"TITLE OF THE | NVENTI ON LI QUI D CRYSTAL DI SPLAY PANEL | NSPECTI ON DEVI CE AND

* METHOD FOR MANUFACTURI NG SAME BACKGROUND OF THE | NVENTI ON Thi s invention
relates to a liquid crystal display panel inspection device used for a
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I nspecti on ce has the di sadvantages of causin increase in a

manuf act ur IPPETEN %P LRTUEEFEYS il Aiselay PanelQLaV1ng electrodes

arranged at fine pitches therein and adapted to accomplish the

inspection at a reduced cost and a method for manufacturing the
same.

A production line of a liquid crystal display panel
includes an array step, a cell step, a module step and the like,
in each of which a liquid crystal display panel inspection
device is used for inspecting or checking electrical
characteristics of a liquid crystal display panel, picture
quality thereof and the like, so that any defective product is
removed from the line to increase production efficiency. A
liquid crystal display panel inspection device which has been
conventionally used for this purpose includes a panel holder
provided with a holding section for detachably holding a liquid
crystal display panel and a plurality of spring probes (pogo
pins) arranged at a periphery of the holding section so that
the spring probes are abutted against electrodes of a liquid
crystal dlsplay panel mounted in the holding section for
inspection.

Unfortunately, the conventional liéuid crystal diéplay

panel inspection device has the disadvantages of causing an




using the spring probes and rendering the inspection difficult and

* troubl esone because of causing pitches between the el ectrodes to be
reduced. In particular, the latter problemof rendering the inspection
troubl esone is di sadvantageously anplified in inspection of a color liquid
crystal display panel and a liquid crysjal display panel of high
resolution. More particularly, electrodés of a color liquid crystal display
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desired to solve the problem due to an increase in the demand
for a color liquid crystal display panel and a high-resolution
liquid crystal display panel. The current.technological level
fails to reduce electrode pitches to a level below 50 um,
because of being restricted by a TAB substrate for a drive IC
and the like.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
foregoing disadvantages of the prior art.

Accordingly) it is an object of the present invention to
provide a liguid crystal display panel inspection device which
is capable of effectively inspecting a liquid crystal display
panel having electrodes arranged at reduced pitches therein.

It is another object of the present invention to provide
a liquid crystal display panel inspection device which is
capable of significantly reducing a manufgcturing cost.

It is a further object of the present invention to

provide a method for manufacturing a liquid crystal display



above-descri bed objects. In accordance with one aspect of the present
“invention, a liquid crystal display panel inspection device is provided.
The liquid crystal display panel inspection device includes a panel hol der
formed with a hol ding section constructed so as to be nounted therein with
a liquid crystal display panel provided with electrodes, a printed circuit
board arranged at a peripheral edge of the holding section of the panel
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i nvention, 3¢wtion and provided at a distal end thereof with a terminal in
a manner to be abuttable against one of the electrodes of the
liquid crystal display panel, and an elastic member for sealing
within each of the connection wires except each of the
terminals thereof. |

Such construction of the present invention eliminates
the arrangement of inherently expensive spring probes, to
thereby reduce a manufacturing cost and significantly reduces
intervals or pitches between the connection wires, to thereby
facilitate inspection of a liquid crystal display panel having
reduced electrode pitches. _

In a preferred embodiment of the present invention, the
printed circuit board comprises a multi-layer board having the
electrodes laminated thereon, wherein the electrodes on layers.
of the multi-layer board are exposed in a step-like manner on
one side of the multi-layer board and each connected at an
exposed portion thereof to one of the connection wires.

Such construction permits connection of the connection
wires to be accomplished at reduced inter&als, to therxeby

facilitate inspection of a liquid crystal display panel further



connection wires are each connected at an end thereof in an offset manner
"to the printed circuit board. Such construction |likew se pernmits connection
of the connection wires to be acconplished at reduced intervals, to thereby
facilitate inspection of a liquid crystal display panel further reduced in
el ectrode pitches. In a preferred enboginent of the present invention, the
device further includes a holding plate detachably nounted on the panel
hol der to foydieetheén! enettrede/ diadch@isspl ay panel toward the termnals of
t he connection wires. _ The hol di | at e may be provided, opn an inner surface
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elastic member adapted to abut with the liquid crystal display
panel. Furthermore, the holding plate may include second
electrodes and second connection wires each provided at a
distal end thereof with a second terminal in a manner to be
abuttable against one of the electrodes arranged on a -lower
surface of the liquid crystal display panel.

In a preferred embodiment of the present invention, the
electrodes of the printed circuit board are each formed into'a
strip-like shape having an enlarged portion increased in width
and arranged in a step-like manner, at which enlarged portion
one of the connection wires is connected to one of the
electrodes of the printed circuit board.

In a preferred embodiment of the present invention,
each of the terminals of the connection wires includes a
cbntact portion made of hard metal and adapted to abut against
one of the electrodes of the liquid crystal display panel. The
terminals of the connection wires may be arranged in an offset
manner.

The printed circuit board may be &ade of epoxy resin,

ceramics or the like as in the prior art. A plurality of such



The connection wires may each be made of, for exanple, a fine gold wire or
‘the like so as to permt wire bonding of the connection wire to be
acconpl i shed. A dianeter of the connection wire is determ ned dependi ng on
el ectrode pitches of the liquid crystal display panel to be inspected or
the like. In general, the connection wi ke may be fornmed with a di ameter of
about 25 [err]m The elastic nenber may be made of an insulating resin
materi al exprbhtddGirddlier behads i fay Yo il emdladstbethier ratbpebvideethal , a
t her nopl asti ¢ et stonper or the like. Alternatively, the elastic nenber may
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In accordance with another aspect of the present
invention, a method for manufacturing a liquid crystal display
panel inspection device is provided. The device includes a '
panel holder formed with a holding section constructed so as to
be mounted therein'with a liquid crystal display panel provided
with electrodes, a printed circuit board arranged at a
peripheral edge of the holding section of the panel holder and
having electrodes formed thereon, connection wires each
connected to one of the electrodes of the printed circuit board
in a manner to elastically bendably extend to the holding
section and provided at a distal end thereof with a terminal in
a manner to be abuttable against one of the electrodes of the
liquid crystal display panel, and an élastic member for sealing
within each of the connection wires except each of the
termihals thereof. The method comprises the steps of mounting
a dummy pangl including contact members corresponding to the
electrodes of the liquid crystal display éanel on the printed

