and leads a part of the section not contained in the
cable containing chain 204 from the cable containing
chain 204 to the circumferential difference absorption ap-
paratus 110. Moreover, the circumferential difference ab-
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sorption apparatus 110 holds the plurality of flat cables
200a and 200b therein so that they are bent with different
curvature from each other with respect to a part of the
section of the flat cables 200a and 200b not contained
in the cable containing chain 204. Moreover, the circum-
ferential difference absorption apparatus 110 ties up the
plurality of flat cables 200a and 200b with a clamp mem-
ber 550 and leads them out of the circumferential differ-
ence absorption apparatus 110. The main frame 104 fix-
es the plurality of flat cables 200a and 200b.
[0021] Since the circumferential difference absorption
apparatus 110 forms space between the plurality of flat
cables 200a and 200b with respect to the bending section
of the plurality of flat cables 200a and 200b, it can absorb
the difference in circumferential length due to the differ-
ence in the bending radius between the plurality of flat
cables 200a and 200b which the fibre optic cable unit
106 has. Here, the distance D of the space of the plurality
of flat cables 200a and 200b in the circumferential differ-
ence absorption apparatus 110 is calculated on the basis
of a bending angle at which the fibre optic cable unit 106
might be bent. For example, if the bending angle of the
fibre optic cable unit 106 is 180 degrees, in order for the
flat cables 200a and 200b move in opposite directions to
each other, by setting the distance D to be 50% of the
difference in circumferential length between the flat ca-
bles 200a and 200b, it is possible to prevent collision
even if the flat cables 200a and 200b are close.
[0022] Fig. 4 shows an exemplary configuration of the
cable guide unit 112 related to the present embodiment.
A perspective view of the cable guide unit 112 is shown
in Fig. 4A, a side view thereof is shown in Fig. 4B, and a
rear view thereof is shown in Fig. 4C.
[0023] The cable guide unit 112 includes a plurality of
cable hanger members 600 and 604 for holding the plu-
rality of fibre optic cables 108 respectively coupled to a
plurality of connectors 614 of the test board 612 so that
the fibre optic cables 108 are bent in the same direction,
a clamp member 608 for tying up the plurality of fibre
optic cables 108 respectively bent by the plurality of cable
hanger members 600 and 604 to lead them out of the
cable guide unit 112, and a cable hanger holding plate
610 for holding the cable hanger members 600 and 604
as well as the clamp member 608 to be coupled to the
test board 612. The test board 612 is an example of a
fibre optic cable connection board of the present inven-
tion and includes a plurality of connectors 614 disposed
in an arrangement direction E. Further, the main frame
104 holds a plurality of test boards 612 in the thickness
direction of the test board 612 in order that they can be
detachable.
[0024] The minimum curvature radius of the cable
hanger members 600 and 604 is larger than the allowable
bending radius of the fibre optic cables 108, and the cable
hanger members 600 and 604 hold the fibre optic cables
108 so that the curvature restriction of the fibre optic ca-
bles 108 can be satisfied. Specifically, each of the cable
hanger members 600 and 604 has the shape of a one-

quarter arc cut out of a cylinder, the radius of which is
larger than the allowable bending radius of the fibre optic
cables 108, and bends and holds the fibre optic cable
108 from a coupling direction F, which is directed from
the connector 614 to the fibre optic cable 108, to the
arrangement direction E. For example, if the allowable
bending radius of the cable hanger members 600 and
604 is 30 mm, the cable hanger members 600 and 604
have the shape of a one-quarter arc, the radius of which
is 30 mm or more.
[0025] As shown in Fig. 4B, the plurality of cable hang-
er members 600 and 604 are arranged so that they are
overlapped each other. Specifically, the plurality of the
cable hanger members 600 and 604 are provided in the
arrangement direction E at the same intervals as those
of the plurality of connectors 614. Moreover, the plurality
of cable hanger members 600 and 604 are arranged in
the coupling direction F on the positions shifted by nar-
rower intervals than the arrangement intervals in the ar-
rangement direction E. Accordingly, it is possible to nar-
row an installation range in the coupling direction F of
the plurality of fibre optic cables 108.
[0026] Moreover, the cable guide unit 112 includes a
first cable hanger member group 602 including the plu-
rality of cable hanger members 600 and a second cable
hanger member group 606 including the plurality of cable
hanger members 604. The first cable hanger member
group 602 is provided on a position far from the clamp
member 608 which is the bending end of the plurality of
fibre optic cables 108, while the second cable hanger
member group 606 is provided on a position close to the
clamp member 608. That is, the first cable hanger mem-
ber group 602 is provided on a position higher than that
of the second cable hanger member group 606 in the
arrangement direction E. For example, the first cable
hanger member group 602 is provided at twice the height
of the second cable hanger member group 606.
[0027] Accordingly, as shown in Figs. 4B and 4C, the
plurality of fibre optic cables 108 respectively bent by the
plurality of cable hanger members 600 included in the
first cable hanger member group 602 pass by the plurality
of cable hanger members 604 included in the second
cable hanger member group 606 and are led out of the
cable guide unit 112. Moreover, the clamp member 608
ties up the plurality of fibre optic cables 108 bent by the
first cable hanger member group 602 and the plurality of
fibre optic cables 108 bent by the second cable hanger
member group 606 and leads them out of the cable guide
unit 112. Since the clamp member 608 can push the fibre
optic cables 108 which are hanged down by the weight
thereof, it is possible to maintain the plurality of fibre optic
cables 108 in order that the curvature restriction thereof
can be satisfied.
[0028] Further, as shown in Fig. 4C, the cable hanger
members 604 included in the second cable hanger mem-
ber group 606 has the narrower width of a section which
holds the fibre optic cables 108 than that of the cable
hanger members 600 included in the first cable hanger
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member group 602. Accordingly, an area required to in-
stall the fibre optic cables 108 can be small, and even in
a restricted environment where the plurality of test boards
612 are arranged in parallel, a number of fibre optic ca-
bles 108 can be properly installed. Moreover, it is desir-
able that the width of the cable hanger member 600 in-
cluded in the first cable hanger member group 602 is
narrower than that of the test board 612. Accordingly, the
attachment and detachment of the adjacent test boards
612 is not affected by the cable hanger members 600.
[0029] According to the test apparatus 100 related to
the present embodiment, using the fibre optic cable unit
106 and the cable guide unit 112 described above, it is
possible to satisfy the curvature restriction of the flat ca-
bles 200 and the fibre optic cables 108 and prevent the
crack or breakage of the cables as well as to reduce the
losses of the signal transmission level. Moreover, by ab-
sorbing the difference in circumferential length between
the plurality of flat cables 200 in the circumferential dif-
ference absorption apparatus 110, the plurality of flat ca-
bles 200 can freely slide inside the cable containing chain
204, and the stress concentration on the flat cable 200
can be avoided. Further, the circumferential difference
absorption apparatus 110 and the cable containing chain
204 can protect the cables by restricting the degree of
freedom of the cables inside the confined free space, and
the cable guide unit 112 can satisfy the curvature with
the narrow space to adjust the cables, so they can be
effectively used even in installation of cables less than
fibre optic cables.
[0030] According to the present invention, it is possible
to provide a cable installation technique by which satis-
fying the curvature restriction of a plurality of fibre optic
cables.
[0031] Although the present invention has been de-
scribed by way of exemplary embodiments, it should be
understood that those skilled in the art might make many
changes and substitutions without departing from the
spirit and the scope of the present invention which is de-
fined only by the appended claims.

Claims

1. A test apparatus for testing a device under test, com-
prising:

a test head for applying a test pattern to the de-
vice under test;
a main frame for controlling a test sequence of
said test head; and
a fibre optic cable unit for optically coupling said
main frame and said test head,

wherein said fibre optic cable unit comprises:

a cable group comprising a plurality of fibre optic
cables layered in an overlapped direction, said

fibre optic cable comprising a plurality of fibre
optic cores arranged in an arrangement direc-
tion; and
a cable containing chain for holding said layered
plurality of fibre optic cables so that said fibre
optic cables can slide each other, said cable
containing chain being bendable in the over-
lapped direction,
said test apparatus further comprising a circum-
ferential difference absorption apparatus for ad-
justing difference in circumferential length be-
tween said plurality of fibre optic cables with re-
spect to a part of a section of said plurality of
fibre optic cables not contained in said cable
containing chain and absorbing difference in cir-
cumferential length between said plurality of fi-
bre optic cables.

2. A test apparatus as claimed in claim 1, wherein said
circumferential difference absorption apparatus fix-
es said cable containing chain, holds said plurality
of fibre optic cables with respect to a part of the sec-
tion of said plurality of fibre optic cables not contained
in said cable containing chain so that said fibre optic
cables are bent, and forms space between said plu-
rality of fibre optic cables with respect to the bending
section of said plurality of fibre optic cables, thereby
absorbing the difference in circumferential length be-
tween said plurality of fibre optic cables.
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