circuit board, bonding one end of each of the connection wires



to a corresponding one of the electrodes of the printed circuit board, to

" thereby provide each of the termnals, providing the elastic nenber on the
dummy panel and printed circuit board to seal the connection wires within
the elastic nmenber, and renoving the dummy panel fromthe printed circuit
board. The method of the present invengion thus constructed facilitates
manuf acturing of the device and ensures formng of the termnals at desired
posi tions mﬁ@hai¢nrn§§namdaoguoaey¢ftth&fuﬂnebytpmembemstdﬁauﬁ@vhaﬁmyﬂpgn@igh
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be formed b@lpuevémngne surface of the dummy panel, partially removing the

resist layer to form openings which cause a surface of the

dummy panel to be partially exposed,'subjecting the dummy panel

to etching on a side thereof on which the resist layer is

formed to form recesses on an exposed portion of the dummy

panel, and depositing metal in each of the recesses by

electroforming to form each of the contact members constituting

at least a part of each of the terminals. Such further steps

may be practiced before or after mounting of the dummy panel on

the printed circuit board.

Such construction permits the terminals to be formed
with a desired configuration and size. )
The dummy panel is formed so'as to have at least a

portion which is substantially identical in a configuration as

in a plan view with the area including the electrodes of the

liquid crystal display panel, or which corresponds to the

electrode arrangement of the liquid crystal display panel.

Removal of the dummy panel may be cérrieq out by etching or

the like. When removal of the dummy panel is to be carried

out by etching, it may be made of any suitable etchable



frame-like jig on the dumry panel and printed circuit board and then
“pouring liquid resininto the jig, followed by curing of the resin. BRI EF
DESCRI PTI ON OF THE DRAW NGS These and ot her objects and many of the
attendant advantages of the present invention will be readily appreciated
as the sanme becones better understood BBy reference to the foll ow ng

detail ed description when considered in connection with the acconpanyi ng
drawi ngs, iFeWRFER (SUcd 28f EPBRBE PlindraalldKkgesi gnate |ike or correspondi ng
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part of theﬁél qU| d. crystal display panel inspection device of Fig. 1; Fig.
3 is a schefBtitpt%n view of the essential part of the liquid crystal

di spl ay panel |nspect|on deV|ce showmn in Fig. 2; Fig. 4 is a fragnentary
~sectional view schemati calgrypghpikRg . 653CPhARnRart of the liquid
crystal display panel inspection device 5A to 5F are
schemati ¢ secti onalThags@ngnghethay eignts @n#amaflmcﬂtlrthm aj:ftealdlanQUl d
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di spl ay panelmerals designate like or corresponding parts throughout,
wherein:

Fig. 1 is a fragmentary enlarged sectional view showing
an essential part of an embodiment of a liquid crystal display
panel inspection device according to the present invention;

Fig. 2 is a fragmentary enlarged perspective view _
schematically showing the essential part of the liquid crystal
display panel inspection device of Fig. 1;:

Fig. 3 is a schematic plén view of the essential part of
the liquid crystal display panel 1nspect10n device shown in
Fig. 2; _

Fig. 4 is a fragmentary sectional view schematically
showing another essential part of the liquid crystal display
panel inspection device of Fig. 1;

Figs. 5A to 5F are schematic sectiénal views showing
steps in manufacturing of a liquid crystal display panel
inspection device according to the present invention in-a
time-sequential manner;

Figs. 6A to 6D are schematic sectional views showing
steps subsequent to those of Figs. S5A to SF in manufacturing of

a liquid crystal display panel inspection device according to



I nspection device according to the present invention;, Fig. 8Ais a
“fragnentary enlarged front elevation viewin section showing a further
enbodi ment of a liquid crystal display panel inspection device according to
the present invention; Fig. 8Bis a fragnentary plan view of the liquid
crystal display panel inspection devicg of Fig. 8A; and Fig. 9 is a
fragnentary el evation view in section showing still another enbodi nent of a
liquid crystid miesanay ipasetionspedd itdmedeegaenaiLD Mm@ ;0 t he present
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configuration Iike a frane plate and forned-wth a nounting hofe ?Li acting
as a nount i A§SRERY iRARelTRasSRBORiPRPSHIGe BEcPEdproVialdda IPEesentwith a
phot o det ecigyeserdd;on R connected to a detection inspection circuit (not
shown). Also, the mounting. hole 11 is detachably nounted therein with a
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ETAILED DE IPTION OF THE PREFERRED EMBODIMENTS
| Now, a liquid crystal display panel inspection device
according to the present invention will be described with
reference to the accompanying drawings. '

Referring first to Fig. 1, an essential part of an
embodiment of a liquid crystal display panel inspection device
according to the present-invehtion is illustrated. A liquid
crystal display panel inspection device of the illustrated
embodiment includes a panel holder 10 shaped into a
configuration like a frame plate and formed -with a mounting
hole 11 acting as a mounting section. The mounting hole 11 is
provided therein with a photo detector section R connected to
a detection inspection circuit (not shown). Also, the mounting
hole 11 is detachably mounted therein with a liquid crystal
display panel 70 to be inspected in a manner to be opposite to
the photo detector section R. The liquid crystal display panel
70, as is widely known in the art, includes transparent
electrodes 71 together with polarizing pl;tes, a liquid crystal

layer, orientation layers, «olor filters, switching elements



The panel holder 10 is constructed of at |east one or a plurality of
" partition nenbers 14 formed on one surface thereof with a plurality of
el ectrodes 13 and connected to each other in a franme-like manner. The
partition nmenbers 14 correspond to printed circuit boards. The nounti ng
hol e 11 descri bed above is defined bgtween.the partition nenbers 14. The
partition menbers 14 are each made of an epoxy resin naterial, a ceramc
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sanme as that, _of .t g I d t hown
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crystal display panel . Al so, the panel holder 10 is provided on one
surface thdteaberg 1A ééﬁn%%‘fl} SRdE ofs a1 ePQRY CFeSire Nadegaati val Sekatiect ed

to the el eqid1ed89113r0fnd hpiardrd it BBEBEFSads! PNGire £bPmegabLUHNe hel d on
t he panel hol der 10 by means_ of a sealing rubber nmember 22 which is forned

so as to e@ﬁ%lttlépaglﬁ‘“&???/ 1&oh Riftteme EBhﬂ%’c‘i‘Jcﬂf\ﬁ%élﬁ as shown in

Figs. 3 and 4, is bendedrsd, ae anduslesced émbodienedft Wa§ pespective

el ectrodes 13
constructed in such a manner that the panel holder 10 and

printed circuit boards are made separately from each other andl
then assembled together.

The electrodes 13 of the partition members 14 are
arranged so as to correspond to the transparent electrodes 71
of the liquid crystal display panel 70, thus, the number of
electrodes 13 arranged is the same as that of the transparent
electrodes 71. The electrodes 13, as shown in Fig. 3, are
arranged so as to be spaced from each other at predetermined
intervals S while being kept parallel with each other.
Supposing that connection wires described hereinafter each
have a diameter of 25 pm, the electrodes 13 may be formed with
a width W of about 80 ym or more- and a length L of about 2 to 10
mm and arranged at intervals S of about 20 pm in conformity
with pitches of the electrodes 71 of the liquid crystal display
panel 70.

Also, the panel holder 10 is provided on one surfacé
thereof with connection wires 21, which are respectively

connected to the electrodes 13 of the partition members 14 and



of the partition nmenbers 14 in an offset or staggered manner. Also, the
" connection wires 21 are each bent at a central portion thereof into a
dog-1 egged shape so as to be elastically bendable and arranged so as to
extend into the nounting hole 11. Further, the connection wires 21 are each
formed at the other end thereof with a{grmnal 23 of a substantially
spherical shape in a manner to be abuttabl e against one of the el ectrodes

71 of the |seuiehio viehal ofll 6Pt ayamainglo14@r Thepy andddinlos &3s0h11R§
connection wires 21 are glso arranged in an offset nmanner. The conhnection

wires 21 naﬁ”Qﬁﬁﬁ1W&@bﬁﬁd 2o¥hich; ﬁﬂﬁm?dnﬁPe??aFOCﬁxQﬁﬂHf Glaghécitke,
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to bend. The sealing rubber nenb has a reirnforcin ate 26 attached
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21 to be subjected to wire bonding. Each of the terminals 23,
as described hereinafter, includes a contact portion 23a made
of hard metal such és nickel or the like, which is arranged so
as to project from the sealing rubber member 22, resulting in
the contact .portion 23a being abuttable against one of the
electrodes 71 of the liquid crystal display panel 70.

The sealing rubber member 22 may be made of an
insulating material which exhibits rubber elasticity, such as
silicone rubber, thermoplastic elastomer or the like. The
sealing rubber member 22 is fixed on a surface of the partition .
members 14 to seal within portions of the connection wires 21
except the terminals 23. The sealing rubber member 22 is
integrally elastically deformed so as to permit the connection
wires 21 to bend. The sealing rubber member 22 has a
reinforcing plate 26 attached thereto, which may be made of a
resin material or a metal material such as aluminum.

The panel holder 10 is detachably.mounted on the other
surface thereof with a holding plate 28 using any suitable



hol di ng plate 28 functions to hold the liquid crystal display panel 70
“mounted in the nounting hole 11 to force it toward the termnals 23 of the
connection wires 21 through the elastic nenber 29 while being nounted on

t he panel holder 10. The holding plate 28 may be nmounted on the panel

hol der 10 by neans of a hinge or the Ih?e and the elastic nmenber 29 may be
constructed of a coiled spring or a | eaf spring. Now, the manner of

assenbl i ng fstleheolei qutd shystdlind mhay padelad IRl R dryi cacdf the
illustrated en‘l%é)ql nent f onstructed as descrl bed above will be described
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The liquid crystal display panel 70 to be inspected is
nmounted in the mounting hole 11 of the panel holder 10 from one
side of the panel holder 10 or from below and then the holding
plate 28 is mounted on the panel holder 10 to securely hold the
liqguid crystal display panel 70 on the panel holder 10. This
causés the elastic member 29 to force the liquid crystal
display panel 70 toward the one surface of the panel holder 10
or toward the connection wires 21, resulting in the electrodes
71 of the liquid crystal display panel 70 being abutted against
the terminals 23 of the connection wires 21, so that the
ele;trodes 71 of the.liquid crystal displéy panel 70 may,be
connected through the connection wires 21 to the electrodes 13
of the partition members 14. This permits a final inspection of
the liquid crystal display panel in each of the steps in
manufacturing the liquid crystal display panel to be
satisfactorily accomplished.

The liquid crystal display panel 1nspect10n device of

" the illustrated embodiment is so constructed that the



the illustrated enbodi mrent may be effectively applied to the liquid crystal
* display panel 70 even when the el ectrodes 71 are arranged at reduced
pitches. Al so, such construction significantly reduces a manufacturing cost
of the inspection device because it does not require any spring probe. In
particular, in the illustrated enbodijgent, the connection wires 21 are
connected to the respective el ectrodes 13 of the partition nenbers 14 in an
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a resist layer 41 is fornmed all over one surface of the dummy panel 40. It
‘is not nece®8LFiF}OR MRRMRISF t4 £8r ARt PRERIMAF §hAEPeRd A @ngarBeshape
as in a pl ameyneMabs 2P f ithél donnection wires 21 are brought into

contact with the respective electrodes 71 of the liquid
crystal display panel 70 while being arranged in an offset or
staggered manner, so‘that the illustrated embodiment may be
effectively applied to the liquid crystal display panel 70
even when the electrodes 71 are arranged at further reduced
pitches. _

Now, the manner of manufacturing the liquid crystal
display panel inspection device of the illustrated embodiment
thus constructed will be described ﬁereinafter.

First, a dummy panel 40 is prepared. More
particularly, the dummy panel 40 is_made of an etchable
material such as copper or the like. The dummy panel 40 is
formed so as to have at least a portion which is substantially
identical in a configuration as in a plan view with the area
including electrodes 71 of the liquid crystal display panel
70, or which corresponds to the electrode arrangement of the
liquid crystal display panel 70. 1In the }liustrated
embodiment; the dummy panel 40 may be formed with

substantially the same configuration as a portion of the



crystal display panel 70, however, the dummy panel 40 of the sane shape
“facilitates manufacturing of the inspection device. Then, as shown in Fig.
5B, the resist layer 41 of the dummy panel 40 is subjected to a

phot osensitizing treatnment, to thereby be formed with a plurality of
openings 42 in an offset manner at thel8ane pitches as the el ectrodes 71 of
the liquid crystal display panel 70. Subsequently, as shown in Fig. 5C the
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which a bottom is formed into a substantially hemispherical
shape. For example, supposing that pitches between the
electrodes 71 of the liquid crystal display panel 70 to be
inspected are 50 um, the recesses 42a may each be formed with
a substantially hemispherical shape having an opening of 25 um
or less in diameter D, or a shape corresponding to a part of a
spherical shape having an opening of. the same diameter, to
thereby ensure point-contact between each of the terminals 23
and each corresponding one of the electrodes 71 of the iiquid
crystal display'panel 70.

Thereafter, as shown in Fig. 5D, the resist layer 41 of
the dummy panel 40 is subjected to a photosensitizing treatment
again, resulting in each of the openings 42 being enlarged into
an opening 43 of a larger diameter. The opening 43 is formed
with a diameter D, as large as 50 pm or more in order to
facilitate wire bonding of the connectién.wire 21. Then, as

~shown in Fig. 5E, electroforming of hard conductive metal such

as nickel or the like is carried out in each of the openings 43



and then wire bonding of the connection wires 21 to the respective
“electrodes 13 of the panel holder 10 and the respective contact portions
23a of the dummy panel 40 is carried out in order while bending each of the
connection wires 21 into a dog-l|egged shape (Fig. 6B). Connection of the
connection wires 21 to the electrodes 13,is carried out in an offset manner
(Figs. 2 and 3). Then, as shown in Fig.léC, a frame nenber 45 is arranged

on the dummg maﬂehurﬁﬁyaﬂﬁléﬂarﬁi teolcdemn &ﬂet@;rmardto%dttlbﬂ goganection wres
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pouring of a liquid elastic material into the frame member 45.
Thereafter, the elastic material is cured to provide the
sealing rubber member 22 and then the frame member 45 is
removed. Reference numeral 49 designates a support jig.

Then, the reinforcing plate 26 is fixed on the sealing
rubber member 22 of the panel holder 10 and then the panel
holder 10 is mounted on a body (not shown) of the device,
followed by eonnection of the electrodes 13 of the panel
holder 10 to an inspection circuit or the like.

In manufacturing of the liquid crystal display panel
inspection device described above, the dummy panel 40 is
mounted on the panel holder 10 or the partition members 14
which are assembled. Alternatively, the steps extending from
mounting of the dummy panel 40 to forming of the sealing
rubber member 22 may be carried out before assembling of the
partition members 14, followed by assembling of the partition
members 14 to provide the panel holder 10.

Also, the liquid crystal display panel inspection

device of the illustrated embodiment may be used for inspection



Al ternatively, enlargenent of- the end of each of the connection wires 21 by
* ball bonding or the Iike may be substituted for providing the contact
portion 23a. Referring nowto Fig. 7, an essential part of another

enbodi ment of a liquid crystal display panel inspection device according to
the present invention is illustrated iyg an enlarged scale. In a liquid
crystal display panel inspection device of the illustrated enbodi nent,
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In a |iqui dhotget al0 (or partition members 14) are each formed with an
enlarged portion 19 increased in width and arranged in a
step-like manner, wherein the enlarged portions 19 of the
electrodes 13 are each bonded to an end of one of connection
wires 21. _

The illustrated embodiment is advantageously applied
when the electrodes 13 of the panel holder 10 are formed with a
width below a level (in general, at least about 100 pm)
required for wire bonding. More particularly, a decrease in
pitches between the electrodes 13 to a degree that causes a
width of the electrodes 13 to be reduced renders bonding of the
connection wires 21 difficult. Forming of the enlarged
portion 19 on each of the electrodes 13 facilitates bonding of
the connection wires 21.

In general, electrodes 71 of a liquid crystal display
panel 70 are each formed with a width below 100 pm. Therefore,
when such an electrode pattern as shown in Fig. 7 is employed:
for the electrodes 71 of the liquid crystal display panel 70
to be inspected and terminals 23 of the connection wires 21

are arranged so as to be abuttable against the respective



di spl ay panel inspection device of the illustrated enbodi nent, a panel
“holder 10 (partition nmenbers 14) is constructed of a nmulti-layer substrate
or board 90 having el ectrodes 91a to 91d and insulating | ayers 92a to 92d

| am nated thereon in order. The mnul-ti-layer board 90 is so constructed that
the el ectrodes 91a to 91d on the respeggi ve | ayers are exposedly arranged
in a step-like and offset manner on one side of the board 90 and connecti on
wires 21 aredecggspdesi Vel 9f caunrtect gatterhhetled eictspeded cdlaayob®1d by
bonding. T IR | i ek d. tal, di npel inspection device of the
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mul ti -1 ayermbicsar-da9@r Rabetraty s¥WJIa@dFb- hdviif @xcdtodes paattOfoffil|
anot her enbodj nent of .a | i d crystal di SE| ay panel inspection device

accordi ng t¥'1 HESHEE&RE #%gé%l it® PPAuSERERRLED ADeTsoPedhi 8RRV ce of
the ill ustrewedudiediagent bosradaptied sbocbastppttad dhat raReelbofr&ie

on upper areil Gt LSUPPACEE FROREUr VA OAEPa EFE RIS Lo aTFRREFd B Yot al
17 di spl ay gteereilikespedt bbAseeviaeef onhenel 5iké rat atheemoadin®Ot ahd SO

i de of a natme BolEPes 4 or g AR et | St A kL ABROG Wi Thin by
seal i ng rub®kectinadsesr 922, tFheldday ibopdingber nmenber 22 is continuously
fprned al | over on&nys, in the liquid crystal display panel inspection
device of the illustrated embodiment, the multi-layer board 90
is constructed so as to permit the electrodes 9l1a to 91d to be
vertically and laterally deviated from each other in order, so
that the connection wires 21 may be connected to the respective
electrodes 9la to 91d at reduced intervals. Thus, the
illustrated embodiment may be effectively applied to inspection
of a liquid crystal display panel even when electrodes of the
panel are arranged at fine pitches.

In the illustrated embodiment, a plurality of single-
layer or multi-layer boards laminated together may be
substituted for the multi-layer board 90.

Referring now to Fig. 9, an essential part of still
another embodiment of a liquid crystal display panel inspection
device according to the present invention is illustrated, An |
inspection device of the illustrated embodiment is adapted to
be applied to inspection of a liquid crystal display panel 70
in which electrédes 71a and 71b are exposéd on upper and lower

surfaces thereof. More particularly, the liquid crystal



surface of the panel holder 10 or an upper surface thereof to close one

* open side of the nounting hole 11. Also, a holding plate 128 is arranged on
the other surface of the panel holder 10 so as to selectively open the

ot her open side of the nounting hole 11 and forned thereon with a plurality
of electrodes 113. Connection wires 12},are each connected at one end
thereof to one of the electrodes 113 in an offset nmanner and sealed within
by a seal i ngispildyepanmetbénsp@ltico devdicet be skal i Nohsddadter eRBBEImd?
forces the Jiquj s I splay. panel .70 toward the .one surface of the
panel hoIde%é%%;gP%fﬁzaggﬁgegg?gﬁa%ﬁf%?ligy %fﬁ%ﬁnqﬁF e VﬂfﬁgtggtiﬁF

enbodi nent , axtangsgheac phens ifie est 12 mopachnbakela tkrofi ralpah2l holdeged on a

side of NSl Nfersehdcd ALehlle MANClNILAGT rdilhe S udulily 2801 | fnle

termnals 23 are each abutted agai'nst one o ectrodes 7la of the
liquid crystedlidigsplulpesanenbgn b isheootényons by efatmadea@ill pWertenen nal s

123 of the s@ANR I3 cWe! Bind2Inoud N9 oLdLATLBLEL & A en8pchsapyt t ed
crysta 'S P

agai nst one of the electrodes 71b of the [iqui play panel 70 on
the other sEt9SRENHOPESf S1FAURT Ehfe Moungdingahele didkser pehaiding

i nspection pfatdeidd qui drebigtal ofli SR AnRRNSLr FO-DaAYE NGt %@ni@hegﬁiﬁ’gﬁas 71la
n e

and 71b arrfgged on bot h sur?aces thereof to be facilitated.
i | | ustrat ed* 2nORATER SCASFhOVEL HelRRD Shesethepnoren sSidA fedherom Fig. 9.

The photo debdesting $RAki an Bngbyohfedrtharged WytRad tpBldanitgheyi ng the
seal i ng rubg r_ne erlié fr8g1thg anel. holq r_lO. I n each of the
erbodi ment SSHESETI 48y ove, °FhAg shop g es 78 FEBLRACHEAERCESdoRt 1928 of o
singl e | ayeengdtthmtewute tios onsedff tiie seialdtngdest DB iMear WHReti fAnnkres 21
const uct ed B S I noPY itedt 1%, cEBRR PeMet 19 motuFastorhe
el asticity feahimpoubberemembert h22 efprqesothdel figsid eckfdteni dikptyy
panel 70 toward the one surface of the panel holder 10 or the
connection wires 21.

Also, in the illustrated embodiment, the connection
wires 121 each have a terminal 123 arranged on a side of the
other surface of the panel holder 10, so that, while the
terminals 23 are each abutted against one of the electrodes
7la of the liquid crystal display panel 70 on the one surface
thereof, the terminals 123 of the connection-wires 121 on the
holding plate 128 are each abutted against one of the
electrodes 71b of the liquid crystal display panel 70 on the
other surface thereof. Thus, the illustrated embodiment
permits inspection of the liquid crystal display panel 70
having the electrodes 7la and 71b arranged on both surfaces
thereof to be facilitated.

In the illustrated embodiment, a photo detector section
R is omitted from Fig. 9. The photo detector section R may be
arranged by partially removing the sealing rubber member 22
from the panel holder 10.

In egch of the embodiments described above, the sealing



As can be seen fromthe foregoing, the liquid crystal display panel
“inspection device of the present invention elimnates arrangenent of

i nherently expensive spring probes, to thereby reduce a manufacturing cost
of the device, and it significantly reduces intervals or pitches between
the connection wires, to thereby facilijgte inspection of a liquid crystal
di spl ay panel reduced in electrode pitches. Also, the device of the present
i nventi on géxokersmephfeci? oir di2X lod eonhegi¢ okayeir ssructbeeats omgrd Shad at

reduced i ntgdavahg, wiehlneﬂ?é)ycd(r@l%'clt'lbﬁt Qlfé@pflc'[dro']qu a I]_EQHH%; tal

di splay panel further reduced in electrode pitches. Further Hod of
the presentthenFEALLBE FaRPeT taMRergRuPBct 2t ity dfe ﬂ?esquetedngsa al

di spl ay pangluranaReChopusieyd G anseeesnt ofirinidAfust Be Eesaginals, at
desired posjtions th i ncr ea accuracy, to:thereby provide the dévice

with high rdiFasecit EhRby e‘b‘?/ enehy REPKYES dletiredridssabilatenti on

pernits the term nakscamn e s‘ebrrmfdow thear digtd, CQIBxfeI Glh!&&idio& 1si ze.
Wi | e prefg({.r enbo |ﬁrents of_the inyention have been described with a

certain dedrS®'8¢ BAPELCLIIRTIN W AFVEERePENERE tRfecsr?é‘tdl“&\XFﬁﬁémobw ous
modi fi cat i oxisireimel tear aatam@em@rfte gfosshblkent Dy | ég¥nsifvet E@r&b@vﬁré&?&hl ngs.

|t th dt thin th th d
Lot et "SI UUELS) PhIALE B L0G  GaRe Bl LhE, SRR
descri bed. Slgr@Ifalcnstlﬂz r$dlh¢ep1|1d1t@rrysﬂal odi sptaheparedwelenspret i on devi ce
conpri si ng: céhﬂ@yyibn g&g@é (€6?f4e1 dfﬂ%i?hgaggﬂfﬂéq cbﬁ§§{§? é%ﬁ%ﬂ%ﬁ? panel

constructed so as to be nolnfe qui
(70) provi dexiystialh ddspéay opere) 71Pdu'¢£d iflelectarodegsittames.printed circuit

board (14; 90) arranggd @ﬁeEHéV%Eep%%r@heegggééﬁt5¥ﬂd%nQ9 H'Egrﬁ eeyion (11)

of said panel
connection of the connection wires to be accomplished at

reduced intervals, to thereby facilitate inspection of a liquid
. crystal display panel further reduced in electrode pitches.

Further, the method of the present invention
facilitates manufacturing of the liquid crystal display panel
inspection device and ensures forming of the terminals at
desired positions with increased accuracy, to thereby provide
the device with high reliability.

Moreover, the method of the present invention permits
the terminals to be formed with a desired configuration and
size.

While preferred embodiments of the invention have been
described with a certain degree of particularity with reference
to the drawings, obvious modifications and variations are
possible in light of the above teachings. It is therefore to
be understood that within the scope of the appended claims, the

invention may be practiced otherwise than as specifically
described.



hol der (10) and having el ectrodes (13; 91a, 91b, 91c, 91d) forned thereon;
‘connection wires (21) each connected to one of said Q_QQLLDd%S—%%%“‘@TH—

91b, 91c, 91d) of said printed circuit board (14; 90)

el asti cal | y-bendably extend to said hol ding section (1 ME!‘ Em\m‘“\“

di stal end thereof with a termnal (23) 199 a manner to | es adai nst
one of the electrodes (71; 7la, 71b) of the liquid crystal display panel

(70); and ancHiast:i c menber (22) for sealing within each of said connection

wires (21) except ealch Rf 5e§“fidt°ef '%1§8§3yt eelof ns%ﬁc'e‘lbhq&'égl yst al

di spl ay panel inspection Ice a |ne ereirn sald printed
circuit boardo@)sia@npri ses a nultl-layer board (90) having a plurality of

el ectrodes (91a, 91k, S3key ﬂ&ﬂaeéammatf%qmgaewemmocm%gl EHE@léﬁ' fra)
el ectrodes of said pri Pated crrcuit board: said el ectrodes (91a, b, 91c

91d) on | ayegensfrugtied el £5- Fayke MRIHHEY SHPLBER gt B fodddUig Srg‘é%?)ll i ke

manner on ong; spag, PanAl 4 76Wl ol Py&d PAW 1680 oasdl d7 el eqlar odep( Pla,
91b, 91c, 91d) on ‘each _of said | ayers being connected at an exposed portion

thereof to one of s&itdl€afkeRP AT WYL qlrepitsboand | {lfii PO pErargert sht ay

panel inspechi gérfdrea gdebienedi MEAding Seetidn ‘(/\i‘B)rQ:lfﬂ ssdladpapanecti on

wres (21) are 20 each connected_at an en hereof | of f set. manner
to said prinPeyder etk Q9§agﬂv&ﬁg eb%ﬁtrQFeﬁA(ﬂ%quég %ih%ﬂ Sir s§&8§ panel

I nspecti on de€difed asheéksddmed in Claim1l or 2, further conprising a hol ding
plate (28; 128) detachably.mounted o ald anel force the
liquid crystal d|s;n%%ﬁﬁﬁﬁ§%Pn(bee?o§%f dCPgPﬁ$%%§s(%2§g 8% g
connecti on wellestt@dgs 613,A9Il|aqu'9dbcrykd:.al91di)splfayapanptlmtrezpentrlcuntdew ce
as board (14; 90) in a manner to elastically bendably extend to
said holding section (11) and provided at a distal end thereof
with a terminal (23) in a manner to be abuttable against one of
the electrodes (71; 71la, 71b) of the liquid crystal display
panel (70); and '

an elastic member (22) for sealing within each of said
connection wires (21) except each of said terminals (23)
thereof.

2. A liquid crystal display panel inspection device as
defined in Claim 1, wherein said printed circuit board (90)
comprises a multi-layer board (90) having a plurality of
electrodes (Qia, 91b, 91c¢c, 91d) laminated thereon to constitute
said electrodes of said printed circuit.board;

said electrodes (9la, Qib, 91c, 91d) on layers of said
multi-layer board (90) being exposed in a step-like manner on
one side of said multi-layer board (90):

said electrode (9%1a, 91b, 91lc, 91d) on each of said
layers being connected at an exposed portion thereof to one of
said connection wires (21).

3. A liquid crystal display panel inspection device as
defined in Claim 1 or 2, wherein said connection wires (21) are



defined in aim3, further conprising a holding plate (28; 128) detachably
‘nmounted on said panel holder (10) to force the IquTTr‘Cr‘YsT_T—’L/panel
(70) toward said termnals (23) of said connection \Ammumm““a@jhml qui d
crystal display panel inspection device as deflned n said
hol ding plate (28; 128) is provided on agginner sur f ate ?hereof with a
second el astic nenber (29; 122) adapted to abut with t he liquid crystal

di spl ay panelach76)nndcted latguind early shatedlf sipl @ap pafeeti mapeet iton sdadi ce as

defined in wher |, di plate (28; 128) is provided on an
I nner surfagI§ reo*rcuf%%aosa?gccgﬁg ngt,c menber (29; 122) adapted to

abut with the Iiquid. crystiduidi splyayapatietpl@r0pangl An‘ﬁpeﬂjtlcbrl:rq&s'tlazle as

di spl ay pan ecti \v; S I j.d. hol di ng
plate (128) %ﬂleﬁéﬁégeggsgg%ﬂﬁ 1elcogrc?r ogggk?ﬁgﬁ&l}p&lﬁe t e}rq,ggélﬁgn gale'%ond
connecti on wi28es 1282 1gevaeiakiohmosnsgdt on ovrildbirasgildhedéderd (b0 ecia ddase

(113) in a rapnes gheackasdiLpldediendpbhy: eren il sakd; ot dhmthect i on

(11) and provided at a distal er eof h a second termnal (123) in a
manner to be(zé’buptfaﬁﬁéda‘@‘éﬁ“?%‘ftld’ﬁ’eWéFetShézbl ectrodes (71b) of the liquid

crystal display pangl (KO0)iqard 33isdaseqPssh £} dined maapeétia@?aeﬁ%@ $s

wi thin each of said second connection wires, (121) except each of said
second teer%ﬁlé‘efilig) LatReds further gomprigingiy h(?ﬂﬁ‘%f‘&l PYREDI 8B panel

i nslpegt i on dmeoicaleaacdegwez?omrgtéa ®nMséidnpenel mcﬂg‘le& thodh Bg pbad¢e {ne?8)

i ncl udes -second .el ectrodes (1 reon second conpectji.on wres
(151) each et E47PE2bnat SR1 R0 F Bl SAHT cFat i Fed S, FESPERALE Henatt | o
el astical | y srirntiadonypeextendwitsesajzd )hol di ng section (11) and prow ded at a

di stal end thereof th,a,second termn 23) a.manne e abuttabl e
agai nst one of the gecf‘r%ﬁ%ul{ﬁ%ﬂnh ?F‘l%“(’# bﬁtf’ad‘e&r lntsglecrcl cvice as

defined in Claim 4, wherein said holding plate (28; 128) is
provided on an inner surface thereof with a second elastic
member (29; 122) adapted to abut with the liquid crystal
display panel (70).

7. A liquid crystal display panel inspection device as
defined in Claim 5, wherein said holding plate (28; 128) is
provided on an inner surface thereof with a sécond elastic
member (29; 122) adapted to abut with the liquid crystal
display panel (70).

8. A liquid crystal display panel inspection device as
defined in Claim 6, wherein said holding plate (128) includes
second electrodes (113) formed thereon and second connection
wires (121) each connected to one of said second electrodes
(113) in a manner to elastically bendably extend to said
holding section (11) and provided at a distal end thereof with
a second terminal (123) in a manner to be abuttable against one
of the electrodes (71b) of the liquid cfystal display panel
(70), and said second elastic member (12%) seals within each
of said second connection wires (121) except each of said second
terminals (123) thereof.



di splay panel (70), and said second elastic nmepher (122)y—seal’s" Wi thin each
*of said second connection wires (121) except eac g “‘ﬁmmnl\cerm nal s
(123) thereof. 10. A liquid crystal display pa e [\ Bm e as
defined in Claim1l1 or 2, wherein said el ectrod(—ps of s%id printed
circuit board (14) are each formed int@r strip-1ike shape having an

enl arged portion (19) increased in width and arranged in a step-like
manner, at which enl®ar gédlpgvid oFrysit3) gnepbhy spanklcdms@eciténnwiieescd 21) i s

connect ed t g 5 GfedSaind c@geﬁtﬁod@%{é@ s@iaSAb T Bef Loyt board

(14). 11. Aliquid crystal dis fay panel "I nspection’ device as deflned in
C ai m 3, whireluflesmisgcondcLegese q%)(lde)sépam9¢| el rag sesoadd (14)

are each forsmtedtildh ditlesi R1bikeeSBROIIREERE 8 &madfges%la%tsbeﬂd(w)
i ncreased in,wdth and _arranged in a step-li ke manner, whi ch enl ar ged

portion (19%leneretessdild 3donRed t PAPSH r"é’s e@?ﬁ)’—lF%”cbn‘?\%‘tqaé?&yt §*6RBA kO sai d
gl eclt rodes éfl&) g 1 Bidid sﬁgtmbﬁd(circahd d&wlde(cijlél& a ldisthll il dnetyst alh f
i splay pangl inspection devic in Claim erein each o
Gt b eh (S N BRI T W elanDes ThOPSICE SR net
portion (23ayaimske @fe Imefrdhﬁeéaécarmhwlautled be aheltlb@aindrysadad one of
the electrodes {(71; 71a) e l.iqui st al | a anel ). . A
liquid crysga PHRL alanyé’ipanel |ﬁr51%e%?“g Qe Slﬁggg%f'f{?{&f (1%%3 f,%r 2,
wher ei n sai gitkimiemils (R23pidf seaoud comresttiion wires (L)) axeeptr aag&d in

an of f set Iln_n Se&%’dlglerﬁlggigoﬁl%ﬂr Jpdfgcturing a liquid crystal

di spl ay pane |nspect|on evice inc 1'ng a panel hol der (10) forned with a
hol di ng section (110.codstliguiddcsystal tdispdagopanell ihmresitiion tlbvacél qui d

crystal di spkaye P&l iy ®raR5OY! ?Edzw'd; reél%cgaggeéléggrogésa (17.3éb2)

| east one printed circuit board arranged at a peri pher edge of
t he hol di ngsS3éétPrinted cigicuigebpand| (Wl daie ecaoh Saumedvinky @ ectrodes

(13; 9la, 9LRr;iP1fikdIghagePmIRAnbNEh COMM a LRUN SO PN {65 {rllea®RENin
‘ width and arrahged in a step-like manner, at which enlarged
portion (19) one of said connection wires (21) is connected to
one of said electrodes (13) of said printed circuit board (14).
11. A liquid crystal display panel inspection device
as defined in Claim 3, wherein said electrodes (13) of said
printed circuit board (14) are each formed into a strip-like
shape having an enlarged portion (19) increased in width and
arranged in a step-like manner, at which enlarged portion (19)
one of said connection wires (21) is connected to one of said
electrodes (13) of said printed circuit board (14).
12. A liquid crystal display panel inspection device
as defined in Claim 1 or 2, wherein each of said terminals (23)
of said connection wires (21) includes a contact portion (23a)
made of hard metal and adapted to abut against said one of the
electrodes (71; 7la) of the liquid crystal display panel (70).
13. A liQuid crystal display panel inspection'device
as defined in Claim 1 or 2, wherein said kerminals (23) of said

connection wires (21) are arranged in an offset manner.



connected to one of the electrodes (13; 91a, 91b, 91c, 91d) of the printed
*circuit board (14; 90) in a manner to eIastidﬁTTV‘béndabfy—e*%end to the

hol di ng section (11) and provided at a distal term na
(23) in a manner to be abuttabl e agai nst one of mmnmﬂm, mymgn 71a) of
the liquid crystal display panel (70),2and an el’asti c netbey ) for
sealing within each of the connection wires (21) except each of the
termnals (23) therldof A oetpeHsfay MW IACERE1DE : 2 nbimitichE ry sdadmtil pakey
(40) i ncl “dbﬁl qﬁfi(}{@&cex%@ib%%legmcﬁmlrn%slaoegheg L1 dde (eﬂogctfwﬁlea (71;

71a) of the stal displa fane on said print circuit board
(14; 90); buhtkmy lé’h'!d S@Ftéaéh 1 b¥) s%ertftcrélﬁﬁéet FON2H '%%sbe( wppntgdy

correspondi gfe P& Ofi t3Ri L 1@.@;&1&@%:9@6@@&%@1&3) p8hesai o dugvariaaeli ¢40)

and wire bondlng t he ot her _end of each of said connection wres ng) to a

cor r espondi RYSERECMRS sEild dlléet FdBbs Fu3teastaong1Bringed @impuids begrd
print ed C|rqmu; boRr g ke OQ), atpekhpﬁéﬁaa Qﬁ@%lde eaéhhﬁﬁdﬁﬁy @eb@&ﬂhna|8

23 di | ast
brinted o r Q4T Bhathe (onelogpiage. shiT e ReSiiRECERBR: b A n
sai d el asti @1pgpnbet; mw) rmeldnghsaeeh,dwamemﬁeh wd0gs f r2mm muh pr| nt ed
t board (14; 90). 15. t ho d Clapm 14,. wh id
brinted of rGOPPEEbAT A e ST i Bedts BUPETEIS e BaPA( o8] et 01 28t e
plurality othelpcinbd®sc(£tuit @bbdeth 9£U)1maa|manadrth@r@iasﬁmmaﬂayn1said

el ectrodes 9Laaghe PLLILES & (G hobAERd sedaldh Ahest L0dos (Blag 310y O1c,

91d) on Iayer -Iayer I'ng " expos I'n"a s ep Ilke
manner on odéstihdeend thérkafllwith ayserpirald (230) insai nashexttode (91a,

91b, 91c, ]a%lzt@?bfé‘:%gé’{nss@'&é @fe"tﬁebézé@jfd&%e%‘id 942 Ao £XARS 99 fAR! | ON

thereof to one of said connection wire
crystal display panel (70), an

an elastic member (22) for
sealing within each of the connection w1;es (21) except each of
the terminals (23) thereof, comprising the steps of:

mounting a dummy panel (40) including contact members
(23a) corresponding to the electrodes (71; 7l1la) of the liquid
crystal display panel (70) on said printed circuit board (14;
90);

bonding one end of each of said connection wires (21)
to a corresponding one of said contact members (23a) of said
dummy panel (40) and wire bonding the other end of each of said
connection wires (21) to a corresponding one of said electrodes
(13; 91a, 91b, 91lc, 91d) of said printed circuit board (14;
90), to thereby provide each of said terminals (23);

providing said elastic member (22) on said dummy panel
(40) and printed circuit board (14; 90) to seal said connection
wires (21) within said elastic member; and

removing said dummy panel (40) from said printed
circuit board (14; 90).

'15. A method as defined in Claim 14, wherein said

printed circuit board comprises a multi-layer board (90) having



16 A nethod as defined in daim114 or 15, mWn W res

:(21) are each connected at an end thereof in an ﬁm sal d
printed circuit board (14; 90). 17. A nethod as\

wherein said termnals (23) of said connection wtes (2Ll) are arranged in
an of fset manner. 18. A method as definaBin daim14, further conpri si ng
the steps of: formng a resist |ayer §41 all over one surface of said

durmy panel a pOyrapatyiof |§lectwodesy (328d 8 H1d.a9df! (2apiRatedr m

openi ngs (4%e\e’ebﬁhtsafl§ﬁnasasw fe%%t%da@l@ifoaam Aekd( 40}ch i vara ;
partially exposed; subjecting said to etching on a side

t her eof on which sa?%llqie%]t%qtqoéﬂ?ér (?li) ?gb'f c?rlrFedg%LS”fSPrr}?% s°efss(3&§a) on

an exposed ﬂmttlloma%rsawrdiumm peial e4Pdsednich depaeptiige Ndmierd preach

of said recesses (4 | ectroformng to,f each of said contact
menber s (23a‘3“ec5ﬁ§ﬁ Pat P bgaf?“]ttéa&taygrpgf’?r%f Pi@d termnals (23).

said electrode (91a, 91b, 91c, 91d) on each of said
layers being connected at an exposed portion thereof to one of
said connection wires (21}).

16. A method as defined in Claim 14 or 15, wherein
said connection wires (21) are each connected at an end thereof
in an offset manner to said printed circuit board (14; 90).

17. A method as defined in Claim 16, wherein said
terminals (23) of said connection wires (21) are arranged in an
offset manner.

18. A method as defined in Claim 14, further
comprising fhe steps of:

forming a resist layer (41) all over one surface of
said dummy panel (40):

' partially removing said resist layer (41l) to form
openings (42) which cause a surface of said dummy panel (40) to
be partially exposed;

subjecting said dummy panel (40) to etching on a side
thereof on which said resist layer (41l) is formed to form
recesses (42a) on an exposed portion of said dummy panel (40);
and

depositing metal in each of said recesses (42a) by
electroforming to form each of said contact members (23a)

constituting at least a part of said terminals (23).



